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INTRODUCTION

Skeletal myogenesis during embryonic development
involves a large spectrum of gene activation and cellular
signalling mechanisms. Several tissue-specific genes re-
sponsible for the determination and differentiation of
muscle cells have been identified. Recent studies of the
molecular mechanisms involved in skeletal muscle devel-
opment have shown that myogenesis is strictly dependent
on a family of muscle-specific transcription factors, includ-
ing MyoD, myogenin, myf-5 and MRF-4 (Emerson Jr., 1993;
Cossu et al., 1996). The introduction of expression vec-
tors for these factors into non-muscle cells results in a pro-
gram of muscle differentiation (Weintraub et al., 1989;
Hopwood et al., 1991; Miner et al., 1992), indicating that
such factors play an essential role in skeletal muscle deter-
mination and differentiation.

Whole mount in situ hybridization analysis is a pow-
erful tool for investigating the regulatory processes in-
volved in myogenesis since it provides a clear view of the
spatial pattern of mRNA expression and eliminates some
steps that demand considerable effort and ability, such as
sectioning and orientation of the sections (Coutinho et
al., 1992). Previous studies have shown that myogenic
regulatory genes are expressed during early embryogen-
esis. In situ analyses of mouse embryos have shown that
in somites myf-5 is expressed first, followed sequentially
by myogenin, MRF-4, and MyoD (Bober et al., 1991;
Hinterberger et al., 1991). Similar experiments in quail
have shown that qmf1 (MyoD) is activated first, followed
by myf-5 (qmf3) and myogenin (qmf2) (Pownall and
Emerson Jr., 1992a; Coutinho et al., 1993).

Recent studies (Coutinho et al., 1992, 1993)  have sug-
gested a relationship between myogenic factor expression
and skeletal muscle deposition in poultry.  They detected a
delay in somite formation and qmf1, qmf2, qmf3 and myosin
expression in quail embryos from a line selected for weight
gain. In contrast, quail selected for a decrease in weight gain
showed advanced somite formation and qmf1 expression.

The expression pattern of myogenic factors in poultry
has been investigated mainly in quail embryos (Pownall and
Emerson Jr., 1992b). Little has been reported on the in situ
detection of these factors in whole chicken embryos.
Pourquié et al. (1995) reported that the messages detected
using a heterologous MyoD probe for in situ hybridization
analyses were stronger in quail than in chicken embryos. We
investigated the transcript expression pattern of the myo-
genic factor MyoD in whole chicken embryos in in situ hy-
bridization analysis using a probe obtained by the reverse tran-
scription - polymerase chain reaction (RT-PCR) technique.

MATERIAL  AND METHODS

Egg incubation and embryo collection

Chicken eggs of Ross line, obtained from the poultry
section of the Escola Superior de Agricultura “Luiz de
Queiroz” (ESALQ-USP), were incubated in a humidified at-
mosphere at 37°C for two or five days. When collected the
embryos had 16 or 27 pairs of somites, corresponding to
stages 12 and 24, respectively (Hamburger and Hamilton,
1951). The embryos were fixed in 4% paraformaldehyde in
PBS (0.14 mM NaCl, 2.7 mM KCl, 10 mM Na

2
HPO

4
 and 1.8

mM KH
2
PO

4
, pH 7.4). The embryonic membranes were re-
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moved to facilitate access of the probe to the tissues, and the
embryos then were stored in 70% ethanol at -20°C until used.

Preparation of RNA antisense MyoD
digoxigenin-labelled probe

The RNA antisense MyoD probe used was obtained
by the reverse transcription - polymerase chain reaction (RT-
PCR) technique as described by Bales et al. (1993). Total
RNA was isolated from 96-h chicken embryos as reported
by Chomczynski and Sacchi (1987). One microgram of to-
tal RNA was used in the reverse transcription reactions to
obtain cDNA. After denaturing the sample for 10 min at
70°C, PCR buffer (2.5 mM MgCl

2
, 1 mM dNTPs, 50 ng of

oligo primer (dT) (Gibco) and 200 units of the reverse tran-
scriptase enzyme Superscript II (Gibco)) was added to a fi-
nal volume of 20 µl. The samples were incubated for 50
min at 42°C, after which the reverse transcriptase was inac-
tivated by heating (15 min at 70°C), followed by treatment
with 1 unit of RNAse H for 20 min at 37°C, to destroy the
RNA templates. Ten percent of the total cDNA reaction
volume was amplified directly by the PCR.

The primers used for the amplifications were de-
scribed by Lin-Jones and Hauschka (1996), except that the
reverse primer was designed from a combination of the
complementary MyoD gene sequence with the T7 bacte-
riophage promoter sequence in its 5’ end (underlined bases).
This primer also had three bases (GGG) corresponding to
the initial transcription site for the in vitro transcription
reactions. The direct and reverse sequences were 5’-
TACCCAGTGCTGGAGCACTA-3’ and 5’-TAATACGACTC
ACTATAGGGGTCTTGGAGCTTGCTGAAC-3’, respec-
tively.

PCR was performed using final concentrations of 10
pmol of MyoD specific primers, 10 mM of each dNTP, 1.5
mM MgCl

2
 and 2 units of Taq DNA polymerase (Gibco) in

a final volume of 50 µl. The amplification protocol con-
sisted of 35 cycles of denaturation at 95°C for 1 min, primer
annealing at 57°C for 1 min, and extension at 74°C for 1
min. The 493-bp amplified product was separated in an aga-
rose gel, purified on a Quiagen column and used in the in
vitro transcription reactions. Approximately 200 ng of the
purified product was incubated for 2 h at 37°C with
digoxigenin-labelled UTP and 40 units of T7RNA poly-
merase enzyme (Boehringer Mannheim). Alternatively, a
PCR primer without the T7 bacteriophage promoter se-
quence at its 5’ end was used to clone the amplified product
in the plasmid pGEM4Z (Promega). This plasmid contains
the T7 promoter sequence and was also used to generate
anti-sense probes. The MyoD anti-sense probe (470 bp) was
submitted to alkaline hydrolysis in two volumes of carbon-
ate buffer (60 mM Na

2
CO

3
, 40 mM NaHCO

3
, pH 10.2) for

5 min at 60°C to reduce its size and increase its access to
tissues. The hydrolysis was terminated by adding an equal
volume of neutralizing solution (1 M Tris-HCl, pH 8.0, con-
taining 1.5 M NaCl). Hydrolyzed fragments were precipi-

tated with 70 µg of glycogen/ml and three volumes of etha-
nol. The antisense digoxigenin-labelled MyoD RNA probe
was stored in hybridization solution (50% formamide, 4x
SSC, 1x Denhardt’s solution, 0.5 µg of heat-denatured her-
ring sperm DNA/ml, 0.25 µg of yeast tRNA/ml and 10%
dextran sulfate) at -70°C.

Whole mount in situ hybridization

The methodology for in situ hybridization has been
described by Coutinho et al. (1992). Briefly, embryos were
washed in PBS plus 0.3% Triton X-100 (PBT) and digested
with 30 µg of proteinase K/ml for 7-15 min at 37°C, after
which they were pre-hybridized in 100 µl of hybridization
solution for 3 h at 63°C. Hybridization was done in a new
hybridization solution containing an antisense digoxigenin-
labelled RNA probe (final concentration, 0.3 µg/ml) for 45
h at 63°C. After washing in hybridization solution (without
probe) for 3 h at 63°C and 12 h at 63°C, the embryos were
finally washed at room temperature in 80% hybridization
solution (Hyb)/20% PBT, 60% Hyb/40% PBT, 40% Hyb/
60% PBT, 20% Hyb/80% PBT (20 min each) and twice in
PBT (1 h each). Immunological detection was done with an
anti-digoxigenin antibody conjugated to alkaline phosphatase
at a dilution of 1:2000. MyoD transcript signals were de-
tected by a colorimetric reaction with chromogenic sub-
strates as described in the Genius System protocol
(Boehringer Manheim). Color development reaction was
carried out for 5-16 h and was interrupted by incubation in
TE buffer (10 mM Tris-HCl, pH 8.0, 1 mM EDTA). The
embryos were photographed using a Leica WILD MPS52
photomacroscope and then stored at 4°C.

RESULTS AND DISCUSSION

Skeletal muscle lineage during embryonic develop-
ment is determined by regulatory factors that activate
muscle-specific genes. Of these factors, MyoD is the first
to be expressed and has an essential role in skeletal
myogenesis. MyoD transcripts were detected in the medial
dorsal side of somites along the anterior to posterior axis
of a stage 12 embryo (Figure 1A). No signal was detected
in the absence of probe (negative control embryos), thus
confirming the specificity of hybridization. These observa-
tions confirm those of de la Brousse and Emerson Jr. (1990)
and Coutinho et al. (1992). MyoD was detected in all the
somites of stage 24 embryos, with expression extending
across the entire somite (Figure 1B). This finding indicates
that MyoD expression is important not only for the initia-
tion but also for the maintenance of the myogenic program.

The probe synthesized as described above provided
excellent results in in situ hybridizations, since the use of
specific primers and RT-PCR produced a homologous prod-
uct without the need to clone the gene of interest. The in-
clusion of a transcription site for T7RNA polymerase in
the reverse primer facilitated production of the antisense
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RNA probe. This was particularly interesting since RNA
probes are recommended for in situ hybridization because
they allow an increase in hybridization temperature and
greater signal specificity. Most in situ hybridizations for
myogenic factors in studies of avian embryogenesis have
been done in serially sectioned embryos. Our results with
whole embryos demonstrate the same expression pattern
for MyoD transcripts as that seen in sectioned quail em-

bryos (Pownall and Emerson Jr., 1992a). In addition to
eliminating steps such as embryo infiltration during the in
situ procedure, the method described here allows examina-
tion of an entire embryo at once.

Comparative studies have shown that the sequence of
myogenic factor activation during myogenesis is different
in poultry and mammals (Emerson Jr., 1993). Analysis of
myogenic factors during embryonic development of mice
demonstrated that in somites myf-5 is expressed first fol-
lowed by myogenin, MRF-4, and MyoD1 (Bober et al.,
1991; Hinterberger et al., 1991). In contrast, Pownall and
Emerson Jr. (1992b) and Coutinho et al. (1993) reported
that in quail MyoD was the first myogenic factor activated
during embryonic development, followed by myogenin and
myf-5. The biological significance of differences in the
temporal expression of myogenic factors in poultry and
mammals is still unknown.

In conclusion, the expression pattern of the myogenic
factor MyoD is similar in chicken and quail embryos. In
newly formed somites, MyoD transcripts were detected in
the medial dorsal region, whereas in mature somites, ex-
pression was observed throughout the entire somite. These
observations indicate that MyoD plays a role in the initia-
tion and maintenance of myogenesis.
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RESUMO

A detecção in situ de diferentes fatores regulatórios músculo-
específicos vem sendo uma prática muito empregada para o
entendimento das bases moleculares envolvidas no processo de
formação do tecido muscular esquelético durante o desenvolvimento
embrionário em diferentes organismos. O objetivo deste estudo foi
investigar o padrão de expressão dos transcritos do fator miogênico
MyoD em embriões inteiros de galinha por análises de hibridização
in situ, usando uma sonda obtida a partir de ensaios de transcrição
reversa e reação em cadeia da polimerase (RT-PCR). Nos somitos
recém-formados (embriões no estádio 12), os transcritos de MyoD
foram detectados na porção mediana dos somitos posicionados
imediatamente adjacentes ao tubo neural, enquanto nos somitos
maduros (embriões no estádio 24), a expressão do gene do MyoD
foi observada em toda a região dos somitos. Tais resultados indicam
que a expressão do MyoD é importante no processo de deter-
minação e manutenção da miogênese nas aves.
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Figure 1 - MyoD expression pattern in developing chicken embryos. A and
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side of the somites indicates the presence of MyoD transcripts.
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