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The study was aimed at establishing the presence of
MC4R (c.1426 A>G) gene polymorphism among the popula-
tion of immunologically castrated and native gilts (Large White
x Landrace) x Maxgro. Asp298Asn polymorphism affects the
economic rate of growth and fattening productivity of commer-
cial lines of pigs. Since the polymorphism of the MC4R gene
correlates with the concentration of androstenone, skatole,
and indole, the possible use of polymorphism as a molecular
DNA marker MC4R for genetic selection in order to reduce
the level of boar odor in gilts meat and fat. This will establish
which alleles and genotypes in general will be determined
as desirable in the marker dilution of hybrid pigs. With this in
mind, the purpose of the study was to determine the effect
of the MC4R genotype on fattening performance indicators
and correlation with boar odor in hybrid gilts based on popu-
lation-genetic variability. Genomic DNA was isolated from the
ear hair follicle of native gilts (n=42) and epithelial tissue from
the ear of immunologically castrated ones (n=52). Genotyping
was performed using polymorphism of the lengths of restrictive
fragments (RFLP). Genetic-correlation parameters for native and
immunologically castrated gilts were evaluated by ADG/AGE30
and ADG/AGE100. However, the polymorphism of the c.1426
A>G gene did not significantly affect the ADG/AGE100 per-
formance of hybrid gilts. The predominance of the frequency
of allele A (0.55) is established above the frequency of the
allele G (0.45). Analysis of the frequency distribution of gen-
otypes showed the saturation of micropopulation with hetero-
zygotes AG (0.51) with a small proportion of GG carriers (0.19).
Immunologically castrated and uncastrated gilts with an MC4RA
allele are characterized by a sufficiently high ADG/AGE100 and
are probably characterized by a high level of boar-specific odor
compared to gilts with lower ADG/AGE100 with an MC4R®¢
allele. According to the data obtained, the desired genotype
for an equilibrium of the concentration of boar odor without
compromising physiological development, growth rate, and pro-
ductivity formation is heterozygous offspring with the MC4RA¢
genotype.

Key words: hybrid gilts, (Large White x Landrace) x Maxgro,
native gilts, immunologically castrated gilts, polymorphism, MC4R,
Asp298Asn, ADG, AGE30, AGE100, boar smell, genotype, allele,
PCR-RFLP analysis
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Introduction

The melanocortin-4 receptor (MC4R) gene encodes
a membrane-bound receptor protein and is a member of
the melanocortin receptor family of genes [6, 13]. One
of the popular drawbacks of raising gilts is the presence
of boar taint, an off-odor present in heated meat or fat.
The main compounds of this odor are androstenone,
skatole, and indole [1, 8, 14]. In addition to management
strategies of the genetics selection toward lower boar
taint incidence could help pig farmers to shift toward
raising gilts and boars. An important candidate polymor-
phism that could serve as the molecular marker is the
Asp298Asn polymorphism of the MC4R (c.1426 A>G) gene.
The Asp298Asn polymorphism of the melanocortin-4
receptor (c.1426 A>G) in pigs to affect economically im-
portant traits such as AGE100. this missense mutation
Asp298Asn is associated with increased ADFI, in-
creased ADG, and decreased lean meat percentage [14].
Breeds of pigs with a low lean meat percentage, to have
high levels of boar taint and back fat thickness is cor-
related with androstenone and skatole levels in fat [4,
9, 14]. Therefore, | assume that the Asp298Asn poly-
morphism of the MC4R gene could serve as a possible
marker for boar taint. Allele ¢.1426 A>G* is characteristic
of pigs with lower lean meat percentages and possibly
have higher levels of boar taint compared to pigs (al-
lele c.1426 A>G®) with higher lean meat percentages.
The interest of the study was the search for associa-
tions of the MC4R polymorphism, especially when one
genotype is overrepresented in the population of hybrid
pigs. Ascertain assess of genetic selection toward lower
boar taint levels is possible in the meat and lard of
female pigs by using the MC4R marker in commercial
pigs, without compromising growth. Scientists assessed
the main effects and possible interactions between sex
and MC4R genotype in homozygous boars and gilts
of the AA and GG genotype. The concentrations of the
3 boar taint compounds androstenone (P=0.044), ska-
tole (P=0.049), and indole (P=0.006) were significantly
higher in the fat of boars with the MC4RA* genotype
compared to boars with the MC4R&¢ genotype. An inter-
action between genotype and sex was evaluated for the
parameter ADG (P=0.044): boars with MC4R** geno-
type had a significantly higher ADG than MC4R®¢ boars
but there was no significant difference between the gilts.
Daily lean meat gain was higher in boars compared to
gilts (P=0.051), independent of genotype. Genotype and
sex affected the quality parameters of the carcass.
It is established that the compound causes the smell of
boar, and meat quality was not affected by genotype.
The results of the study show that pork of gilts was darker
(P=0.014) and less exudative during cooking (P<0.001)
and contained more intramuscular fat (P=0.013) [11, 14].
In this regard, the interest was to assess if genetic
selection toward lower boar taint levels is possible by
using this marker in hybrid gilts and assess the correlation
of productivity indicators with the smell of boar.
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According to the analyzed scientific sources, world
scientists, we concluded that the productivity of pigs is
determined by the genotype inherited from the parents.
It was analyzed, according to world literary sources, that
pigs with the desired genotype under certain conditions
are characterized by unexpectedly worse productivity
compared to parents carriers of genotypes with lower
or higher productivity [3, 7, 10, 12].

The objective of the present study was to examine
if there were any associations between variations in the
MC4R gene with signs of fattening productivity in a com-
mercial native and immunologically castrated gilts popu-
lation in Ukraine based on population-genetic variability.

Materials and Methods

The hair follicle and epithelial tissue samples were
collected from hybrid pigs of the (Large White x Landra-
ce) of ages (10-12 months) and of different groups: im-
munologically castrated (n=52) and uncastrated (n=42)
kept at the Globyno Pig Complex. Hair follicle samples
from the ear of pigs were collected using tweezers or
simple plucking by hand. Appropriate measures were
observed to avoid contamination of the hair samples.
The hair samples were placed in an “Eppendorf’-type
test tube, carefully labeled, and stored at a temperature
of —20°C in a laboratory of genetics, at the Institute of
Pig Breeding and Agro-Industrial Production NAAS.
120-150 pL of 20% Chelex-100 suspension was add-
ed to the contents of the test tubes and incubated for
6 hours at 56°C. After shaking the test tubes on Vortex,
they were placed in a solid-state thermostat and incu-
bated for 8 min at a temperature of 98°C. DNA solution
samples were stored at —20°C [5]. Isolation of DNA from
epithelial tissue was carried out using a set for the iso-
lation of nucleic acids DNA-sorb-B of the manufacturer
InterLab Service-Ukraine LLC [2].

PCR amplification of porcine MC4R gene fragment

The PCR components include 12.5 ng of genomic
DNA, 1.25 pl of 1x PCR buffer, 1.0 yl MgCI2, 1.25 pl
dNTPs, 0.25 pl of each primer, and 0.4 ul Tag DNA
polymerase (ThermoFisherScientific™), ultrapure ster-
ile water — 5.0 pL and the final volume of the template
DNA 7.6 pL. The total volume of PCR mixture with
genomic DNA is 17 uL/1 sample. For the amplification
of specific MC4R gene fragments, the following prim-
ers by were used: Forward: 5 — TAC CCT GAC CAT
CTT GAT TG-3', 157.4 ug, 26.0 nmol and Reverse:
5'— ATAGCAACAGAT GATCTC TTT G-3',171.8 pg,
25.5 nmol. The components were subjected to the
following cycling profile: 3 min at 94°C; 31 cycles at
94°C — 25 min; 64°C — 26 sec; 40 sec at 72°C; and
a final 2-minute extension at 72°C in a thermal cycler
(TERTSYK, DNA Technology). Gel documentation was
done after subjecting the amplicons to electrophoresis
on 2% agarose gels.
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Analyses of SNPs in the MC4R gene

The restriction Fragment Length Polymorphism (RFLP)
method was used to detect polymorphisms in the MC4R
(rs81219178) gene, using endonuclease Taqgl (Thermo-
FisherScientific™) as the restriction enzyme. Enzymatic
digestion was performed in a final volume of 15 L, in-
cluding 5 pL (~0.1-0.5 pg of DNA) of the PCR product,
0.2 pL of Tagl endonuclease (ThermoFisherScientific™),
and 2.8 uL Buffer 10x, together with nuclease-free water
to reach final volume 7.0 uL. Samples were incubated at
65°C, time — 1 h 50 min for MC4R (Taql). Electropho-
retic separation of DNA fragments was carried out in 8%
polyacrylamide gel in 1x TBE buffer, at current strength
(5V/cm) gel length. Visualization of restriction products
was carried out by dyeing bromide ethidium and view-
ing on the transilluminator in UV light (MicroDOC Gel
Documentation Digital camera with UV Transilluminator,
Cleaver Scientific).

Results and discussion

DNA typing of the studied groups was carried out
on the uncastrated (n=42) and immunologically cas-
trated hybrid pigs (n=52) for SNP MC4R (c.1426 A>G).
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Fig. 1. Electrophoregram of Taq | restriction products
of MC4R (c.1426 A>G) locus DNA in 8% PAAG.
Molecular marker: pUC19 DNA/Mspl (Hpall) Marker, 23
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Fig. 2. Electrophoregram of Taq | restriction products
of MC4R (c.1426 A>G) locus DNA in 8% PAAG.
Molecular marker: pUC19 DNA/Mspl (Hpall) Marker, 23
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DNA typing involves identifying allele gene variants al-
leles of which are characterized by restriction fragments
the size of base pairs (bp). Fragments of the resulting
electrophoregram (fig. 1-2): Track — 1, 3, 4, 6, 7, 8, 10,
12, 14, 15, 18, 20, 24—26 with genotype c.1426AG (70
bp.); 2,5,9, 11,13, 16, 17, 19, 22, 23, 28-30 with geno-
type ¢.1426AA (220 bp); 21, 27 with genotype ¢.1426GG
(150 bp.). Size of DNA fragments in (bp) major allele
MC4R c.1426G (150+70); DNA fragment size in (bp)
of the MC4R c.1426A minor allele (220).

According to the results of the electrophoregram
(fig. 1-2) it is observed that the studied hybrid piglets are
predominantly heterozygous in genotype MC4RA¢,

Homozygous AA and homozygous GG boars and
gilts were produced by crossing hybrid sows (geno-
type AG; Genetics, Hermitage) with Maxgro terminal
boars (also genotype AG).

The analysis of fattening productivity was carried
out according to the results of control cultivation up to
100 kg according to the following indicators: the age the
birth weight, adjusted 30-day weaning weight (AGE 30),
average daily gain (ADG), and growth rate (AGE 100)
of gilts; time spent in the rearing group, days; time spent
in the fattening group, days (table 1).

Genetic correlations for native gilts by ADG/AGE30
parameters with MC4RA* genotype are +0.67 in relation
to MC4RA¢ genotype and +0.101 in relation to MC4R¢®¢
genotype. Immunologically castrated gilts are evalu-
ated according to the same parameters: with MC4RA
genotype are +0.47 in relation to MC4RA¢ genotype
and +0.138 in relation to MC4R®® genotype. In relation
to the ADG/AGE100 parameters, the correlation in im-
munologically castrated gilts with respect to native gilts
with genotype MC4R* is ADG +0.77 and for AGE100
-5 days; for pigs with MC4RA® genotype are ADG +0.85

Table 1. Effect of MC4R genotype on fattening productivity
parameters in gilts

Trait Locus genotype
MC4RAM  MC4RA¢ MC4Ree

|. Native gilts (n=11)  (n=22) (n=9)
ADG, g/day 0.748 0.681 0.647
AGE30, day 30 30 30
ADG, g/day 0.940 0.845 0,774
AGE100, day 142 151 159
Time spent in the rearing group, days 44 44 44
Time spent in the fattening group, days 107 107 107
RL, % 1,287 1,262 1,255
II. Immunologically castrated gilts '\(Ar?: 4%? '\?r?jg;cs M(iig)e °
ADG, g/day 0.797 0.750 0.659
AGE30, day 30 30 30
ADG, g/day 1.017 0.930 0.753
AGE100, day 137 143 154
Time spent in the rearing group, days 44 44 44
Time spent in the fattening group, days 107 107 107
RL, % 1.342 1.312 1.199

Note. ADG — average daily gain; AGE — average daily gain;
RL — relative gain.
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and for AGE100 -8 days; for MC4R®¢ genotype are
ADG -0.21 and for AGE100 +5 days. Immunologically
castrated and uncastrated gilts with the MC4R* allele
are characterized by a sufficiently high ADG/AGE100
and could possibly have higher levels of boar taint com-
pared to gilts with lower ADG/AGE100 (MC4Re allele).
Genotyping of micropopulation of hybrid gilts (Large
White x Landrace) x Maxgro SPE “Globinsky pig com-
plex’ LLC showed that the MC4R (c.1426A>G) locus is
polymorphic, the level of which turned out to be sufficient
to be able to search for the connection of individual gen-
otypes with performance indicators and for associative
research. This is indicated by the value of the calculated
index of the polymorphic information content of the
locus (0.37) (table 2). The predominance of frequency
of allele A (0.55) over allele G (0.45) was established.
Analysis of the distribution of frequencies of gen-
otypes showed the saturation of micropopulation with
heterozygotes AG (0.51) with a small proportion of
GG carriers (0.19). Animals with the homozygous gen-
otype AA (0.30) accounted for almost a third of the
sample analyzed. The resulting spectra frequency gen-
otypes indicate that animals behind this locus are not
subject to both targeted and situational selection in this
farm, and therefore the herd is not consolidated accord-
ing to the marker under study, which creates favorable
opportunities for marker-auxiliary selection according to
MC4R (c.1426A>G). No probable difference was found
in the distribution of actual frequencies genotypes from
the theoretically possible x2 method according to Hardy-
Weinberg. There is a slight advantage of the actual het-
erozygosity value (0.509) over the expected (0.495).
To test the working hypothesis about the existence
of a significant effect of individual genotypes of the locus
¢.1426A>G on the formation of fattening characteristics
of gilts (Large White x Landrace) x Maxgro dispersion

analysis of the obtained experimental results was ap-
plied (table 3).

For the sample of pigs (Large White x Landra-
ce) x Maxgro, a probable association of genotypes ac-
cording to the studied polymorphism of the melanocortin
receptor gene with an indicator of average daily gain
(P<0.05) is shown, and the breeding index of fattening
qualities (P<0.01), and the parameters of the influence
of the genetic factor on the studied trait were 32.14%,
67.69%, and 8.81%. The lowest ADG score was ob-
served in homozygous pigs on the G allele, while the
highest average daily gains were characterized by pigs
of heterozygous genotypes. By ranking the selection
index of fattening qualities, in which the indicators of
average daily weight gain are laid, the group of carrier
animals of the AA genotype had a significant advantage
over each of the other groups. No statistically signifi-
cant effect of MC4R (c.1426A>G) on age gain of 100 kg
and ADG in the studied micropopulation of pigs (Large
White x Landrace) x Maxgro was found.

An experiment was designed to study the effect of
MC4R genotype, on the parameters of fattening produc-
tivity and boar taint levels in commercial female pigs.
The data obtained will form the basis for the development
of a methodology for assessing the projected efficacy
of SNP MC4R in the population of commercial pigs.

The studied herd of native and immunologically
castrated gilts was successfully genotyped for the
¢.892A>G (p. Asp298Asn) single nucleotide polymor-
phism (SNP) by using Tagl PCR-RFLP methods. This
SNP was significantly associated with (P<0.00017***),
(P<0.017*).

The results indicate that genetic selection against
boar taint is possible using the MC4R marker. Perhaps
this will lead also result in lower feed intake and ADG
and, consequently, better carcass quality.

Table 2. The gene frequency of MC4R (c.1426 A>G) in the transboundary breed of gilts (Large White x Landrace) x Maxgro

Genotypes Gene frequency
Ho He PIC X Fis
AA GG AG A G
0.30/0.30 0.19/0.20 0.51/0.49 0.55 0.45 0.509 0.495 0.37 0.092 -0.029

Note. Ho — actual heterozygosity; He — expected heterozygosity; x? — deviations between empirical and theoretical frequencies of genotypes
relative to the Hardy—Weinberg law; PIC (polymorphic information content) — index of the polymorphic information content of the locus;

Fis — Wright fixation index.

Table 3. Association of individual genotypes of the MC4R (c.1426A>G) locus with the productive performance of gilts

X+Sx X+Sx X+Sx
Performance indicators 02,% P
GG AG AA
Age of reaching live weight of 100 kg, days 156.545,04 146,96+2.51 139.5+2.91 32.14 0.07
Average daily gain, g 763.5+£10.68 887.5£7.43 978.5+7.26 67.69 0.00017***
Breeding index of fattening qualities 96.84+2,16 96.95+2 44 104.84+1,85 8.81 0.017**

Note. N? — impact strength indicator; P — significance indicator; *** — P<0,01, ** — P<0,01, * — P<0,05 by the criterion of Fisher’s significance;

X — average for intra-breed type; +Sx — arithmetic mean error.

The Animal Biology, 2023, vol. 25, no. 3
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Acouiauisa nonimopdizmy Asp298Asn reHa MC4R 3 BigroaisenbHO NPOAYKTUBHICTIO

B iMyHOﬂOFi‘-IHO KacTpoBaHUX Ta HATUBHUX CBUHOK

€. O. lNoyepHsiesa, K. @. lNoyepHsies, I. b. baHbKOBChKa
yelyzavetapocherniaieva@gmail.com

IHCTUTYT cBMHapcTBa i arponpomuciioBoro BUpobHuutea HAAH,
Byn. LLiBeacbka Moruna, 1, m. MNMonTaea, 36013, YkpaiHa

HocnimxeHHs B6yno cnpsiMoBaHe Ha BCTAHOBEHHS HasiBHOCTI nonimopdiamy reHa MC4R (c.1426 A>G) cepen nonynsuii iMyHo-
NOriYHO KaCTpOBaHUX Ta HATUBHUX NIACBUHKIB (Benvka 6ina x naHgpac) x Maxgro. Monimopdiam Asp298Asn BnNnvBae Ha €KOHOMIY-
HWUW NOKa3HWK LUBWAKOCTI POCTY Ta BiAroAiBenbHy NPOOYKTUBHICTb KOMEpPLIMHWUX MiHii cBuHen. Ockinbkun nonimopdiam reHa MC4R
KOperntoe 3 KOHLEeHTpaLieto aHAPOCTEHOHY, CKaTony Ta iHAOMNY, TO MOXIMBE BUKOPUCTaHHA nomiMopdiamy sik monekynsapHoro OHK-
Mapkepa Ans reHETUYHOTO BiAOOPY 3 METOK 3HWXKEHHS PIBHA 3anaxy KHypa y M’ACi Ta cani CBUHOK JO3BONWUTL BCTAHOBUTY, Siki aneni
Ta reHoTUNM 3aranom GyayTb BU3HaYeEHi sik 6axaHi y MapkepHOMY po3BedeHHi ribpuaHux cBuHeN. 3 ornaay Ha Le, METOH NPOBeAEHOr0
pocnigkeHHs 6yno BusHaumTy BnnvB reHotuny MC4R Ha noka3Huku BigroaisenbHOi NpoayKTUBHOCTI Ta KOPEensLiio i3 3anaxoM kHypa
y ribpuaHuX NiACBMHKIB HAa OCHOBI NONYNAUINHO-reHeTUYHOI MiHNMBocCTi. FeHoMHy [IHK ByAainunu 3 BonocsiHoro donikyna Byxa HaTvB-
HUX (N=42) Ta enitTenianbHOI TKAHWHK 3 ByXa iMyHOINOrYHO KAacTPOBaHWUX NiACBUHKIB (N=52). leHOTUNyBaHHsi NPOBOAMIM 32 AONOMOIO0
nonimopaiamy OOBXWUH pecTpUKTHUX dparmeHTiB (MJ1P). MeHeTunko-KkopensuiiHi napaMeTpu Ans HaTUBHKX Ta iMyHOMOrYHO KacTpoBa-
HUX NiACBUHKIB oLiHIoBanu 3a nokasHnkamm ADG/AGE30 ta ADG/AGE100. Npote nonimop@iam reHa c.1426 A>G He BMnnHYB CYTTEBO
Ha nokasHukn ADG/AGE100 ribpuaHux niaceuHkiB. BctaHoBneHo nepeBaxaHHsi Yactotu anens A (0,55) Hag yactototo anens G (0,45).
AHania po3noginy 4actoT reHOTUMIB NnokasaB HacM4eHICTb Mikpononynsuii rereposurotamm AG (0,51) 3 HeBenumkoto YacTkor HociiB GG
(0,19). IMmyHOMoriyHO KacTpoBaHi Ta HeKacTpoBaHi MiAcBMHKM 3 anenem MC4RA xapakTepusytoTbes ocTaTtHbo Bucokum ADG/AGE100
i, IMOBIPHO, MalOTb BUCOKUI PiBEHb CrieumMdi4YHOro 3anaxy kKHypa nopiBHAHO 3 MigcBUHKamn 3 Hx4um ADG/AGE100 3 anenem MC4R®.
3rigHo 3 OTPUMaHVMK AaHUMK, BaXKaHUM reHOTMMOM Af1A PiBHOBAr KOHUEHTpaLi 3anaxy kHypa 6es wwkogum ¢isionoriyHoro po3suTky,
LUBUAKOCTI POCTY Ta hopMyBaHHSA NPOAYKTUBHOCTI € reTePO3UroTHE MOTOMCTBO 3 reHoTunom MC4RAG.

KntouoBi cnoBa: ribpuaHi cBuHkn, (Benuka 6ina x nangpac) x Maxgro, HaTMBHI NiJCBUHKM, iMYHONOTYHO KAaCTPOBaHi MiACBUHKM,
nonimopdiam, MC4R, Asp298Asn, ADG, AGE30, AGE100, 3anax kHypa, reHotun, anens, aHania MJP-NarPo

Pocherniaieva Y, Pochernyayev K, Bankovska |. Association of the Asp298Asn polymorphism in the MC4R gene with fattening productivity

of immunologically castrated and uncastrated gilts. Biol. Tvarin. 2023; 25 (3): 8—12. DOI: 10.15407/animbiol25.03.008.



