734

http: //www. zju. edu. cn/jzus: E-mail: jzus@zju.edu.cn
ISSN 1009 — 3095 Journal of Zhejiang University SCIENCE V.4,No.6,P.734 — 739, Nov. — Dec., 2003

Study on pig growth hormone gene polymorphisms in
western meat-type breeds and Chinese local breeds’

SONG Cheng-yiC KB XD, GAO Bo( mi¥)" s JING Rong-bin( &%),
TAO Yong(FHE D', MAO Jiu-de( BILEE)?

(! College of Animal Science and Veterinary Medicine, Yangzhou University, Yangzhou 225009 China )
(2 Department of Animal Sciences University of Missouri-Columbia s Columbias MO, 65211, USA)

t E-mail: Schengyi @ hotmail . com

Received Nov.14,2002; revision accepted Mar.4,2003

Abstract:
growth rate is lower than that of Duroc, Landrace and Pietrain pigs. It is suggested that growth rate is regulat-

Chinese Meishan and Jiangquhai pigs are two of the most prolific pigs in the world; but their

ed by growth hormone. The objective of the current study was to analyze the porcine growth hormone (pGH)
gene polymorphisms based on the polymerase chain reaction restriction fragment-length polymorphism method
(PCR-RFLP) for three western meat-type breeds ( Duroc, Landrace and Pietrain) and two local Chinese pigs
(Meishan and Jiangquhai) . Five polymorphic restriction sites were detected with the Apal, Mspl, Bspl and
Hhal restriction enzymes in two amplified fragments (605 bp, — 119 to +486; 506 bp, +206 to + 711D,
Breed difference was found only in the 506 bp fragment. There was no difference in allelic frequencies of Bspl
and Hhal restriction sites among the five breeds ( P >0.05). Landrace and Meishan pigs lacked allele G3 of
Mspl site. The allele G3 frequency of restriction Mspl site of the 506 bp fragment in Pletrain pigs was higher
than that in Duroc and Jianquhai pigs ( P <0.001). For Apal site; the Meishan pigs lacked allele G1: no
difference was found in allelic frequencies among Pietrain, Durocs, Landrace and Jiangquhai pigs ( P >
0.05). This new and rapid PCR-RFLP typing method is an attractive tool for analysis of porcine growth hor-
mone gene restriction sites. The differences in Mspl and Apal restriction sites may explain the growth differ-

ence between the foreign meat-type breeds above mentioned and local Chinese pigs.
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INTRODUCTION

Growth hormone ( GH) is a peptide hormone
which regulates growth and various metabolic ac-
tivities (Sterle> 1995; Yuan, 1996) . Injections
of GH into growing pigs increased growth rate of
the animals and the percentage of muscle; and
while fat accretion was decreased ( Bonneau,
1991: Fabry, 1991; Mikel et al., 1993). GH
gene is thus a major candidate for controlling
growth and fat deposit in pigs. Associations be-
tween GH polymorphisms and variation in growth
and fatness traits have been established in pigs
(Knorr et al., 1997; Krenkova et al., 1999;
Pierzchala et al.> 1999; Cheng et al.> 2000;

Pigs; Growth hormone gene, Polymorphisms
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Song et al .» 2001) . Compared to Durocs Land-
race and Pietrain pigs, Chinese local pigs appear
to lower growth rate and percentage of muscle.
The merit of the above local Chinese breeds is
their high prolificacy; studies focused on their
reproductive characteristics have been conducted
in many countries ( Rohrer et al.,» 1999; Roths-
child, 1994 ).

been carried out to investigate their growth per-

In contrast, less research has
formance and regulation. Therefore, the present
study was carried out to analyze the differences
in polymorphisms of porcine growth hormone
(pGH ) gene among two local Chinese breeds

and three western meat-type breeds.

* Project supported by Department of Animal Sciencess University of Missouri-Columbia, Columbia, MO, 65211 USA



Study on pig growth hormone gene polymorphisms in western meat-type

735

MATERIALS AND METHODS

Animals

Female adult pigs (21 Landrance, 28 Pi-
35 Duroc, 33 Chinese Meishan and 73
Jiangquhai pigs) were used for this experiment .
Landrance,

etrain,

Chinese Meishan and Jiangquhai
pigs were from Jiansu Province. Pietrain and
Duroc pigs were purchased from Shanghai and
Guangdong Province .

Chemicals

Restriction enzymes (MBI), proteinase K,
Taq polymerase ( Sangon) and primers were ob-
tained from the Shanghai Sangon Biological
Technology, Iid., China. MgCl,, ethidium
bromide and 4dNTPs were obtained from Pro-
mega (USA)D. Other reagents were commercial
preparations of the highest purity available.

DNA samples

DNA extraction was performed as previously
described (Song et al.> 2001). Briefly, one
half gram of hair sample was cut off from 20 roots
of freshly plucked hairs, placed in 0.4 ml buffer
with Rnase A (100 pg/ml) for 1 h at 37 C;
then incubated with proteinase K(100 pxg/ml) at
56 C for 3 h, after which, DNA was purified
twice with a mixture of phenol, chloroform and
isoamyl alcohol (25:24: 1, v/v/v). Then, DNA
samples were washed with 75% ethanol and dis-

solved with TE (pH 8.0, 10 mmol/L. Tris>

Immol/L. EDTAD .
Polymerase Chain Reaction ( PCR)

Primers were constructed as previously de-
scribed by Larsen and Nielsen (1993) and Kirk-
patrick ( 1992). Briefly, the primer pairs of
PCR1 and PCR2 were designed from 5’ up-
stream to the second intron,
third exon respectively (refer to Table 1). The
PCR amplification was carried out for each prim-

from first intron to

er pair on a Hybaid Omnigene themocycler ( Hy-
baid, Middlesex; UK ). The amplification of
PCR1 was carried out in a total volume of 25 pl
reaction buffer ( Sangon, Shanghai, China) con-
taining 10 pmol of primer; 1 U Taq polymerase;
0.4 mmol/L. each of dATP, dCTP, dGTP, dT-
TP; and 100 ng DNA sample. DNA was dena-
tured for 4 min at 95 °C . Polymerase chain reac-
tion 1 was run for 30 cycles at 95 °C for 45 s, 59
°C for 60 s» 76 C for 1.5 min» then extended
for 10 min at 76 °C. The amplification of PCR2
was carried out in a total volume of 10 ul reac-
tion buffer containing 10 pmol primer; 1 U Taq
polymerase; 0. 2 mmol/L. of each of dATP,
dCTP, dGTP, dTTP; and 100 ng DNA. DNA
was denatured for 5 min at 94 °C. Polymerase
chain reaction 2 was run for 5 cycles at 94 “C for
60 s, 60 °C for 30 s» 74 °C for 30 s, then 30
cycles at 94 °C for 30 s, 60 °C for 40 s, 74 C
for 30 s, and final extension for 10 min at 72
°C . The amplified fragments were identified by
molecular weight marker ( pGEM3 Zf( + )/ Hae
1 .

Table 1 Primer sequence; restriction site and corresponding PCR Product site for GH gene

Primer sequence Site Size
Forward : 5" TTATCCATTAGCACATGCCTGCCAG 37
PCRL - peverse : 3" CTGGGGAGCTTACAAAGTCCTT 5° ~ 11910 +486 605 bp
Forward : 5' GCCAAGTTTTAAATGTCCCTG 3'
PCR2 - Reverse : 3" CTGTCCCTCCGGGATGTAG 37 +206 to +711 306 bp

Restriction Fragment Length Polymorphism (RFLP)

The amplified fragment was digested at 37 °C
for 3 hours with restriction enzyme (Table 2) in
a total volume of 20 pd reaction buffer containing
10 pl PCR products and 10 units of enzyme. The
digests were electrophoresed through 8% acryl
amide gel (composed of 8% acryl amide (19: 1,
acryl amide: N N’-bismethylene-acrylamide, w/

w)s 5% (v/v) glycerol and 1 x TBE buffer),
and stained with 0.5 pg/ml ethidium bromide.
Gels were visualized on an uliraviolet transillu-
minator and photographed. The images were an-
alyzed with Biotechs Gel290 software (1.0 ver-
sion). The allele frequency was calculated by
the formula: F = A/27T, where A is the allele
number> 7" is the total number of samples from
each breed.
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Table 2 Restriction enzymes used in the current study. di-
gestion sites of growth hormone gene and identify-
ing sequences of each restriction enzymes

Restriction . o
Site Sequence
Enzyme

PCRI Hhal +330 and +379 5’ G = CGC 3’

’ Bspl + 193 5' G *» GGCC 3'
. Apal + 300 5" GGGCC = C 3’
PCR2 Mspl + 566 5' C *CGG 3’

Statistics

Chi-square test was used to detect significant
differences in allelic frequencies among different

breeds by SPSS software ( SPSS, 10.0 version) .

RESULTS

Polymorphism

One hundred ninety adult femal pigs repre-

Fig.1 Representative gel of Bspl digested 605 bp
PCR product. Lane 1 is a molecular weight marker
(pGEM7Zf( + )/ Haelll ), Lanes 2 — 4 are A2A2,
A1A2 and A1A1, respectively

Fig.3 Sample gel of Mspl degested 506 bp PCR
procuct. Lane 4 is a molecular weight Marker
(pGEM7Zf( + )/ Haelll ), Lanes 1 — 3 and 5 are
G4G4, G3G4, G4G4 and G3G3, respectively

senting five breeds were examined for growth
hormone gene polymorphisms in the current ex-
periment. Five polymorphic restriction sites were
detected. Two polymorphic restriction sites were
identified in the 506 bp fragments with Apal Cat
the base 3000 and Mspl Cat the base 566), re-
spectively. Two polymorphic restriction sites
were identified with Hhal in the 605 fragment
(at the bases 330 and 379). One was identified
with Bspl in the same fragment at the base of
193. The amplified fragments of PCR1 digested
with Hhal and Bspl restriction enzymes yielded
allele A1, A2, C1, C2 and C3 Crefer to Figs.
1 and 2). The amplified fragments of PCR2 di-
gested with Apal and Mspl restriction enzymes
yielded allele G1, G2, G3, and G4 Crefer to
Figs.3 and 4).

Fig.2 Representative gel of Hhal digested 605 bp
PCR product. Lane 1 is a molecular weight marker
(pGEM7 Zf( + )/ Haelll), Lanes 2 — 7 are C1C2,
C1C2, C3C3, C2C3. C2C2 and C1C3, respec-
tively

Fig.4 Sample result of Apal degested 605 bp PCR
procuct. Lane 2 is a molecular weight Marker
(pGEM7Zf( + )/Haelll ), Lanes 1. 3 and 4 are
G2G2, G1G1 and G1G2. respectively
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Allelic frequencies
The allelic frequencies of the 506 bp and 605

bp fragments in the five pig breeds are sum-
marized in Tables 3 and 4. Among the five
breeds; there was significant difference ( P <
0.001) in the allelic frequency of the polymor-
phic site of Mspl 506 bp fragment. The Land-
race and Meishan pigs lacked allele G3. The al-
lele G3 frequency of restriction Mspl site of the
506 bp fragment in Pietrain pigs was higher than
that and Jianquhai pigs ( P <
0.001), while there was no difference between
Duroc and Jianquhai pigs ( P > 0.05). The al-

in Duroc;

lelic frequency of the Apal 506 bp GH fragment
was different among the five breeds too ( P <
0.001) . Meishan pigs lacked allele G1. No dif-
ference existed in the allelic frequency of the
Apal site of the 506 bp fragment among Pi-
etrain, Duroc, Landrace and Jiangquhai pigs ¢ P
>0.05, see Table 3). No differences were de-
tected in the allelic frequency of the Hhal and
Bspl restriction site of the 605 bp fragment
among the five pig breeds ( P > 0.05). In gen-
eral, there was no difference in allelic frequency
in the 605 bp fragment restriction sites among the

five pig breeds ( P > 0.05, see Table 4).

Table 3 The PCR-RFLPs allelic frequencies of GH gene (506 bp fragment) in five porcine breeds®

Restriction Enzyme Allele Pietrain Duroc Landrace Jianquha Meishan
NP 28 35 21 73 33
Apal Gl 0.300" 0.255" 0.385" 0.310" 0.000* X2 =29.14
G2 0.700" 0.745" 0.615" 0.690" 1.000? P <0.001
Mspl G3 0.550¢ 0.345" 0.000* 0.250" 0.000* X? =68.49
G4 0.450¢ 0.655" 1.000° 0.750 1.000° P <0.001

*Frequencies with same superscript in the same row mean no difference { P> 0.05) and with different superseript in the same row mean significant difference

(P<0.001>
> N The number of pigs per breed

Table 4 The PCR-RFLPs allelic frequencies of GH gene (605 bp fragment) in five porcine breeds

Restriction Enzyme Allele Pietrain Duroc Landrace Jianquha Meishan
N 28 35 21 73 33
Bspl Al 0.286 0.300 0.3095 0.2875 0.303 X2=0.13
A2 0.714 0.700 0.6905 0.7125 0.697 P>0.05
Hhal Cl1 0.3755 0.400 0.381 0.349 0.3785 X*=1.59
C2 0.3030 0.3285 0.310 0.3625 0.303 P>0.05
C3 0.3215 0.2715 0.309 0.2885 0.3185

*N: The number of pigs per breed

DISCUSSION

The growth hormone plays an important role
in the regulation of growth, development and
metabolism in mammals ( Kirkwood et al.,
1989; leger et al., 1998; lough et al.
1989; Shimoda et al., 1997; Skarda, 1998).
Growth hormone is an essential mediator of nor-
mal postnatal growth and its expression is regu-
lated by other hormones and nutritional and de-
velopmental factors ( Lauterio and Scanes, 1988;
1988; Pfeuffer et al., 1988;

Nelson et al.

Pisanty et al., 1997; Tannenbaum et af.-
1998) . Therefore, growth hormone gene may be
potential candidate marker for marker assisted
selection programs .

The sequence of porcine GH was identified
by Vice and Wells (1987), and the total length
of porcine GH gene is 2231 bp, containing four
introns and five exons. Besidess several growth
hormone gene polymorphsic sites had been re-
ported and the effects of some sites on growth
performance were investigated ( Handler et al . s
1996; Knorr et al., 1997; Krikpatrick and
Huff; 1990; Krikpatrick, 1992; Korwin-Kossa-
kowska et al., 1999;

Larsen and Nielsen;
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1993; Nielsen and Larson, 1991; Pierzchala et
al.» 1999; Schellander et al.» 19940 . The ex-
ception Knorr et al. (1997), they did not find
any differences in growth performance between
the pigs differing in GH genotypes. Knorr et al .
(1997) reported that in Meishan x Pietrain
crosses, eight traits related to fatness were asso-
ciated with GH genotypes. The GH locus ex-
plained 11.7% to 17.7% of the total phenotyp-
ic variance in the F2 population. Also in our
previous study, some significant differences in
early growth rate were found among the pigs with
different genotypes of Apal locus (Song et al .
2001). In the present study, five polymorphic
sites were identified. Among them, two sites
were in the first intron ( 193/ Bspl, 300/Apal),
one site in the second intron (577/Mspl), and
two sites in the second exon (330, 379/ Hhal) .
Those sites were assumed to be functionally re-
lated to growth (Jiang et al., 1996; Song et
al ., 2001).

In this study we found Landrace and Meishan
pigs lacked allele G3 of Mspl site> Meishan pig
lacked allele G1 of Apal site. Others also re-
ported similar results; in which local Chinese
pigs (Jinhua, Taihu and Wanzhehua) did not
have some of these allele sites; but those sites
did exist in the two western pigs ( Large White
and Landrace) (Jiang et al., 1996). Previous
study revealed that among Chinese Tao-yuan,
Duroc and Landrace pigss the significant differ-
ence of allelic frequencies in Tagl and Dral of
GH locus were identified ( Cheng et al.,
2000). We also found that in the polymorphic
site of Mspl and Apal, the difference of allelic
frequency was significant among the five breeds
(P <0.001). The growth rate of local Chinese
pigs is lower, but their reproductive performance
is better compared to the Landrace, Duroc and
Pietrain pigs. Furthermore; several binding sites
of units regulating GH gene expression in the 5’
flank and intron of GH gene were identified
(Schaufele et al.> 1990; Tansey et al.,
1993) . These indicated the possibility that these
sequences may be involved in the regulation of
GH production. Therefore the mutations in in-
tron may provide markers on growth performance
for future studies.

In contrast 1o previous observation by Jiang
et al. (1996, we did not find any differences

in the allelic frequencies in Hhal site. Some

studies have identified that the two mutations re-
sult in amino-acid substitution (330 bp site, ala-
nine to valine, 379 bp sites glycine to glutami-
acid) (Vice and Wells, 1987). But the biologi-
In
fact> the sequence of the first and partial second

cal effect of that substitution was not clear.

exon encodes signal peptide of GH production;
the sequence of partial second’s, third, fourth
and fifth exons encode mature peptide of GH
production (Vice and Wells 1987) . It suggested
that the signal peptide is not involved in regulat-
ing gene expression. The two amino-acid substi-
tutions were in signal peptide, which did not
change the regulatory function of GH. There-
fore; the two Hhal polymorphsic sites of the sec-
ond exon were suggested to be not essential for
growth-promoling activity .

In conclusion, the polymorphic sites of Mspl
and Apal were important; they might functional -
ly relate to growth. The amino-acid substitutions
in the signal peptide might have no biological ef-
fect. Further study should focus on the mutations
of mature GH peptide.

References

Bonneau, M., 1991. Regulation of pig growth by somato-
tropic hormones, the effect of exogenous GRF or pST
and administration on performance and meat quality.
Pig News and Information, 12: 39 —45.

Chengs Winston T. K., Lee; C.H., Hung, C.M., Chang,
T.J. and Chen, C.M., 2000. Growth hormone gene
polymorphisms and growth performance traits in Duroc,
Landrace and Tao-Yuan pigs. 54:

1225 — 1237.

Fabry, J., 1991. Evaluation of recombinant porcine soma-

Thertogenology »

totropin on growth performance, carcass characteristics,
meat quality and muscle biochemical properties of Bel-
glan Landrace pigs. Journal of Animal Science, 69:
4007 - 4018.

Handlers J., Schmoll, F., Sturs J.» Brem, G. and Schel-
lander, K., 1996. Distribution of Apal and Cfol poly-
morphisms of the porcine growth-hormone (pGH) gene
in two RYR1 genotyped Austrian pig breeds. Journal of
Armimal Breeding and Genetics, 113: 57 - 61.

Jiang, Z., Rottmann, O.]J. and Pirchner, F., 1996. Hhal
enzyme reveals genetic polymorphisms at the second ex-
on of the porcine-growth-hormone gene. Journal of Ani-
mal Breeding and Genetics, 133: 553 — 558.

Kirkwood> R. N., Thacker, P. A. and Laarveld, B.,
1989 . The influence of growth hormone injections on the
endocrine and metabolic status of gilts. Domestic Ani-
mal Endocrinology, 6:167 — 176.

Knorr, C., Moser, G., Miiller, E. and Geldermann, H.,
1997 . Assoclation of GH gene variants with performance
traits in F2 generations of European wild boar and Pi-
etrain and Meishan pigs. Anima Genetics, 28: 124 —



Study on pig growth hormone gene polymorphisms in western meat-type

739

128.
Korwin-Kossakowska> A., Pierzchala, M., Kuryl, J.,
Zwierzchowski, L., Cymerowska-Prokopezyk, 1. and

Siadkowska, E., 1999. Polymorphism of the porcine
growth hormone gene and its linkage to microsatellites
S0083 and S0090. Journal of Applied Genetics, 40: 85
-91.

Krenkova, L., Kuciel, L. and Urban, T., 1999. Associa-
tion of the RYR1, GH, LEP and TF genes with carcass
and meat quality traits in pigs. Czech Journal of Animal
Science, 44: 481 —486.

Krikpatrick, B. W. and Huff, B.M., 1990. Detection of
insertion polymorphisms in 5’ flank and second intron of
the porcine growth hormone gene. Animal Genetics> 22:
192 - 193.

Krikpatrick, B. W., 1992, Hael and Mspl polymorphisms
are detected in the second intron of the porcine growth
hormone gene. Animal Genetics, 23: 180 — 181.

Larsen, N. J. and Nielsen, V.H., 1993. Apal and Cfol
polymorphisms in the porcine growth hormone gene.
Animal Genetics> 24: T1.

Lauterio, T.J. and Scanes, C.G., 1988. Effect of age and
protein restriction on the clearance and secretion of
growth hormone in the domestic fowl. Poultry Science,
67: 120 - 125.

Legers J.» Garel, C., Fjellestad-Paulsen, A., Hassan,

P., 1998. Human growth hor-

mone treatment of short stature children born small for

M. and Czemichow,

gestational age: effect on muscle and adipose tissue
mass during a 3-year treatment period and after 1 year’
s withdrawal. Journal of Clinical Endocrinology and
Metabolism> 83:3512 — 3516.

Lough, D.S., Muller, L.D. and Kensinger., 1989. Effect
of exogenous bovine somatotropin on mammary lipid me-
tabolism and milk yield in lactating dairy cows. Journal
of Dairy Science, 72: 1469 — 1476.

Mikel, W.B., Althen, T.G., Rogers, R.W., Moore, A.
B., Miller, H.W. and Miller, L.F., 1993. Effects of
exogenous porcine somatotropin on the carcass composi-
tion, hormonal and metabolic profiles, lipogenic capaci-
ty and binding of insulin to erythrocyte receptors of fast
versus slow-growing swine. Journal of Animal Science,
71: 1786 — 1795.

Nelson, C., Albert, V.R., Elsholtz, H.P., Lu, L. W.
and Rosenfeld, M.G., 1988. Activation of cell-specif-
ic expression of rat growth hormone and prolactin genes
by a common transcription factor. Science, 239: 1400
—1405.

Nielsen, V.H. and Larsen, N.J., 1991. Restriction frag-
ment length polymorphisms at the growth hormone gene
in pigs. Animal Genetics, 22: 291 — 294.

Pfeuffer, M., Wuttke; W. and Barth, C.A.,1988. Influ-
ence of different dietary proteins on plasma growth hor-
mone in rats. Z. Ernahrungswiss ( European Journal of
Nutrition ), 27:229 —235.

Pierzchala, M., Korwin-Kossakowska, A., Zwierzchowski,
L., M., Zieba, C.
1999. Haell and Mspl polymorphism of growth hormone

Lukaszewicz, and Kuryl, J.,

gene in pigs and its association with production traits.
Czech Journal of Arumal Science,» 44: 441 — 445 .

Pisanty, O.F., Stermberg, H. and Moav, B., 1997. Tran-
scriptional regulation of fish growth hormone gene. Fish
Physiology and Biochemisiry, 17: 237 — 246,

Rohrer, G. A ., Ford, J. J.,» Wise ,T.H., Vallet, J. L.
and Christenson, R. K., 1999. Identification of quan-
titative trait loci affecting female reproductive traits in a
multigenerational Meishan — White composites swine
population. Journal of Animal Science,» 77: 1385 —
1391.

Rothschild, M. F., 1994. A major gene for litter size in
pigs. Proceedings 5th World Congress Genetics [ J1 Ap-
plied Livestock Production, 21: 225 —228.

Schaufele, F., West: B. L. and Reudelhuber, T. L.,
1990. Overlapping Pit-1 and Spl binding sites are both
essential to full rat growth hormone gene promoter activ-
ity despite mutually exclusive Pit-1 and Spl binding.
Journal of Biology Chemistry, 28: 17189 — 17196.

Schellander, K., Peli> J., Kneissi> F . Schmoll, F. and
Mayr, B., 1994. Variation of the growth hormone gene
in ryr 1 genotyped Austrian pig breeds. Journal of Ani-
mal Breeding and Genetics, 52 — 55.

Shimoda, N., Tashiro, T., Yamamori, H., Takagi, K.,
Nakajima, N. and Ito,» 1., 1997. Effects of growth
hormone and insulin-like growth factor-1 on protein me-
tabolism> gut morphology, and cell-mediated immunity
in burned rats. Nuirition, 13: 540 — 546.

Skarda, J.,» 1998.

growth, organ weights, and tissue composition and adi-

Effect of bovine growth hormone on

pose tissue metabolism in young castrated male goats.
Livestock Production Sciences 55: 215 —225.

Song, C.Y., Jing, R.B., Tao, Y., Gao, B.,Zhang, J.
C., Cheng, H.C., Huang, F.L. and Yang, Y.Q.,
2001 . The effect on growth of some polymorphic restric-
tion sites in porcine growth hormone gene locus. Here-
ditas ( Beijing)> 23: 427 — 430(in Chinese) .

SPSS Inc, 1999. SPSS(Statistical package for the social sci-
ence), Version 10.0. Chicago, USA. http: // www.
spss.

Sterle, J. A., 1995. Effects of recombinant porcine soma-
totropin on placental size, fetal growth and IGF-1 and

com.

IGF-II concentrations in pigs. Journal of Animal Sci-
ence> 73:2980 — 2985 .

Tannenbaum, G.S.; Gurd, W. and Lapointe, M., 1998.
Leptin is a potent stimulator of spontaneous pulsatile
growth hormone ( GH) secretion and the GH response to
GH-releasing hormone. Endocrinology Philadelphia
139: 3871 - 3875.

Tansey, W. P., Schaufele, F., Heslewood, M., Hand-
ford, C., Reudelhuber, T.L. and Catanzaro, D.F.,
1993 . Distance-dependent interactions between basal,
cyclic AMP; and thyroid hormone response elements in
the rat growth hormone promoter. Journal of biology
Chenustry > 20: 14906 — 14911 .

Vice, P.D. and Wells, J.R.E., 1987. Isolation and char-
acterization of the porcine hormone gene. Gene, 55:
339 —344.

Yuan, W., 1996. Responses of porcine corpora luctea to so-
matotropic administration during pregnancy. Journal of

Antmal Science, 71: 873 — 878.





