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INTRODUCTION 
Over the past decade, a variety of candidate genes have been investigated for their possible 
association with common reproductive traits in swine.  Until this time, most of this research 
has involved the investigation of genes that are expressed in a classical, Mendelian manner.  
However, there is a newly discovered class of genes that shows a markedly different type of 
expression pattern: the genomically imprinted genes.  Genomic imprinting involves the mono-
allelic expression of certain genes depending on their parental origin.   A large proportion of 
the genes that are genomically imprinted have been shown to be involved in placentation, 
development, and maternal behavior.  Therefore, it would seem that these genes would be an 
especially promising group of candidate genes to examine for associations with reproductive 
efficiency.  An imprinted gene that has shown exceptional promise is the paternally expressed 
3 (PEG3) gene, due to its effect on maternal behavior.  The PEG3 gene codes for an unusual 
zinc finger transcription factor that is expressed from only the paternal allele. Previous studies 
have shown the highest expression of PEG3 to be in the developing hypothalamus (Kuroiwa et 
al., 1996) and the adult brain in mice, (Kim et al., 1997) and in the adult ovary and placenta in 
humans (Kim et al., 1997).  Mice in which the PEG3 gene had been inactivated showed growth 
retardation and, most importantly, a drastic impairment of maternal behavior that many times 
led to the death of their offspring (Li et al., 1999).  Because imprinting is generally conserved 
across mammals, it was hypothesized that the PEG3 gene could influence reproductive traits in 
swine as well.  The objective of the current study was to evaluate the effect of the PEG3 gene 
on reproductive traits in swine related to the reproductive system itself. 
 
MATERIALS AND METHODS 
Animals.  A population of 260 Yorkshire, Large White, and crossbred animals was utilized in 
this study.  This unselected population of animals was created in 1992 from purebred 
Yorkshire and Large White seedstock. All animals were raised at the Western Branch of the 
Ohio Agricultural Research and Development Center (South Charleston, Ohio, USA) in 
accordance with approved farm management practices.   
 
PEG3 Genotype Analysis.  For each animal, genomic DNA was extracted from blood using 
the procedure of Park et al. (1991).  The polymorphic segment of the gene was amplified from 
genomic template using the polymerase chain reaction (PCR).  Primers for amplification of 
PEG3 were designed based on the sequence of the human PEG3 gene.  Following 
amplification, the PCR product was digested using a standard RFLP protocol and separated on 
a 4% agarose gel stained with ethidium bromide.   
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Reproductive Tract Collection and Analysis.  All females were bred to Duroc or Hampshire 
boars and harvested at approximately 75 days of gestation in a commercial slaughter facility.  
Animals were harvested in groups of approximately 30 animals.  Following slaughter, gravid 
uterine tracts were collected and analyzed.  Data collected on these tracts included ovulation 
rate, horn length, number of fetuses in each horn, fetal weight, average fetal weight, uterine 
weight, number of mummies, fetal sex, fetal placement, fetal survival ([number of fetuses / 
ovulation rate] * 100), and fetal space (uterine length / [number of fetuses + number of 
mummies]). 
 
Statistical Analysis.  All reproductive tract data were analyzed using the General Linear 
Model Procedures of SAS (SAS, 1990).  Data were analyzed using a model that included the 
fixed effects of PEG3 genotype, breed, parity, and all significant two-way interactions.  
Uterine horn was also included as a fixed effect in some analyses to determine the presence of 
between horn effects.   
 
RESULTS 
A total of 260 animals were genotyped for the PEG3 polymorphism (Table 1).  In this 
population, the B allele was present at a higher frequency (0.58) than the A allele (0.42).  
PEG3 genotype was found to be a contributor to the model for several of the studied traits 
(Table 2).  Animals with the AA genotype were observed to have a greater fetal survival, 
uterine weight, fetal weight per horn, and average fetal weight per horn than animals with the 
BB genotype.  For example, animals with the AA genotype had a greater (P < 0.05) fetal 
survival (77.6 ± 5.6%) than animals of either the AB (56.9 ± 2.8%) or BB (62.8 ± 2.9%) 
genotype.  For all of the traits significantly (P < 0.05) associated with PEG3 genotype, the A 
allele appears to be favorable.    
 
Table 1. PEG3 allele and genotype frequencies for all animals included in reproductive  
tract analysis 
 

Breed of AnimalA N PEG3 Allele 
Frequencies  

PEG3 Genotype Frequencies 

  A B AA AB BB 
Y×Y 75 0.38 0.62 0.24 0.28 0.48 
Y×LW 56 0.21 0.79 0.07 0.29 0.64 
LW×LW 80 0.63 0.37 0.41 0.43 0.16 
LW×Y 49 0.38 0.62 0.22 0.31 0.47 
Total Population 260 0.42 0.58 0.25 0.33 0.42 

    A Y×Y = Yorkshire sire × Yorkshire dam, Y×LW = Yorkshire sire × Large White dam,  
      LW×LW = Large White sire × Large White dam, LW×Y = Large White sire × Yorkshire   
     dam 
 
For total fetal weight, total uterine length, ovulation rate per horn, average fetal weight, number 
of mummies per horn, and fetal space per horn, notable, but statistically nonsignificant trends 
with respect to PEG3 genotype were observed.  In each of these cases as well, the A allele 
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appears to also be associated with improved reproductive efficiency.  For most traits, the PEG3 
gene appears to act in a dominant fashion, with allele B acting dominantly over allele A.   
 
DISCUSSION 
We have investigated a polymorphism in the PEG3 gene for associations with reproductive 
tract traits in swine.  In our research population, the A allele has a higher frequency in LW × 
LW (0.63) than Y × Y (0.38) animals (Table 1).  Perhaps this difference is a result of the varied 
ancestry of the Yorkshire and Large White breeds, which has been investigated in previous 
studies (Kacirek et al., 1998).  If these breeds are indeed distantly related members of the same 
ancestral population, as hypothesized, it would be expected that allele frequencies would be 
very similar in these breeds.  So, perhaps, it is more likely that allele frequencies differ 
between these two breeds not due to the breed identities themselves, but due to the differing 
reproductive efficiency of these two groups.  For many of the reproductive traits associated 
with the PEG3 gene, we see a greater efficiency in the LW × LW group than the Y × Y group.  
Large white animals have a greater fetal survival, number of fetuses per horn, and fetal weight 
per horn than Yorkshire animals.  Continuing study of the relationship between PEG3 
genotype and breed will be required to determine the cause of this difference in reproductive 
efficiency and allele frequency between these breed groups. 
 
The A allele of the PEG3 gene appears to be associated with improved reproductive 
performance.  Animals with the AA genotype have a greater number of fetuses per horn than 
animals with the AB genotype (Table 2).   
 
Table 2. Least-squares means and standard errors for reproductive traits with respect to 
PEG3 genotype 

Reproductive TraitA N PEG3 Genotype P-valueB  
  AA AB BB  
FSRV 249 77.6 ± 5.6C 56.9 ± 2.8D 62.8 ± 2.9D 0.004 
UW 250 14.49 ± 0.45C 13.67 ± 0.26CD 13.45 ± 0.27D 0.1 
NF 501 5.98 ± 0.30C 5.14 ± 0.15D 5.53 ± 0.16C 0.03 
FW 501 1992 ± 55C 1836 ± 30D 1777 ± 28D 0.002 
AFW 501 379.1 ± 10.0C 370.8 ± 5.8C 357.5 ± 5.9D 0.08 

  A FSRV = percentage of ova that are fertilized and survive to day 75 of gestation, UW = total       
    weight of each uterus (kg), NF= number of fetuses per horn, FW = total fetal weight (g) per    
    horn, AFW = average weight of each fetus (g) per horn 
  B Significance level of effect of PEG3 genotype on specified trait  
  C-D Means within a row without a common superscript are different (P < 0.1) 
 
Due to this difference in number of fetuses, AA animals also have a greater uterine weight and 
fetal weight per horn than animals with either the AB or BB genotypes.  However, and perhaps 
most importantly, animals with the AA genotype have a significantly greater fetal survival than 
animals of the other PEG3 genotypes.  In other words, AA animals have a significantly greater 
percentage of ova survive to become fetuses at day 75 of gestation than AB or BB animals.  In 
this case, the PEG3 gene appears to act in a dominant manner, with the recessive A allele 
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producing a fetal survival that is approximately 17.8% greater than that of the dominant B 
allele.  Therefore, animals of the AA genotype may be able to successfully gestate more fetuses 
throughout the earliest stages of pregnancy.  It is in this early stage of pregnancy (< 35 days) 
that the largest percentage of embryonic death (30-40%) occurs, when embryos are competing 
for uterine implantation space (Hughes and Varley, 1980).  The PEG3 gene may help to reduce 
the detrimental effect on litter size and reproductive performance that results from this period 
of maximum embryonic death.   
 
CONCLUSIONS 
The PEG3 gene is significantly associated with several reproductive tract traits.  In our 
population, animals with the PEG3 AA genotype have a greater fetal survival, uterine weight, 
fetal weight per horn, and average fetal weight per horn than animals of the BB genotype.  The 
increased performance of AA females may be due to the effect of the locus on survival of 
fetuses from fertilization to day 75 of gestation.  Further investigation of the PEG3 gene in 
pregnant females and neonatal piglets and its association with both reproductive tract and litter 
traits will allow us to determine the true mechanism of action of the PEG3 gene in swine 
reproduction. 
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