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A Study on the Prolactin Receptor 3 (PRLR3) Gene and the Retinol-binding 
Protein 4 (RBP4) Gene as Candidate Genes for Growth and Litter Size Traits of 
Berkshire in Korea
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Two diallelic markers at candidate gene loci, the prolactin receptor 3 (PRLR3) gene and the reti-
nol-binding protein 4 (RBP4) gene were evaluated for their association with growth and litter size 
traits in Berkshire. Genetic evaluation was conducted for 5,919 pigs with pedigree information, which 
included 3,480 growth performance records and 775 litter size records of 224 sows. From the same 
herd, genotyping was carried out on 144 and 156 animals for PRLR3 and RBP4, respectively. After 
assigning a genotype to subjects in which both parents had a homozygous genotype, numbers of gen-
otyped animals increased to 474 and 338, for the PRLR3 gene and RBP4 gene, respectively. The geno-
type effects of two markers were estimated with breeding values of the genotyped animals. The addi-
tive effects of total number of piglets born and number of piglets born alive in the PRLR3 locus were 
-0.28 and -0.13, respectively. The dominance effect of the RBP4 locus on average daily gain was -10.58 
g. However, the polymorphism of the RBP4 locus in total number of piglets born and number of pig-
lets born alive has shown -0.34 and -0.33 of the additive genetic effects. In view of the results, MAS 
(marker-assisted selection) favoring B alleles of RBP4 and PRLR3 loci could potentially accelerate the 
rate of the genetic improvement in the litter size traits.

Key words : Berkshire, prolactin receptor 3 (PRLR3), retinol-binding protein 4 (RBP4), additive effect, 
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Introduction

The candidate gene approach is one of methods to identi-

fy genes or markers linked to quantitative traits. It employs 

biological information of individual genes from other species 

and selects the genes for the investigation. Once poly-

morphism is identified in candidate genes, further inves-

tigation is carried out to find the relationship of the gene 

or marker with traits of interest. Using candidate gene analy-

sis, several major genes such as melanocortin 4 receptor 

(MC4R) [11] for growth, ryanodine receptor (RYR1) [6], and 

heart fatty acid binding protein (HFABP) [7] for meat quality 

have been identified for their association with economic 

traits. Researchers are able to analyze candidate genes with 

performance test records in traits of interest even in larger 

population. More accurate allelic effects can be estimated 

with large size of data. Once an association of the candidate 

genes with traits is found, the gene test has immediate use 

in marker-assisted selection (MAS) for genetic improvement 

of the population. However, the relationship between the 

genes and the traits should be re-estimated, as the size of 

data increases.

Selection had been practiced to eliminate the recessive al-

lele (n) of Halothane gene in Korea from 2002 to 2005. This 

project was carried out for pork quality, and it was sub-

sidized by the government. Alleles at the prolactin receptor 

gene (PRLR) locus, and the retinol-binding protein 4 gene 
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Table 1. Distribution of records for litter size and growth traits

Litter size traits Growth traits

Farrowing year Parity   Birth year Gender Parity

2003

2004

2005

2006

2007

110

183

213

179

90

1  

2

3

4

5

6

7

≥8

231

159

119

95

71

51

29

20

2003

2004

2005

2006

2007

630

951

864

1,003

32

Female

Male

Castrated

2,112

975

393

1

2

3

4

5

6

7

≥8

1,143

701

586

451

218

212

102

67

(RBP4) locus have been associated with significant differ-

ences in litter size in pigs [15,19]. If the reliable information 

about additive and dominance effects of each marker is 

available, MAS in conjunction with traditional selection 

methods could be more effective for improving accuracy, re-

ducing the generation interval, and accelerating the genetic 

improvement of the traits. The objectives of this study were 

to obtain genetic information of prolactin receptor 3 (PRLR3) 

gene, and retinol-binding protein 4 (RBP4) gene on litter size 

and growth traits in Berkshire breed of pigs.

Materials and Methods

Animals and DNA isolation 

A total of 5,919 Berkshire pigs with known pedigree in-

formation were included in the genetic evaluation. Number 

of piglets born alive (NBA) and total number born (TNB) 

were recorded in 775 litters of 224 sows. There were 3,480 

animals with the records of back fat thickness (BF), days to 

90 kg (D90kg) and average daily gain (ADG), which were 

measured at around 155 days of age and calculated by the 

growth curves for Berkshire breed [2] (Table 1). Blood sam-

ples from the pigs were used for DNA isolation with the 

Toyobo MagExtraction Kit (Toyobo). 

Primer design and polymerase chain reaction

A total of 2 primer sets were analyzed for RFLP genotyp-

ing of 2 candidate genes (PRLR3 and RBP4). Amplification 

of fragments of the Berkshire pigs PRLR3 and RBP4 genes 

was obtained using the following primer pairs:

PRLR3 : forward 5’-CGT GGC TCC GTT TGA AGA ACC-3’  

reverse 5’-CTG AAA GGA GTG CAT AAA GCC-3’

RBP4 :  forward 5’-GAG CAA GAT GGA ATG GGT T-3’

reverse 5’-CTC GGT GTC TGT AAA GGT G-3’

Polymerase chain reactions were performed in 10 µl vol-

umes contained 12 ng of genomic DNA, 10 pmol of each 

primer, 200 µM of each dNTP, 2.5 units of Taq DNA poly-

merase (Enzynomics
TM, Korea), and reaction buffer with 1.5 

mM MgCl2. Thermocycling reaction was performed in a 

PTC-200 thermocycler (MJ Research, Watertown, MA, USA) 

with a 5 min initial denaturation at 94oC, 45 s at annealing 

temperature and 60 s at 72oC, and a final extension for 10 

min at 72oC. 

Polymorphism identification and genotyping

Polymorphic sites were analyzed for restriction fragment 

length polymorphisms (RFLPs) using the NEBcutter program. 

Genotyping was performed on individual DNA samples 

from the Berkshire breed. All restriction enzymes were sup-

plied by New England BioLabs (Ipswich, MA, USA) and re-

striction digestions were performed according to perform as 

previously described [15].

The PCR product was digested with 8U Alu I (N.E.B.) and 

separated on a 3% Metaphor (FMC) agarose gel such that 

85-bp, 59-bp, and 19-bp fragments were observed for the AA 

genotype and 104-bp and 59-bp fragments for the BB geno-

type and Digestion of the remaining PCR product with 4U 

of Msp I produce fragments that separated on 3% Metaphor 

(FMC) gel such that 190-bp, 154-bp, and 136-bp fragments 

were observed for AA genotype, and 154-bp, 136-bp, and 

125-bp, fragments for BB genotype.

Statistical analysis 

The additive genetic relationship matrix for the Best 

Linear Unbiased Prediction (BLUP) animal model includes 

pedigree information up to 6 generations. The linear animal 

model for litter size traits was employed as follows: 

Yijk = μ + FYMi + Aj + FPjk + Eijk                    (1)

For the analyses of all available litter size records from 

different parities of a sow, the models include parity (FP) 
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Table 2. Summary statistics for the litter size and growth traits

Litter size traits Growth traits

Head TNB NBA Gender Head BF (mm) ADG (g) D90kg (day)

 224

(775) 9.39

±0.09

7.45

±0.09

Female

Male

Castrated

2,112

975

393

17.6±0.18

16.9±0.13

17.3±0.19

566.9±1.4

597.9±2.2

615.1±3.2

158.6±0.36

151.9±0.49

148.0±0.65

The figure and letters in parentheses are number of records and units of traits.

of sow and year-month-seasonal classes (FYM) at farrowing 

as fixed effects. The random effects were genetic effect (A) 

of the animal and residual effect (E). For the analysis of back 

fat thickness (BF), average daily gain (ADG), and days to 

90kg (D90kg), the following linear model was employed:  

Yijkl = μ + BYMi + Gj+ DPk + Al + Eijkl             (2)

Year-month-seasonal classes at birth (BYM), gender (G), 

and dam’s parity (DP) were regarded as fixed effects. 

Genetic effect (A) of animals and residual effect (E) were 

treated as random effects. Genetic evaluation of litter size 

and growth traits were carried out using MTDFREML 

(USDA, 2006). The genotype effects of the markers from ge-

netic effects of animals were estimated by GLM procedure 

of SAS (2001). Additive genetic effects for the genetic mark-

ers were estimated by pair-wise comparison of the two ho-

mozygous genotypes, and the dominance effects were calcu-

lated as the deviation of the heterozygote effect from the 

average of the two homozygous genotypes. 

Results and Discussion

The Berkshire pigs were reared under intensive selection 

on the productive and reproductive traits at Gyeongnam 

Swine Research Institute from year 2003 to 2007. About 20 

live boars and 100 live sows were maintained in the herd 

during that period. Computer mating program was utilized 

to avoid high inbreeding and to achieve maximization of 

genetic improvement in economical traits. Consequently es-

timated average inbreeding coefficient was as low as 1.6%. 

No permanent environmental effects of sows were included 

in the model for repeated litter size records over productive 

life of sows. It may lead to biased estimation of animal 

effects. However, it was assumed that the permanent envi-

ronmental effects are mostly absorbed by residual effects (E) 

in the equation 1. The animal genetic effects are sums of 

additive genetic effects of all genes in the genome related 

with a certain trait, which are estimated by BLUP Animal 

Model and referred to as breeding values in animal breeding 

[9]. The genotype effects were calculated with the breeding 

values of the animals identified for the genotypes of genetic 

markers. The accuracy of breeding values, however, is im-

portant for accurate estimation of genotype effects and fur-

ther statistical inference for justification of this approach 

may be necessary. Even so, this method gives better con-

nectedness and easy computation in estimation of the geno-

type effects. When a trait such as litter size is expressed only 

in female, available sows for genotyping of a marker are 

often limited and it is insufficient to estimate genotype ef-

fects only with them. The breeding values of all animals for 

such trait can be estimated with good shape in connected-

ness, and then the genotype effects can be easily calculated 

only with the animals genotyped for the marker including 

even males. 

Summary statistics for litter size and growth traits are 

shown in Table 2. The male pigs castrated at birth showed 

higher average daily gain than other pigs. The average of 

number of piglets born alive was 7.45, which is small com-

paring with Landrace and Yorkshire breeds [18]. An over-

view of the frequency of animals according to genotypes is 

given in Table 3. PRLR3 and RBP4 loci showed poly-

morphism in the Berkshire herd(Fig. 1, 2). When the geno-

types of both parents are homozygote, a genotype can be 

assigned to their offspring. Numbers of the animals assigned 

by pedigree information were 195 and 318 for PRLR3 and 

RBP4, respectively. Hardy-Weinberg equilibrium was checked 

with the number of animals genotyped. The frequency of 

A allele in PRLR3 locus was 0.50 and that of B allele was 

Table 3. Numbers of animals according to genotypes of the can-

didate gene markers (PRLR3, and RBP4)

  PRLR3 RBP4

  AA AB BB Total AA AB BB Total

Genotyped

Assigned
1

Total

22

 0

22

101

160

261

21

35

56

144

195

339

34

62

96

54

118

172

68

138

206

156

318

474
1represents increment of animals identified by genotyping 

with parent information
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Table 4. Least square means of genotypes and additive effects (a) of allele B and dominance effects (d) in prolactin receptor 3 

(PRLR3) gene with respect to litter size and growth traits

Trait
Genotype effects Genetic effects

AA AB BB F-value a d

BF (mm)

D90kg (day)

ADG (g)

TNB (head)

NBA (head)

-0.11±0.14

-1.87±1.58

 8.82±6.15

 0.16±0.14

 0.14±0.09

-0.13±0.04
a

-2.25±0.46a

 9.73±1.78a

 0.34±0.04a

 0.24±0.03a

-0.04±0.08

-2.34±0.99
b

9.41±3.82b

0.72±0.09a

0.41±0.06a

0.37

0.03

0.01

9.96
a

4.33b

0.03

-0.24

0.30

0.28

0.13

-0.05

-0.14

0.61

-0.11

-0.03

a and brepresent significant at the level of 1% and 5%, respectively.

F-value designates F statistics due to genotypes in ANOVA.

Fig. 1. The PCR-RFLP test for the prolactin receptor 3 

polymorphism.

Fig. 2. The PCR-RFLP test for retinol-binding protein 4 

polymorphism.

0.50 (Fig. 1). The frequency of A allele in RBP4 locus was 

0.42 and that of B allele was 0.58 (Fig. 2). Neither locus was 

in Hardy-Weinberg equilibrium. It is conjectured that in-

tense selection on production and reproduction traits in the 

herd was the cause of this disequilibrium [5]. The Berkshire 

herd exhibited a large number of animals with the AB geno-

types of PRLR3 locus and a small number of animals with 

the AB genotypes of RBP4 locus than was expected from 

the Hardy-Weinberg principle. 

Additive and dominance effects were estimated with con-

trasts of three genotypes (AA, AB, and BB). The effects of 

the genotypes in PRLR3 locus were mostly significant for 

litter size traits (Table 4). All effects with respect to PRLR 

locus on growth traits were economically trivial and insignif-

icant as shown in Table 4. All estimates of AA genotype 

were not significant partly due to the lack of AA animals. 

A difference of 0.56 head in TNB between homozygous gen-

otypes was obtained. Additive effect of B allele of PRLR3 

locus in TNB, the favorable allelic substitution effect, was 

0.28 piglets. BB animals had an advantage of 0.27 pigs per 

litter in NBA, compared with AA animals. The results in 

the current study on litter size traits were similar with com-

mercial line and Duroc breed [3]. It was already stated that 

the number of endometrial prolactine receptors influence 

PGF2α secretion during the early pregnancy, and suggested 

that B allele positively influenced the number of fetuses per 

uterine horn [10, 13]. However, it is not known whether 

PRLR3 is a major gene for litter size or only a linked marker 

to unknown QTL (quantitative trait locus). They were point-

ed that there is some distance between the marker and QTL 

[10]. Different linkage disequilibrium due to different dis-

tances according to populations, lines and families may lead 

to variation in associations between the marker and traits [4].

The effects of the genotypes in RBP4 locus were sig-

nificant for litter size traits. For growth traits, significances 

were observed in F-values due to RBP4 genotypes (Table 

5). The homozygous animals in RBP 4 gene had a rather 
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Table 5. Least square means of genotypes and additive effects (a) of allele B and dominance effects (d) in retinol-binding protein 

4 (RBP4) gene with respect to litter size and growth traits

Trait
Genotype effects Genetic effects

AA AB BB F-value a d

BF (mm)

D90kg (days)

ADG (g)

TNB (head)

NBA (head)

0.04±0.07

-4.81±0.78
a

19.51±3.00a

0.18±0.07a

-0.08±0.04b

-0.11±0.05b

-2.90±0.59a

11.44±2.27a

0.55±0.05a

0.34±0.03a

-0.21±0.05a

-6.51±0.54a

24.53±2.07a

0.87±0.05a

0.57±0.03a

 4.31b

10.08a

 9.10a

38.69a

81.02a

-0.13

-0.85

 2.51

 0.34

 0.33

-0.02

+2.76

-10.58

 0.02

 0.09
a and b represent significant at the level of 1% and 5%, respectively.

F-value designates F statistics due to genotypes in ANOVA.

small superiority in D90kg and ADG over the heterozygous 

animals. Favorable additive effects of the B allele were de-

tected for either litter size or growth traits. The results of 

the association analyses for growth traits showed sig-

nificance, but the size of additive effects was economically 

negligible. Significant differences were found among the 

three RBP4 genotypes in TBN and NBA. The differences cal-

culated between homozygous genotypes reached 0.69 and 

0.65 head in TBN and NBA, respectively. Hence, additive 

effects of RBP 4 gene B allele were 0.34 and 0.33 in TBN 

and NBA, which were greater than those of PRLR3 gene 

B allele. It was stated that the expression of retinol-binding 

protein 4 (RBP4) gene was increased in gravid porcine and 

Retinolic acid (Vitamin A) derived from endogenous retinol 

is delivered to target cells by RBP [8]. It may influence em-

bryonic mortality rate [16]. They showed that supplementing 

the diet of pregnant sows with vitamin A can increase litter 

size [1,8]. This allows us to consider RBP4 gene as a candi-

date gene of litter size [20]. The genotypic effects of RBP4 

gene of Berkshire pigs were significant (Table 5), which were 

different from the results in the commercial lines [15]. This 

may be due to different linkage disequilibrium of Berkshire 

herd [3]. 

PRLR3 and RBP4 polymorphisms in MAS must be used 

with caution until further investigations ensure that there 

are no negative pleiotropic effects with other important 

traits. Additive and dominance effects of a candidate gene 

could be different in other breeds or populations [17]. Even 

though continuous investigation for candidate genes is nec-

essary, the results in the present study could be utilized for 

MAS of litter size traits in different breed or Berkshire pop-

ulation in Korea. As more associations between candidate 

genes and traits are identified, MAS will be more useful tool 

in the genetic improvement of swine. This technology com-

bined with the conventional performance test for pigs seems 

to be promising for future swine genetic improvement. 
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