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Abstract – When a sow copulates with different boars, fecundation can take a slant towards the best
quality male, which should have a more competitive ejaculation. In polyandric animals, genitals can
be more elaborated and be an indication of spermatic competence or cryptic female choice. In swine,
the male and female genital morphologic characteristics are evidence that allow the assumption of
spermatic competence and cryptic choice in this species. In order to prove this hypothesis, the pater-
nity of a group of 18 York/Landrace (Y/N) sows was determined; these sows copulated with three
boars: Yorkshire (Y/Y), York/Landrace (Y/N) and Landrace (N/N). The three boars had the same
probability of copulating in the first, second, and third place with each of the sows in an interval of
12 hours between each mating. Four polymorphic molecular markers were used in order to establish
the paternity (S0033, S0035, S0036 and S0037). The results indicate that the Y/N male had 85.59%
of paternity, Y/Y male 8.8% and N/N 5.8%. According to the mating order, when the Y/N male
copulated in the first place, it had 89.6% paternity (26 offspring; 12 males; 46.15% and 14 females,
53.85%) when it copulated in the second place, it had 100% paternity (8 offspring; 4 males, 50%
and 4 females, 50%), and when it mated in the third place, it had 77.41% paternity (22 offspring;
13 males, 59.1% and 9 females, 40.9%). Sows in estrus participated in the removal of semen from
four sows minutes after the copula by female-female mating. The multiple mating allowed certain
competence among the ejaculation and the possibility of the female to slant the paternity towards
the heterozygote male with higher genetic variability, compared to the homozygote male (Y/Y and
N/N).
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Résumé – Accouplements multiples chez les truies domestiques (Sus scrofa) et détermination
de la paternité de leur progéniture. Lorsqu’une femelle s’accouple avec différents mâles celle-ci
peut biaiser la fécondation en favorisant l’éjaculat du mâle qui a le meilleur potentiel. Chez les
animaux polyandres, les organes génitaux peuvent être plus complexes et permettre que les sperma-
tozoïdes de mâles différents interagissent entre eux (compétition spermatique) et/ou avec le tractus
reproducteur de la femelle (choix cryptique). Chez le porc, les caractéristiques morphologiques des
organes reproducteurs – mâles et femelles – suggèrent l’existence de compétition spermatique et de
choix cryptique des femelles. Cette hypothèse a été étudiée en déterminant la paternité de la pro-
géniture d’un groupe de 18 femelles York/Landrace (Y/N) qui se sont accouplées successivement
avec trois mâles de race : Yorkshire (Y/Y), York/Landrace (Y/N) et Landrace (N/N). Les trois mâles
ont eu la même probabilité de s’accoupler en première, deuxième et troisième place avec chacune
des femelles et avec un écart de 12 heures entre chaque accouplement. Pour établir la paternité,
quatre marqueurs moléculaires polymorphiques (S0033, S0035, S0036 et S0037) ont été utilisés.
Les résultats ont montré une paternité de 85,29 % pour le mâle Y/N, 8,8 % pour le mâle Y/Y et
5,8 % pour le mâle N/N. Si on considère l’ordre d’accouplement, on attribue 89,6 % de la paternité
au mâle Y/N (26 descendants ; 12 mâles et 14 femelles) lorsqu’il est le premier, 100 % (8 descen-
dants ; 4 mâles et 4 femelles) quand il est le deuxième et 77,41 % (22 descendants ; 13 mâles et
9 femelles) quand il est le troisième à s’accoupler. Les truies en oestrus se sont accouplées entre
elles, participant ainsi à l’élimination du sperme chez quatre truies dans les minutes qui ont suivi
leur accouplement. Les accouplements multiples ont permis une certaine compétition entre les sper-
matozoïdes issus de différents mâles et les femelles ont favorisé la paternité du mâle hétérozygote,
assurant ainsi une meilleure variabilité génétique par rapport aux mâles homozygotes (Y/Y et N/N).

accouplements multiples / choix cryptique de la femelle / microsatellites / porc

1. INTRODUCTION

Feral male pigs (sus scrofa) are usually
solitary, but during the mating season they
compete actively for the access to sows
in estrus [13, 18, 35]. In swine farms, it is
sometimes observed that when sows in es-
trus are put together with males for mat-
ing purposes, some of the latter do not
show any interest in some females, and
also, some females apparently do not al-
low some males to mate them. It has also
been seen that some males need to perform
a larger number of persuasions in order to
copulate [30–32].

Males and females follow different
strategies to maximize their reproductive
success; with males, the success rests on
the number of females it can have offspring
with. In most of the social animal groups,
females mate with more than one male dur-
ing a sexual cycle. This is the reason why
females promote extra-couple mating with
more attractive males than those they have
mated with [24]. It has been documented
that the female not only practices the se-
lection of a couple at a behavioral level,

but also that it continues after mating in
the female’s reproductive tract at a physi-
ological and behavioral level. This will al-
low the female to influence the possibilities
of success of the ejaculations from differ-
ent males when fertilizing their ovum [15].
Studies on multiple paternities have been
documented on mammals from the use of
molecular markers, as microsatellites [16,
17]. The fact that the female can slant the
paternity towards one of the males she has
mated with can be advantageous if this is
reflected in the genetic quality improve-
ment of offspring; this strategy is known as
cryptic choice [10].

The sow’s reproductive tract is fre-
quently complex and hostile toward sperm
cells. It has been suggested that the rea-
son why the female mates with more than
one male is that sperm from different males
compete in its reproductive tract. Some
ways the sow can slant the sperm from dif-
ferent males are present when the female
seeks to mate with another male immedi-
ately after having mated with a low qual-
ity male. She can use much more com-
plex physiological mechanisms, such as
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avoiding embryo implantation in the case
of mammals, expelling most of the sperm
it has received, not ovulating, not laying
eggs or laying fewer eggs than usual, abort-
ing, ending the mating prematurely, etc.
All of these mechanisms have been seen in
at least one species.

Experimental evidence also demon-
strates that the courtship during mating
is useful to increase the egg fertilization
probability from the male that did it. In the
American butterfly (Utheteisa ornatrix),
females slant paternity towards the older
male they mated with [4, 5, 10–12, 15].

In the male, the morphologic character-
istics of the penis, such as length (45 to
50 cm), the spiral in the glans (from two
to three spirals) and the secretion from the
vaginal tap (from 40 to 60 g), as well as
the complexity of the female reproductive
tract such as a long cervix (10 cm) with
a ring with a left thread shape forming a
spiral, with two flexible and mobile uterine
horns, the reduction of the neck’s light in
the uteru-tubaric union in the sow, accord-
ing to Eberhard [10] these are evidence that
allow the supposition of sperm competence
and cryptic choice existence in this species.
In a study on swine [1], the pre-mating
choice from the sow in estrus was deter-
mined, in addition to the mating behavior
in the Yorkshire, York/Landrace and Lan-
drace breeds. It was found that the females
show a pre-mating choice towards the Y/N
male. This very male presents a preference
towards “nose-vaginal contacts” displayed
when the female is presented to the male
for mating.

This study was performed using micro-
satellites as molecular markers in order to
prove if the females’ pre-mating choice
slant is correlated to paternity.

2. MATERIALS AND METHODS

2.1. Area of study

The laboratory study to determine the
paternity in swine was developed at the

Multidisciplinary Centre of Biotechnology
of the Faculty of Veterinary and Zootechny
Medicine of the Michoacán University of
San Nicolás de Hidalgo, and the field work
at the Zootechnic Pen of the Faculty of
Veterinary and Zootechny Medicine of the
Autonomous University of the State of
Mexico.

2.2. Swine genetic quality
determination

Boars were acquired from three swine
farms; one located in the Municipality of
Naucalpan, State of Mexico, the other at
the Zootechny Pen of the Faculty of Vet-
erinary and Zootechny Medicine of the Au-
tonomous University of the State of Mex-
ico, and the third one located in the city
of Querétaro, State of Querétaro. The ge-
netic quality of the breed was determined
by means of their purity registers. A Lan-
drace (N/N), Yorkshire (Y/Y) and a hy-
brid Yorkshire/Landrace (Y/N) males were
acquired. The age of the pigs was one
year; the weight oscillated between 180
and 200 kg, with the N/N the heaviest
and the Y/Y the lightest. Eighteen healthy
F1 Yorkshire/Landrace (Y/N) sows were
used, the females weight varied from 90 to
110 kg [19, 20]. A semen evaluation was
performed on each male in order to deter-
mine their sperm genetic viability, as well
as the semen count per milliliter. The se-
men was collected using the gloved-hand
technique [6, 34]. The semen standard pa-
rameters were evaluated macroscopically
as well as microscopically. Motility was
determined visually under an optic mi-
croscope. The percentage of morphologi-
cally abnormal sperm was performed with
Neubauer chamber counting. In order to
verify the real sperm viability, each boar
was mated with a sow; their fertility was
proven [28].
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Figure 1. Copula experimenting area.

2.3. Multiple mating

Estrus in females was detected accord-
ing to the reported characteristics [3, 21].
In order to register the choice and pre-
mating behavior, each sow was located in
the experimentation area (Fig. 1), which
consisted in a closed square pen of 3 m2.
Each wall had a 1 m2 window to the floor,
delimited by steel bars each 20 cm, which
allowed olfactory, visual, auditory and par-
tially tactile communication of each sow
with the boars, which were located in pens
attached to that of the sow. Males were
systematically rotated from their pens af-
ter each female pre-mating choice in or-
der to avoid slants in the sows behav-
ior due to the place and not to the boar.
The pigs pre-mating behavior register was
performed by means of the “mate focal”
sampling [2, 25]. Each pre-mating behav-
ioral register event lasted for 15 minutes,
starting with the introduction of the fe-
male into the experimentation area. The fe-
male pre-mating choice of the males was
determined by registering the time when
the sow was in contact with the barrier
where the males were located, as well as
with the frequency of the approaching con-
ducts, sniffing and nose-nasal contact dis-
played from the females to the males. This
procedure was performed following the
ethogram according to what was reported
by Blackschaw [7]. For swine courtship
the following was observed: approaching,

Table I. Copula order of males with females.

Male mating order Females

Y/Y Y/N N/N 1 2 3

Y/Y N/N Y/N 4 5 6

Y/N Y/Y N/N 7 8 9

Y/N N/N Y/Y 10 11 12

N/N Y/Y Y/N 13 14 15

N/N Y/N Y/Y 16 17 18

Code: York male Y/Y; York/Landrace male
Y/N; Landrace male N/N.

sniffing, nose-nasal contact, vagina sniff-
ing, nibbling, teeth clattering, vocaliza-
tions, prepuce secretions and salivation.
For the register of mating conducts, each
female was placed with the corresponding
male according to the mating order (Tab. I).
Mating conducts displayed by the males
were attempts of mounting; mounting with
intromission, copula, and some pre-mating
conducts were also registered. The time of
the copula was registered, as well as the de-
position of the vaginal tap (gelatinous se-
cretion deposited by the male during ejac-
ulation) [1].

After mating, sows were placed in other
pens, along with other females in pro-
estrus and estrus, this is when the female-
female interactions were registered.

2.4. Paternity determination

Blood samples were taken from the
male, female and their offspring using ster-
ile lancets. In order to avoid human DNA
contamination of the simples, latex gloves
were used. The blood samples were col-
lected in sterile gauze and were kept safe
inside individual sealed plastic bags. A
phenol chloroform technique was used to
extract the DNA from the pigs [23]. In
order to determine paternity, 4 polymor-
phic swine microsatellites were selected
as molecular markers (Tab. II). The main
chain oligonucleotides of each molecular
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Table II. Characteristics of the microsatellites used as molecular markers.

First Sequence (5’–3’) References Size (pb)

S0033 TGGGGTTCACTGGTTTCAACT Brown and 207, 211, 215, 217,

CTGGAACCGTTAGGTCAGAAA- Archibald [9] 219, 221, 223, 225

S0035 GGCCGTCTTATACTCTCAGCATA Brown and 178, 180, 181, 182,

CCAAATAAACAGCAGGCAGCCT Archibald [9] 183, 184, 185, 186

S0036 AGTGACGTGAGGGTCTGCTCCTC Brown et al. [8] 114, 118, 120, 122,

ATGGACGGTGGATTCACAGCC 124, 126, 128, 130

S0037 TCTCTGAGGTGATTGTGCATG Brown et al. [8] 132, 136, 138,

GTTCAATCCCTGATGGTCT 140, 142, 144

marker were synthesized using the 6-FAM
fluorescent marker by Applied Biosystems
in the United States, whereas the secondary
sequences with the same initiators were
synthesized by Invitrogen.

2.5. Conditions of RCP

From the following components, 15 µL
of reaction blend were used: 1.5 µL of
buffer 10X; 1.5 µL (25mM) of MgCl2;
1.5 µL of dNTP mixture (250 µM of
each dNTP); 0.5 µL (5 µM) of each ini-
tiator blend; 0.20 µL of polymerase taq,
(50 ng·µL−1) genomic DNA, distilled and
de-ionized water was added in order to ob-
tain a final blend of 15 µL.

The samples were amplified using a
J.M Research thermocycler for 60 sam-
ples, under the following conditions: for
the S0033: 30 cycles of 1min at 92 ◦C, 30 s
at 58 ◦C, 1 min at 72 ◦C, followed by a fi-
nal extension of 5 min at 72 ◦C. For the
S0035: 30 cycles of 30 s at 92 ◦C; 5 min
at 65 ◦C, followed by a final extension of
5 min at 65 ◦C. For the S0036: 30 cycles
30 s at 92 ◦C, 5 min at 65 ◦C followed by
a final extension of 5 min at 65 ◦C. For the
S0037: 30 cycles 1 min at 92 ◦C, 30 s at
55 ◦C, 1 min at 72 ◦C, followed by a final
extension of 5 min at 72 ◦C. The amplified
sample was verified by placing 4 µL of the
amplified product in an agarose gel 2% and
it was read in a transluminator.

2.6. Preparation and running
of the samples in the GeneScan

In each eppendorf tube 0.5 mL, 12 µL
of de-ionized formamide, 15 µL of
GeneScan-350, and 1 µL of each amplified
product were mixed. The samples were run
by capillary electrophoresis with fluores-
cent marking in an ABI PRISM 310 Ge-
netic Analyzer [14].

3. RESULTS

Each male copulated with 18 sows, from
which 166 piglets were born. The genetic
analyses with the S0033, S0035, S0036,
S0037 molecular markers were useful to
determine the paternity of 68 piglets. The
S0033 marker did not amplify hence; it
was not useful as a marker.

From the 68 established paternity
piglets, 85.29% were from the Y/N male,
the Y/Y male got 8.8%, while the N/N
male got 5.8% (Tab. III).

From the 18 copulated females by the
three males, it was only possible to de-
termine the offspring from 10 females.
The paternity was of 58 piglets for the
Y/N male, 6 piglets for the Y/Y male and
4 piglets for the N/N male (Tab. IV).

According to the mating order, when
the Y/N male copulated in the first place
it got 89.6% of the paternity (26 off-
spring; 12 males, 46.15% and 14 females,
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Table III. Paternity percentages of the three males.

No. of offspring Y/Y male Y/N male N/N male Undetermined

166 6 (8.8%) 58 (85.29%) 4 (5.8%) 98

Table IV. Paternity by copula order.

Female Copula order No. of offspring Y/N male Y/Y male N/N male

1 Y/Y Y/N N/N 12 8 0 0

5 Y/Y N/N Y/N 13 6 2 1

6 Y/Y N/N Y/N 11 4 1 1

7 Y/N Y/Y N/N 14 8 0 0

9 Y/N Y/Y N/N 10 6 0 0

11 Y/N N/N Y/Y 9 6 1 0

11 Y/N N/N Y/Y 8 6 1 0

12 Y/N N/N Y/Y 10 0 1 0

14 N/N Y/Y Y/N 11 9 0 1

13 N/N Y/Y Y/N 9 5 0 1

TOTAL 98 58 6 4

Code: York male Y/Y; York/Landrace male Y/N; Landrace male N/N.

Table V. Male paternity according to mating order.

Male Total of offspring

Male copula order Y/Y Y/N N/N

1st 2st 3st m f m f m f

Y/Y Y/N N/N 0 0 4 4 0 0 8

Y/Y N/N Y/N 2 1 4 6 0 2 15

Y/N Y/Y N/N 0 0 4 10 0 0 14

Y/N N/N Y/Y 2 1 8 4 0 0 15

N/N Y/Y Y/N 0 0 9 3 0 2 16

N/N Y/N Y/Y 0 0 0 0 0 0 0

4 2 29 27 0 4 68

% 66.66 33.33 51.78 48.21 0 100

Code: York male Y/Y; York/Landrace male Y/N; Landrace male N/N. m = male, f = female.

53.85%), when it copulated in the sec-
ond place, it got 100% of the paternity
(4 males, 50%, and 4 females 50%), and fi-
nally, when it copulated in the third place,
it got 77.41% of the paternity (22 offspring;
13 males, 59.1%, and 9 females, 40.9%)
(Tab. V).

After the copula, the sows were placed
in a pen for sows in estrus and there, at dif-
ferent times, 4 females (1, 7, 10 and 13)

were copulated by other females (10, 16,
6) and in all cases, the vaginal tap was
expelled as well as part of the ejaculation
placed by the male that had just copulated
(Tab. VI).

4. DISCUSSION

The S0035, S0036, S0037 markers were
amplified and were used to identify the
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Table VI. Effect of the female-female mating after the male mating.

Male female copula Female-female mating Expulsion of the seminal

Male female order No. of female Male tap and ejaculation

Y/Y Y/N N/N 1 Y/N 1/10 Yes

Y/N Y/Y N/N 7 N/N 7 /16 Yes

Y/N N/N Y/Y 10 Y/Y 10/6 Yes

N/N Y/Y Y/N 13 Y/Y 13 /6 Yes

Code: Cork male Y/Y; York/Landrace male Y/N; Landrace male N/N.

paternity of 39.75% of the offspring. This
paternity percentage is possible for the rea-
son that Brown et al. [8] reported them
as polymorphic microsatellites when they
used them for a 10-swine sample for the
S0035 and for a 13-swine sample for
the S0036 and S0037 of the breeds stud-
ied here, it is probable that these micro-
satellites are not very specific. Marker
S0033 did not amplify any sample, so it
was discarded as a marker.

When microsatellites are used as molec-
ular markers, there is not always a hun-
dred percent paternity, for example, in a
study with swine embryos [29], paternity
was identified using molecular markers;
TNFm2, S0082, S0097, obtaining 80%;
later, two markers were used (OPN and
SW314) obtaining the paternity identifica-
tion of 15 embryos more, increasing the
percentage to 95.8%.

The results shown in Table IV indicate
a higher paternity percentage from the Y/N
male in comparison to Y/Y and N/N males.
In this matter [29], 11 sows were insemi-
nated using a 1 × 109 semen dose in a het-
erospermic blend from two males. It was
found that from 95 embryos, 28 were from
one of the boars, 63 from the other, and
four could not be determined. No com-
ments are made with respect to the male
breeds; the females were Yorkshire, the
same as that used in this study. One of
the conclusions of that study is that the
number of accessory spermatozoa was pos-
itively related to the fertilization capability,

more than with the fertilization rate. In this
study, these parameters were not measured
and are thus points to be considered in later
research.

The fact that Aguilera et al. [1]
have found that before the copula, the
York/Landrace females chose behaviorally
Y/N male over Y/Y and N/N males, indi-
cates a certain preference towards the Y/N
male, which was reflected in the paternity
despite the fact that the females copulated
with the three males. The multiple mat-
ing performed by the females allows that,
presumably the sows’ ovules are fertilized
mainly by the male with better genetic
quality (Y/N) considering that the homozy-
gote males (Y/Y and N/N) are of a bet-
ter genetic quality. In this respect, Madsen
et al. [26] comment that in adder popula-
tions where consanguinity is high, females
do not choose better genetic quality males
at a phenotypical level, however, when
copulating with several males, they ensure
to be fertilized by the one with better qual-
ity, which should present a more competi-
tive ejaculation. It is possible that an ejacu-
lating selection mechanism had taken place
at the females’ reproductive tract and was
due to an unknown process; the majority of
their ovules were fertilized by sperm from
the male which presented more genetic
variability. In this respect, Hunter [22]
comments that the sperm distribution from
different swine ejaculations in the female
reproductive tract is not uniform, and that
those that surpass the morphologic barriers
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of the utero-tubar region and isthmus and
that reach the oviduct will have a higher
probability of fertilizing.

According to Aguilera et al. [1] the
odoriferous secretions liberated to the at-
mosphere by the males during the pre-
mating phase were useful as indicators
for the females to slant their selection
towards the Y/N male, hence, the prob-
able mechanism of this selection is the
female hypothalamus and amygdale, facil-
itating the secretion of the gonadrotropin-
releasing hormone (GnRH) and the later
release of the follicle stimulant (FSH) and
luteinizing (LH) hormones, favoring the
sows ovulation. On the contrary, the fre-
quent sniffing on the females’ flanks could
stimulate oxytocin secretion by the fe-
males’ neurohypophysis, provoking cau-
docephalic contractions of the uterus and
oviduct, facilitating spermatozoa trans-
portation, and favoring the fertilization
probabilities [27].

The gender proportions of the Y/N male
offspring were maintained to what in terms
of sexual proportion was expected (51.8%
males and 48.2% females). However, the
Y/Y male paternity did vary (66.6% male
and 33.3% females), as well as for the N/N
male (0% males and 100% females). Nev-
ertheless, the low frequency of offspring
for these pigs does not allow the male and
female proportions to be expressed in the
expected statistical terms.

The four sows that were mated by
other females provoked the expulsion of
the seminal tap as well as the ejacula-
tion, this is explained in terms of female-
female competence, it means, the mount-
ing females reduce the mounted females’
fertilization possibilities, and presumably,
increase their adequacy. Female-female
sexual patterns have been observed in
sheep (Ovis aries) [35], cows (Bos tau-
rus) and Japanese macaques (Macaca fus-
cata) [33], as a form of intersexual compe-
tence.

We consider that the spermatic defense
mechanisms in this study were low since
the time lapsed between copulas by each
male was of 12 hours. Hence, the slant in
the larger percentage of the Y/N male pa-
ternity could be explained in terms of fem-
inine cryptic choice.
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