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ABSTRACT

Black Slavonian pig belongs to the breeds of medium fertility with relatively high variation in litter size, denoting

that it could be included in selection using molecular genetics. Estrogen receptor gene (ESR) and retinol binding protein
4 (RBP4) are candidate gene markers for sows’ reproductive traits. The aim of this preliminary study was to investigate
frequencies of different ESR-Pvull and RBP4-Mspl genotypes in fourteen Black Slavonian sows, as well as their repro-
ductive traits. Sows were genotyped with PCR-RFLP method. Allele and genotype frequencies were calculated and
Hardy-Weinberg equilibrium was tested using x*-test. Litter size differences between sows of different genotypes were
analyzed with analysis of variance. Three ESR-Pvull genotypes were detected with relative frequencies AA (0.54), AB
(0.38) and BB (0.08), while the gene relative frequency was 0.73 for allele A and 0.27 for allele B. In the case of RBP4-
Mspl those values were: AA (0.54), AB (0.23) and BB (0.23), while allele frequencies were 0.65 for A and 0.35 for B allele.
Analyzed genes were in accordance with Hardy-Weinberg equilibrium. There were no statistically significant differences
detected between genotypes for any of the studied trait (P > 0.05). Further research on a larger sample size is needed for
more conclusive evaluation of the possible correlation between ESR-Pvull and RBP4-MspI polymorphisms and repro-
ductive parameters in Black Slavonian sows.
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1 INTRODUCTION

Black Slavonian pig is a breed of medium fertility.
According to Croatian Agricultural Agency (2013), the
average litter size in the year 2012 was 6.12 total piglets
born (TNB). As Spétter and Distl (2006) pointed out, no
considerable progress in litter size has been made using
traditional quantitative genetic methods. Litter size, as a
composite trait, has a low heritability which is estimated
on average at 0.09 for the number of piglets born alive
(NBA). Furthermore, this is one of sex-limited traits
which can be observed only after the onset of sexual
maturity (Spotter and Distl, 2006). Genetic markers as-
sociated with reproductive parameters allow identifica-
tion of animals carrying beneficial alleles early in life (in
both sexes), resulting in reduced generation interval and
faster genetic improvement of the trait (Drogemiiller et

al., 2001). ESR gene is located on the intron region of
chromosome 1 (SSC1) (Mufioz et al., 2007). The Pyull
polymorphism at porcine ESR gene was recognized as a
major gene for litter size. The retinol-binding protein 4
gene (RBP4) is located on chromosome 14 (SSC14), and
it has been suggested as a candidate gene for litter size
(Rothschild et al. 2000; Drogemiiller et al., 2001).

The aim of this preliminary study was to determine
ESR-Pvull and RBP4-Mspl polymorphisms in Black Sla-
vonian sows, as possible candidate genes for litter size
performances.

2 MATERIAL AND METHODS

Fourteen Black Slavonian sows with a total of 57 lit-
ters were used in this preliminary study. Animals were
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extensively reared in quite equable way. DNA was isolat-
ed from hair follicles using One-tube Hair DNA Extrac-
tion Kit (Bio Basic Inc.,, Markham Ontario, Canada).
ESR-Pyull and RBP4-Mspl genotypes were identified
separately, using polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) based on
methods described by Short et al. (1997) and Rothschild
et al. (2000), and later in papers of Lemus-Flores et al.
(2009) and Terman et al. (2011). PCR amplification (mix-
ture final volume of 13 ul) was performed using 20-50ng
DNA, 1 U of Hot start Taq polymerase, 0.2mM dNTPs,
0.4 uM of each primer, 1x buffer (Promega, USA), 1.5mM
MgCl, and 6.9 ul H,O, per reaction. Primers utilized for
ESR gene amplification were designed according to Short
et al. (1997), while for RBP4 gene we used primers de-
scribed by Rothschild et al. (2000) Reactions were per-
formed in a Mastercycler® personal 5332 thermocycler
(Eppendorf, Germany). Ten microliter of PCR products
were digested with 2.5U of Pvull and Mspl enzymes for
3 h at 37 °C. Digested products were submitted to elec-
trophoresis on 2% agarose gel stained by 4% ethidium
bromide. Bands were visualized in an ultraviolet trans-
luminator (Mini BIS Pro®, DNR Bio-Imaging Systems
(Jerusalem, Israel). Restriction fragments identified in
ESR-Pvull genotypes were as follows: 120 bp for AA, 65,
55 bp for BB and 120, 65, 55 bp for AB. In RPB4-Mspl
genotypes, restriction fragments were: 190, 154, 136 bp
in AA homozygote animals, 154, 136, 125, 70 bp in BB,
and 190, 154, 136, 125, 70 bp in AB heterozygote sows.

Litter size, including total number of piglets born
(TNB), number of piglets born alive (NBA), number of
stillborn (NSB) and number of weaned piglets (NW),
were collected from the sows’ reproductive cards. Data
were analysed with Statistica v.10 program. Results are
presented as mean * standard deviation (SD) and co-
efficient of variability (CV, %). For NSB median with
minimum and maximum are given. Allele and genotype
frequencies were calculated, and Hardy-Weinberg equi-
librium was tested using x*-test. One-way analysis of var-
iance (ANOVA) and Kruskal-Wallis ANOVA were used
to analyze significance of differences between genotypes
for studied reproductive traits.

3 RESULTS AND DISCUSSION

For each candidate gene three genotypes were de-
tected in Black Slavonian sows (Table 1). Average repro-
ductive parameters of litter size for ESR-Pvull and RBP4-
Mspl are presented in Table 1.

In the case of ESR-Pvull genotype, relative frequen-
cies of AA homozygote animals were 0.54, AB heterozy-
gote 0.38, while we detected only one sow with BB geno-
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type. It has been postulated that B allele originates from
Chinese pig (Isler et al., 2002). So, the presence of B allele
in high fertility hybrid sows may be the result of inter-
breeding of Chinese and English pigs (Alfonso, 2005).
This result is in agreement with findings of Omelka et
al. (2005), and Chvojkova and Hraska (2008), whereas
some other researchers found higher frequency of B al-
lele in commercial pig breeds and crossbreeds (Alfonso,
2005). As for RPB4-Mspl the sows with AA were the
most frequent (0.54).The same frequency (0.23) was
obtained for AB heterozygote and BB homozygote ani-
mals. Rothschild et al. (2000) mentioned that favourable
allele A had higher frequency than the alternative allele
in populations included in their survey. According to
Drogemiiller et al. (2001) frequency of allele A ranged
from 0.62 to 0.85 in different commercial breeds and syn-
thetic line. Animals included in this survey were found
to be in Hardy-Weinberg equilibrium according to the
method described by Rodriguez et al. (2009).

According to the research results described by
Rothschild et al. (1996), allele B of ESR-Pvull was asso-
ciated with a higher TNB and NBA in a 50% Meishan
synthetic line. These results were confirmed by Short et
al. (1997) in four synthetic lines of European breeds and
Chen et al. (2001) in five different breeds. In contrast to
their findings, some other researchers did not detect any
significant association between the ESR-Pvull polymor-
phism and litter size (Linville et al., 2001; Gibson et al.,
2002; Isler et al., 2002; Noguera et al., 2003), or found
favourable effect of the allele A on NBA (Van Rens et al.,
2002; Goliasova and Wolf, 2004). Although not signifi-
cant, we found the highest value of TNB, NBA and NW
in BB homozygote sow (Table 1). As presented in Table 1,
the highest litter size values are recorded in heterozy-
gote sows for RBP4 gene. Rothschild et al. (2000) found
an additive effect of allele A on TNB and NBA in some
commercial lines, but with no statistically significant ef-
fect of any allele on litter size in synthetic line. Similarly,
no effect of individual allele was reported in the study of
Drogemiiller et al. (2001), Linville et al. (2001) and Kor-
win- Kossakowska et al. (2005).

As Kernerova et al. (2009) stated, it is not possible
to establish without doubt that certain (so called “ben-
eficial”) genotype will always express improved repro-
ductive traits in different populations. Furthermore, al-
lele effects differ between lines or populations due to the
genetic background (Drogemiiller et al., 2001). For that
reason, detailed analysis of possible candidate genes in
specific populations should be performed prior to their
inclusion in the selection program.
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Table 1: Frequency of genotypes/alleles and reproductive parameters of Black Slavonian sows according to candidate gene

Frequency of TNB NBA NSB NW
Candidate certain Allele Mean + SD Mean + SD Median Mean + SD
gene Genotype genotypes frequency (CV) (CV) (min-max) (CV)
ESR-Pvull AA 0.54 A 7.15 = 1.07 7.05 £ 1.03 0 6.39 + 1.32
(0.73) (14.96%) (14.62%) (0-1) (20.61%)
AB 0.38 597 £ 1.32 5.84 + 1.46 0 5.84 + 1.46
(22.21%) (25.02%) (0-1) (25.02%)
BB 0.08 B 7.44 +1.94 7.44 +£1.94 0 7.44 +£1.94
(0.27) (26.11%) (26.11%) (26.11%)
RBP4-Mspl AA 0.54 A 6.22 +1.39 6.08 £ 1.42 0 6.06 + 1.40
(0.655) (22.27%) (23.45%) (0-1) (23.18%)
AB 0.23 7.65+0.77 7.65+0.77 0 6.15+1.87
(10.07%) (10.07%) 7 (4-8)*
BB 0.23 B 6.83 £ 1.01 6.72 £ 0.95 0 6.72 +0.95
(0.345) (14.84%) (14.10%) (0-1) (14.10%)

TNB - total number of piglets born; NBA - number of piglets born alive; NSB — number of stillborn; NW - number of weaned piglets
*for NW in AB genotype of RBP4-Mspl median value (min-max) are also included because of high variability

4 CONCLUSIONS

These preliminary results indicate a possible pre-
diction of sows’ reproductive capacity on the basis of
their genotypes. Methods of molecular genetics can be
successfully included in traditional swine improvement
programmes based mostly on animal selection accord-
ing to their observable phenotype. But it is important to
note that detailed analysis of possible candidate genes in
specific populations should be performed prior to their
inclusion in selection program.
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