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Stimulation with monochromatic green light during incubation
alters satellite cell mitotic activity and gene expression in relation
to embryonic and posthatch muscle growth of broiler chickens
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Previous studies showed that monochromatic green light stimuli during embryogenesis accelerated posthatch body weight (BW)
and pectoral muscle growth of broilers. In this experiment, we further investigated the morphological and molecular basis of this
phenomenon. Fertile broiler eggs (Arbor Acres, n = 880) were pre-weighed and randomly assigned to 1 of the 2 incubation
treatment groups: (1) dark condition (control group), and (2) monochromatic green light group (560 nm). The monochromatic
lighting systems sourced from light-emitting diode lamps and were equalized at the intensity of 15 Ix at eggshell level. The dark
condition was set as a commercial control from day 1 until hatching. After hatch, 120 male 1-day-old chicks from each group
were housed under incandescent white light with an intensity of 30 Ix at bird-head level. No effects of light stimuli during
embryogenesis on hatching time, hatchability, hatching weight and bird mortality during the feeding trial period were observed in
the present study. Compared with the dark condition, the BW, pectoral muscle weight and myofiber cross-sectional areas were
significantly greater on 7-day-old chicks incubated under green light. Green light also increased the satellite cell mitotic activity of
pectoral muscle on 1- and 3-day-old birds. In addition, green light upregulated MyoD, myogenin and myostatin mRNA expression
in late embryos and/ or newly hatched chicks. These data suggest that stimulation with monochromatic green light during
incubation promote muscle growth by enhancing proliferation and differentiation of satellite cells in late embryonic and newly
hatched stages. Higher expression of myostatin may ultimately help prevent excessive proliferation and differentiation of satellite

cells in birds incubated under green light.
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Implications

In broiler chickens, stimulation with monochromatic green
light during embryogenesis accelerates posthatch body
weight and pectoral muscle growth. Therefore, it is impor-
tant to explore the specific mechanism of muscle growth
induced by green light regime. The present study showed
that monochromatic green light stimuli promotes muscle
growth by enhancing proliferation and differentiation of
satellite cells in late embryonic and newly hatched stages.
The higher expression of myostatin may ultimately help
prevent excessive proliferation and differentiation of satellite
cells in birds incubated under green light. These findings will
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provide a theoretical basis for chicken hatcheries choosing a
scientific light-stimulation technology.

Introduction

Chickens are light-sensitive species, and their visible light
spectrum is broader than livestock and humans (Prescott and
Wathes, 1999; Lewis and Morris, 2000). In addition, chickens
have special extra-retinal photoreceptors in the hypothala-
mus or in other sites of the brain, which is sensitive to
different wavelengths (colors) of light and is involved in the
transduction of photostimulation to biological signals, and
then affect physiological response and growth performance
(Foster and Follett, 1985; Lewis and Morris, 2000).

In commercial poultry hatcheries, the fertilized chicken
eggs are normally incubated in artificial incubators under
dark condition. However, several studies have shown that
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photostimulation during embryogenesis accelerates chick
embryo development. Shutze et al. (1962) first reported that
continuous incandescent treatment during embryogenesis
accelerated chick embryo development and shortened incu-
bation time compared with continuous colored light treatment
and commercial dark condition. Some other studies also
found the similar phenomenon in White Rock chickens (Siegel
et al, 1969), Rhode Island Red domestic fowl (Adam and
Dimond, 1971), quail and broilers (Walter and Voitle, 1973).
However, Lauber (1975) observed that the White Leghorn
eggs stimulated with green light or blue—violet light showed a
significantly higher embryo weight. Rozenboim et al. (2003)
speculated that these contradictory findings are probably
because of wide variability in the types of light sources, and
the embryonic development accelerated by white light maybe
because of an effect of overheating caused by incandescent
lamps. Thus, to avoid the effect of overheating, Rozenboim
et al. (2003, 2004) carried out intermittent light regime
(15 min on and 15 min off) in turkey and broilers by using a
pure monochromatic light source based on light-emitting
diode (LED) lamps. They found that green LED light photo-
stimulation during embryogenesis enhanced embryo devel-
opment and posthatch growth in broilers and turkeys
(Rozenboim et al., 2003, 2004). Recently, Zhang et al. (2012)
also found that continuous monochromatic green LED light
stimuli during embryogenesis accelerated body weight (BW)
and posthatch pectoral muscle growth of broilers.

However, the exact mechanisms of growth-promoting
effect caused by green light stimulation during embryogen-
esis remain unclear. Halevy et al. (2006) demonstrated that
monochromatic green light stimuli during embryogenesis
enhances myofiber growth by promoting the skeletal muscle
cell proliferation and differentiation during the first few days
of posthatch chicks. However, the changes of myoblast pro-
liferation and differentiation in the embryonic stage are still
unknown. We thus investigated the effect of stimulation with
monochromatic green light during incubation on pectoral
muscle weight, satellite cell mitotic activity (SCMA) and gene
expression in relation to embryonic and posthatch muscle
growth of broiler chickens.

Material and methods

All the experimental procedures were approved by the Ani-
mal Care and Use Committee of the Feed Research Institute
of the Chinese Academy of Agricultural Sciences.

Light treatments and animal management

Fertile broiler eggs (Arbor Acres; n=880) were pre-weighed
and selected for an average weight of 68 g (range = 65 to 70 g).
Eggs were randomly assigned to 1 of the 2 treatment
groups in 2 modified commercial incubators: (1) control group
(in dark condition) and (2) monochromatic green light
group (560 nm). The continuous green light system was pro-
vided by LED lower-power lamps (IForward currentyy =20 MA,
VFforward  voitage) =2.1-2.5V,  AP(peak  wavelength) =565 nm,
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IV (tuminous intensity)=240 mcd, VR(reverse voItage)=5V; Zhong'
shan Silsmart Optoelectronics Co., Ltd, Guangzhou, China),
and was equalized with an average intensity of 151x (13 to
18Ix from the middle to the air cell end of the eggs)
at eggshell level from the 1st incubation day until hatching.
The illumination was measured with a digital luxmeter
(Mastech MS6610, Precision Mastech Enterprises, Hong
Kong, China). Two identical, microcomputer automatic
incubators (K125S-1-BO7, Dezhou Zhicheng Incubation
Equipment Co., Ltd, Shandong, China) were calibrated before
hatching the experimental eggs. There were no differences
between the two incubators, as evidenced by the growth-
promoting effect of green light stimulation. Incubation
conditions were set at 37.8 £ 0.1°C of temperature and 60%
of relative humidity (RH) from the 1st day until hatching, and
the temperature and RH were recorded every 4 h. Eggs in the
incubators were turned through 270° every 1.5h until
embryonic day 19. On embryonic day 10, all the eggs
were candled, and the infertile eggs were removed. Eggs
from the different treatment groups were recorded for
hatching time every 5 h between E19 and E21. Chicks were
considered hatched when they had completely emerged
from the eggshell (Rozenboim et al., 2004). Hatchability was
calculated as (%) = 100 x (number of chicks hatched/number
of fertile eggs set), where each set layer was taken as a
replicate, and 6 layers of each incubator means 6 replicates
per treatment.

After pipping, we weighed all the birds individually and
then moved them from the brooder to a chicken house. All
birds from the same incubator were mixed until the hatching
period completed. Then, each bird was sexed, and 120
healthy male 1-day-old chicks from each incubation group
were randomly placed in 6 replicates with 20 birds each.
All birds were housed under incandescent white light
(30 Ix at bird-head level) with a light schedule of 23 h light
and 1h dark according to Rozenboim et al. (2004) and
lights off from 2100 to 2200 h as described by Zhang et al.
(2012). All the birds were allowed ad libitum access to
a commercial diet and water. The diet met the nutrient
requirements of broilers recommended by the National
Research Council (1994). The bird management was con-
sistent with the recommendations of Arbor Acres Broiler
Commercial Management Guide.

Sampling procedure

On embryonic days 15, 17 and 19 (E15, E17 and E19),
1 embryo from each set layer was randomly selected. Eggs
were opened from air chamber, the entire embryos were
removed, and were cleaned of yolk sac and membrane to
obtain the yolk-free body mass weight. They were then
euthanized with sodium pentobarbital (20 mg/kg of BW;
Beijing Chemical Co, Beijing, China). Immediately after
death, the right pectoral muscle (~200 mg) was collected
and stored in a 1.5-ml RNase-free centrifuge tube and was
quickly frozen in liquid nitrogen and then kept at —80°C until
mRNA analysis. The entire left pectoral muscle was removed
from the sternum and fixed in 4% paraformaldehyde in
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0.1 M PBS (pH 7.4) for 48 h, and paraffin sections were made
for H.E. staining.

On 1, 3, 5 and 7 days of hatch (H1, H3, H5 and H7), 1 bird
with a BW close to the replicate average BW was selected,
weighed and then killed. Inmediately after death, the pectoral
muscle samples for mRNA analysis (~200 mg) and for H.E.
staining (~0.3 cm x 0.3 cm x 0.5 cm in size) were obtained. In
addition, another embryo or chick from each replicate was
weighed and killed on age of E15, E17, E19, H1, H3, H5 and
H7, respectively. Their entire pectoral muscle was removed and
weighed to calculate the pectoral muscle percentage of BW.

Measurement of myofiber area in pectoral muscle

For fixed sample, 8-um thick muscle sections were cut and
adhered to glass slides. H.E staining was performed to
determine the cross-sectional area (CSA). At least 5 random
fields in 5 sections of each muscle sample were photo-
graphed at a magnification of x400 with microscope (Nikon
80i, Nikon, Tokyo, Japan) equipped with version 4.0.8 Spot
RTke software (Spot Diagnostics Instruments, Sterling
Heights, MI, USA). Myofiber CSA was then determined using
Image-Pro Plus version 5.0 software (Media Cybernetics Inc.,
Bethesda, MD, USA). The criteria for concluding myofiber
CSA analysis for each muscle were analyzing 150 fibers per
sample and a total of 900 fibers per treatment.

Immunohistochemical staining for SCMA analysis

On age of H1, H3, H5 and H7, one bird from each replicate
with a BW close to the average BW of the replicate was
selected (six birds per treatment). All of these selected birds
were injected with 5-bromo-2’-deoxyuridine (BrdU; 10 mg/ml;
100 mg/kg of BW) according to the method of Moore et al.
(2005). After injection with BrdU, the birds were allowed to
survive 2 h before sampling to allow for the incorporation of
the BrdU into the nuclei entering the S-phase of the cell cycle,
and then these birds were euthanized. Immediately after
death, the left pectoral muscle (~0.5 cm x 0.5 cm x 0.5 cm) of
each chick was harvested and fixed in 4% paraformaldehyde
in 0.1 M PBS (pH 7.4) overnight, and then dehydrated, cleared
and embedded in paraffin. Eight-micrometer-thick muscle
sections were cut and adhered to glass slides. The tissue sec-
tions were deparaffinized, rehydrated and treated with 3%
(volivol) hydrogen peroxide in methanol for 10 min, and
incubated in 0.1 M PBS (pH=7.4) at 95°C for 15min in a
thermostatic incubator (PYX-DHS 500 BS, Shanghai BaiDian
Instrument Co. Ltd, Shanghai, China), and then cooled at room
temperature until a temperature of 40°C was reached.
Sections were blocked with normal goat serum for 20 min at
room temperature, and incubated overnight with a mouse
monoclonal anti-BrdU antibody (Sigma-Aldrich, 3050 Spruce
Street, St Louis, MO, USA) that was diluted 1:100 in 0.1 M
PBS. Slices were incubated with horseradish peroxidase-
conjugated goat anti-mouse secondary antibody (1:200
dilution; Beijing Zhongshan Golden Bridge Biotechnology
Co. Ltd, Beijing, China) for 30 min at 37°C, and then stained
with a DAB (3,3’-diaminobenzidine) kit (Beijing Zhongshan
Golden Bridge Biotechnology Co. Ltd) for 10 min. Nuclei were

88

https://doi.org/10.1017/S1751731113001882 Published online by Cambridge University Press

counterstained with hematoxylin. Control slides without pri-
mary antibody were examined in all cases.

Five photographs of each section were taken at a magni-
fication of x400. In each photograph, black dots are nuclei
stained positive for BrdU, indicating newly divided cells. At
least 1000 myofiber nuclei were counted for each sample. An
index of SCMA was expressed as [BrdU-labeled nuclei/(BrdU-
labeled nuclei + non-BrdU-labeled nuclei)] x 100 (Dangott
et al., 2000).

Analysis of MyoD, myogenin and myostatin gene expression
by real-time PCR

RNA extraction was performed using Trizol reagent accord-
ing to the protocol of the manufacturer (Invitrogen, Carlsbad,
CA, USA). The isolated total RNA was resuspended in 40 pl of
diethylpyrocarbonate-treated water. The RNA was quantified
by using Ultrospec 2100 pro UV/Visible Spectrophotometer
(Amersham Bioscience, Freiburg, Germany), and was quality-
checked by running 1 ul of each RNA sample on a 1%
agarose gel stained with ethidium bromide. To avoid geno-
mic contamination, the RNA samples were treated with
DNAse (Invitrogen). One microgram of total RNA of
each sample was used for first-strand cDNA synthesis with
TIANGEN Quantscript RT Kit following the manufacturer's
instructions (TIANGEN Biotech Co. Ltd, Beijing, China). The
cDNA samples were stored at —20°C. The gene expression
of MyoD, myogenin and myostatin was performed with a
real-time PCR Kit following the manufacturer's protocol
(RealMasterMix-SYBR Green; TIANGEN). The PCR reaction
was conducted on an iCycler iQ5 multicolor real-time PCR
detection system (Bio-Rad Laboratories, Hercules, CA, USA),
and the protocol used was as follows: 95°C for 5 min; 40
cycles of 95°C for 10 s, 60°C for 30's, 72°C for 30's; 72°C for
5 min. The melting curve was recorded at 60°C. Pairs of
oligonucleotide primers used are shown in Table 1. The
amplification efficiency of each gene was validated by con-
structing a standard curve through four serial dilutions of
cDNA. B-actin was used as the housekeeping gene for nor-
malization. The sample of birds from E15 in dark condition
was used as the calibrator sample. All samples were run
in triplicate, and the relative expression levels of MyoD,
myogenin and myostatin were quantified using the 2-24¢
method (Livak and Schmittgen, 2001).

Statistical analysis

Data were presented as mean + s.e.m. All statistical analyses
were performed by a Student’s t-test using JMP version 5
software (SAS, 2002). The significance level was defined
as P<0.05.

Results

Hatching time, hatching weight, hatchability and

bird mortality

No effects of light stimuli during embryogenesis on hatching
time (Figure 1), hatchability, hatching weight and bird
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Table 1 Primers for RT-gPCR analysis

Monochromatic light stimuli in broiler embryos

Genes Primer sequences Fragment size (bp) Annealing (°C) GenBank number References

MyoD F: GACGGCATGATGGAGTACAG 201 60 NM_204214 Li and Velleman (2009)
R: AGCTTCAGCTGGAGGCAGTA

myogenin F: GGCTTTGGAGGAGAAGGACT 184 60 NM_204184 Li and Velleman (2009)
R: CAGAGTGCTGCGTTTCAGAG

myostatin F: CTTTTGATGAGACTGGACGAG 173 60 NM_001001461 Guernec et al. (2004)
R: AGCGGGTAGCGACAACATC

fB-actin F: ATCCGGACCCTCCATTGTC 120 60 NM_205518 Our own lab
R: AGCCATGCCAATCTCGTCTT
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an increasing trend in BW on day H5 (P=0.08). We 10 -

further analyzed the changes in the myofiber area of the 5 |

pectoral muscle (Figure 3). On days H5 and H7, the mgofiber oL,

CSAs in green light group (H5: 136 +5.47 um%; H7:
202 +10.0 um?) were significantly greater than those in
dark condition (H5: 118 £4.73 ym% H7: 175 +7.66 pm?;
P<0.05). No significant difference in myofiber CSA was
observed between the two treatment groups from days E15
to H3 (P> 0.05).

SCMA of newly hecthed broilers

SCMA of the pectoral muscle was evaluated by the index of
SCMA in Figure 4. On days H1 and H3, the index of SCMA in
the green light group (H1: 10.8%; H3: 14.3%) was sig-
nificantly greater than that in dark condition (H1: 7.98%; H3:
10.4%; P<0.05). In both treatment groups, the index of
SCMA reached peaks on day H3 (14.3% v. 10.4%), and
markedly decreased to low levels on day H7 (3.65% wv.
3.02%).

MyoD, myogenin and myostatin gene expression

The mRNA expression levels of MyoD, myogenin and myos-
tatin are shown in Figure 5. Compared with the broilers in
dark condition, the MyoD mRNA levels of the pectoral muscle
in the green light group were significantly upregulated from
days E17 to H3 with a highest level on day H1 (P<0.05,
Figure 5a), whereas the myogenin mRNA levels were upre-
gulated from days H1 to H5 with a peak on day H3 (P < 0.05,
Figure 5b). No significant differences were observed in the
muscle myogenin mRNA levels in the late embryo stage
(P> 0.05). The myostatin mRNA levels in birds of green light
were also significantly upregulated from days E17 to E19 and
H5 to H7 (P< 0.05, Figure 5c¢).
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Figure 1 Percentage hatching relative to the hatching time of broiler
chicks incubated under green light or dark condition.

Table 2 Effect of monochromatic light stimuli during embryogenesis
on hatchability, hatching weight and mortality of broiler chickens

Items Dark Green Probability
Hatchability (%) 90.59+1.25 89.80+1.19 0.675
Hatching weight' (g)  46.83+0.46  47.12+0.21 0.597
Mortality* (%) 6.67+1.05 750£1.71 0.687

BW =body weight.

Values are presented as mean +s.e.m.

'Average BW of all hatching chicks (both male and female) of each
treatment group.

2Chick mortality during the feeding trial (from day 0 to 7 of age).

Discussion

In the present study, green light stimuli during incubation did
not affect the hatching time and hatchability, which is in
agreement with studies on broilers (Rozenboim et al., 2004;
Zhang et al., 2012) and turkeys (Rozenboim et al., 2003).
Rozenboim et al. (2004) found that BW and pectoral muscle
percentage in the embryos, newly hatched birds, and post-
hatch male and female Cobb broilers incubated under
monochromatic green light were significantly greater than
those incubated under dark condition. However, the present
results showed that AA broilers incubated under green light
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Figure 2 Chick embryo (yolk-free body mass) or body weight (a), and
pectoral muscle weight percentage of body weight (BW) (b) of chick
embryos (E15, E17 and E19 days of age) and newly hatched male chicks
(H1, H3, H5 and H7 days of age) incubated under green light or dark
condition. Values are presented as means +s.e.m. (n=6). *Indicates a
significant difference between treatments at the same age (P< 0.05).

220 I Dark condition %
2004 [__]Green light

Myofiber cross-sectional area (pmz)

E15 E17 E19 H1 H3 H5 H7
Age (days)
Figure 3 Myofiber cross-sectional area (CSA) of the pectoral muscle of
late embryos (E15, E17 and E19 days of age) and newly hatched male
chicks (H1, H3, H5 and H7 days of age) and incubated under green light or

dark condition. Values are presented as means +s.e.m. (n=6). *Indicates
a significant difference between treatments at the same age (P < 0.05).

showed a significant increase in BW and pectoral muscle
percentage starting from age of H7, but not starting from
the embryonic or early posthatch stage as reported by
Rozenboim et al. (2004). We speculate that these different
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Figure 4 Index of satellite cell mitotic activity in the pectoral muscle of
newly hatched chicks (H1, H3, H5 and H7 days of age) and incubated
under green light or dark condition. Index of satellite cell mitotic
activity = (BrdU-labeled nuclei/[BrdU-labeled nuclei + non-BrdU-labeled
nuclei]) x 100. Values are presented as means +s.e.m. (n=6). *Indicates
a significant difference between treatments at the same age (P < 0.05).

findings may be because of the Cobb strain that is more
sensitive to green light stimuli. Further studies are needed to
investigate whether genetic factors are closely related to the
poultry response during green light stimulation.

Posthatch skeletal muscle growth is accompanied by the
growth of individual myofibers, because the total number of
muscle fibers is fixed before hatching (Smith, 1963). Growth
of myofibers is considered to be controlled by two factors:
(1) enlargement by an increase in size (area or diameter),
mainly because of the augmentation of myofibrillar proteins;
and (2) elongation because of the addition of newly formed
sarcomeres to the ends (Williams and Goldspink, 1978).
Thus, the measurement of myofiber CSA can reflect the
growth of muscle fibers. Greater myofiber CSA of the pec-
toral muscle in poultry contributes to greater pectoral muscle
weight (Moore et al., 2005; Liu et al., 2010). In our present
study, a greater myofiber CSA of the pectoral muscle in green
light is highly consistent with greater BW and pectoral
muscle weight on day H7.

Skeletal muscle satellite cells, also known as myoblasts,
are a mitotically active stem-cell population residing
between the sarcolemma and the basal lamina of the myo-
fiber (Muir et al. 1965). In newly hatched chicks, satellite
cells proliferate, differentiate and fuse with the adjacent
myofibers, which increase myofiber DNA contents and ulti-
mately result in the increase in protein synthesis and muscle
fiber hypertrophy (Allen and Goll, 2003). In poultry, SCMA is
an important aspect of muscle development, and the higher
SCMA in newly hatched birds will result in an increase in
muscle size at maturity (Mozdziak et al., 1997; Moore et al.,
2005). It has been reported that early hatched nutrition
increased myogenic SCMA during immediate posthatch
period, and subsequently promoted BW and pectoral muscle
weight during the growth phase (Mozdziak et al, 2002;
Moore et al, 2005). Newly hatched broiler chicks reared
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Figure 5 Relative mRNA expressions of MyoD (a), myogenin (b) and
myostatin (c) in the pectoral muscle of late chick embryos (E15, E17 and
E19 days of age) and newly hatched chicks (H1, H3, H5 and H7 days of
age) and incubated under green light or dark condition. Values are

presented as means+s.e.m. (n=6). *Indicates a significant difference
between treatments at the same age (P < 0.05).

under monochromatic green light also showed a higher
SCMA during early posthatch stage, and followed by a
greater myofiber CSA, pectoral muscle weight and BW during
the later growth phase (Liu et al., 2010). In the present study,
we found that birds incubated under monochromatic green
light showed a significant increase in SCMA on days H1 to
H3, which subsequently led to the greater myofiber CSA on
days H5 and H7, as well as a greater pectoral muscle weight
and BW on day H7. These data suggested that myofiber
growth caused by green light stimuli during embryogenesis is
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largely dependent on the contribution of new nuclei because
of the increase in the SCMA during early posthatch stage.

The development of the skeletal muscle during embry-
ogenesis is mediated by myogenic regulatory factors (MRFs),
including myogenic factor 5, myogenic differentiation 1
(MyoD), myogenin and MRF4, which is a family of basic
helix—loop—helix transcription factors essential for the acti-
vation, proliferation and differentiation of satellite cells
(Schultz and McCormick, 1994). Numerous studies have
demonstrated that MyoD was a marker of satellite cell acti-
vation and proliferation, whereas myogenin was a marker of
cells entering the terminal differentiation program (Smith
et al., 1994; Seale and Rudnicki, 2000).

In both treatment groups of our present study, the MyoD
mRNA levels of the pectoral muscle significantly increased
from day E17 to H3 and reached the highest level on day H1,
and myogenin mRNA levels increased from day H1 to H5 and
reached the peaks on day H3, indicating skeletal muscle
satellite cell proliferation before differentiation. Moreover,
during the period of day E17 to E19, an increase in MyoD
mRNA level accompanying a decrease in myogenin mRNA
level in the pectoral muscle in both the green light and the
control groups demonstrated that skeletal muscle satellite
cell proliferation with simultaneous repression of muscle
differentiation. This phenomenon confirmed that the pro-
liferation and differentiation of myoblasts are mutually
exclusive (Olson, 1992; Lassar et al., 1994). Halevy et al.
(2006) reported that posthatch muscle growth promoted by
green light was mainly because of the light illumination that
enhanced satellite cell proliferation and differentiation dur-
ing the first days of age. In the present study, the higher
MyoD mRNA levels from day E17 to H3 and higher myogenin
from day H1 to H5 in embryos or birds incubated under the
green light group suggested that in ovo green light enhanced
the skeletal muscle satellite cell proliferation and differ-
entiation in the late embryonic and newly hatched stage.

It is well established that myostatin is a potent negative
regulator of skeletal muscle growth (Thomas et al., 2000). In
the present study, myostatin is expressed in the pectoral
muscle from day E15 to H7, indicating that myostatin
regulates both embryonic myogenesis and early posthatch
skeletal muscle growth in poultry. Higher myostatin mRNA
levels accompanying lower MyoD and myogenin mRNA
levels partly confirmed that myostatin inhibits muscle growth
by downregulating the expression of MyoD, Myf5 and myo-
genin (Thomas et al., 2000; Langley et al., 2002). However,
the higher expression of myostatin in birds of green light
indicate that myostatin may play a role in counteracting
muscle growth and preventing excessive proliferation and
differentiation of satellite cells. In a cell-culture experiment,
Morissette et al. (2009) found that myostatin inhibits IGF-I-
induced C2C12 myotube hypertrophy through Akt. In addition,
Herichova et al. (2008) demonstrated that embryonic avian
pineal pacemaker is light-sensitive and can generate melato-
nin rhythmic output. Therefore, we recommended that further
studies are needed to elucidate whether green light stimuli
during incubation mediate the proliferation and differentiation
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of satellite cells and embryo development by affecting secretion
of some related hormones.

In the current experiment, embryos were not separated on
the basis of sex during the hatching period, similar to other
previous studies (Rozenboim et al, 2004; Halevy et al,
2006). With regard to the sexual dimorphism in the embryos
incubated under monochromatic light, there is little literature
available. Rozenboim et al. (2004) deduced that there was
no significant sexual dimorphism in broilers incubated under
green light, as they observed that BW and pectoral muscle
percentage in the embryos, newly hatched birds, and post-
hatch male and female Cobb broilers incubated under
monochromatic green light were significantly greater than
those incubated under dark condition. In addition, Lu et al.
(2007) reported that there was no difference in the dynamic
change of sex hormone levels between the male and female
chick embryos in the normal dark incubation condition.
However, another recent study on posthatch broilers repor-
ted that green and blue monochromatic lights promote
growth and development of male broilers via stimulating
testosterone secretion (Cao et al, 2008). It seemed that
embryos and posthatch chicks may respond differently in
different sexes. Therefore, further studies are warranted to
explore the relationship between the muscle growth and
changes in sex hormones in birds incubated under green
monochromatic light.

In summary, stimulation with monochromatic green light
during incubation enhances posthatch muscle growth by
promoting satellite cell proliferation and differentiation in
both late embryonic and newly hatched stages. The higher
expression of myostatin may ultimately help prevent exces-
sive proliferation and differentiation of satellite cells in birds
incubated under green light.
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