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Summary

The aim of the study was to analyze sexual activities of gilts representing various genotype groups in the
RBP4 and MC4R locus.

Observations of gilt behaviour during the first and the second oestrus (before initiation of the reproduction
phase) were carried out in the Pulawska breed from conservation breeding. The evaluation process comprised
the duration of the heat as well as the intensity of heat behaviours. Polymorphism identification in RBP4 (SNP:
rs55618789) and MC4R (SNP: rs81219178) genes was performed, which resulted in the identification of three
(MC4R: AA, AG and GG) and two (RBP4: CC and CT) gilt genotype groups. Significantly varying sexual
activities were observed: the most intensive heat symptoms were demonstrated by CT gilts in the course of the
first (P < 0.05) and second (P < 0.01) oestrus (locus RBP4) reaching, on average, 2.15 + 0.13 and 2.52 + (.13 pt.
It was further determined that the heats of CT gilts lasted longer and this difference, in the second heat, was
significant (P<0.01). In the case of the MC4R locus, significant differences in gilt sexual activities were observed
only in the course of the second oestrus (P < 0.05). In addition, a strong association was also demonstrated of
AA (locus MC4R) and CC (locus RBP4) genotypes with the thickness of the subcutaneous fat tissue (P < 0.05)

amounting in these gilts to 11.57 = 0.21 mm and 11.50 + 0.19 mm, respectively.
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One of the conditions of high efficiency in pig pro-
duction is successful reproduction. The use of high
meatiness gilts and sows in mass breeding often causes
a lack of or low intensity of typical sexual behaviour in
heat which has a negative influence on the reproduc-
tion rate (7).

Mating behaviour in pigs is observed for a short
period of time and occurs at the moment of contact of
a boar and a sow in heat. The sow plays a prominent
role, sending signals toward the boar. During mating
the boar sniffs the sow, directs his nose at her body,
moves its snout along the sides and close to the vulva,
producing a series of throaty grunts being a component
part of courtship. The increasing tactile stimulation of

the sow also heightens the sexual arousal of the boar
(4).

The moment at which the sow exhibits full tolerance
to the boar (the so called lordosis reflex) shows the peak
of the heat period and the optimal time for mating or
insemination. The appropriate identification of oestrus
symptoms in sows is hindered by the so called ‘silent
heats’. Their occurrence is initiated, among other
things, by stress stimuli which may provoke masking
of sexual behaviours (1, 2, 7).

Current research indicates that the intensity of sexual
behaviour (8) as well as the age at which females
show external manifestations of sexual activity (9) is
conditioned genetically. Identifying the association
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between DNA polymorphism and sexual activity of
gilts could be one of the ways of limiting problems
related to reproduction.

The aim of the study was to analyze sexual activities
of gilts representing various genotype groups in the
RBP4 and MC4R locus.

Material and methods

Animals. Research was conducted on 72 gilts of the
Pulawska breed (conservation breeding). All animals were
subject to veterinary prevention, husbandry conditions
adhered to animal welfare standards, feeding was adjusted
to the age and the physiological condition of the animals
according to animal feeding standards (6). Sexual activity

Tab. 1. Association of RBP4 SNP with sexual activity in
Pulawska breed (LSM = SE)

Trait A
cc | e

I0E

AG (days) 206.33 + 2.88 204.85+1.67
BW (kg) 83.7721.97 85.56 +1.14
DH (days) 2.22+0.20 2.2620.12
10S (pt.) 156 £ 0.23 2.15'0.13
IIOE

AG (days) 226.56 + 2.91 225.48+1.68
BW (kg) 98.22+2.16 100.44£1.25
DH (days) 2112019 2.70°£0.11
10S (pt.) 1564 £ 0.2 2.52°£0.13

Explanations: means in rows designated with different letters
differ significantly at P<0.01 (A, B) and P <0.05 (a, b); IOE and
IIOE —first and consecutive oestrus (before reproduction phase);
AG — age of gilts at the beginning of heat 1 and 2; BW — body
weight of sows determined for heat 1 and 2; DH — duration of
heat 1 and 2; IOS — intensity of oestrus symptoms in 3-point scale
(Tab. S1) for heat 1 and 2

Tab. 2. Scale of intensity assessment of heat symptoms in sows
(Stasiak, 1996)*

Points Level of observed symptoms in descriptive form
3 pets. Very clear oestrus symptoms, response to testing-boar and
attempt to mate > 26 s
2 pets. Clear oestrus symptoms, response to testing-boar and attempt
tomate>6-25<s
1 pet. Poor oestrus symptoms, response to testing-boar and attempt
tomate <5s

Explanations: * assessment of heat symptoms according to Stasiak
(10) in our own modification

Tab. 3. Primer details for the SNPs genotyped in this study

o1

observations were carried out in the course of the first and
the second heats. The activity during oestrus was evaluated
on the basis of the intensity of heat symptoms and the dura-
tion of the lordosis reflex (Tab. 2). The observation of gilts
behaviour was carried out twice a day: in the morning and
in the afternoon (the results are shown in tables as average
of both observations. The observations were performed by
trained employees of the pig farm). The starting point for the
proper measurmg period was defined as the manifestation
of'the first signs of oestrus, i.e. restless behaviour, swelling
of the vulva, jumping onto other females, reaction to the
testing-boar. In order to establish the precise moment when
the oestrus begins control observations were performed
1 day before the predicted oestrus based on the calendar.
During the observation all the gilts were marked in a visible
place on their backs in a manner enabling easy identification.

Detected polymorphism. Synonymous substitution
(c.156C>T, p.(=)) of the RBP4 (SNP: rs55618789) and
nonsynonymous substitution (c.1426A>G, p.Asp298Asn)
of the MC4R (SNP: rs81219178) were identified using the
Hinfl and Tagl enzymes, respectively (Tab. 3). A and G al-
leles as well as AA, AG and GG genotypes (MC4R locus)
and C and T alleles as well as CC and CT genotypes (RBP4
locus) were identified in the examined population of gilts.

Statistical analysis. For the examined population, fre-
quency of allele and genotype occurrence in the RBP4 and
MCA4R loci were calculated and the conformity analysis of
genotype distribution in the population with that expected
on the basis of Hardy-Weindberg trait distribution law was
carried out. The analysis of utility indicators was carried out
employing ANOVA multifactorial analysis of variance by
the least squares method in accordance with the GLM-SAS
x.9.3. procedure (2014) following the adopted linear model:

Vi = H + RBP4 + MC4R +rtmt A+ € it
where: y‘W trait phenotyp1c Value JU— populat1on average;
RBP4, — constant genotype effect in the examined locus
(i= I, 2); MC4R — constant genotype effect in the exam-
ined locus (i = 12 3), r, — constant heat effect (j = 1, 2);
m,— constant lactation effect k=1,2); e . —random error.

The results were presented as least square means (LSM)
and standard errors (SE). Differences between level means
of experimental factors were analysed by Duncan test of
multiple comparisons.

Results and discussion

The frequency of alleles and genotypes of the exam-
ined gilt population is shown in Table 3. The RBP4 SNP
had a strong association with the intensity of oestrus
symptoms in the first (P < 0.05) and the second heat
(P<0.01). The analysis of sexual activity revealed that
CT homozygotes manifested heat symptoms more in-
tensively than the remaining females (Tab. 1), received

Gene SNP Forward and Reverse primers (5’->3’) Product PCR (bp)* ER** Sequence
SNP: rs55618789 F 5-GCACAGTCCCTCTCCCCTCCC-3' .

RBP4 | ¢ 156C5T, p.(=) R 5'-GGGATGAGCGGGATCGGGGT-3’ 552 Hinfl NC_010456.4
SNP: 581219178 F 5°-TCACAGAGGCCACCCAGGGGATA-3’

MC4R | . 1426A>G (p.Asp298Asn) R 5-ACTGGCACCATCCGCCAAGG-3’ s Tagl AR

Explanations: * base pair; ** restriction enzyme (Thermo Fisher Scientific Inc, USA)
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2.15+0.13 and 2.52 + 0.13 points in the first and the
second heat, respectively against 1.56 = 0.23 and 1.56
+0.22 pt. (CC sows received 1.56 points in both heats).
In addition, the oestrus of CT gilts was longer (differ-
ences between genotypes were significantat P<0.01 in
the second oestrus), despite the fact that, at the moment
of the occurrence of symptoms, they were younger than
sows from the remaining genotype groups.

For the MC4R locus (Tab. 4), significant associa-
tions were found to occur only during the second heat
(P <0.05), with the best results recorded for AA gilts
(2.86 £ 0.27 pt.).

Moreover, significant differences (P < 0.05) were
demonstrated between gilt genotype groups in back-
fat thickness, with the thickest backfat recorded in
gilts with CC (SNP: rs55618789) and AA (SNP:
rs81219178) genotypes (Tab. 5 and 6). CT group (locus
RBP4) was also characterised by a higher meatiness
than CC gilts (P < 0.05).

Ploeg van der et al. (8) reported an as-
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Tab. 4. Association of MC4R SNP with sexual activity in
Pulawska breed (LSM = SE)

Trait Hets
AR | AG 66

10

AG(days) | 201715320 | 204.84:194 | 208402268
BW (kg) 82462222 | 8557:1.35 | 86.08%1.86
DH (days) 2.430.22 2.37£0.13 1.9020.18
10S (pt.) 2.5720.26 1.8920.16 1.7820.21
IIOE

AG (days) | 222142322 | 225.42+1.96 | 228.90%2.70
BW (kg) 97712248 | 100.63:1.50 | 100.00%2.07
DH (days) 2.71£0.23 2.47+0.14 2.600.20
108 (pt.) 286027 | 1.85°:0.16 2.500.22

Explanations: a, b— P <0.05; AG, BW, DH, 10S — as in Tab. 1

Tab. 5. Association of RBP4 SNP with carcass traits in Pulawska breed

sociation of MC4R with the control of feed
intake and energy expenditure; in addition,
they observed an influence of MC4R on the

sexual behaviour and erection modulation
in rodents. On the other hand, Friebe et al.
(5) demonstrated a considerable increase of
RBP4 protein secretion with age and attain-
ment of sexual maturity in children, which
indicates that it plays a role in the process
of maturation. RBP4 level was found to be
correlated, among other things, with growth,
body weight or BMI index.

On the other hand, Rens van and Lende
van der (9), examining associations between
prolactin receptor gene polymorphism
and reproduction rate, showed that dur-
ing insemination BB genotype gilts were
significantly (P < 0.05) younger than AA

(LSM = SE)
Trait Bpd
cC CT

Production indices of sows*
Daily body weight gains of sows (g) 556.00 + 23.32 549.67 +13.47
Backfat thickness on back (mm) 11.50°+0.19 11.06° £ 0.11
Meatiness of sows (%) 56.212 + 0.31 56.96° + 0.19
Reproduction indices of sows**

Number of piglets born in litter (heads) 10.56 £ 0.41 10.85 £ 0.24

Number of piglets on day 21 of life (heads) 9.56 = 0.38 9.63 +0.22

Lactation |

Mass of piglet when born (g)
Mass of piglet on day 21 (g)

Mass of piglet on day 21 (g)

1312.22 + 58.79
5262.22 + 263.42

5420.09 = 271.32

1262.96 + 33.94
5445.19 + 152.09

_ | Number of piglets born in litter (heads) 10.89 + 0.59 11.56 + 0.34
S | Number of piglets on day 21 of life (heads) 9.78 + 0.42 10.44 £0.24
‘g Mass of piglet when born (g) 1351.59 = 60.55 1300.85 = 34.96
—

5608.54 + 156.65

genotype gilts: on average 41 days younger
in the first heat and 49 days during the first
insemination.

The results presented in the study appear
interesting in the context of investigations
conducted by Stasiak et al. (10, 11) who demonstrated
varying levels of sexual activity in sows of different
breeds. In the presented study, the authors demon-
strated that Pulawska breed sows obtained a higher
assessment of their sexual activity than sows of Large
Polish White and White Polish Landrace. In addition,
a boar tolerance reflex appeared earlier in sows of the
Pulawska breed.

Much attention so far has been devoted to the analy-
sis of polymorphism association in RBP4 and MC4R
genes with values of production and reproduction
indices in swine. Studies conducted by Davoli et al.
(3) showed significant differences (P <0.05; P<0.01)
between AA and GG homozygotes (locus MC4R) in
daily body weight gains, feed conversion ratio, ham

Explanations: data in rows designated with different letters (a, b) differ sig-
nificantly at P < 0.05; * production indices of sows determined prior to the
reproduction phase (before I lactation); ** reproduction indices determined for
the first and second litters of sows (lactations I and 1)

mass and backfat thickness in pigs, with greater val-
ues determined in AA homozygotes. In their studies,
Szyndler-Nedza et al. (13) as well as Szyndler-Nedza
et al. (12) reported similar correlations and, in addi-
tion, determined a significant variability of reproduc-
tion indicators where AA homozygotes (locus MC4R)
were characterised by a higher mean number of piglets
born and reared up to day 21 of life in comparison
with the remaining genotype sow groups. Terman et
al. (14) reported a strong polymorphic association in
the MC4R locus with the total number of born piglets,
number of piglets born alive (P < 0.05, for litters 1
and 2) and the number of piglets reared up to day 21
(P <0.01, for litter 1) between sow genotype groups,
with homozygotes recording higher results.
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Tab. 6. Association of MC4R SNP with carcass traits in Pulawska breed (LSM = SE)

Trait

AA

MC4R
AG

GG

Production indices of sows*

Daily body weight gains of sows (g)

Backfat thickness on back (mm)

Meatiness of sows (%)

Reproduction indices of sows**

Number of piglets born in litter (heads)
Number of piglets on day 21 of life (heads)
Mass of piglet when born (g)

Lactation |

Mass of piglet on day 21 (g)

Number of piglets born in litter (heads)
Number of piglets on day 21 of life (heads)
Mass of piglet when born (g)

Lactation Il

Mass of piglet on day 21 (g)

531.71 £ 26.59
11.572 £ 0.21
56.53 + 0.31

11.43 + 0.46
10.29 £ 0.42
1237.14 £ 65.78
5145.71 + 300.50
11.71 £ 0.68
10.71 £ 0.49
1274.26 + 67.76
5300.09 + 309.52

557.00 = 16.14

554.00 + 22.25

53

Drazen D. L., Spar B. D., Nelson R. J.,
Maclntyre D. E.: A role for the mela-
nocortin 4 receptor in sexual function.
Proc. Natl. Acad. Sci. USA 2002, 99,
17, 11381-11386.

9. Rens B. T. van, Lende T. van der: Litter

size and piglet traits of gilts with dif-
ferent prolactin receptor genotypes.

11.18+0.13 10.85" £ 0.18 Theriogenology 2002, 57, 883-893.
10. Stasiak A.: Ozaleznosc aki Sci
56.77 +0.19 56.96 +0.26 0 Sta'sla . Wspolza eznosc a tywnosm
plciowej loszek w czasie rui z roz-
wojem narzagdoéw rozrodczych oraz
plodnoscia potencjalng i rzeczywista.

10.63 £0.28 10.60 £ 0.38 Wyd. AR in Lublin 1996, 192, 1-59.
9.47 +0.25 9.40 + 0.35 11. Stasiak A., Mazur A., Babicz M.,

1251.05 + 39.93
5433.68 + 182.40

1348.00 + 55.04
5512.00 + 251.42

Kamyk P Estimation of potential fertil-
ity of gilts of three breeds maintained in
Poland. Anim. Sci. Pap. Reports 2006,
24, 81-86.

11.37£0.41 11.20 £ 0.57 12. Szyndler-Nedza M., Ropka-Molik K.:

10.32 + 0.29 9.90 + 0.41 A.ssociation of MC4R and LEPR loci

with reproductive performance and

1288.58 + 41.13 1388.44 + 56.69 milk composition of sows. Anim. Sci.
5596.69 + 187.87 | 5677.36 + 258.96 Pap. Reports 2013, 33, 267-276.

13. Szyndler-Nedza M., Tyra M., Blicharski

Explanations: as in Tab. 5

Recapitulating, recognition of the appropriate mo-
ment for artificial insemination or natural mating of
sows is among the key elements of effective swine
reproduction. Masking of sexual behaviour by females
may hinder this process and decrease reproduction
indices and, therefore, it appears appropriate to look
for genetic factors preconditioning sexual behaviour
of females. The authors’ own studies showed a sig-
nificantly higher (P <0.01; P <0.05) intensity of heat
symptoms and longer heat duration in heterozygotes
RBP4 CT in comparison to gilts RBP4 CC, as well
as of homozygotes MC4R AA in comparison to the
remaining genotype groups of gilts (including /ocus
MC4R). The obtained information may be used in the
assessment of breeding specificity of Pulawska breed
pigs, as well as in MAS selection for pigs.
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