
Introduction

POU1F1 encodes a pituitary-specific transcrip-
tion factor involved in pituitary development
and regulating hormone expression in animals.
The factor is a member of the POU family of tran-
scription factors that regulate animal growth
and development (Cohen et al. 1996; Chung et al.
1998; Ingraham et al. 1990). It has been shown
that the POU1F1 gene product regulates the ex-
pression of growth hormone (GH), prolactin

(PRL) and thyrotropin b subunit (TSH-�) by bind-
ing to target DNA promoters as a dimer (Holloway
et al. 1995; Jacobson et al. 1997). Mutations identi-
fied in the POU1F1 gene lead to deficiency or ab-

sence of GH, PRL and TSH-�, which may result in
variability of development and growth (Radovick
et al. 1992; Hendriks-Stegeman et al. 2001). There-

fore, genetic variation in the POU1F1 gene and its
associations with growth traits in livestock animals
could provide useful genetic markers for animal se-
lection and breeding through marker-assisted selec-
tion (MAS).

The structure, encoding sequences and partial

genome sequences of the swine POU1F1 gene

have been defined (Tuggle et al. 1993; Yu et al.

1994, 2001; Chung et al. 1998). Some poly-

morphisms in the POU1F1 gene also have been

observed and found to be associated with quantita-

tive traits in livestock animals (Yu et al. 1993,

1995, 1996; Woollard et al. 1994; Moody et al.

1996; Nielsen and Larsen 1997; Stancekova et al.

1999; Brunsch et al. 2002; Sun et al. 2002;

Di-Stasio et al. 2002). In cattle, POU1F1 has been

associated with variation in body weight, milk,

protein and fat yields (Renaville et al. 1997;
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Zwierzchowski et al. 2002). Some swine geno-

types of POU1F1 have been found to be correlated

with growth and carcass traits. Most interestingly,

MspI polymorphisms in the 3rd intron of the swine

POU1F1 gene have been correlated with fat depo-

sition and daily body weight gain (Yu et al. 1995,

1996; Stancekova et al. 1999).

Compared with meat-type pigs, Chinese local

pigs have more fat deposition and a lower growth

rate. Therefore, Chinese swine breeders are trying

to reduce the fat content, increase the protein con-

tent, and enhance growth performance. The objec-

tive of the current study was to detect MspI

variants in the 3rd intron of the POU1F1 gene

among different type pigs, and to determine

whether these are associated with variation in

growth traits and thus could contribute to selective

breeding programs.

Material and methods

Chemicals

MspI restriction enzymes (MBI), proteinase K,

Taq polymerase (Sangon) and primers were ob-

tained from the Shanghai Sangon Biological

Technology, Ltd. (Shanghai, China). Magnesium

chloride, ethidium bromide and 4dNTPs were ob-

tained from Promega (USA). Wide Range DNA

Ladder Marker was obtained from Takara (Japan).

Other reagents were commercial preparations of

the highest purity available.

Animals

Five breeds, composed of 2 meat-type (Landrace

and Duroc), 2 fat-type (Chinese Meishan

and Jiangquhai) and one Chinese miniature pig

(Xiangzhu), representing diverse genetic back-

grounds, were genotyped for their MspI variants.

They were all unrelated animals. Additionally,

154 F1 hybrids, produced by crossing 3 Duroc

boars with 12 Jiangquhai sows, were used for

identifying the association of MspI polymor-

phisms with growth traits. Both boars and sows

were sampled according to their POU1F1 geno-

types, all boars were CD, while 10 sows were CD

and 2 were DD.

Landrace and Duroc pigs, originally from De-

mark and the USA respectively, were raised in our

University farm. Chinese local breeds, Meishan

and Jiangquhai pigs, were obtained from

the Jiangsu Province, and Xiangzhu pigs were

from the Guizhou Province.

Animal management and data collection

All crossbred pigs were born during the same

week and housed on a pig-breeding farm at

Jiangyan (Qingtong country of Jiangyan town,

Jiangsu Province). Pigs were weaned at 28 days of

age and moved to growing pens. Next, they were

moved to 2 finishing pens at 70 days of age

and raised until they reached slaughter weight

(80–90 kg) around 180 day.

Body weights at birth (BWB), on day 45

(BW45), on day 70 (BW70) and at slaughter

(BW180) were recorded and corrected for small

variations in age at measurements. The average

daily gain (ADG) was calculated in the finishing

period (from day 70 to day 180).

Genotyping

Ear tissue was collected from each animal

and DNA was extracted. A segment including

the full 3rd intron of the POU1F1 gene was ampli-

fied by using a polymerase chain reaction (PCR)

protocol developed by Stancekova (1999).

The amplified products were digested with MspI

restriction endonuclease, separated on a 1%

agarose gel, and visualized under UV light follow-

ing ethidium bromide staining. A 2100-bp PCR

product and two POU1F1 alleles were identified

(C, 1.68 kb + 0.42 kb; and D, 0.85 kb + 0.83 kb

+ 0.42 kb) and each animal was classified as CC,

CD, or DD with respect to POU1F1 genotype.

Statistics

The chi-square test was used to verify the signifi-

cance of differences in genotypic and allelic fre-

quencies between different breeds and the Hardy-

Weinberg equilibrium. To test the possible associ-

ations between genotypes and growth traits in

the crossbred animals, all production trait data

were analyzed by using the following model in

the SPSS GLM Procedure:

Yijklm = µ + Bi + Dij + Sk + Gl + (BG) il + eijklm,

where Yijklm is the trait measured on ijklmth animal,

Bi is fixed effect due to the ith boar, Dij is nested ef-

fect of the jth dam within the ith boar, Sk is fixed ef-

fect due to the kth sex, Gl is fixed effect associated

with the lth POU1F1 genotype, (BG)il is interac-

tion between the ith boar and the lth genotype.

The significance of differences between the means

for each group was tested with the Duncan test

(P < 0.05).
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Results

Genotypic and allelic frequencies

Data summarized in Table 1 show that the Euro-

pean meat-type breeds Landrace and Duroc had

higher DD genotypic frequencies (72.9%

and 75.9% respectively), while the fat-type breeds

Meishan and Jiangquhai had lower DD genotypic

frequencies (3.3% and 3.3%, respectively). Inter-

estingly, the miniature breed Xiangzhu included

3.3% CC, 60% CD and 36.7% DD genotypes.

Pairwise comparisons of allelic and genotypic fre-

quencies were conducted, but the results are not

shown. The genotypic frequencies significantly

differed between the meat-type and fat-type

breeds (P < 0.05), and between miniature pigs

and others (P < 0.05). The D allelic frequencies of

the meat-type pigs were significantly higher than

those of the Chinese fat-type breeds (P < 0.05).

The two meat-type pigs, Landrace and Duroc, had

similarly high D allelic frequencies of 83.3%

and 85.4%, while the fat-type pigs, Meishan

and Jiangquhai, just held 15% and 11.7%,

and the miniature pig had 66.7%. The chi-squared

test revealed that no breed deviated from

the Hardy- Weinberg equilibrium.

Association between genotypes and growth traits

The results of the GLM analysis of association be-
tween the POU1F1 gene and growth performance
in pigs are summarized in Table 2. BW180
and ADG were significantly associated with
POU1F1 genotypes (P = 0.005 and P = 0.004, re-
spectively). Low level of significance was calcu-
lated for BW45 and BW70 (P = 0.061 and
P = 0.053 respectively). Except for BWB, all other
growth traits, including BW45, BW70, BW180
and ADG in CC pigs, were lower than those in
DD, and those in CD were in between. Differences
among MspI genotypes were significant for most
measured traits (P < 0.05). BW180 in DD pigs was
significantly higher than in CD and CC pigs, by
1.727 kg and 4.667 kg respectively (P < 0.05).
In the finishing period, the ADG of CC was
0.617 kg/day, which was significantly higher than
that of CD and CC by 0.009 kg and 0.022 kg
(P < 0.05). The DD pigs had significantly higher
BW45 and BW70 than CC pigs (P < 0.05), but
there was no significant difference as compared
with CD (P > 0.05). No other differences were de-
tected for other growth traits. The D allele had a fa-
vorable, positive effect on growth traits. However,
the standard error for genotype CC was high be-
cause of the low number of observations, so con-
clusions regarding CC animals should be made
with extreme caution.

Discussion

Compared with the meat-type Landrace
and Duroc, the Chinese fat-type Meishan
and Jiangquhai pigs have a lower growth rate,
lower feed to body weight conversion ratio
and lower carcass lean percentage. In the present
study, we identified remarkable differences in
genotypic and allelic frequencies between
meat-type and fat-type pigs. Landrace and Duroc
had higher D allele and DD genotype frequencies,
while Meishan and Jiangquhai, had very low D
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Table 1. Genotypic and allelic frequencies at the MspI

restriction site in the 3rd intron of the swine POU1F1

gene

Pig breed
No. of
ani-
mals

Genotype Allele

CC CD DD C D

Landrace 48 6.3 20.8 72.9 16.7 83.3

Duroc 79 5.1 19 75.9 14.6 85.4

Meishan 30 73.3 23.3 3.3 85 15

Jiangquhai 60 80 16.7 3.3 88.3 11.7

Xiangzhu 30 3.3 60 36.7 33.3 66.7

Table 2. Means and standard deviations (in brackets) of growth traits in Duroc Jiangquhai hybrids with different

POU1F1 genotypes

Genotype No. of animals
Body weight (BW, kg) on day Average daily

gain (ADG,
kg/day)0 (Birth) 45 70 180

CC 10
1.014

(0.207)

8.717y

(0.982)

16.155y

(2.401)

81.574y

(4.734)

0.595
y

(0.026)

CD 77
1.178

(1.085)

9.456xy

(1.079)

17.645xy

(2.756)

84.514y

(4.114)

0.608y

(0.019)

DD 67
0.973

(0.142)

9.735x

(1.341)

18.423x

(2.706)

86.241x

(4.186)
0.617x

(0.019)
x,y Means in the same column with different superscripts differ significantly (P < 0.05)



and DD frequencies. Similar genotypic distribu-
tions were found between meat-type and fat-type
pigs in previous research (Yu et al. 1993, 1995).
This indicates that this MspI point mutation of
POU1F1 possibly directly affects the deposit of
protein and fat, or the POU1F1 locus has close
linkage with a quantitative trait locus (QTL) regu-
lating protein and fat deposition. In this study,
the general linear model analysis demonstrates
that, in the crossbred population, DD genotypic
pigs were 1.746 kg heavier than pigs with CD
and CC genotypes on day 180. The D allele had
a positive effect on growth traits on day 45. These
indicate that POU1F1 is a major gene or marker
for growth traits. This result is in accordance with
the variability of genotypic frequencies among
different types of pigs.

Previous research by Sun et al. (2002) showed

that the MspI DD genotype has a lower circulating

level of GH, but higher levels of PRL than other

genotypes at birth, which agrees with Yu’s (1995)

report that the MspI CC genotype (P < 0.01) was

associated with higher birth weight. However, this

association could not be detected at later stages of

growth. We did not confirm the significant associ-

ation of CC with higher BWB in this paper.

An earlier report revealed that the MspI CC geno-

type pigs had significantly greater backfat thick-

ness (Yu et al. 1995), but another Yu’s (1996)

study could not confirm this effect of CC genotype

on backfat thickness. Further, a recent study ana-

lyzing the effect of POU1F1 MspI genotypes in

European Large White pigs and a crossbred popu-

lation of Large White × Landrace found that

the DD genotype was associated with significantly

greater backfat thickness (Stancekova et al. 1999).

Pronounced discrepancies of association between

MspI genotypes and growth traits exist among

labs.

This study demonstrates a significant genotype

effect of POU1F1 on growth rate, which is in good

agreement with the allele and genotype distribu-

tion between meat-type pigs and fat-type pigs.

However, no previous research identified any as-

sociations of POU1F1 MspI genotype with

growth rate in the finishing period. Thus it is pos-

sible that the associations identified in this report

are not directly related to POU1F1 function but

are due to LD (linkage disequilibrium) to a linked

QTL. In this regard, Yu et al. (1999) used ha-

plotype analysis to show that LD is significant in

the region surrounding POU1F1 for carcass traits

(backfat) in Meishan × commercial crosses.

This implies that the linkage disequilibrium of

POU1F1 with another locus may explain the pro-

nounced discrepancies about its possible genotype

effects among labs. QTL mapping research also

revealed that a region near POU1F1 on pig chro-

mosome 13 was associated with backfat thickness

and growth (Bidanel et al. 2001). Therefore a dif-

ferent genetic background and transient linkage

disequilibrium with another locus may contribute

to the answer.

Conclusions

The genotypic and allelic frequencies significantly

differed between the meat-type and fat-type

breeds, and between miniature pigs and others.

Each population followed the Hardy-Weinberg

equilibrium. Several growth traits were associated

with DD genotype, and the D allele had a favor-

able positive effect. This suggests that POU1F1

may be a major gene or marker for growth traits.
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