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The objective of this work was to elucidate the gene expression profiles of luteinizing
hormone (LH), prolactin (PRL) and their receptors during the developmental and egg laying
stage. The expression of genes encoding pituitary LH and PRL, as well as those for the
ovarian LH receptor (LHR) and PRL receptor (PRLR), was determined by quantitative
real-time PCR in Zi geese onday 1 and at 1,2, 3,4, 5, 6, 7 and 8 months of age, respectively.
The expression of LH and LHR fluctuated and increased as the geese aged. The expression of
LLH was significantly higher at 5 to 8 months of age than in 1 day old geese (P<0.05). The
expression of LHR was higher at 8§ months than at 1 day, at 1 to 4 months and at 6 months
(P<0.05). The expression of PRL decreased from day 1, followed by an increase from 3
months, and reached the highest values at 8 months of age in the study. The difference in PRL
expression between 7 and 8 months of age was significant (P<0.05). The expression of PRLR
decreased initially and this was followed by a fluctuating increase from 5 months until 8
months ofage. The expression of PRLR in 1 to 8§ month old geese was significantly lower than
at day 1 (P<0.05). These results suggest that LH and PRLR may play an important role in
ovarian development and the egg-laying process in Zi geese.
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Luteinizing hormone (LH) induces many en-
zymes that are involved in steroid biosynthesis.
Mice deficient in LH or in LH receptor (LHR)
genes are infertile, with defects in steroidogenesis
(LEI et al. 2001; ZHANG et al. 2001; MA et al.
2004). LH, as well as follicle-stimulating hormone
(FSH), is essential for sexual maturation and egg pro-
duction. In birds, ovulation and oviposition are
processes controlled by LH and sex steroids, in-
cluding progesterone (SANDHU et al. 2008). The
expression profiles of LH in the pituitary and LHR
in the ovary of geese during embryonic develop-
ment and the egg-laying period have been studied
extensively in avian species (BRUGGEMAN et al.
2002; RANGEL et al. 2006; NI et al. 2007; GRZE-

GORZEWSKA et al. 2009). However, whether LH
can regulate ovarian development and/or follicu-
logenesis remains to be determined by further ex-
perimentation. Prolactin (PRL), produced in the
anterior pituitary, is postulated to play a critical
role in the onset and maintenance of incubation be-
havior in birds (SHARP ef al. 1988; MARCH et al.
1994; JIANG et al. 2005; GUO et al. 2008; L1U et al.
2008). LH and PRL play important roles in the
synchronization and regulation of reproductive
seasonality in both long- and short-day breeding
birds (SHARP & BLACHE 2003).

Zi geese (Anser cygnoides) are a native breed of
the temperate zone of Heilongjiang Province in
China. The number of eggs laid by one Zi goose in
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the annual cycle ranges only from about 80 to 100.
Studies on improving the performance of Zi geese
have become more common in recent years
(KANG et al. 2009). Our previous studies demon-
strated that the FSH receptor (FSHR) should play a
pivotal role in mediating the responsiveness of the
goose ovary to FSH during the developmental and
egg-laying stages (KANG et al. 2009; KANG et al.
2010). However, changes in the expression of LH
and PRL during the developmental and egg-laying
stages remain to be determined. Furthermore, to
our knowledge, although there have been numer-
ous studies published concerning the expression of
LH, LHR, PRL and PRLR, there are no data re-
garding their simultaneous measurement and
analysis during the developmental and egg-laying
stages in avian species. Therefore, the purpose of
the present study was to investigate the gene ex-
pression profiles of LH and PRL in the pituitary
and their receptors in the ovaries in 1 day old Zi
geese and at the ages of 1 to 8 months.

Material and Methods

Animals and tissue collection

The experiment was carried out on 45 female Zi
geese (Anser cygnoides) according to the regulations
of the Animal Ethics Committee of the College of
Animal Husbandry and Veterinary Medicine of
Jilin University (No.58/2008 of the May 8™, 2008).

The experiment was carried out in Datong dis-
trict (124.83°E, 46.04°N), Heilongjiang Province.
On a local breeding farm about 120 eggs from dif-
ferent parent animals (3 males and 18 females)
were hatched, a further 100 geese were raised ac-
cording to the standard program used at the farm.
For the experiment, 45 female geese were selected
from this flock (about 2-4 experimental animals
were from the same parents). Geese were fed ad /i-
bitum with rice grain and were supplemented with
green grass or water plants whenever possible dur-
ing the experiment.

Zi geese were exposed to a natural photoperiod
throughout the experimental period. The experi-
mentbe%an on October 15™, 2008 and ended on the
June 15", 2009. During the breeding season, from
April to November, Zi geese at approximately
6 months of age began to lay eggs. Eggs were col-
lected daily from 6:00 to 14:00, and the date of
egg-laying was recorded.

Five geese were killed at the age of 1 day and at
1,2,3,4,5,6,7and 8 months of age, respectively.
Only non-broody or animals not showing signs of
broodiness were selected. In general, Zi geese
brood after laying 10-20 eggs. The laying perform-

ance of the experimental animals was low, thus
they were considered as non-broody.

To obtain samples, the animals were killed by ex-
sanguination at 10:00-11:00 a.m. (Zi geese ovulate
eggs between 7:00 - 9:00 a.m., thus the egg-laying
geese were killed approximately 2-3 hours after
oviposition). Body weight, ovarian and oviduct
weight were recorded, and their pituitaries and ovar-
ian stromas were collected. These tissues were fro-
zen in liquid nitrogen immediately after removal.

Total RNA isolation and reverse transcription PCR

Total RNA was prepared from the pituitary
glands and with Trizol reagent (Invitrogen Corpo-
ration, Carlsbad, California, USA), and stored at
-70°C until analysis. The cDNA was synthesized
using SuperScript I1I Reverse Transcriptase (Invi-
trogen). Reverse transcriptase negative control re-
actions were performed to ensure the absence of
genomic DNA contamination. Gene-specific prim-
ers were designed by Primer Premier 5.00 and syn-
thesized by Shanghai Sangon (Shanghai, China).
The sequences of the primers are listed in Table 1.
The 50 ul reaction consisted of 2 ul of cDNA, 8 ul
of 2.5 mmol/l deoxynucleoside triphosphate (AINTP)
mix, 1 ul of 20 umol/l PCR forward primer and
PCR reverse primer, 5 ul of 10xLA PCR Buffer,
0.5 ulof SU/ul LA Taq™ (Takara Bio Inc., Dalian,
China), and 32.5 ul of sterile MilliQ water. Ther-
mal cycling was performed with an initial denatu-
ration step of 5 min at 94°C, followed by 35 cycles
0f40sat94°C, and 52-56°C for 30 s, 72°C for40 s,
and then a final extension at 72°C for 10 min.

Construction of cDNA plasmid

The recombinant plasmids containing LH, LHR,
PRL, PRLR and glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) cDNA were termed pLH,
pLHR, pPRL, pPRLR and pGAPDH, respec-
tively. The sequences of the above genes were ob-
tained from GenBank. These constructs were
prepared from the total RNA of the ovaries of Zi
geese at 8 months of age, and the complementary
double-stranded cDNA fragments were subcloned
into the pGEM-T Easy Vector System (Promega,
Madison, Wisconsin, USA) as described previ-
ously (KANG et al. 2010), then sequenced by
Shanghai Sangon (Shanghai, China).

Quantitative real-time PCR

The quantitative real-time PCR (qQRT-PCR) was
performed on first strand cDNA using the Line-
Gene K Real-time PCR Detection System and
software (Bioer Technology, Hangzhou, China)
with SYBR® Premix Ex Taq™ (Takara). Briefly,
the 25 ul reaction consisted of 0.5 xl of cDNA,
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Table 1
List of primer sequences used for quantitative real-time PCR
Target Accession PCR |Annealing
g Sequence of primer (5°-3”) Species products| tempera-
gene Number
(bp) ture
Forward: GTGACAGTGGCGGTGGAGAA GenBank: . o
LA IReverse: CCCAAAGGGCTGCGGTA 135519 | Meleagris gallopavo 110 56°C
Forward: GTAACACTGGAATAAGGGAAT GenBank: o
LHR I Reverse: GAAGGCTTGACTGTGGATA EU049613 | 4nas platyrhynchos | 191 52°C
Forward: CCTGAAGACAAGGAGCAAGC GenBank: o
PRL™ TReverse: AGAATGAACCCGCCCAAC DQU62571 | Anseranser 222 S6°C
PRLR Forward: GATCCTCGCTGTCCTCTACCTCT |GenBank: Anser anser 175 5500
Reverse: GCCTTTATCCTACCACCAGTTCC |EUO078175
Forward: GTGGTGCAAGAGGCATTGCTGAC| GenBank: o o
GAPDH ¢ verse:  GCTGATGCTCCCATGTTCGTGAT | AY436595 | 4nas platyrhynchos | 86 52°C~56°C

12.5 1 of SYBR® Premix Ex Taq™ (2 x concen-
tration), 0.5 w1 020 umol/l of PCR forward primer
and PCR reverse primer, and 11 1 of nuclease-free
water. Thermal cycling was performed as mentioned.
For the generation of standard curves, the pLH,
pLHR, pPRL, pPRLR or pGAPDH standards were
also run. The level of expression of the LH, LHR,
PRL and PRLR genes was calculated relative to
GAPDH (the internal normalizer) using the
double-standard curve method (KANG et al. 2009).

Statistical analysis

All data were analyzed by one-way analysis of
variance (ANOVA) followed by Duncan’s multi-
plerange test using SAS 9.0 statistical software for
Windows (SAS Institute Inc., Cary, NC, USA).
Values were expressed as means = SD and were
considered significantly different at P<0.05.

Results

Changes in growth and reproductive parameters

Body weight and food intake showed a fluc-
tuating increase from the age of 1 day (Fig. 1).
Body weight among 1 day old geese and those
1 to 5 months old was significantly different
(P<0.05), however values for geese 6 to 8
months of age were not significantly different
(P>0.05). Food intake among 1 day old geese
and 1 to 4 month old birds was significantly
different (P<0.05), but not for individuals 5 to 8
months of age (P>0.05).

The geese began to lay eggs on 12 April, and on
average 5, 12 and 15 eggs were laid by a goose dur-
ing one month at the age of 6, 7 and 8 months, re-
spectively. Ovarian and oviduct weight of Zi geese
atthe age of 1 day and 1 to 4 months did not signifi-

cantly increase (Fig. 2). However, ovarian and ovi-
duct weight began to increase rapidly from Febru-
ary 2009 (approximately at the age of 4 months).
Ovarian and oviduct weight among geese 5 to 8
months of age was significantly different (P<0.05).
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Fig. 1. Changes of body weight and food intake in Zi geese
(%1=5) at the age of 1 day and | to 8 months. Values are
means + SD. The significance of differences in body weight
and food intake was determined by ANOVA. Common
letters indicate a lack of significant differences between
grtolll(p§ (capital letters: body weight; lowercase letters: food
mntake).
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Fig. 2. Changes of ovarian and oviduct Weigllqlt in Zi geese
(%1=5) at the age of 1 day and 1 to 8 months. Values are
means + SD. The significance of differences in ovarian and
oviduct weight was determined by ANOVA. Common
letters indicate non-significant differences between groups
(capital letters: ovarian weight; lowercase letters: oviduct
weight).
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Fig. 4. Quantification of LH and LHR in Zi geese %=5) at the %ﬁ%
of 1 day and 1 to 8 months. The level of LH and L

exgresswn was normalized to glyceraldehyde-3-phosphate
deh ydrog&nase. The level of expression is presented 1 arbitrary
unifs (AU). Values are means + SD. The significance of
differences in the levels of expression of LH and LHR
mRNA was determined by ANOVA. Common letters
indicate a lack of significant differences between glr{0u s
gcapltal letters: the amount of pituitary LH mRN
owercase letters: the amount of ovarian LHR mRNA).
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Fig. 5. Quantification of PRL and PRLR in Zi geese (n=5) at
the age of 1 day and 1 to 8 months. The level of PRL and PRLR
ﬁene expression was normalized to glyceraldehyde-3-phosphate

ehydrogenase. The level of expression is presented in
arbitrary units (AU). Values are means + SD. The
significance of differences in the levels of expression of LH
and LHR mRNA was determined by ANOVA. Common
letters indicate non-significant differences between groups
fcapltal letters: the amount of plt.ultal’ﬁ PRL mRNA;
owercase letters: the amount of ovarian PRLR mRNA).

Amplification of target gene

LH, PRL and GAPDH genes in pituitary glands
and LHR, PRLR and GAPDH genes in ovaries
were detected in Zi geese at the age of 5 months.
The products corresponded to the approximate
predicted size, and their specificity was appropri-
ate for the qRT-PCR (Fig. 3).

Quantification of LH and LHR

With age, the levels of LH and LHR gene expres-
sion showed a slightly fluctuating increase (Fig. 4).
The highest value of pituitary LH was determined
at 7 months of age, and this was 2.7=0.6 fold
higher than that at 1 day (P<0.05). The level of ex-
pression of LH among 1 day old geese and those
1 to 3 months of age was not significantly different
(P>0.05), as well as that of geese 5 to 8 months of
age. However, the expression of LH was much
higher in 5 to 8 month old animals than in 1 day old
geese (P<0.05). The expression of LHR in the ova-
ries fluctuated from 1 day, and reached the highest
value at 8 months in the study. The highest value of
ovarian LHR expression was 2.5+0.07 fold higher
than that at 1 day (P<0.05). The expression of LHR
was higher at 8 months than that at 1 day, at 1 to
4 months and at 6 months (P<0.05).

Quantification of PRL and PRLR

The change in regulation of PRL and PRLR ex-
pression was different from that of LH and LHR
(Fig. 5). The level of PRL expression decreased
from the post hatch period, then fluctuated from
3 months of age, and reached the highest value at
8 months of age in the study. The level of PRL ex-
pression between geese at 1 day and at 8 months of
age was not significantly different (P>0.05). The
differences among geese at 1 to 7 months old were
not significant (P >0.05). The expression of PRL
was significantly higher at 1 day and at 8 months
old than at 1 to 7 months old (P<0.05). The level of
PRLR in the ovaries decreased initially as the
geese aged, then fluctuated from 5 months old un-
til 8 months old. The level of PRLR expression in 1
to 8 month old geese was much lower than expres-
sionin 1 day old geese (P<0.05). The expression of
PRLR was not significantly different in 8 month
old birds from that at of geese aged 1 month
(P>0.05). The differences among geese at 2, 3,4, 5
and 6 months were also insignificant (P>0.05).

Discussion

Numerous studies have been conducted on the
expression of pituitary LH and ovarian LHR genes
during embryonic development and reproductive
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stages in mammalian and avian speices (SAWITZKE
& ODELL 1991; SHEMESH et al. 2001; CICCONE et al.
2005; BRONNEBERG et al. 2009). However, the
changes in LH and LHR expression in avian spe-
cies during the developmental and egg-laying
stages remain to be determined. Therefore, the aim
of this study was to determine the profiles of pitui-
tary LH expression and ovarian LHR expression,
and the changes of body weight, food intake, ovar-
ian and oviduct weight in Zi geese during the de-
velopmental and egg-laying stages.

The change of body weight was coincident with
that of food intake during the developmental and
egg laying stages. Similar results were obtained by
IzuMmi et al., who demonstrated that a positive cor-
relation was observed between food intake and
body weight in geese (IZUMI ef al. 1992). Zi geese
usually begin to lay eggs at the age of 6 months.
The amount of expressed follicle-stimulating hor-
mone receptor in the ovary of Zi geese aged 4 months
began to increase significantly, and the ovarian
follicle developed rapidly (KANG et al. 2010).
Therefore, it is not surprising that ovarian and ovi-
duct weight began to increase rapidly during two
months before the egg laying period.

In the present study, we found that the levels of
LH and LHR expression in Zi geese during the de-
velopmental period were relatively constant, and
were lower than that during the egg-laying stage.
Similar results were obtained by YANG et al. 2005,
who demonstrated that no significant changes in
plasma LH were observed during the development
of female ducks. The levels increased from day
135 and reached the highest value on day 165
post-hatch (YANG et al. 2005). Furthermore,
plasma LH concentrations in Magang ganders
were low in the non-breeding season, from April to
July, and increased to high levels in the normal
breeding season, from August to March (SHI et al.
2007). The expression of LHR in the ovaries in-
creased in pre-pubertal ducks from 1 to 90 days of
age, reaching the highest value at 90 days (Nl ez al.
2007). In this study, similar results were detected
in the ovaries of Zi geese during the developmental
stage. Therefore, the lower level of LH expression
in the pituitary glands of the pre-pubertal geese
may have been a consequence of higher levels of
estrogen and other steroids which suppress LH se-
cretion (SHARP 1975). After the breeding seasons
and at 6 months of age, usually from April to No-
vember, Zi geese begin to lay eggs. Therefore, it is
not surprising that the expression of pituitary LH
and ovarian LHR was maintained at relatively high
levels during this period. Interestingly, the change
in the expression of LHR was not more striking than
that of FSHR (KANG ez al. 2009). These findings in-
dicate that LH may play an important role in the
control of ovarian growth and in maintenance of

the process of reproduction. However, LH could
act as a more important modulator of processes as-
sociated with egg-laying when compared with
ovarian growth. Ovarian development is regulated
by gonadotropin, and is highly responsive to the
regulation of FSH during the early stage; in con-
trast, the ovary is likely to be more responsive to
LH in the period close to the onset of sexual matu-
ration (NI et al. 2007).

PRL plays a pivotal role in broodiness behavior
and its function is manifested through PRLR
(TANAKA et al. 1992). The highest level of expres-
sion of PRLR in the ovaries of Eastern Zhejiang
White Geese was found at the incubation stage; a
lower level of expression occurred during the
egg-laying stage, and the lowest level of expres-
sion was found in the out-of-lay stage (CHU et al.
2008). Furthermore, the levels of PRL and PRLR
expression decreased gradually from day 1, fol-
lowed by fluctuation, and then reached the highest
value in 8 month old birds in the experiment. The
changes in expression of pituitary PRL and ovar-
ian PRLR were synchronized; both decreased con-
tinuously from the neonatal stage, and then
increased until the egg-laying stage. The increase
in PRLR expression lagged slightly behind that of
PRL. When the level of expression of PRLR in-
creases to a certain value, PRL combines with
PRLR in the ovaries, and this initiates the biologi-
cal actions of PRL, which lead to broodiness behav-
ior in geese (SHI et al. 2007; DAWSON & SHARP
2010; XU et al. 2010). Therefore, the increase in
expression of pituitary PRL and ovarian PRLR
may be a signal for broodiness behavior in geese.
However, the threshold values of PRL and/or
PRLR required for the onset of broodiness need to
be determined in further studies.

Interestingly, the changes in LH and LHR ex-
pression were opposite to those in PRL and PRLR
expression. During the early development of Zi
geese, the levels of LH and LHR expression in-
creased gradually, however those of PRL and
PRLR expression decreased at first, and then in-
creased. In White Leghorn hens the plasma con-
centration of PRL significantly decreased (P<0.05)
whereas plasma LH significantly increased
(P<0.05) after administration of an anti-PRL agent
(2-bromo-a-ergocriptine). The increase in LH
might have resulted from the removal of the sup-
pressive effect of PRL on LH (REDDY et al. 2007).
Furthermore, in cockatiels, nest inspection and
laying were characterized by high LH levels while
high PRL levels occurred during incubation and
feeding of nestlings in females (Sharp & Blache
2003), in agreement with the present study. How-
ever, it remains to be determined whether the pro-
gressive increase in expression of LH and LHR
results from the reduction in expression of PRL
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and PRLR during the developmental and egg-
laying stages in Zi geese.

In this study, the expression of LH, LHR, PRL
and PRLR was determined in Zi geese during
the development and egg-laying stages. The
expression of LH and LHR fluctuated as the
geese aged. Pituitary expression of PRL de-
creased during the early developmental stage,
and then fluctuated and reached the highest
value at the egg-laying stage in the experi-
ment. These results suggest that LH and PRL
may play an important role in ovarian devel-
opment and the egg-laying process in Zi geese.
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