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Abstract OBJECTIVES: The aim of the present study was to find a possible polymorphism in 
the promoter region of the osteopontin (OPN) gene, as a potential mutation region, 
connected with the transcription factor-binding sites or regulatory sequences and 
to estimate the expression of this gene in ovaries and oviduct of sows. 
MATERIAL AND METHODS: Sixty wbp x pbz sows after the first mating were 
slaughtered and tissues samples of the ovaries and oviduct were taken. Primer 
pairs for PCR analysis were designed on the basis of swine osteopontin 5’ end 
sequence driven from GenBank. This study’s amplified DNA fragment, spanning 
274 bp of the promoter region, was chosen because of its contents of tree specific 
sites: type II collagen silence sequence (CACCTCC) at -682 (from the transcrip-
tion initiation site), glucocortIcoid response site (TGTCCT) at -658 and CAAT 
box -592. This DNA fragment was subjected to a MSSCP analysis. 
RESULTS: A different MSSCP pattern was shown which indicates that mutation 
is located in this region. The samples of different conformers were sequenced and 
the A → G transitions was identified in two positions -617 and -608. Restriction 
analysis of the DNA was performed, but unfortunately none of the known restric-
tion enzymes recognized the novel SNPs, which is why the specific primer pairs 
characteristic for nucleotide A or for nucleotide G were chosen. In the second 
stage of the presented study the total RNA was extracted from the tissues of the 
ovaries and oviduct and the complementary DNA (cDNA) was synthesized. 
CONCLUSION: The real-time PCR analysis to determined the expression dynamics 
of the OPN gene in pig tissues was performed.
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IntroDUctIon

The molecular approach in the study of porcine repro-
duction is important not only for basic research but also 
in clinical studies and animal production. For several 
years many laboratories have tried to find a gene or 
genetic marker closely related to reproductive proper-
ties. Among the numerous genes found in female repro-
ductive tissue, the SPP1 gene (secreted phosphoprotein 
1), also known as osteopontin (OPN), is visibly promis-
ing in this respect. Osteopontin is an acidic single-chain 
phosphorylated glycoprotein found in both female and 
male reproductive tracts. This acid protein is a member 
of the small integrin-binding ligand N-linked glycopro-
tein family with extra cellular matrix proteins/cytokines 
which undergo intensive posttranslational modification, 
including phosphorylation, glycosylation and cleavage, 
yielding variants of molecular weight ranging from 25 
to 75 kDa (Johnson et al. 2003). 

The OPN gene is expressed in many different tis-
sues, including the epithelial cells of the endometrial 
and the metrial gland cells of the deciduas within the 
uterus, the placenta, and the invading trophoblast, 
during the defined window of receptivity of the peri-
implantation period of pregnancy in many mammalian 
species (Johnson et al. 1999; Nomura et al. 1988). The 
mentioned studies indicate that the OPN gene plays an 
important role in embryo implantation and placenta-
tion. (King et al. 2003). In the search for candidate genes 
critically expressed in the human endometrium during 
the window of implantation, osteopontin (SPP1) was 
found to be 17-fold up-regulated in the array study in 
the receptive phase and the results were confirmed by 
RT-PCR (Mirkin et al. 2005). The up-regulation of this 
gene during the implantation window was also shown 
in earlier experiments (Borthwick et al. 2003; Carson 
et al. 2002 ; Kao et al. 2002). In pigs, the SPP1 mRNA 
is expressed in the luminal epithelium in the porcine 
uterus during the early implantation period, inducing 
the cytoplasmic reorganization and focal adhesions in 
the uterus and on the conceptus (Garlow et al. 2002). It 
has been also reported that the significant differences 
in prenatal survivals between the meishan breed and 
European commercial breeds are mainly attributed to 
the marked reduction in peri-implantation conceptus 
loss seen in the meishan breed (Ford 1997; Wilson et 
al. 1999). Even when the uterus size and the ovulation 
rate of these two breeds are similar, the meishan breed 
farrows more viable piglets - three to five more per litter 
(King et al. 2003).

A genome scan, employing anonymous DNA mark-
ers to identify genetic markers implicated in reproduc-
tion process, is currently used to identify quantitative 
traits loci (QTL). King et al. (2003) identified putative 
QTL, which is associated with litter size and prenatal 
survival. It is positioned between markers Sw61 and 
S0178, close to the microsatellite marker in 5’ of the 
SPP1 gene at the distal end of the long arm of chromo-

some 8 (SSC8). Earlier studies provided evidence that 
QTL on this chromosome influences several reproduc-
tive traits (Braunschweig et al. 2001; Cassady et al. 2001; 
Milan et al. 1998; Rathje et al. 1997; Rohrer et al. 1999 ; 
Wilkie et al. 1999). Variation in a microsatellite repeat 
in 5’ end of the SPP1 gene was shown to be associated 
with the increased litter size in a Meishan x Large White 
cross (Van der Steen et al. 1997). Korwin-Kossakowska 
et al. (2002) reported associations between the presence 
of a SINE in the SPP1 gene (identified previously by 
Knoll et al (1999) and litter size of the parities for 519 
sows from commercial polish line 990.

Finally, the localization of the SPP1 gene (within 
the 95% confidence interval) of putative QTL for litter 
size and parental survival (correlated to birth weight) 
suggests roles for SPP1 in porcine pregnancy [White et 
al. 2005). The physiological role of OPN, QTL analysis 
(with regards to chromosome 8) and previous results 
concerning the association between the OPN gene and 
reproduction traits suggests that the gene is a strong 
candidate among the genes associated with female 
reproduction. 

The aim of the present study was to find a polymor-
phism in the OPN gene’s promoter region, as a poten-
tial mutation region, connected with the transcription 
factor-binding sites or regulatory sequences and to esti-
mate the expression of this gene in ovaries and oviduct 
of sows.

MAterIAl AnD MethoDS
Animals
Sixty wbp x pbz sows from farms co-operating with the 
Technical and Agricultural University, Bydgoszcz were 
used. After the first mating they were slaughtered and 
tissue samples of the ovaries and oviduct were taken. 
Simultaneous blood samples from all individual ani-
mals were collected.

PCR –RFLP Analysis
Primer pairs for PCR analysis were designed using the 
Primer 3 software available from the Internet (http://
www.genome.wi.mit.edu./cgi-bin/primer/primer3 on 
the basis of swine osteopontin 5’ end sequence driven 
from GenBank [Accession Number M84121].

The genomic DNA was extracted from the blood 
samples. A polymerase chain reaction was carried out 
in a 10 μl reaction mixture containing 30 ng of genomic 
DNA, 10x reaction buffer, 15 mM MgCl2, 250 mM of 
each dNTP, 25 pmol of each primer and 1.25 unit of 
polymerase (Promega).

MSCCP analysis
The DNA fragments amplified in this study were sub-
jected to a (Multi Temperature Single-Strand Conforma-
tion Polymorphism) (MSSCP). A total volume of 10 µl 
PCR product was mixed (1:1) with a loading buffer (50% 
formamide, 0.5 M EDTA pH 8.0, 0.05% bromophenol 
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blue). It was denatured at 95oC for 5 min, chilled on ice 
and loaded on 8% polyacrylmide gels (29 acrylamide: 
1 bis-acrylamide) containing 1xTBE buffer. The gels  
(180 mm x 130 mm) were run at 300V for 4 h in 2xTBE 
at the temperature program: 30oC, 18oC and 8oC. The 
DNA fragment was visualized with the silver-staining 
technique (Silver Stain, Kucharczyk Electrophoretical 
Techniques) according to the procedure described by 
the manufacturer. 

Sequencing analysis 
The PCR products were purified through ultrafiltration using 
Microcon 100 microconcentrators (Amicon). Purified PCR 
products (about 280 base pair length) were sequenced 
with BigDye® Terminator v1.1 Cycle Sequencing Ready 
Reaction Kit (AB) in a GenAmp PCR System 9600 Ther-

mal Cycler (AB) and separated in a DNA sequencer ABI 
PRISM 3130 (AB) according to the user’s manual. The 
electrophoretic data were analysed by the Sequencing 
Analysis v.3.0. software (AB). The restriction analysis 
of the DNA was performed using Webcutter Software 
(http://rna.lundberg.gu.se/cutter2/).

RNA extraction 
The total RNA was extracted from the frozen tissues 
(ovarian and oviduct tissues) according to the protocol 
of Chomczyński et al (1987) using TRIZOL LS reagent 
(Gibco) and treated with DNase I (in the presence of 
RNasin) and then subjected to real time PCR analysis. 

The concentration of RNA was determined and 
quality of the RNA was checked in ethidium bromide–
stained agarose gel. The complementary DNA (cDNA) 

Table 1. The specific primer pairs characteristic of A or G 
nucleotide in analyzed fragment of  pig OPN gene promoter

Primer names Primer sequences

OPN3175a ATGGATTTGAACGTGACCAA

OPN3175g GTGGATTTGAACGTGACCAA

OPN4164a TTATTAAATCGGATTTACCATTGA

OPN4164g CTATTAAATCGGATTTACCATTGTA

Table 2. Primers used in real-time PCR (included 204 bp sequence 
of cDNA encoding osteopontin, OPN)

Primer names Primer sequences

OPN-A  ACGGGAGACCCCAATGAT

OPN-B  GCTGTCCAAGTCAGAAGCCA

β-ACT-A  GGACTTCGAGCAGGAGATGG

β-ACT-B  GCACCGTGTTGGCGTAGAGG

GAPDH-A  ACTCACTCTTCTACCTTTGATGCT

GAPDH-B  TGTTGCTGTAGCCAAATTCA

Figure 1. DNA Sequence of the analyzed fragment of pigs OPN gene.

Figure 2. Chromatogram of the analyzed fragment of pigs OPN gene.
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was synthesized from a template by using a Transcriptor 
First Strand cDNA Synthesis Kit (Roche). Primers used 
in real-time PCR included 204 bp sequence (spanning 
ends of exon 6 and 7) of cDNA encoding osteopontin. 
The Real-time analysis was perform by using Power 
SYBR®Green PCR Master Mix. The housekeeping genes 
β-Actin and GAPDH (glyceraldehydes-3-phosphate 
dehydrogenase) were used as internal control to nor-
malize expression of the gene of interest.

reSUltS AnD DIScUSSIon

Only one fragment of size 274 bp appeared to show a 
different MSSCP (Multi Temperature Single-Strand Con-
formation Polymorphism) pattern, which means a muta-
tion occurs in this region. This fragment of the OPN 
promoter region was chosen because of its contents of 
three specific sites: type II collagen silence sequence 
(CACCTCC) at -682 (from the transcription initiation 
site), glucocortycoid response site (TGTCCT) at -658 
and CAAT box at -592 (Zhang et al. 1992) (Figure 1). 
The samples of different conformers were sequenced 
and the A → G transition was identified in two positions 
-617 and -608 (Figure 2). 

The restriction analysis of the DNA was performed 
but none of the known restriction enzymes recognized 
the novel SNPs. Therefore the specific pair of primers, 
characteristic of A or G nucleotide, was chosen (Table 
1). The PCR products were run in a 2% agarose gel 
stained with ethidium bromide to verify the presence of 
mutation in SPP1 (Figure 3). 

In the later steps, a relationship will be analyzed 
between the OPN genotype (based on the novel poly-
morphism) and the examined reproductive traits in 
sows.. Until now a few reproductive traits were noted: 
four connected with the litter size, two character-
ized litter weight and interval between consecutive 
farrowing. 

According to the expression analysis, in the present 
study, sixty sows were slaughtered after the first mating 
and tissues samples were taken of the ovaries and ovi-
duct. In the first stage the total RNA was extracted to 
determine its concentration and quality. The comple-
mentary DNA (cDNA) was synthesized. Real-time PCR 
analysis to determine the expression dynamics of the 
OPN gene in examined tissues was performed. This 
kind of analysis is fast, easy to use and simultaneously 
measures gene expression in many different samples 
for a limited number of genes. In this moment prim-
ers for β-Actin and GAPD were designed and used as 
internal control (Table 2). We also chose primers used 
in real-time PCR. These primers included a fragment 
of cDNA sequence encoding osteopontin (Table 2). The 
presence of a single and specific 204 bp PCR product 
was assessed by gel electrophoresis.

Expression of the OPN gene in the female reproduc-
tive tract has been evaluated only in a few experiments. 
Monaco et al. (2008a) studied the OPN gene expres-
sion in immature and mature swine cumulus cells and 
oocytes and results showed increased expression of 
SPP1 in porcine oocytes and cumulus cells. However, 
maturation significantly decreased the expression of 
SPP1 in cumulus cells. The presence of SPP1 mRNA in 
oocytes and cumulus cells and the abundance of mRNA 
before maturation suggests its important role in the 
period prior to maturation of oocytes. Additional stud-
ies are required to determine the specific role of SPP1 in 
pig oocyte maturation. 

The study by White et al. (2005) strongly suggested 
that SPP1 is a critical component in pregnancy and 
showed a significant increase of its expression in the 
uterii of pigs, sheeps, goats, rabbits, rats, mice and 
humans. Porcine trophoectoderm and luminal epi-
thelium (LE) cells exhibit integrin receptor activation 
and cytoskeletal reorganization in response to SPP1 
binding in vitro. Also, Johnson et al. (2003) found that 
uterine OPN expression was visibly detected during the 
peri-implantation period in humans, pigs and rabbits 
(Apparo et al. 2003). These findings confirm that OPN 
is an important epithelial protein involved in imple-
mentation in several mammalian species with diverse 
types of implantation and placentation. Recent studies 
in humans and ewes showed that OPN is abundantly 
expressed in the glandular epithelium of luteal phase 
endometrium and this expression is regulated by pro-
gesterone (Johnson et al. 2000).

It was demonstrated that SPP1 plays an important 
role in the regulation of porcine early embryo develop-
ment, in vitro and in spite of the fact that the mecha-
nism of its action is still unclear, it is surely involved in 
the reduction of apoptosis (Hao et al. 2008).

Bovine OPN also improves the efficiency of embryo 
production in vitro (Monaco et al. 2008b).

Patterns of OPN mRNA expression in different tis-
sues of the reproductive tract of many species suggest 
that OPN has multiple biological functions in repro-

Figure 3. PCR product of the analyzed fragment with using specific 
primers. Individual 1 - A/G genotype, individual 2 - A/A (no band 
characteristic for nucleotide G), individual 3 - A/A genotype , 
individual 4  - G/G ( no band characteristic for A nucleotide), 
individual 5 once again A/G genotype.
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duction throughout the estrous cycle and during early 
pregnancy. In support of this hypothesis, it was recently 
reported that the OPN gene is one of the several puta-
tive quantitative trait loci on porcine chromosome 8 
associated with reproductive process.

In conclusion, the obtained results describing the 
mutations are promising in view of a further detailed 
approach to the identification of favorable variants of 
the OPN gene genetic marker for an efficient reproduc-
tion process.

Acknowledgements
This research was supported by a grant from the Polish 
Committee for Scientific Research no. N 311 059 
32/3421. 

The authors gratefully acknowledge Prof. Kazimierz 
Kochman for critical reading of the manuscript.

REFERENCES

Apparo KBC, Illera MJ, Beyler SA, Olson GE, Osteen KG, Corjay 1  
MH, Boggess K, Lessey BA. Regulated expression of osteopontin 
in the peri-implantation rabbit uterus. Biol Reprod 2003; 68: 
1484–1490.
Borthwick JM, Charnock-Jones DS, Tom BD, Hull ML, Teirney R, 2  
Phillips SC, Smith SK. Determination of the transcript profile of 
human endometrium. Mol Hum Reprod 2003; 9: 19–33.
Braunschweig MH, Paszek AA, Hawken RJ, Weller JI, Beattie CW, 3  
Schook LB, Alexander LJ. Generation and exploration of dense 
genetic map in a region of a QTL affecting corpora lutea in a 
Meishan x Yorkshire cross. Mamm Genome 2001; 12: 719–723.
Carson DD, Lagow E, Thathiah A, AL-Shami R, Farach-Carson MC, 4  
Vernon M, Yuan L, Fritz MA., Lessey B. Changes in gene expres-
sion during the early to mid-luteal (receptive phase) transition 
in human endometrium detected by high-density microarray 
screening. Mol Hum Reprod 2002; 8: 871–879.
Cassady JP, Johnson RK, Pomp D, Rohrer GA, Vanvleck LD, Spiegel 5  
EK, Gilson KM. Identification of quantitative trait loci affecting 
reproduction in pigs. J Anim Sci 2001; 79: 623–633.
Chomczyński P, Sacchi N. Single step method of RNA isolation 6  
by acid guanidinium thiocyanate-phenol-chloroform extraction. 
Anal Biochem 1987; 162: 156–159. 
Ford SP. Embryonic and fetal development in different geno-7  
types in pigs. J Reprod Fertil (Suppl) 1997; 52: 165–176.
Garlow JE, Ka HH, Johnson GA, Burghardt RC, Jaeger LA, Bazer 8  
FW. Analysis of osteopontin at the maternal-placental interface 
in pigs. Biol Reprod 2002; 66: 718–725.
Hao Y, Murphy CN, Spate L, Wax D, Zhong Z, Samuel M, Mathi-9  
alagan N, Schatten H, Prather R. Osteopontin improves in vitro 
development of porcine embryos and decreases apoptosis. Mol 
Reprod Dev 2008; 75: 291–298.
Johnson GA, Burghardt RC, Soencer TE, Newton GCR, Ott TL, 10  
Bazer FW. Ovine osteopontin; II Osteopontin and alpha(v)beta(3) 
integrin expression in the uterus and conceptus during the peri-
implantation period. Biol Reprod 1999; 61: 892–899.
Johnson GA, Spencer TE, Burghardt RC, Taylor KM, Gray CA, Bazer 11  
FW. Progesterone modulation of osteopontin gene expression in 
the ovine uterus. Biol Reprod 2000; 62: 1315–1321.
Johnson GA, Burghardt RC, Bazer FW, Spencer TE. Osteopontin: 12  
Roles in implatation and placentation. Biol Reprod 2003; 69: 
1458–1471.

Kao LC, Tulac S, Lobo S, Imani B, Yang JP, Germeyer A, Ostteen 13  
K, Taylor RN, Lessey BA, Giudice LC. Global gene profiling in 
human endometrium during the window of implantation. 
Endocrinology 2002; 143: 2119–2138.
King AH, Jiang Z, Gibson JP, Haley CS, Archibald AL. Mapping 14  
quantitative trait loci affecting reproductive traits on porcine 
chromosome 8. Biol Reprod 2003; 68 (6): 2172–2179.
Knoll A, Stratil A, Cepica S, Dvorak J. Length polymorphism in 15  
an intron of the porcine osteopontin (SPP1) gene is caused by 
the presence or absence of a SINE (PRE-1) element. Anim Genet 
1999; 30 (6): 466.
Korwin-Kossakowska A, Kamyczek M, Cieślak D, Pierzchała M, 16  
Kurył J. The effect of the polymorphism of leptin (LEP), leptin 
receptor (LEPR), and osteopontin (OPN) genes on selected 
reproduction traits of synthetic line 990 sows. Anim Sci Pap Rep 
2002; 20 (3): 159–168.
Mirkin S, Arslan M, Churikov D, Corica A, Diaz JI, Williams S, Bocca 17  
S, Oehninger S. In search of candidate genes critically expressed 
in the human endometrium during the window of implantation. 
Hum Reprod 2005; 20: 2104-2117.
Milan D, Bidanel JP, Le Roy P, Chevalet C, Wołoszyn N, Caritez JC. 18  
Current status of QTL detection in Large White x Meishan crosses 
in France. Proceedings of the 6th World Congress of Genetics 
Applied to Livestock Production 1998; 26: 414–417. 
Monaco E, Gasparrini B, Boccia L, De Rosa A, Attanasio L, Zicarelli 19  
L, Killian G. Effect of osteopontin (OPN) on in vitro embryo devel-
opment in cattle. Theriogenology 2008b; Oct 3. [Epub ahead of 
print].
Monaco E, Lima A, Wilson S, Kim D, Bionaz M, Hurley WL, Wheeler 20  
MB. Osteopontin gene expression in immature and mature 
swine cumulus cells and oocytes. Reprod Fert Develop 2008a; 20 
(1): 171–171.
Nomura S, Wills AJ, Edwards DR, Heath JK, Hogan BLM. Develop-21  
mental expression of 2AR(osteopontin) and SPARC (osteonectin) 
RNA as revealed by in situ hybridization. J Cell Biol 1988; 106: 
441–450.
Rathje TA, Rohrer GA, Johnson RK. Evidence for quantitative 22  
trait loci affecting ovulation rate in pigs. J Anim Sci 1997; 75: 
1486–1494.
Rohrer GA, Ford JJ, Wise TH, Vallet JL, Christenson RK. Identifica-23  
tion of quantitative trait loci affecting female reproductive traits 
in a multigeneration Meishan-white composite swine popula-
tion. J Anim Sci 1999; 77: 1385–1391.
Van Der Steen HAM, Southwood OIS, De Vries AG, Short TGH, 24  
Mclaren DG, Wei M, and Plastow GS. Evidence of a new genetic 
marker for litter size in Meishan synthetic pigs. Proceedings of 
the International Conference on Animal Biotechnology, Beijing, 
China 1997, International Academic Publishers 17–20.
White FJ, Ross JW, Joyce MM, Geisert RD, Burghardt RC, Johnson 25  
GA. Steroid regulation of cell specific secreted phosphoprotein 
1 (osteopontin) expression in the pregnant porcine uterus. Biol 
Reprod 2005; 73: 1294–1301.
Wilkie PJ, Paszek AA, Beattie CW, Alexander LJ, Wheeler MB, 26  
Schook LB. A genomic scan of porcine reproductive traits reveals 
possible quantitative trait loci (QTLs) for number of corpora 
lutea. Mamm Genome 1999; 10: 573–578.
Wilson ME, Biensen NJ, Ford SP. Novel insight into the control of 27  
litter size in pigs, using placental efficiency as a selection tool. J 
Anim Sci 1999; 77: 1654–1658.
Zhang Q, Wrana JL, Sodek J. Characterization of the promoter 28  
region of the porcine OPN (osteopontin, secreted phosphopro-
tein 1) gene. Identification of positive and negative regulatory 
elements and “silent” second promoter. Eur J Bioch 1992; 207: 
649–659.


