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Abstract. The use of specialized meat breeds in cattle breeding programs is considered very promising for
improving herds’ productivity. However, in animal genotype, along with genes that positively affect the produc-
tivity signs, there are genes whose mutations, known as genetic defects, negatively affect the health of animals.
The aim of the study was the screening of the Russian populations of Aberdeen Angus, Hereford and Belgian
Blue cattle on gene mutations associated with the genetic defects of arthrogryposis multiplex (AM), osteopet-
rosis (OS), developmental duplication (DD), double muscling (M1), hypotrichosis (HY) and maple syrup urine
disease (MSUD) as well as the F94L polymorphism of myostatin gene (MSTN) linked with the gene responsible
for less fat content in the carcass by means of DNA analysis. In the article, test systems based on the polymerase
chain reaction method are presented. The analysis of the Aberdeen Angus (n = 4480) population has revealed
0.19 £+ 0.09 % animal M1 carriers, 0.53 +0.03 % OS carriers, 1.92 £+ 0.09 % AM carriers and 9.00 & 0.20 % DD
carriers. The genotyping of Hereford cattle of Russian populations (n = 525) has not revealed any individual
carriers of MSUD or HY genetic defects. All of the Belgian Blue population (n = 92) animals were heterozy-
gous M1 carriers. The study of the F94L MSTN polymorphism has demonstrated extremely high frequencies of
the desirable A allele (0.93 and 0.90) in two Aberdeen Angus populations with an average mean of 0.63 & 0.08,
which was 32 % higher compared to the Belgian Blue population. The results suggest the high genetic poten-
tial of the Aberdeen Angus and Belgian Blue cattle, but the existence in the genotypes of the mutant alleles

associated with hereditary diseases indicates the risk of uncontrolled use of these breeds.

1 Introduction

The use of breeding material of specialized meat cattle
breeds is very promising for improving beef cattle breeding
profitability (Dusaeva and Kuvanov, 2013). Excellent pro-
ductive features such as high meat yield and good organolep-
tic traits due to increased tenderness and marbling were reg-
istered among the animals of the Aberdeen Angus, Hereford
and Belgian Blue breeds (Ragimov et al., 2019). Also, the an-
imals of these breeds have good acclimatization abilities and
high genetic potential (Ragimov et al., 2019; Urioste et al.,
2007). However, besides the advantages, Aberdeen Angus,
Hereford and Belgian Blue cattle have a serious drawback,
i.e., the appearance of some genetic defects (Gholap et al.,
2014).

According to the American Angus Association, today in
the Aberdeen Angus cattle breed there is an appearance of a
number genetic anomalies, among them arthrogryposis mul-
tiplex (AM), osteopetrosis (OS), developmental duplication
(DD) and double muscling (M1). The clinical features of
these anomalies were described in previous studies (Gholap
et al., 2014; Windsor et al., 2011). The focus of our interest
are the mutations caused. It should also be noted that AM
and OS are the lethal genetic defects leading to calf deaths,
and DD and M1 are non-lethal but undesirable conditions.

The reason for AM is the large deletion (23 347 bp) en-
compassing three genes: the completely ISG15 ubiquitin-like
modifier (ISG15) gene, the 5’ regulatory region of the hairy
and enhancer split 4 (HES4) and two first exons of the agrin
gene (AGRN) (Windsor et al., 2011).
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The reason for OS is the deletion of 2784 bp encompass-
ing completely exon 2 and half of exon 3 of solute car-
rier family 4 (anion exchanger) member 2 gene (SLC4A2)
(g.114437192_114439942del) (Meyers et al., 2010).

The reason for DD is the single nucleotide polymorphism
(SNP) 2.34618072T>C in the second gene containing NHL
repeats (NHLRC2) (OMIA 002103-9913) (Denholm et al.,
2014).

The reason for M1 is an 11bp deletion (c.821-
831delTGAACACTCCA) in the third exon of myostatin
gene (MSTN) (Aiello et al., 2018). The animals carrying in
their genotypes the mutant allele had double muscling due
to the muscular fiber hyperplasia and have a meat with in-
creased tenderness. However, they also have a high weight at
birth leading to dystocia (difficult calving), which destroys
the reproductive functions, and so this mutation has been re-
garded as a genetic defect (Druet et al., 2014). In addition
to Aberdeen Angus this polymorphism has also been found
in some other cattle breeds particular in Belgian Blue cattle
(Mota et al., 2017).

In the Hereford cattle breed the genetic defects of
maple syrup urine disease (MSUD) (Dennis and Healy,
1999) and hypotrichosis (HY) (Markey et al., 2010) have
been registered. The cause of MSUD is the SNP in the
branched-chain keto acid dehydrogenase E1, alpha polypep-
tide gene (BCKDHA) located on chromosome 18 in the
¢.148C>T position. The cause of HY is the deletion of 8 bp
(c.334delTGTGCCCA) in the keratin 71 (KRT71) gene.

The gene mutations associated with agriculturally useful
traits that can beneficially affect meat productivity are also
of undoubted value. One of them, the F94L polymorphism of
the myostatin gene (MSTN), is the SNP in 2:2.6213980A>C
position. Supposedly the generation due to the mutation of
the A allele is linked to increased protein and decreased in-
tramuscular and external fat content, which make the F94L
polymorphism the analogue of the nt821del MSTN mutation
caused by M1; however, in contrast to the former, the F94L
polymorphism does not influence birth weight, and due to
the absence of the dystocia risk, this polymorphism could be
used for the purpose of obtaining leaner meat (Sellick et al.,
2007).

The aim of our study was the analysis of the Aberdeen
Angus, Hereford and Belgian Blue cattle breeds regarding
the presence in the animals’ genotypes of the mutant alleles
associated with the appearance of the AM, OS, DD, M1, HY
and MSUD genetic defects and an analysis of the frequency
of the desirable A allele of the F94L MSTN polymorphism.

2 Material and methods
The study was conducted in 2018-2020 at the laboratory
of molecular selection basis at the L.K. Ernst Federal Sci-

ence Center for Animal Husbandry. The material was ani-
mals of the Aberdeen Angus (n = 4473), Hereford (n = 525)
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Table 1. Description of the research material.

Breed Population*  Group N
Aberdeen Angus la Bulls 224
1b Bulls 282
2a Bulls 59
2b Bulls 91
3 Bulls 338
4 Bulls 3399
5 Bulls 67
6 Cows 20
Hereford la Bulls 69
1b Bulls 86
2 Bulls 190
3 Bulls 20
4 Cows 160
Belgian Blue 1 Cows 92

*a—2017 and b — 2019 years of birth.

and Belgian Blue breeds (n = 111) from farms located in the
central and northwestern districts of the Russian Federation.
The numbers and gender and age groups of the animals are
presented in Table 1. All sampling procedures were carried
out in accordance with the Federal law of 24 April 1995,
N 52-FZ “On Fauna”, Article 44 “Use of the animal world
for scientific, cultural, educational, recreational and aesthetic
purposes”.

From the biomaterial (skin or blood) of the animals,
the DNA samples were obtained by extraction by means
of the “DNA-Extran-1” and “DNA-Extran-2” kits (Syntol
Company® , Russia) in accordance with the manufacturer’s
recommendations.

The DNA samples from the animals of the Aberdeen An-
gus cattle breed were genotyped for the genetic defects of
AM, OS and M1 by allele-specific polymerase chain reac-
tion method (AS-PCR) and DD by PCR with the subsequent
restriction fragment length polymorphism analysis (RFLP)
using the restriction endonuclease Bst MWI (the sequence of
recognition GCNNNNN41NNGC). Genotyping was carried
out by the test systems previously developed in L.K. Ernst
Federal Science Center for Animal Husbandry (Konovalova
et al., 2019a, 2020).

The DNA samples from the animals of the Hereford cattle
breed were genotyped for the genetic defects of MSUD by
a PCR-RFLP test system previously developed by Dennis et
al. (1999).

Testing for HY was conducted by an AS-PCR test system
developed in the laboratory of the selection molecular basis
of the L.K. Ernst Federal Centre of Animal Husbandry.

A section of the animals of the Aberdeen Angus breed
(n = 57) and a population of the Belgian Blue breed (n = 90)
were studied for a mutation of the myostatin F94L gene by
means of created in our lab PCR-RFLP test system (Tagl
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restriction endonuclease with the sequence of recognition
T/CGA).

The PCR analysis was carried out on the Biometra thermo-
cycler (Analytikjena, USA) under the following conditions:
initial denaturation — 95 °C for 3 min; 35 cycles of denatura-
tion — 94 °C for 45 s; annealing depending on the mutation —
55-66 °C (Table 2) for 30's; elongation — 72 °C for 40 s; and
final elongation — 72 °C for 4 min. For the PCR-amplification
we have used the oligonucleotide primers synthesized by Eu-
roGene Company (Russia). The sequences presented in Ta-
ble 2. The PCR mixes volumes of 10-15 pL containing 2 mM
dinucleotide triphosphates mix 1 (10x PCR buffer) on 1.5-
5.0 mM of each primer, 1U of Tag-polymerase and 1 uL PCR
template.

The detection of the amplification product was conducted
by electrophoresis in 3 % agarose gel under 110 V for 30 min.

After the genotyping of each genotyped population the fre-
quency of the heterozygous genotypes (carriers) in percent
was calculated by Eq. (1):

N animal carriers
genotype frequency = ——— X X X x 100. H
N population
where N is the number of animals. For F94L MSTN the allele
C frequency was also counted by Eq. (2):

CC frequency + CA frequency

C allele f = 2
allele frequency 100 2
The A allele frequency was counted by Eq. (3):

A allele frequency = 1 — C allele frequency. 3)

Due to the heterogeneity of the populations in size, we also
calculated such an indicator as the average square deviation
of the general population (Glantz 1998) using Eq. (4):

=N (i — w)?
o= ey (i — ) ’ ()
N
where p is the average of the general population and N is the
general population size.

3 Results

3.1 DNA testing

The working of the developed test systems for the revealing
of the animal carriers of the genetic defects of AM, OS, DD,
M1 and HY and allele variants of the F94L MSTN polymor-
phism in the populations of Aberdeen Angus, Hereford and
Belgian Blue cattle is presented in Fig. 1. The tests created
allow identifying wild-type alleles and mutant ones.

3.2 The genetic defects in Aberdeen Angus cattle

The screening of the Russian population of Aberdeen Angus
cattle has demonstrated the presence of animals carrying in
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their genotypes the mutant alleles associated with the appear-
ance of the AM, DD, OS and M1 genetic defects (Table 3).
AMC (arthrogryposis carrier) animals were found in three
of five investigated populations with frequencies of 1.06 %—
4.89 %. The average frequency was 1.84 %. OSC (osteopet-
rosis carrier) animals were detected in two of three inves-
tigated populations with relatively low frequencies (1.01 %
and 0.67 %). The average frequency of OSC animals was
0.71 %. The average frequency of animal carriers of the M1
genetic defect was the same as OS and consisted of 0.73 %.
In only one of four populations (2.1 %) were animals M1C.
The highest frequency of carriers was for the DD genetic de-
fect. DDC (developmental duplication carrier) animals were
detected in five at the six investigated populations, at 1.78 %—
10.4 % depending on the population. The average figure for
DDC animals was 8.87 %.

3.3 The genetic defects in Hereford cattle

The genotyping of the Russian population of Hereford cattle
did not find the animal carriers of the HY and MSUD genetic
defects.

3.4 The genotyping of the Belgian Blue cattle population
for the M1 genetic defect

Because the nt821delll MSTN polymorphism was also reg-
istered in the Belgian Blue cattle breed, we also genotyped
the population of this breed for this mutation. As a result, we
found that the absolute majority of the investigated animals
showed the pattern in Fig. 2 on the electrophoresis and were
carriers of the M1 genetic defect, having in their genotypes
the wild-type allele (310bp) and the mutant one (144 bp).
This fact can be explained by the fixation of the mutant allele
due to the long-term selection for increased muscle mass in
the past (Mota et al., 2017).

3.5 F94L polymorphism genotyping

The study of the F94L polymorphism showed high frequen-
cies in the two populations (3 and 6) of Aberdeen Angus cat-
tle of the desirable A allele: 0.93 and 0.90, respectively. This
fact is probably one of the explanations of the easy calving
observed in the animals of this breed (Dyuldina, 2016). The
average A allele frequency in the investigated Aberdeen An-
gus population was 0.63, which was 0.32 (32 %) higher than
in the Belgian Blue one (Table 4). But the Belgian Blue pop-
ulation was more polymorphic compared to the Aberdeen
Angus one because there were animals with three possible
genotypes for the F94L MSTN polymorphism: CC — 20.6 %;
CA —48.9 %; AA —30.5 %.
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Table 2. The sequences of the oligonucleotide primers for the DNA analysis of AM, OS, DD, M1, MSUD, HY and F94L mutations.

The mutation

Primer name

5’3" sequence

Annealing temperature, °C

AM AMV1 CGAAAGCCTTCTTTCCACTG 66
AMV2 TTCTGCAGGCAAGAACACTG
AMV3 GAATGCCACTTCCTCCTCTG

oS OSF AGCCCCTACAGTCACAGTCA 60
OSFn AGCAGCAGAGATCAGCTTGG
OSFm CCGACCCCCTCACATTCAAA

M1 MSTNS821F TGAGGTAGGAGAGTGTTTTGGG 60
MSTN821Rn  CCTCTGGGGTTTGCTTGGT
MSTN821m  ACAGCATCGAGATTCTGTCACA

DD DD1 AGAGGCATGATGAAGGCGAG 61
DD3 CCAAGGGGAACTAATGGGCT

HY HY_F CGGAAGTCGGAGCCTTTACA 65
HY_Rn ACGCACTTTCTGGATCTCGG
HY_Rm CCAGGTCAGTTGGGCACAT

Fo4L FO94LF TGAGAACAGCGAGCAGAAGG 55
F94LR ACTCCGTGGGCATGGTAATG

310 bp—»

144 bp—» [

M1€C MIF MI1C MIF

(d)

(e) ®

Figure 1. Gel electrophoresis of the amplification products: (a) arthrogryposis multiplex (AMF — arthrogryposis-free animal; AMC — arthro-
gryposis carrier); (b) osteopetrosis (OSF — osteopetrosis-free animal, OSC — osteopetrosis carrier); (¢) developmental duplication (DDF —
developmental duplication-free animal; DDC — developmental duplication carrier); (d) double muscling (M1F — double-muscling-free ani-
mal; M1C — double muscling carrier); (e) hypotrichosis (HYF — hypotrichosis-free animal); (f) genotyping for F94L MSTN polymorphism
— presented genotypes of CA and AA.
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Table 3. The frequencies of animal carriers of the genetic defects of AM, DD, OS and M1 in the Russian Aberdeen Angus populations.

Genetic defect Population n  Carriers %  Average frequency, %
Arthrogryposis multiplex (AM) la 152 0.00 1.92+0.09
1b 282 1.06
2a 59 0.00
2b 91 2.19
3 327 4.89
4 1236 1.70
5 36 0.00
Developmental duplication (DD)  1a 118 0.00 9.00+0.20
1b 224 8.33
2a 46 0.00
2b 75 2.67
3 338 1.78
4 3399 10.3
5 67 10.4
Osteopetrosis (OS) la 118 0.00 0.5340.03
1b 190 0.00
2a 37 0.00
2b 84 0.00
3 296 1.01
4 743 0.67
5 37 0.00
Double muscling (M1) la 32 0.00 0.194+0.09
1b 280 0.00
2a 40 0.00
2b 73 0.00
3 22 0.00
4 46 2.10
5 37 0.00

wild type allele
mutant allele

Figure 2. The fragment of the genotyping of the Belgian Blue population for the M1 genetic defect.

4 Discussion

4.1 The development of the test systems for the genetic
defects diagnostics in Russia

It is well known that the best method for the exact identi-
fication of the mutant alleles linked with genetic disorders
such as productivity traits is DNA analysis. This provides
the possibility of getting data about gene mutations inde-
pendently of the gender, age and physiological status of the
animal. Previously, DNA tests were developed which were
based on the PCR strategy and directed at revealing mutant
alleles associated with genetic defects in cattle genotypes in
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the Aberdeen Angus and Hereford cattle breeds (Beever et
al., 2014; Dennis et al., 1999; Markey et al., 2010; May-
ers et al., 2010). Until 2017, in Russia, the problem of meat
cattle genetic disorders had not been study in detail and the
tools for revealing the latent carriers of some genetic defects
were absent. Only in 2019-2020, based on the data from On-
line Mendelian Inheritance in Animals (OMIA) and the Na-
tional Center Biotechnology Information, was the test system
for diagnostics of the AM, OS, DD and M1 genetic defects
characteristic of the Aberdeen Angus breed and the MSUD
and HY characteristic of the Hereford breed using AS-PCR
and PCR-RFLP methods created (Konovalova et al., 2019a,
2020). These achievements are very important for the domes-
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Table 4. The results of the genotyping of Aberdeen Angus and Belgian Blue cattle for the F94L MSTN polymorphism.

Breed Population  n Genotype Allele
frequency, % frequency
CC CA AA| C A
Aberdeen Angus Ib 18 944 5.6 0.0 | 0.94 0.06
329 00 69 931007 093
6 20 0.0 100 90.0 | 0.10 0.90
Belgian Blue 1 92 206 489 305 ‘ 0.69 0.31

tic meat breeding industry because they provide the possibil-
ity of testing meat cattle and their breeding material on Rus-
sian territory.

The modern development of molecular biology gives a
good possibility of speedy gene diagnostics by using the
method of real-time PCR. Indeed, this strategy is more ap-
propriate for high-throughput genotyping compared to the
end-point PCR diagnostics. However, in our opinion, it is
not entirely reasonable to refuse to use the traditional PCR
methods, since any molecular genetic laboratory should have
various diagnostic tools at its disposal. The development of
test systems based on AS-PCR and PCR-RFLP methods, the
main advantage of which is less dependence on the computer
software, is the initial stage of work on the problem, and fur-
ther we do not exclude the modernization of these methods
by the most modern molecular genetic techniques.

4.2 The genetic load evaluation of the Russian cattle
populations of the Aberdeen Angus, Hereford and
Belgian Blue breeds

The screening of the investigated Aberdeen Angus cattle for
the genetic defects of AM, OS, DD and M1 mainly revealed
separate animal carriers of the genetic defects in some pop-
ulations. Some populations were free of the mutations caus-
ing AM, OS, DD and M1. Relating to the AM, OS and M1
genetic defects, the frequencies of animal carriers did not ex-
ceed 5 %. The greatest concern regards the genetic defect of
developmental duplication: in populations 4 and 5, the fre-
quency of the occurrence of animals carrying the defect was
10.3 % and 10.4 % (Table 3).

The absence in the studied Hereford populations of ani-
mal carriers of the genetic defects of HY and MSUD was a
pleasant surprise for us and is a very favorable sign.

It is notable that all animals of the investigated Belgian
Blue cattle were carriers of the mutant allele associated with
the M1 genetic defect. The mutant allele frequency was 0.5.
This fact can be in part explained by the history of breed-
ing Belgian Blue cattle. At the beginning of the twentieth
century, the breed was widespread in southern Belgium and
used to be a dual-purpose breed called the “Mid and Upper
Belgium Breed”. However, from the 1950s to the 1980s, beef
selection by breeders led to an unintentional fixation of the
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mutant allele associated, as was clarified in 1997 (McPherron
et al., 1997), with mh (muscular hypertrophy) (Druet et al.,
2014; Mota et al., 2017). On the one hand, the mh allele is as-
sociated with higher meat yield and more tender meat but on
the other hand with an enlarged birth weight of calves and,
linked to this, calving difficulty, which requires a Cesarean
section. This makes this trait a genetic defect that limits the
breeding of Belgian Blue cattle (Mota et al., 2017).

4.3 The justification of the need for control over the
genetic defects in meat cattle breeding

Despite the fact of the absence of individual carriers of ge-
netic defects in the some investigated populations, we are
sure that control of the cattle genetic defects is necessary in-
dependently of the breed due to the existence of the risk of
gene mutation spread. Previously, we have already observed
on the farm the absence of animal carriers of the AM and
DD genetic defects in 2015 and the presence of these defects
in 2019 (2.73 % AMC and the same frequency for DDC)
(Konovalova et al., 2019b).

It should be noted that state regulation of the problem by
the foundation of breed associations is important. Along with
the availability of data on animal productivity, the most solid
associations have data on animals that carry inherited abnor-
malities obtained through DNA analysis. The rules for the
use of such animals and their breeding material are also reg-
ulated. These measures prevent the spread of genetic defects
and clinical cases of the inherited diseases.

4.4 The F94L MSTN genotyping displayed the
existence of meat productivity potential in the
Russian populations of Aberdeen Angus and
Belgian Blue cattle

The identification of genes controlling production traits in
farm animal species will lead to cost-effective genetic testing
of entire populations for the enhanced selection of individu-
als, thus providing increased product quality and production
efficiency.

Sellick et al. (2007) stated that “A previously reported
transversion in MSTN (AF320998.1, g.433C>A), resulting
in the amino acid substitution of phenylalanine by leucine
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at position 94 of the protein sequence (F94L), was the only
polymorphism consistently related to increased muscling.
Overall the size of the g.433C> A additive effect on carcass
traits was moderately large, with the g.433A allele found to
be associated with a 5.5 % increase in silverside percentage
and eye muscle area (EMA) and a 2.3 % increase in total
meat percentage relative to the g.433C allele. The pheno-
typic effects of the g.433A allele were partially recessive”.
Probably the MSTN genotype can produce an intermediate,
non-double-muscling phenotype, which should be of signifi-
cant value for beef cattle producers (Sellick et al., 2007).

The result of the genotyping of the Aberdeen Angus and
Belgian Blue populations in our study has shown the pres-
ence of the desirable A allele F94L MSTN polymorphism in
the both breeds. The frequency of the A allele was higher in
the two Aberdeen Angus populations (0.90 and 0.93) com-
pared with the Belgian Blue one (0.31). However, despite the
presence of the some mutant alleles associated with genetic
defects, the F94L genotyping showed the existence of ge-
netic potential for the productivity traits in the cattle of the
Aberdeen Angus and Belgian Blue breeds.

5 Conclusions

The obtained DNA analysis data have demonstrated the high
genetic potential of the Aberdeen Angus and Belgian Blue
cattle due to enough high frequencies of desirable variants
of the F94L polymorphism. The use of this mutation as a
genetic marker would be able to provide the possibility of
obtaining leaner meat and avoiding the problems with animal
health due to the absence of the influence on calf weight at
birth and its association with dystocia.

Taking into account the presence in the populations of Ab-
erdeen Angus cattle of animal carriers of the AM, OS, DD
and M1 genetic defects, the constant control for congenital
anomalies in Aberdeen Angus herds by means of DNA geno-
typing is necessary.

The results showed the absence in the Hereford popula-
tions of individuals carrying the HY and MSUD genetic de-
fects; this is a very good sign, making it possible to use this
potential breed without strict limitations.

The results of this research allow us to conclude that the
breeding of Aberdeen Angus, Hereford and Belgian Blue cat-
tle with proper management has good potential for improving
meat cattle industry profitability.
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