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SUMMARY
Identification of individual genes or anonymous genetic markers associated w ith litter size in 

the pig could have a great economic impact on the swine industry. Such genetic 
polymorphisms could be employed in marker-assisted selection programs to improve 
reproductive efficiency. We report the discovery of a major gene for litter size, associated with 
polymorphism of the estrogen receptor gene, which has a significant effect on total number 
born and number born alive in the pig. Differences among genotypes of the estrogen receptor 
gene account for a significant increase in litter size of approximately 1.5 pigs per litter born and 
over 1 pig born alive. Results also suggest that the favorable gene has no negative pleiotropic 
effects on growth rate and backfat. Use of this gene in marker-assisted selection / introgression 
programs is expected to be extremely important, particularily in the development of synthetic 
lines of pigs involving the Meishan breed. The results provide a successful example of the 
candidate gene approach and portend the possible benefits of future molecular genetic research 
in pigs.

INTRODUCTION
Animal breeders have made considerable genetic progress for many performance traits 

(Smith, 1984; McLaren, 1992) but have made only limited genetic improvement in reproductive 
and health traits (Haley et al., 1988; Rothschild, 1989; Mallard et al., 1992; McLaren and 
Bovey, 1992). Molecular marker-assisted selection (Soller and Beckmann, 1983) may provide 
the opportunity to make significant genetic gains in the improvement of such traits. 
Implementation of marker-assisted selection programs will first require identification of candidate 
genes or anonymous genetic markers associated with the traits of interest. In pigs, examples of 
such genes or anonymous gene markers have to date been limited (Jung et al., 1989; LeRoy et 
al., 1989; Rothschild et al., 1990; Fujii et al., 1991; Clamp et al., 1992; Vogeli et al., 1992).

The relative economic importance of reproductive traits in pigs is high when compared to 
growth and carcass traits (NSIF, 1987). However, selection for improved litter size in pigs has 
been limited and has produced variable results (Ollivier and Bolet, 1981) with notable successes 
being hyperprolific selection (Legault, 1985) and selection on an index of ovulation rate and 
embryo survival (Lamberson et al., 1991). Research in France and the U.K. has confirmed litter 
size of the Chinese Meishan breed to be three or four piglets greater than litter size of the 
European Large White (Haley and Lee, 1993). Identification of a genetic polymorphism 
associated with improved litter size in Meishan pigs would be of major importance and could be 
used in marker-assisted selection / introgression programs. Several candidate genes involved in 
reproduction have been cloned in some species but have not been investigated in swine.
Among these possible candidate genes are those which code for steroid hormones or steroid 
hormone receptors.

For many years it has been known that some Chinese breeds of pigs are extremely prolific.
In 1989 Meishan, Fengjing and Minzhu pigs were imported into the United States from the 
Peoples Republic of China by a group of institutions including Iowa State University (Young,
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1992). Two years later Pig Improvement Company (PIC) imported Meishan pigs into the United 
States from Great Britian. One of the primary goals of research w ith  the prolific Meishan breed 
has been to identify the underlying genetic reasons for their prolificacy. A cooperative research 
project involving Iowa State University and PIC was begun in 1991 to determine if a major gene 
existed for litter size. Previous research (Rothschild et al.,1991) had identified that genetic 
variability existed for the estrogen receptor (ESR) gene both between and within several U.S., 
European and Chinese breeds of pig. The purpose of this joint research project was to determine 
if the ESR gene is genetically linked to a major gene(s) controlling increased litter size in the pig.

MATERIALS AND METHODS
Animals: All pigs used in these experiments were bred and raised at the genetic nucleus 

herds owned and operated by PIC. Purebred Meishan pigs were initially screened. However, 
due to the limited size of this line, matings from a 50% U.S./50%Meishan synthetic line were 
used. It was important to clearly examine the effect of the ESR locus so data involving families 
were collected. These data consisted of litter records from groups of sisters in which at least 
two ESR genotypes existed. Initially collection of such data was from existing records.
However, planned matings, involving sires and dams which had been previously genotyped, 
were made to speed the process of collection of a sufficient number of first parity litter records 
in order to maximize the chance of finding sisters w ith different ESR genotypes. The parental 
genotypes involved in these matings were AA x AB, AB x AB and AB x BB. A total of 85 first 
parity records was studied from 23 families in which 16 sires and 23 dams from the synthetic 
line were represented. Litter records included total number born (TNB; live + stillborn, 
excluding mummies) and number born alive (NBA). Average daily gain (ADG) and real-time 
ultrasonically scanned backfat (USBF) were also measured and adjusted by weight.

Molecular Biology: Blood samples were collected by PIC personnel under approved animal 
care procedures and shipped to Iowa State University. The isolation of genomic DNA, digestion 
with Pvu II endonuclease, blotting and hybridization w ith a cDNA ESR probe were done as 
previously described (Rothschild et al., 1991). The ESR probe was a 1.3kb cDNA insert of the 
human ESR gene (Green et al.,1986). Fragment sizes were determined using molecular weight 
standards. Based on previous data, the alleles were scored as either the A allele or the B allele.

Statistical Analyses: An animal model with full relationships and using two groups based on 
original lines was used to analyze the data. The model used for the litter size traits TNB and 
NBA was assumed to be:

y = g  +  generation + animal + ESR genotype +  farm/year-season farrowed + residual

w ith all effects assumed fixed except animal. In both models generation was defined as the 
generation of the female with the observed record. Heritability for litter size traits was assumed 
to be .09. The model used for analysis of the growth and backfat data was assumed to be:

y = f j  +  generation + animal + ESR genotype + farm/week off-test + residual

w ith all the effects assumed fixed except animal. Heritabilities for average daily gain and 
backfat were assumed to be .25 and .30, respectively.
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RESULTS
Preliminary results, based on 21 litters, were first obtained using purebred PIC Meishan 

females. These results (data not shown) revealed that the BB homozygotes had over 3 more 
pigs for both TNB and NBA than did AA homozygotes (P<.45). However, production of 
purebred Meishan litters was limited each year. It was therefore decided that future 
experiments and analyses should involve litter records from groups of sisters from the synthetic 
line. Results for the analyses involving this synthetic line are presented in Table 1. A total of 
85 first parity records from 23 groups of sisters was used. These results revealed that sisters 
with the AB or BB ESR genotypes were not significantly different from each other and that the 
advantage of having the AB or BB genotype was approximately 1.4 more total pigs born 
(P<.02) and over 1 pig more born alive (P<.18) when compared to the AA genotype 
littermates. No significant differences were seen among the three genotypes for ADG and 
USBF. The degree of dominance (d/a) was 1.31 for TNB and .43 for NBA (Table 1), reflecting 
an essentially dominant mode of gene action.

Table 1: Effect of the ESR genotypes on reproductive and performance traits.
ESR Genotypic ADG USBF

GenotvDe Value5 N TNB NBA (q/d) (mm)
AA -a 32 10.9 10.4 774 24.7
AB d 41 12.4* 11.4’ 785 24.2
BB a 12 12.2T 11.8" 762 26.5

Value5
a .65 .70 -6.0 .9
d .85 .30 17.0 -1.4

Means differ from AA genotype, P c .02. 
t  Means differ from AA genotype, P< .18. 
5 a = (BB-AA)/2; d = AB-(AA + BB)/2.

DISCUSSION
Genetic improvement of litter size has been limited in the past because of the low 

heritability of reproductive rate. There is little evidence to date for major genes affecting litter 
size in pigs (Rathje et al., 1993). Identification of a specific candidate gene or an anonymous 
genetic marker for litter size traits could have a major impact on the improvement of 
reproductive performance by increasing accuracy of selection. The research reported here was 
directed at determining if the ESR gene, a steroid binding hormone receptor gene, was 
associated w ith increased litter size. Our results demonstrate that genetic differences for the 
ESR locus exist and that one ESR allele, originating exclusively from the Meishan, is significantly 
associated with higher litter size. In addition, this allele appears to have no negative pleiotropic 
effects on growth and backfat and acts in a dominant fashion in regards to litter size.
Continued evaluation of the effects of this gene is neccessary before it is fixed in order to avoid 
possible associated negative effects.

The purpose of using the Meishan breed in synthetic line development is to improve 
prolificacy. However the Meishan's slow growth and excessive fat (Young, 1992) could make it 
difficult to develop both a prolific and lean synthetic line involving the Meishan breed.
Discovery of the significant effect of the ESR locus on litter size and its lack of effect on growth 
and backfat makes it now possible to use marker-assisted selection to improve prolificacy, 
growth and backfat simultaneously in this synthetic population. Additionally, the favorable allele
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may be incorporated into conventional dam lines using marker-assisted introgression. These 
results also demonstrate the usefulness of the candidate gene approach to discover genes with 
significant effects on economic traits in pigs. Future genetic improvement using marker-assisted 
selection and genes w ith significant effects like the ESR locus might have a major impact on the 
efficiency of production of high quality pork for the consumer.
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