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Abstract: PIT1 was chosen as a candidate gene to investigate its associations with
growth, meat quality and carcass composition traits in the pig. PIT1 is known as the pi-
tuitary-specific activator of the growth hormone in several mammals. Furthermore,
PIT1 is a positive regulatory factor of prolactin and thyroid-stimulating hormone �.
PIT1 is a member of the POU-domain family of genes and is located on porcine chro-
mosome 13. Two informative three-generation families of the University
of Hohenheim were used for the presented investigations. The families were based on
crosses of the European Wild boar (W) × Pietrain (P) and Meishan (M) × Pietrain (P).
Each family included 310 F2 animals. A RsaI (PCR) RFLP described by YU et al.
(1994) was used for genotyping the animals. Altogether over 50 parameters of growth,
meat quality, carcass composition and stress susceptibility were evaluated concerning
their associations with RsaI PCR-RFLP. The statistical model of association analyses
was used including fixed effects of sex, family, PIT1 genotypes and covariate age at
slaughter. Taking the significance level of p < 0.05 as the basis, fourteen traits
of growth and carcass composition were associated with PIT1 genotypes in family
W × P. Results from this study suggest that there are contributions of PIT1 gene to vari-
ations in the analysed performance traits in pigs. The influence of PIT1 genotypes could
not be confirmed under the supposition of a genome-wide test limit.
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Introduction

Continued genetic improvement of the swine requires molecular markers to assist
selections. One method of developing such markers is studying candidate genes.
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Genes involved in the biology of a trait of interest are candidate genes for associa-
tion studies.

PIT1 is such a candidate gene for growth and muscle development in the pig
which belongs to the large POU domain family. PIT1 is the pituitary specific tran-
scription factor 1 required for the expression of the growth hormone gene
(MANGALAM et al. 1989), the prolactin gene (INGRAHAM et al., 1990 a, b) and
the thyroid stimulating hormone gene (STEINFELDER et al. 1992). Mutations in
the PIT1 gene were first observed in dwarf mice and later in human families with
a combined pituitary hormone deficiency. Thus, dwarf individuals have been
found due to the lack of the PIT1 gene activity (RADOVICK et al. 1992). The por-
cine PIT1 gene is localized on chromosome 13 (ARCHIBALD et al. 1995). Three
PIT1 polymorphisms have been detected using the endonucleases BamHI, MspI

respectively RsaI (YU et al. 1993, 1994). A number of studies have shown that
PIT1 gene is associated with a variation in growth and carcass traits in pigs (YU et
al. 1995, 1996, STANÈEKOVÁ et al. 1999). An interval mapping study by YU et al.
(1999) confirmed a QTL for birth weight at the estimated PIT1 position and de-
tected evidence of a QTL for the first back fat thickness approximately 20 cM
away from the PIT1 gene.

In this study we investigated the effects of PIT1 RsaI PCR-RFLP on perfor-
mance traits in two F2 populations derived from crossing the European Wild Boar,
Pietrain and Meishan pigs.

Material and methods

Animals and Data Collection

Two F2 generations were produced by crossing pigs of breeds Meishan × Pietrain,
as well as the European Wild boar × Pietrain at the University of Hohenheim (Ta-
ble 1). Families were generated within the framework of the European PiGMap
programme. All animals were kept under standardized housing and feeding condi-
tions in an experimental station.

A number of performance traits (see Table 2) was included into the analysis.
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Table 1. Number of animals and family structure of the resource European Wild boar
× Pietrain (W × P) and Meishan × Pietrain (M × P)

Generation
Wild boar × Pietrain Meishan × Pietrain

Males Females Males Females

Founder 1 9* 1 8*

F1 2 26 3 19

F2 151 159 166 144

* three of the Pietrain sows were used in both families



Genotyping at the PIT1 locus

The alleles of PIT1 were analysed by restriction fragment length polymorphism
(RFLP). The method used was a RsaI PCR-RFLP, described by YU et al. (1994).
An 1745 bp product which was amplified within the last three exons of PIT1
leaved in PCR-RFLP analyses with RsaI endonuclease. Electrophoresis of di-
gested PCR products was performed in 1.5% agarose gels containing ethidium
bromide and visualized by a UV transilluminator. The RsaI digestion of the ampli-
fied DNA generated four (genotype AA, 710 bp only), five (genotype BB, 388
and 322 bp only) or six (genotype AB, both 710 and 388 and 322 bp) fragments.
Monomorphic fragments of 774, 153 and 108 bp were also indicated.

Statistical analyses

The following linear model was employed to analyse associations:

Yijkl = µ + pi + sj + ak + b ( ,S S) eijkl ijkl� �

where: Yijkl = ijkl-th observation, µ = overall mean, pi = fixed effect of i-th family,
sj = fixed effect of j-th sex, ak = fixed effect of k-th genotype, b = linear regression
coefficient, Sijkl = age at slaughter of ijkl-th animal included as covariable, S = av-
erage age at slaughter, eijkl = random error connected with ijkl-observation.
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Table 2. Traits studied of fattening, carcass composition, meat quality and stress
susceptibility

Traits

Fattening birth weight, live weight after three weeks, live weight after five weeks, live
weight, average daily gain, average daily feed intake, feed intake, feed con-
version ratio

Carcass composition carcass length; carcass weight warm; carcass weight cold; half carcass
weight; weight of bacon; bacon weight of meat; bacon weight of fat; weight
of bacon total/ half carcass weight; weight of bacon meat/ half carcass
weight; bacon weight of meat/ lean cut percentage; cutlet weight; bacon
without fat II; shoulder weight of meat; shoulder weight of fat; backfat
weight; fat depth neck; fat depth back; fat depth hip; fat depth; backfat
depth; meat area; fat area; lean to fat ratio; lean cut percentage; fat cut per-
centage; weight of abdominal cavity fat; dressing percentage; head weight

Meat quality pH1-value M. longissimus dorsi; pH1-value M. semimembranosus;
pH24-value M. longissimus dorsi; pH24-value M. semimembranosus; conduc-
tivity1 M. longissimus dorsi; conductivity1 M. semimembranosus; conduc-
tivity24 M. longissimus dorsi; conductivity24 M. semimembranosus; muscle
stiffness; meat colour

Stress susceptibility
and morphological
traits

CK20-value; number of teats; weight of heart; weight of liver



The statistical analysis were performed with the use of GLM procedure
(SAS/STAT 1990)

Results

Genotype frequencies in the families W × P and M × P

Table 3 shows genotype frequencies and the number of animals with different
PIT1 genotypes in the families Wild boar × Pietrain (W × P), and Meishan ×
Pietrain (M × P). A total of 27.1% F2 animals (family W × P) showed genotype AB
and 72.9% genotype BB. In family M × P 29.7% of F2 animals had genotype AA,
52.6% genotype AB and 17.7% genotype BB. We found frequences consistent
with those in literature statements for the P0 pigs.

Associations between PIT1 genotypes and production traits

Associations between PIT1 genotypes and several production traits were found in
family W × P. Variance of up to 1.82% could be explained by PIT1. The PIT1 lo-
cus determined a significant proportion of the differences between F2 animals in
fourteen traits, although the significances (Table 4) did not reach genome-wide
significance thresholds (p = 0.0000116). No associations were found in family
M × P between PIT1 genotypes and production traits.
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Table 3. Frequencies of PIT1 genotypes (RsaI polymorphism) of P0-, F1- and F2 pigs in
families Wild boar × Pietrain and Meishan × Pietrain

Founder/
family

Breed/
cross-breed Number

of animals

Percentage/ Number of pigs with indicated geno-
type

AA AB BB

% n % n % n

P0 Wild boar (W)
Meishan (M)
Pietrain (P)

1
1

14
100

7.1
1
1 64.3 9

100

28.6

1

4

W × P F1 (W × P) male
F1 (W × P) female

2
26 53.8 14

100
46.2

2
12

F2 (W × P) 310 27.1 84 72.9 226

M × P F1 (M × P) male
F1 (M × P) female
F2 (M × P)

3
19

310
42.1
29.7

8
92

100
57.9
52.6

3
11

163 17.7 55



Discussion

The candidate gene approach is justified when genes previously identified in spe-
cies of interest or in other species have functions related to the traits of interest
(YU et al. 1995). Such a gene with a potential significance with regard to the traits
of growth, meat quality and carcass parameters is PIT1 with its importance as
a positive regulatory factor of prolactine and the thyrotroph-stimulating hormone
(RADOVICK et al. 1992, VOSS et al. 1991).

An analysis was performed for an extensive F2 family material in the swine
with regard to associations between animals with different PIT1 genotypes
and several production traits. The porcine PIT1 gene was typified in all animals
of families Wild boar × Pietrain and Meishan × Pietrain (Table 1).

In the presented investigations several phenotypical traits were brought in rela-
tion to the genotypes (Table 2). The determination of genotypes was performed by
PCR-RFLP analyses with the restriction enzyme RsaI (YU et al. 1994). The geno-
types for all F2 animals of both families could definitely be ascertained. Two ge-
notypes in family W × P (AB and BB) as well as three genotypes in family M × P
(AA, AB and BB) have varied (Table 3). The verification of effects of PIT1 geno-
types was carried out with over 50 production traits. More differences were found
between AB and BB genotypes with regard to carcass length (p < 0.01), live
weight, carcass weight warm and cold, half carcass weight, weight of bacon, ba-

Associations of PIT1 genotypes with production traits in pigs 89

Table 4. Least square means and standard deviations for PIT1 genotypes

Trait

Genotypes

p*
Percentage

of total vari-
ance

AB
(n = 84)

BB
(n = 226)

Live weight (kg) 75.99 ± 1.71 71.50 ±1.00 0.0353 1.12

Carcass length (cm) 81.49 ± 0.61 79.95 ± 0.36 0.0079 1.82

Carcass weight warm (kg) 61.61 ± 1.47 57.52 ± 0.86 0.0259 1.23

Carcass weight cold (kg) 60.44 ± 1.47 56.32 ± 0.86 0.0243 1.27

Half carcass weight (kg) 30.42 ± 0.74 28.51 ± 0.43 0.0382 1.07

Weight of bacon (kg) 9.01 ± 0.21 8.42 ± 0.12 0.0242 1.35

Bacon weight of meat (kg) 6.94 ± 0.16 6.47 ± 0.09 0.0222 1.45

Shoulder weight of meat (kg) 3.47 ± 0.08 3.21 ± 0.05 0.0103 1.72

Shoulder weight of fat (kg) 0.79 ± 0.02 0.72 ± 0.01 0.0332 0.92

Cutlet weight (kg) 5.86 ± 0.15 5.46 ± 0.09 0.0343 1.20

Abdominal cavity weight (kg) 0.56 ± 0.03 0.48 ± 0.02 0.0374 1.07

Live weight after five weeks (100g) 73.52 ± 1.74 68.79 ± 1.02 0.0296 0.98

Feed intake (kg) 187.44 ± 3.83 177.74 ± 2.25 0.0427 0.93

Number of teats left 6.05 ± 0.09 5.81 ± 0.05 0.0354 1.10

* Probability
n = number of individuals



con/ weight of meat, shoulder/ weight of meat and fat, cutlet weight and abdomi-
nal cavity weight, live weight after five weeks, feed intake and the number of teats
left (p < 0.05) in the F2 animals of family W × P (Table 4). Positive effects of PIT1
genotype AB concerned ten parameters of carcass and meat properties, three fat-
tening parameters and one morphological trait in family W × P. Variance between
0.92 % and 1.82 % could be explained by PIT1 genotype.

PIT1 polymorphisms were significantly associated with pig birth weight and
backfat measures in the Iowa State University pig resource families (YU et al.
1995). In the Edinburgh resource families PIT1 polymorphisms were significantly
associated with birth weight as well (YU et al. 1996). YU et al. (1999) found asso-
ciations of PIT1 haplotypes and the markers around PIT1 (10-20 cM apart) with
early weights and growth rate. No agreement of results with provided associations
between PIT1 genotypes and backfat measures as well as birth weight could be es-
tablished. STANÈEKOVÁ et al. (1999) found a significant effect of PIT1/ MspI

polymorphism on backfat thickness, but no significant effect of PIT1/ RsaI poly-
morphism on this trait.

There is a breed-dependent effect on the quantitative traits by PIT1 genotypes
because no significant influence on the named traits could be demonstrated for
the F2 animals of family M × P. We found no agreed significant relations between
production traits and PIT1 genotypes relevant to both families. The reason for this
is the extreme origin of the breeds. The possibility that the PIT1 gene in breeds
that are rich in meat formation has a greater effect on development of economic
traits should be considered. In general it can be stated that F2 individuals are very
poor in the resolution of direct gene effect. Additional research with commercial
breeds is necessary to attribute the shaping of these traits to the PIT1 genotype.
It could be worth studying the effects in an Pietrain outbreed population with addi-
tional markers, as linkage disequilibrium in such a population plays a minor role
and therefore fine mapping is possible.
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