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INTRODUCTION 
Litter size as a result of ovulation rate, successful insemination, survival of fertilized eggs and 
prenatal survival allows the consideration of various aspects of the biology of each trait. It is 
widely agreed that the major factor associated with increased litter size in prolific breeds, as 
the Chinese Meishan pigs, is a higher prenatal survival at a given ovulation rate (Haley and 
Lee, 1993). Embryonic death occurs predominantly between days 10 and 18 of pregnancy and 
represents the major impact on the determination of the total number of piglets in contrast to 
the number of fertilized eggs (Pope 1994). Therefore, the consideration of gene expression in 
this critical period of early pregnancy in pigs might help to find genes responsible for 
embryonic survival. The candidate gene approach has scored a notable success in 
demonstrating genetic variants at single genes. For example, Rothschild et al. (1996) and Short 
et al. (1997) found additive effects associated with alleles at the estrogen receptor gene, ESR 
locus; while Vincent et al. (1998) showed that alleles at the prolactin receptor gene, PRLR, 
were associated with significant differences in litter size in pigs. The re-estimation of these 
associations in commercial pig lines was shown to be difficult because  the ESR locus allele 
frequencies and allele effects differed between lines or populations (Legault et al., 1996; 
Drögemüller et al., 2001), and the mode of PRLR gene action was inconsistent (Vincent et al., 
1998; Southwood et al., 1999; Isler et al., 2000; Drögemüller et al., 2001). Because of 
epistasis, polymorphisms for one gene could have an insignificant effect in one population but 
explain a significant part of the variation of the trait in another population (Linville et al., 
2001). This prevents the immediate application of these candidate gene markers in marker 
assisted selection (MAS) to commercial lines of pigs. Harney et al. (1993) have shown that 
there is an increasing retinol-binding protein 4 (RBP4) gene expression in gravid porcine 
endometrium from d 10 to 12. Their results support an important role for this Vitamin A 
transport protein in uterine and conceptus physiology during the establishment of pregnancy. 
Therefore, RBP4 was investigated as a candidate gene for litter size owing to its integral role at 
the time of high embryonic mortality rate. Recently, Rothschild et al. (2000) reported about the 
investigation of RBP4 locus RFLP marker for increased litter size in pigs with a significant 
estimated additive effect of +0.15 number of piglets born alive. Leukemia inhibitory factor 
(LIF) is a cytokine involved in early conceptus development in pig. The pleiotropic effects of 
LIF in many physiological systems include proliferation, differentiation and cell survival, all of 
which are associated with blastocyst development and implantation. Uterine expression of LIF 
and that of its receptors have been demonstrated in a number of mammalian species including 
swine indicating that LIF may have widespread importance in the establishment of pregnancy 
(Vogiagis and Salamonsen, 1999, Yelich et al., 1997). The complete porcine LIF gene has 
been cloned and physically mapped to pig chromosome 14 and two SNP markers within the 
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LIF cDNA could be developed (Spötter et al., 2001). These characteristics make RBP4 and 
LIF strong candidate genes for litter size in pig. Therefore, the objectives of the current study 
were to examine the effect of these candidate genes for litter size in a sample of a commercial 
synthetic line of Duroc and Large White origin. Additional traits were analyzed in order to 
identify possible pleiotropic effects. 
 
MATERIAL AND METHODS 
Animals and molecular methods. 322 animals (49 boars and 273 sows) were reared on a 
single farm and were subjected to the same fertility management, e.g., estrous control, 
insemination regime. The number of piglets born alive (NBA) was recorded in 878 litters of 
sows farrowing up to 10 times. Performance traits like back fat thickness (BF), scored by 
ultrasonic measurement at d 168 of life, and average daily gain (DG), weight at d 168 of life 
divided by age in d, were available for all animals. Means for litter size and performance test 
traits are shown in Table 1. Semen samples of the boars were used for DNA isolation and, for 
the sows, DNA was extracted from frozen ear tissue. Genotyping of the RBP4 MspI and the 
LIF DraIII polymorphisms was performed as previously described (Rothschild et al., 2000; 
Spötter et al., 2001). 
 
Table 1. Phenotypic mean and standard deviation of genotyped animals for the number 
piglets born alive (NBA), back fat thickness (BF), and average daily gain (DG) 
 

Traits n Mean SD 
NBA   (parity 1) 
  (parities 1-10) 

273 
878 

9.80 
10.46 

2.22 
2.50 

BF (mm) sows 
  boars 

273 
49 

15.42 
17.78 

2.20 
2.50 

DG (g/d) sows 
  boars 

273 
49 

625.20 
728.90 

33.65 
52.56 

 
Statistical analyses. An animal model with the relationship matrix, including pedigree 
information for up to 15 generations, was employed for the association analyses between 
genotypes of marker loci and phenotypic traits. The two marker loci were analyzed separately. 
A separate analysis was performed for the records of the first parities and for the records of all 
parities of a sow. The litter size trait, number of piglets born alive (NBA), was analyzed using 
PEST (Groeneveld 1990). Following linear animal models were employed: 
First parity records:  NBAijk = µ + YSi + GTj + a ijk + eijk 
Records from all parities: NBAijkl = µ + YSi + GTj + PNk + pejl + ajl + eijkl 
Year-season-classes (YS) for farrowing and marker genotypes (GT) were treated as fixed 
effects. Random effects included the additive genetic (a) effect of the sow and a residual effect. 
For the analyses of all available records from different parities of a sow, the models were 
extended to include parity number (PN) as fixed effect and the random permanent 
environmental effect of the sows (pe). For the analysis of the performance traits back fat 
thickness (BF) and daily gain (DG) the following linear animal model was employed:          
BFijk or DG ijk = µ + YBi + GTj + Gk + a ijk + eijk 
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Year of birth (YB), sex (G), and the marker genotypes (GT) were regarded as fixed effects and 
the additive genetic effect (a) of the animals, both sows and boars, as random. Additive genetic 
effects were estimated by pair-wise comparison of the least square means of the two 
homozygous genotypes ((BB-AA) 0.5), while the dominance effects were calculated as the 
deviation of the least square means of the heterozygotes from the average of the two 
homozygous genotypes (AB - (AA+BB) 0.5). The estimated effects were tested for significance 
by using the t-test. 
 
RESULTS AND DISCUSSION 
The three observed RBP4 genotypes were in Hardy-Weinberg equilibrium. The A allele, 
mentioned as favorable by Rothschild et al. (2000), had a higher frequency (0.62) than the 
alternative allele. This may suggest that the selection at an earlier stage has increased the 
frequency of the A allele. The RBP4 locus showed no significant effect on litter size in the 
examined population (Table 2A), but AB animals had approx. 0.5 mm more back fat. 
 
Table 2. Additive (a) effects (A) of retinal-binding protein 4 (RBP4) gene allele B, and (B) 
of leukemia inhibitory factor (LIF) gene allele B, and dominance (d) effects estimated 
with an animal model with respect to reproductive, performance, and growth traits 
 
(A)  RBP4 genotypeB     
TraitA nrecords AA AB BB  a P(a = 0) d P(d = 0) 
NBA nparities 97 139 36     
parity 1  0.000 +0.440 -0.090 -0.045 0.85 +0.485 0.11 
 nparities 282 449 146     
parities 1-10  0.000 +0.220 +0.350 +0.175 0.29 +0.045 0.81 
 nanimals 122 58 41     
BF  0.000 +0.494 +0.016 +0.008 0.71 +0.486 0.05 
DG  0.000 +6.879 +4.968 +2.484 0.50 +4.395 0.50 
         
(B)  LIF genotypeB     
TraitA nrecords AA AB BB  a P(a = 0) d P(d = 0) 
NBA nparities 18 111 144     
parity 1  0.000 -0.874 -0.353 -0.176 0.55 -0.697 0.06 
 nparities 57 365 456     
parities 1-10  0.000 -0.725 -0.493 -0.247 0.24 -0.479 0.05 
 nanimals 20 136 157     
BF  0.000 -1.037 -0.571 -0.285 0.29 -0.751 0.64 
DG  0.000 -8.503 -2.391 -1.196 0.80 n.e. n.e. 
aNBA = number of piglets born alive; BF = back fat thickness (mm); DG = average daily gain 
(g/d). BDeviation of the least square means from the AA genotype least square mean. 
 
This first large scale genotyping of the LIF SNP marker revealed a frequency of 0.72 for the B 
allele, corresponding to a C/T nucleotide substitution in the untranslated region of LIF exon 3. 
The LIF locus showed no significant additive allele effects, but heterozygotes had less than 
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0.87 piglets born alive (P = 0.06; Table 2B). For the considered growth and performance traits 
no negative pleiotropic effects of LIF alleles could be evidenced. The detected mutation in the 
LIF gene has potentially functional consequences on the processing of the LIF mRNA and 
demonstrates an explanatory hint of the estimated effect on litter size. 
 
CONCLUSION 
The presented results for the RBP4 locus demonstrate the difficulties in confirming previously 
published candidate gene effects in pigs with different genetic background. In contrast the 
newly developed LIF marker might be a suitable candidate for MAS to litter size in the 
examined line and represents a valuable marker for confirmation studies in other populations. 
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