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DEVELOPING MEAT PRODUCTIVITY IN BULL
CALVES OF DIFFERENT DGAT1 GENOTYPES

T.A. Sedykh, L.A. Kalashnikova, I.Yu. Dolmatova,
R.S. Gizatullin, V.I. Kosilov

The given research aims to study the way meat productivity in special-purpose
beef bull calves of different DGAT1 genotypes is developed. The scientific novelty of
the research lies in the fact that an assessment of the meat productivity of Hereford
and Limousin bulls of different DGATI genotypes was conducted for the first time.
Calves were cultivated using elements of resource-saving technology. The research
subject was Hereford male young stock (91 heads) and Limousin bull calves (109
heads), which were genotyped by SNP DGATI1-K232A. Live weight, average daily
gains, and body size and conformation indices were analyzed. Hematological
values and carcass quality of bull calves of different genotypes were studied. As
a result of genotyping, young animals of both breeds had a similar distribution of
genotypes (DGATI**>DGATI*>DGATI*) and alleles (DGAT1*>DGATI1"). There
was no effect of the studied gene polymorphism on growth, body development, and
hematological parameters, as bull calves of different DGATI genotypes did not show
a significant difference between weight and linear growth, blood morphological
parameters, the content of protein, and its fractions. SNP DGAT1-K232A4 was found
to affect fat deposition. Thus, carcasses of both studied breeds of DGATI* genotype
had a significantly higher content of internal raw fat, and fat yield was (P<0.05)
than carcasses of DGATI** genotype bull calves. Therefore, genotyping by SNP
DGATI1-K2324 can be used in the selection of special-purpose beef cattle as an
additional criterion to produce meat of a higher energy value.
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®OPMUPOBAHUE MSCHOM MPOAYKTUBHOCTHU
Y BBIYKOB PABHBIX 'EHOTHUIIOB DGAT1

T.A. Ceovix, /1. A. Kanrawmnukosa, H.10. /lonmamosa,
P.C. I'uzamynnun, B.U. Kocunoe

Lenvro 0annozo uccnedosanus s6usemcs uzyuenue moeo, Kak pa3eueaemcst
MACHASL RPOOYKMUBHOCHIL ) MACHBIX ObIUKO8 CNeYUANbHO20 HAZHAYCHUS PASTUYHBIX
ecenomunos DGATI. Hayunas HOBU3HA UCCLe008AHULL 3AKTIOUAEMCS 8 MOM, YMOo
6nepeble NPOBeOeHA OYEHKA MACHOU NPOOYKMUBHOCU ObIUKO8 2epepopiCcKoll U -
MY3UHCKOU NOPOO paznuunblx eenomunos no ceny DGATI, svipawusanue komopvix
NPOBOOUNUCH C UCNONB30BAHUECM INEMEHMOB pecypcochepeaioujeli mexHoNI0UlU.
Obvexmom ucciedosanus OvLu ObIUKU 2epedhopOcKoll nopooul (91 2onosa) u OviuKu
aumMysuHckot nopoowt (109 eonos), komopuie cenomunuposanucy no SNP DGATI-
K232A. Bolnu npoananuzuposamnsl j#cusds Maccd, CpeoHecymouHvle npupocmul, d
makoice pasmepuvl meia u noxkazamenu menocioxcenus. M3yuenvt cemamonocuueckue
noxazamenu u Kaiecmeo mywu ObIYKO8 pasHblX 2eHOMUnos. B pesynemame eemno-
MUNUPOBAHUSA MOTOObIE JHCUBOMHBIE 00EUX NOPOO UMeNU CXOOHOe pacnpeodeneHue
eenomunos (DGATI**>DGATI*>DGATI*) u anneneit (DGATI*>DGATI"). B xo0e
uccned08ansl Hamu He bl BbIABNIEHO GIUSHUE UZYUAEMO20 NOTUMOPDUIMA 2eHA HA
pocm, pazsumue meia u 2eMamonoSuyecKue noKazamenu, makx Kax y Obl4ko8 pastulx
eenomunos DGATI ne Habnm00an0Ch CyuwecmeeHHOU pasHuybl MeXcOy Maccoll mena u
JTUHETIHBIM POCIOM, MOPPONOSUYECKUMU NOKA3AMETAMU KPOBU, coOepiicanuem b6enxa
u eco ¢paxyuii. Obnapysxceno, umo SNP DGATI-K2324 enusem na omnoxcenue
orcupa. Takum obpaszom, mywu obeux usyuennwvix nopoo cenomuna DGATIX umenu
3HAUUMENLHO OONee 8bICOKOe COOEPICAHUE BHYMPEHHE2O CbIPO20 HCUPA, A BbIXOO
arcupa 6u11 (P<0,05), wem y myw 6v1uxoe cenomuna DGATI*. Cnedosamenvho, 2eno-
munuposanue no eeny SNP DGAT1-K232A mootcem 6bimb UCnonb306ano npu omoope
CReYUAnU3UPOBAHHO20 MACHO20 CKOMA 8 Kayecmae OONOTHUMETbHO20 Kpumepiis Oisl
nonyuenus Msca ¢ Oonee 8bICOKOU IHePeemuteckoll YeHHOCbIO.

Knrouesvie cnosa: 2epepopockas nopoda; aumysunckas nopooa; eenomun, DGATI;
CNOCODHOCTL K OMKOPMY; KAYeCmeo MACA; pa3eumue 6 NOCMHAMAaibHOM OHINO2eHe3e

Jna yumuposanusn. Ceovix T A., Karawnuxosa JI.A., /Jonmamosa U.1O., T'u-
samyanun P.C., Kocunoe B.U. @opmuposanue MACHOU RPOOYKMUSHOCIU Y ObIUKOS
pasuvix eenomunos DGATI // Siberian Journal of Life Sciences and Agriculture.
2023. T. 15, Ne3. C. 155-174. DOI: 10.12731/2658-6649-2023-15-3-155-174
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Introduction

High-quality beef production from special-purpose beef cattle is one of the
main growth areas for the Russian meat industry. The beef cattle industry in
the Russian Federation is actively developing at present [5; 8]. As stated by the
Russian Ministry of Agriculture, the number of cattle in the country amount-
ed to more than 18 million heads in 2018, including special-purpose animals
in all categories of farms that reached 2.26 million heads. A comprehensive
assessment of 711.16 thousand heads, or 34.1% of the total number of beef
cattle, including 389.8 thousand animals of 15 breeds and types bred in 57
regions of the Russian Federation, has shown that the largest populations are
Aberdeen-Angus (417,545 heads), Kalmyk (137,262 heads), Hereford (87,278
heads), and Kazakh white-headed breeds (52,563 heads). The controlled live-
stock is purebred and IV generation, including 99.7% servicing bulls and 99.3%
cows. As of January 1, 2019, the breeding base of beef cattle breeding of the
country is represented by 270 breeding herds, including 46 breeding plants and
224 breeding reproducers [7].

Under current import substitution and food security strategies in the produc-
tion of meat for processing, the gene pool of existing cattle breed populations
of the Russian selection has received growing academic interest. The research
results are used to develop programs for breed conservation and design organic
production systems based on domestic genetic resources for selection [5; 7; 21].

The basis of selection and breeding programs is the early and accurate iden-
tification of breeding traits of the animal. The advantage of marker selection is
the unrelatedness of genetic markers on paratypic factors; they do not change
throughout the life of the animal. The mapping of quantitative trait loci (QTL) is
of particular relevance for assessing genetic parameters. Additionally, there are
difficulties recognizing markers for economic traits due to the low heritability
level and trait polygenicity. The quantitative level of traits can be determined
genetically by different allele variations in different genome loci. Alleles are
concurrently tested. The identified allele variations can be used as markers for
individual segments of closely linked chromosomes and genes. Some of these
genes can be responsible for productivity traits [6].

Presently, marker selection contributes much to the development of beef
cattle breeding and serves as an additional criterion for animal selection, in
particular high-value species. It is an important resource for creating highly
productive beef herds [1; 17]. Besides, assessing animals by genes that control
productive, reproductive, and other economic traits is the most critical indicator
of the pedigree livestock [4; 15; 17; 21].
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Numerous studies aimed at establishing the relationship between meat pro-
ductivity traits and single nucleotide polymorphism (SNP) of candidate genes
are still relevant [6; 8; 9; 11; 14; 18].

Among the genes responsible for lipid metabolism in animals, the diacyl-
glycerol O-acyltransferase 1 gene (DGATI) is an enzyme known for synthe-
sizing triglycerides, diglycerides, and acyl-coenzyme A. The DGATI gene in
cattle was mapped on the BTA14 chromosome. A. Winter et al. [19] have tested
the SNP in exon 8 of the DGAT! gene and revealed that the changes G—4 and
C—4 at position 10434 result in the loss of the restriction site for Cfr/ endo-
nuclease and the replacement (K2324 polymorphism) of lysine with alanine
(K—A). It has also been found that the lysine-coding allele (K allele) is asso-
ciated with a higher fat content in milk [19]. I. F. Gorlov et al. [4] indicate that
DGATI"is more common among Bos taurus taurus and practically not found
among Bos taurus indicus and Bos grunniens.

Some Russian and foreign researchers claim that the polymorphism of the
diacylglycerol-O-acyltransferase 1 (DGATI) gene is associated with the fatness
of carcasses and the quality of meat [9; 11]. B. M. Serensen et al. [18] have
found a high correlation of the DGATI enzyme activity in cattle with the fat
content in the longissimus muscle and the eye round. Research by R. A. Curi et
al. [10] conducted on the Nelore cattle has shown that the K allele DGAT pos-
itively affects the subcutaneous fat layer thickness [10]. I. Anton et al. [8] have
determined the effect of the DGAT! gene polymorphism on the intramuscular
fat content in Hungarian Angus. X. X. Wu et al. [20] consider that DGAT! is a
promising genetic marker for intramuscular fat content (/MF). L. Pannier et al.
[14] have explored a significant impact of the marker on the subcutaneous fat
content in the Charolais and Limousin metapopulations. It should be noted that
studies of the DGAT1 polymorphism effect on meat productivity and quality
traits of Bos animals failed to observe a reliable impact.

In our previous studies on genotyping Hereford and Limousin bull calves
by the DGATI gene [16; 17], there were no resulting animals with the ho-
mozygous genotype by the second allele. In this regard, it was decided to
increase the sample of experimental animals and the list of studied traits
characterizing the development of meat qualities in young beef livestock in
postnatal ontogenesis.

The scientific novelty of the research lies in the fact that an assessment of
the meat productivity of Hereford and Limousin bulls of different DGAT! gen-
otypes was conducted for the first time. Calves were cultivated using elements
of resource-saving technology.
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Materials and Methods

The research aimed to study the development of meat productivity in bull
calves of various DGAT1 genotypes. The research tasks were as follows: (1) ge-
notyping Hereford and Limousin bull calves according to SNP DGATI1-K2324;
(2) assessing live weight, average daily gain, and body size and conformational
parameters of animals aged eight and twenty months; and (3) studying hema-
tological parameters and quality of carcass of bull calves of various genotypes.

For genotyping by SNP DGAT1-K232A4, Hereford (91 heads) and Limousin
(109 heads) bull calves were genotyped at the age of one month. The young
Hereford bulls were the offspring of the Australian selection animals bred in the
livestock breeding farm SAVA-Argo-Usen LLC; Limousin bull calves descend-
ed from animals obtained in the livestock breeding farm SAVA-Agro-Yapryk
LLC (Tuymazinsky district of the Republic of Bashkortostan, Russia) by accu-
mulation crossbreeding of Simmental cattle with bulls of the French selection.
The farms use stable-pasture technology, and summer maintenance on pasture
is conducted according to the cow-calf system with resource-saving elements:
(1) using empty livestock premises and ground runs for keeping cows with
calves; (2) arranging rounded calving with regulated suckling; and (3) max-
imum use of pasture lands with electric fences and fattening of commercial
young animals on open year-round operated feedlots. Bull calves were reared
up to twenty months of age [2].

DNA was isolated from whole blood stabilized with sodium citrate using
a set of DNA-Extran (Syntol). Genotyping was performed by the PCR-RFLP
method [9] using primers: F: 5°—gca-cca-tce-tct-tcc-TCA-ag-3” and R: 5°—gga-
agc-gcet-tte-tcc-gga-tg-3°. Amplifiers were cleaved by the Cfrl endonuclease.
The number and length of the received restriction fragments were found elec-
trophoretically in 7.5% PAGE in UV light after staining with ethidium bromide.
Restriction fragments were analyzed using the Gel Doc XR gel documentation
system with the Image Lab version 2.0 DNA-analyser software. Restriction
fragment sizes were as follows: 411 KK, 411, 208, 203 KA, and 208, 203 AA
base pairs.

Depending on the identified genotypes, bull calves were divided into groups
by the DGATI gene: Group I — DGATI** (n=20); Group Il - DGATI** (n=20);
Group Il — DGATI* (n=10).

The development of meat productivity was studied according to the dynam-
ic indicators of live weight, average daily gains, conformation measurements,
body-built indices, hematological values, and post-slaughter assessment of the
carcass quality.
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The live weight of calves was determined by weighing them on a floor scale
at birth, eight months, twelve months, sixteen months, and twenty months. The
average daily gain was found by the ratio of overall live weight gain for the
growing period to the number of days in the period. Conformation recording
was conducted at eight and twenty months of age, and standard and linear mea-
surements were studied, namely, withers height, chest girth, chest width, chest
depth, oblique body length, pastern width, and quarter size. Based on these mea-
surements, conformation indices were calculated, particularly shoulder width,
boniness, blockiness, frame size, meatiness, and body length index.

Hematological studies were performed under the clinical diagnostic labora-
tory. The blood morphological composition was determined by flow cytometry
on an automatic LH-500 analyzer (Beckman Coulter). The total protein content
was evaluated using an SYNCHRON CX4 PRO biochemical analyzer (Beck-
man Coulter). Protein fraction content was identified by the capillary electro-
phoresis automated solution MINICAP (Sebia).

Post-slaughter carcass evaluation of different genotype bull calves was
performed at the SAVA meat processing plant. The carcass quality was as-
sessed according to the Russian national standard GOST 33818-2016 — Meat.
High-quality beef. Specifications. Pre-slaughter live weight, hot carcass weight,
carcass yield, the weight of internal raw fat, fat yield, slaughter weight, and
slaughter yield were found according to the classical methods developed in the
All-Russian Animal Breeding Institute named after L. K. Ernst.

Statistical processing of the research results was conducted by standard
methods using the software application Microsoft Office Excel.

Results

Genotyping Hereford and Limousin bull calves revealed a high frequen-
cy of occurrence of the DGATI*¥ genotype, which was 51.65% and 50.46%,
being higher than that of DGATI% by 16.49% and 11.93%, and DGATI* by
38.46% and 39.45%, respectively. In general, bull calves of both studied breeds
are characterized by the same frequencies of the DGATI* and DGATI alleles.

The live weight dynamics of different genotype animals by the DGAT! gene
are shown in Fig. 1.

The analysis of the obtained data on the dynamics of the live weight of Her-
eford and Limousin animals shows that there is no effect of the DGAT gene
polymorphism on the live weight indicators of calves at birth and eight, twelve,
sixteen, and twenty months of age. There is a tendency of a certain increase in
the bodyweight of animals in the direction of DGATI**—DGATI1**—DGATI*.
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Fig. 1. Live weight dynamics of different genotype bull calves by the DGAT! gene, kg.

With increasing age, DGATI®*¥<DGATI* genotype Hereford bull calves
showed a slight difference in live weight: 0.91% at the age of twelve months,
0.65% at sixteen months, and 1.58% at twenty months; Limousin animals had
1.25%, 1.13%, and 0.91%, respectively. It should be noted that the live weight
results are within the standards for the Hereford and Limousin breeds.

Compared to Hereford cattle, Limousin animals had slightly higher live
weight indicators in all age periods — by 3.37% at eight months, 4.11% at twelve
months, 3.67% at sixteen months, and 3.95% at twenty months.

The average daily gain in live weight decreases with the increasing age of
animals. DGATI* and DGATI* genotype Hereford bull calves showed the
highest average daily gains for the entire growing period (912.7 g and 900.0 g,
respectively). Limousin bulls of the identical genotypes had 945.7 g and 941.3
g of average daily weight gain.

The blood morphological composition of different genotype animals did not
have significant differences and was within the reference limits of the physio-
logical standards. Haemoglobin, red blood cells, and white blood cell contents
at eight months were slightly higher than at twenty months, which is associated
with age characteristics. DGAT14 genotype bull calves of both breeds had a
relatively higher level of red blood cells and hemoglobin.

The concentration of protein fractions was also within the range. The re-
sults show some age-related features. Thus, DGATI*X genotype Hereford and
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Limousin young bulls had a higher amount of total protein by an average of
11.47% and 12.04% by twenty months of age, DGAT ¥ genotype animals — by
12.07% and 10.12%, and DGATI** genotype cattle — by 9.19% and 10.54%,
respectively. DGAT*4 genotype bull calves of both breeds had more albumins
and y-globulins at the age of eight months, with a higher level of gamma-glob-
ulins at twenty months of age. Hereford cattle showed a slight increase in the
protein coefficient (albumin-globulin index).

Conformation measurements of different DGATI genotype bull calves are
shown in Fig. 2 and 3.

Quarter size
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W Limousin KA
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354157 3 m Hereford KA
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Body measurements, sm

Fig. 2. Conformation measurements of calves at the age of eight months.

The received confirmation measurements of Hereford and Limousin bull
calves — withers height, chest girth, chest width, chest depth, oblique body
length, pastern width, and quarter size — were within the age norms and norms
of the breed standard. Bull calves of different genotypes did not have apparent
dissimilarities between the indicators. However, DGAT 144 genotype bull calves
had slightly higher conformation measurements at the age of eight months and
twenty months, which indicates a better body development in young animals
and is confirmed by higher live weight indicators.

In the age aspect, Hereford bull calves had increased withers height by
15.48%, chest girth by 31.34%, chest width by 51.40%, chest depth by 43.47%,
pastern width by 27.45%, oblique body length by 18.59%, and quarter size by
44.40%; those of Limousin cattle were higher by 15.90%, 33.47%, 50.83%,
43.94%, 27.04%, 16.73%, and 42.31%, respectively.
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Fig. 3. Conformation measurements of calves at the age of twenty months.

Body-built indices of different genotype bull calves are given in Fig. 4 and 5.
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Fig. 4. Body-built indices of calves at the age of eight months.
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Fig. 5. Body-built indices of calves at the age of twenty months.

The increase of body-built indices, including those characterizing the devel-
opment of meat quality indicators observed with age, demonstrates the harmo-
nious development of the body parts of both breeds and confirms the distinct
beef breed manifestation of young animals in all experimental groups.

In the context of genotypes, there is a tendency for a slight increase in
meat productivity indices in the direction of DGATI**—DGATI**—DGA-
T1*1. At the age of eight months, DGATI** genotype Hereford and Limousin
animals had a slight increase in shoulder width by 1.82% and 1.18%, frame
size by 0.4% and 2.98%, and meatiness by 0.2% and 1.98%, respectively,
compared with the young animals of the DGATI** genotype. At the age of
twenty months, Hereford and Limousin bull calves had a similar difference:
0.48% and 0.56% in the shoulder width, 2.54% and 2.06% in the frame size,
and 0.68% and 1.56% in meatiness, respectively. Young animals at the age of
eight months were characterized by a more compact build, while at the age
of twenty months, the body length index increased. This was especially no-
ticeable in the cattle of the Limousin breed characterized by a long body. In
general, the studied indicators allowed us to conclude the harmonious body
development of both studied breeds.



Siberian Journal of Life Sciences and Agriculture, Tom 15, Ne3, 2023 165

Slaughter results of different DGATI genotype bull calves are shown in
Fig. 6 and 7.
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Fig. 6. Carcass quality indicators of different DGAT1 gene genotype bull calves.
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Fig. 7. Carcass and slaughter yield of different DGAT1 gene genotype bull calves.

Carcass quality indicators of different DGATI gene genotype bull calves
demonstrate the absence of intergroup differences. There is a tendency to
increase them somewhat DGATI**—DGATI**—DGATI*!. Indicators of
pre-slaughter live weight in Hereford and Limousin cattle with the DGAT
genotype are higher by 1.47% and 1.19% compared to animals with the DGAT-
1¥% genotype. In studying animal carcasses, the difference DGAT44>DGAT %%
is also observed, in the order of listing breeds, respectively: hot carcass weight
by 1.52% and 1.53%, carcass yield by 0.01% and 0.30%, slaughter weight by
1.21% and 1.32%, and slaughter yield by 0.20%.
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There is a clear association of the studied DGAT! gene polymorphism with
fat content in both breeds. Thus, there were significant differences (P<0.05) be-
tween the DGATI**>DGATI** genotypes in terms of the internal raw fat weight
(19.6 kg and 18.75 kg in Herefords; 17.12 kg and 16.63 kg in Limousins) and
fat yield (3.6% and 3.35%; 3.0% and 2.85%, respectively).

Discussion. The findings of genotyping Hereford and Limousin bull calves
indicate a high DGATI** genotype frequency of 50%—51% in both breeds. The
heterozygous genotype is in second place in terms of frequency, and the small-
est number of animals were of the homozygous genotype by the second allele.
In general, bull calves of both studied breeds are characterized by the same
frequencies of the DGATIX (0.64) and DGATI*(0.36) alleles. The observed
frequencies of the DGATI¥ allele (0.64) are slightly lower than the findings
of C. Avilés et al. [9] that have revealed allele frequencies in Spanish Limou-
sins as follows: DGATI* (0.84) and DGATI* (0.18). There is evidence of the
DGATI®¥ genotype absence in the Simmental bull calves [4] and the Kazakh
white-headed animals [3].

The research did not prove associations of the studied polymorphism with
growth and development indicators of bull calves. Hence, there were no sig-
nificant inter-group differences in terms of live weight, average daily gains,
absolute live weight gains, hematological values, conformation and body-built
measurements, and body composition indices. The results of the control slaugh-
ter proved a strong association of the DGATI gene polymorphism in the bulls
of both breeds with the fat content. The DGATI* genotype was associated with
the internal raw fat weight and the fat yield. The findings of the given research
are consistent with the results of J. L. Gill et al. [7], C. Avilés et al. [9], and A.
Curi et al. [10], who indicated increased fat deposition in DGATIXX genotype
bull calves. This dependence was not found in other studies [10; 13]. The ob-
tained results go in line with D. Karolyi, who found that DGAT 14! genotype bull
calves exceeded DGATI* animals in carcass weight by 2.09% [12].

Conclusion. Thus, in the conditions of the Republic of Bashkortostan, Her-
eford and Limousin beef cattle were genotyped by SNP DGATI-K232A. This
gene polymorphism was studied in terms of its effect on the meat productivity
of young animals in postnatal ontogenesis. As a result of genotyping, young an-
imals of both breeds proved to have a similar distribution of genotypes (DGAT-
I¥>DGATI*>DGAT ") and alleles (DGATI1*>DGATI"). There was no effect
of the studied gene polymorphism on growth, body development, and hemato-
logical parameters, as bull calves of different DGAT! genotypes did not show a
significant difference between weight and linear growth, blood morphological
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parameters, the content of protein, its fractions, and carcass quality. SNP DGATI-
K2324 was found to affect fat deposition. Thus, carcasses of both studied breeds
of DGATI* genotype had a significantly higher content of internal raw fat, and
fat yield was (P<0.05) than carcasses of DGATI* genotype bull calves. There-
fore, genotyping by SNP DGATI-K232A can be used as an additional criterion
to get meat with a higher energy value in selecting special-purpose beef cattle.
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