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Abstract
Satellite cells are skeletal muscle stem cells that provide myogenic progeny for myofiber growth
and repair. Temporal expression of muscle regulatory factors (MRFs) and the paired box
transcription factor Pax7 defines characteristic phases of proliferation (Pax7+/MyoD+/myogenin−)
and differentiation (Pax7−/MyoD+/myogenin+) during myogenesis of satellite cells. Here, using
bromodeoxyuridine (BrdU) labeling and triple immunodetection, we analyzed expression patterns
of Pax7 and the MRFs MyoD, Myf5, or myogenin within S phase myoblasts prepared from
posthatch chicken muscle. Essentially all BrdU incorporation was restricted to Pax7+ cells, of
which the majority also expressed MyoD. The presence of a minor BrdU+/Pax7+/myogenin+

population in proliferation stage cultures suggests that myogenin upregulation is alone insufficient
for terminal differentiation. Myf5 was detected strictly within Pax7+ cells and decreased during S
phase while MyoD presence persisted in cycling cells. This study provides novel data in support
of a unique role for Myf5 during posthatch myogenesis.

INTRODUCTION
Skeletal muscle myofibers are formed during embryogenesis and continue to enlarge
postnatally until their mature size has been reached. This postnatal myofiber growth entails
an increase in myofiber protein accretion and in the number of myofiber nuclei (Allen et al.,
1979; Edgerton and Roy, 1991; Mozdziak et al., 1997). The primary source of these
additional myofiber nuclei are the satellite cells, myogenic stem cells situated on the surface
of the myofiber between the myofiber plasmalemma and its overlying basal lamina (Mauro,
1961; Zammit et al., 2006; Allouh et al., 2008; Yablonka-Reuveni et al., 2008). Satellite
cells emerge in late fetal stage as a distinct myogenic population, replacing the myoblasts
that contribute to muscle development during embryogenesis (Cossu and Molinaro 1987;
Stockdale 1992; Yablonka–Reuveni 1995). During postnatal growth, satellite cells
proliferate and then fuse with the enlarging myofibers (Moss and Leblond, 1971; Halevy et
al., 2004; Schultz et al., 2006). In mature muscles, the satellite cells are typically quiescent,
but are activated in response to muscle damage and provide progeny for myofiber repair
(Grounds and Yablonka-Reuveni, 1993; Hawke and Garry, 2001).
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Satellite cells and their progeny are characterized by temporal expression of transcription
factors associated with different stages of myogenic progression. These factors include the
paired box transcription factor Pax7, and the myogenic regulatory factors (MRFs), MyoD
and myogenin (Smith et al., 1993; Smith et al., 1994; Yablonka-Reuveni-Reuveni and
Rivera, 1994; Seale et al., 2000; Zammit et al., 2006; Yablonka-Reuveni et al., 2008). Based
on characteristic temporal expression of Pax7, MyoD, and myogenin during posthatch
myogenesis in the chicken, we proposed a model of satellite cell proliferation (Pax7+/
MyoD+/myogenin−), differentiation (Pax7−/MyoD+/myogenin+), and reservation, also
referred to as renewal (Pax7+/MyoD−/myogenin−) (Halevy et al., 2004). We also detected a
minority population of Pax7+/myogenin+ cells that may represent a transitory compartment
at the onset of differentiation (Halevy et al., 2004). A similar model of proliferation,
differentiation, and reservation/renewal was based on combinatorial expression of Pax7,
MyoD and myogenin during myogenesis initiated by mouse satellite cells (Zammit et al.,
2004; Shefer et al., 2006; Day et al., 2007).

Another myogenic regulatory factor, Myf5, was shown to be expressed by satellite cells and
their progeny during rodent postnatal myogenesis (Smith et al., 1993; Smith et al., 1994).
However, most of the studies have been based on Myf5-driven reporter activity and Myf5
mRNA expression (Smith et al., 1994; Beauchamp et al., 2000; Zammit et al., 2006; Day et
al., 2007), whereas the presence of Myf5 protein is not well characterized. Increased Myf5
protein levels in cultures of satellite cells from MyoD null mice suggested a compensatory
role for Myf5 in the absence of MyoD (Yablonka-Reuveni et al., 1999). Although adult
myogenesis can proceed in the absence of Myf5 or MyoD, satellite cells from Pax7-deficient
mice are rapidly depleted during postnatal growth (Rudnicki et al., 1992; Grounds, 1999;
Seale et al., 2000; Oustanina et al., 2004; Gayraud-Morel et al., 2007; Ustanina et al., 2007).
These studies indicate that Myf5 and MyoD may have overlapping roles. However, analyses
of primary myoblasts and myogenic cell lines demonstrated that protein levels of Myf5 and
MyoD are regulated at different stages of the cell cycle and advocate non-redundant
functions (Kitzmann et al., 1998; Lindon et al., 1998).

The present study follows our previous reports that characterized MyoD, myogenin, and
Pax7 expression throughout the phase of posthatch chicken myogenesis during which
satellite cells are proliferative and enable rapid myofiber growth (Yablonka-Reuveni and
Paterson, 2001; Halevy et al., 2004). Herein, we analyzed Myf5 protein expression, and
determined the status of Myf5 compared to MyoD and myogenin as cells transitioned
through S phase. Proliferating cells were monitored by bromodeoxyuridine (BrdU)
incorporation in combination with transcription factor detection using triple immunostaining
for BrdU, Pax7 and each MRF (Myf5, MyoD, or myogenin). Myf5 was detected strictly
within Pax7+ cells, which is distinct from MyoD detection in both Pax7+ and Pax7− cells.
Our data indicates a wider range of MyoD presence through the cell cycle while Myf5 is
detected during a narrower phase within Pax7+ cells. A small number of myogenin+ cells
were also detected within the BrdU+/Pax7+ population. We propose a refined model of
posthatch myogenesis where the dynamics of MyoD, Myf5, and myogenin detection in
Pax7+ proliferating cells suggest unique roles for each MRF that may drive cycling cells
toward differentiation, reservation, or continuation in the cell cycle.

RESULTS
Myogenic regulatory factor detection in early and late stage myogenic cultures

To determine the patterns of MRF expression within myogenic cells at S phase, chicken
primary cultures were incubated with BrdU and subsequently immunostained for Pax7 and
BrdU, and each MRF. To follow changes in MRF detection in cycling cells, early stage (day
4) and late stage (day 10) myogenic cultures were incubated with BrdU for a short (2 hr) and
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long (6 hr) pulse to ensure maximal labeling of proliferating cells regardless of possible
differences in the length of S phase. DAPI counter-staining for individual nuclei was not
possible as blue fluorescence was dedicated to detection of BrdU incorporation. Cells
positive for Pax7 and/or MRF were considered myogenic cells, and cells negative for both
Pax7 and MRF were excluded from the analysis. As previously published, our cell isolation
and culture conditions yielded highly enriched myogenic cultures; the contribution of
nonmyogenic cells was no more than 5% of total cells.

In early stage cultures, 95-99% of all myogenic cells were Pax7+ and virtually all nuclei that
incorporated BrdU were Pax7+ (Fig. 1, Table 1). For each MRF examined, less than 5% of
the cells expressed MRF alone (Pax7− cells), and did not incorporate BrdU. Approximately
48-70% of total myogenic nuclei at early stage were labeled with BrdU (percentage
depended on the MRF analyzed and BrdU pulse duration). The highest percentage of the
BrdU+/MRF+ cell populations out of total myogenic cells was represented by Pax7+/MyoD+

cells, followed by Pax7+/Myf5+ cells, and the lowest percentage was the Pax7+/myogenin+

cells. The respective percentages of BrdU+/Pax7+/MRF+ cells for 2 and 6 hour BrdU pulse
were: ~42 and 52 (MyoD+), ~38 and 26 (Myf5+), ~14 and 8 (myogenin+).

In the late stage, there was a drastic decline in the overall percentage of BrdU+ cells with a
concomitant increase in percentage of BrdU− cells for each MRF combination analyzed
compared to early stage (Fig. 2, Table 1). Consistent with the early stage, the highest
percentage of the BrdU+/MRF+ cell population out of total myogenic cells in the late stage
was represented by Pax7+/MyoD+ cells, followed by Pax7+/Myf5+ cells, and the lowest
percentage was the Pax7+/myogenin+ cells. The respective percentages of BrdU+/Pax7+/
MRF+ cells for 2 and 6 hour BrdU pulse were: ~15 and 12 (MyoD+), ~9 and 9 (Myf5+), ~1
and 2 (myogenin+).

Essentially all Myf5+ cells (~98% of cells stained with Myf5 antibody) were within the
Pax7+ pool at both early and late stages, while many of the MyoD+ and myogenin+ cells
were within the BrdU−/Pax7− cell pool at the late stage (~30% or greater of the myogenic
cells for each MRF) (Table 1). Such Pax7−/MyoD+ or Pax7−/myogenin+ cells represented
mostly differentiated myoblasts or nuclei in myotubes (Halevy et al., 2004;Shefer et al.,
2006). The only instance of BrdU incorporation into Pax7-/MRF+ cells was in the Pax7−/
MyoD+ population at late stage that increased to ~8% with the 6h pulse (Table 1). For all
other groups, Pax7−/MRF+ cells rarely labeled with BrdU at either stage regardless of pulse
duration.

The reduced frequency of Myf5+ cells compared to MyoD+ cells within the Pax7+

population (in both early and late stage cultures) either reflected more restricted dynamics of
Myf5 expression during the cell cycle, or represented a distinct Myf5+ subpopulation. To
discern whether Myf5 was specifically expressed only within progeny of some progenitors,
clonal cultures were established and grown until late stage for Pax7 and Myf5
immunostaining (Fig. 3). A similar approach was previously described for the detection of
MyoD+ or myogenin+ cells in myogenic clones (Halevy et al., 2004). Myf5+ cells were
detected in all 25 myogenic clones analyzed. Therefore, the dynamics of Myf5 detection is
not reflective of restricted Myf5 expression within progeny of select satellite cell
subpopulations, but indicates a temporal expression pattern within myoblasts at early and
late stages in culture.

Our initial analysis (Table 1) resulted in a nonparallel representation of the percentage of
BrdU+/MRF+ cells within the Pax7+ population for Myf5 versus MyoD or myogenin
immunostaining schemes because MyoD and myogenin were both detected within Pax7+

and Pax7− cells at late stage, while Myf5 was essentially detected only within Pax7+ cells.
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Therefore, the distribution of MRF+ and BrdU+ cells was evaluated only within the Pax7+

population to effectively compare the S phase detection pattern at both culture stages (Table
2).

Myogenic regulatory factor detection within Pax7+ myoblasts
The frequency of BrdU+ cells within the Pax7+ population (proliferation index) at early and
late culture stages was calculated by determining the mean number of nuclei that
incorporated BrdU within Pax7+ cells among individual MRF immunostaining schemes
(Fig. 4). The percent of Pax7+ nuclei that incorporated BrdU at early stage was double
compared to late stage regardless of BrdU pulse duration, and there was a significant
increase with the longer BrdU pulse at each culture stage when compared to the shorter
pulse (~10%).

Assessment of MRF detection and BrdU incorporation within Pax7+ cells revealed very
little, if any, changes in MRF distribution in early culture stage (~95% of all myogenic cells
expressed Pax7). The distribution of Myf5+ cells also did not change at either stage
(compare Tables 1-2). However, the distribution of MyoD+ and myogenin+ cells at late stage
was altered; over 30% of the total myogenic cells were excluded from the evaluation as they
were within the Pax7− population. The respective evaluated percentages at late stage for
MyoD+ cells at 2 and 6 hour BrdU pulse were: ~22 and 25 (BrdU+/Pax7+/MyoD+) and ~73
and 68 (BrdU−/Pax7+/MyoD+). The frequency of the BrdU+/Pax7+/MyoD+ population was
approximately half of the corresponding population at the early stage (Table 2). The
respective evaluated percentages at late stage for myogenin+ cells at 2 and 6 hour BrdU
pulse were: ~2 and 3 (BrdU+/Pax7+/myogenin+) and ~15 and 19 (BrdU−/Pax7+/myogenin+).
These data indicate that the population of proliferating myogenin+ cells was far reduced
compared to that of MyoD+ cells. In comparison to MyoD and myogenin populations, the
respective percentages at late stage for Myf5+ cells at 2 and 6 hour BrdU pulse were: ~9 and
9 (BrdU+/Pax7+/Myf5+) and ~30 and 23 (BrdU−/Pax7+/Myf5+). Thus, the frequency of
BrdU+/Myf5+ and BrdU−/Myf5+ populations is lower than that of the corresponding MyoD
populations and higher than myogenin+ populations observed at both stages.

The data in Table 2 indicate that Pax7 and MyoD are essentially coexpressed throughout S
phase at both early and late cultures stages (~92-95% of Pax7+ cells) with a small residual
population (~5-7%) that expressed Pax7 alone. The reduced frequency of Myf5+ cells
compared to MyoD+ cells at both early and late stages (regardless of BrdU pulse duration)
indicates that Myf5 is present during a narrower period compared to MyoD. The collective
data further suggest that Myf5 may be expressed during the beginning of S phase, but then
declines as the cell cycle proceeds while MyoD presence persists. The population of BrdU+/
Myf5+ cells was reduced in late stage compared to early stage cultures, and the longer BrdU
pulse results in a decline in percent values of BrdU+/Myf5+ cells in early stage, but not in
late stage (Table 2). The BrdU+/MyoD+ population was also similarly reduced by ~50%
between early and late stages, and was altered very little with the longer BrdU pulse in late
stage cultures (Table 2).

DISCUSSION
Our analysis of early and late stage cultures with BrdU incorporation revealed novel insights
into MRF detection patterns as myoblasts proceeded through S phase. The early stage
corresponds with a highly proliferative phase when differentiated myoblasts are rare (Fig.
5A), and the late stage represents a balance between active differentiation and proliferation
(Fig. 5A, B). Hence, late stage cultures may closely resemble the phase of posthatch growth
where proliferation and fusion occurs side by side to enlarge myofibers (Halevy et al.,
2004;Allouh et al., 2008).
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The temporal presence of Myf5 during S phase in Pax7+ myoblasts at the early culture stage,
and its absence in differentiated cells reinforces the notion that Myf5 has a unique role apart
from MyoD that is linked to cell cycle kinetics (Fig. 5A-C). A previous study showed that
Myf5 and MyoD levels oscillated at different phases of the cell cycle in mouse myoblasts
where Myf5 was highest in quiescent, non-differentiated cells (i.e., G0) (Kitzmann et al.,
1998; Kitzmann and Fernandez, 2001). Other studies demonstrated that phosphorylated
Myf5 was degraded between mid S to mitosis while MyoD levels were maintained through
mitosis and degraded at late G1 (Lindon et al., 1998; Tintignac et al., 2000; Batonnet-Pichon
et al., 2006). Furthermore, by blocking Myf5 degradation, the passage of cells through cell
division was perturbed (Lindon et al., 2000; Doucet et al., 2005). Thus, decreased levels of
Myf5 during S phase may be regulated by proteolysis for potential entry into differentiation.
Myf5 levels may also be highest before S phase to prevent continuation of myoblasts
through the cell cycle and direct myoblasts toward reservation and quiescence (Fig. 5A-C).
A minor Pax7+/MyoD− population at late culture stage may also represent the cells entering
reservation where MyoD levels have decreased in late G1 (Fig. 5C) (Tintignac et al., 2000;
Halevy et al., 2004; Zammit et al., 2004; Perez-Ruiz et al., 2008). However, it remains
unclear if the Pax7+/MyoD− cells also express Myf5; Myf5 was detected in a proposed
reserve pool in primary cultures, although Pax7 was not examined (Friday and Pavlath,
2001). A recent finding that Pax7 directly regulates Myf5 expression is also in accordance
with our detection of Myf5 protein strictly within Pax7+ cells (McKinnell et al., 2008).

The evaluation of BrdU±/Pax7±/MRF± populations with regard to the length of BrdU
incubation period also revealed a population of myoblasts actively entering differentiation at
late culture stage. A relatively small change with pulse duration at late compared to early
stage cultures in the BrdU−/Pax7+/MyoD+ population suggests that many of the Pax7+/
MyoD+ cells at late stage are not entering S phase, but may be preparing to differentiate as
verified by the increase in the BrdU−/Pax7−/MyoD+ population with longer pulse (compare
Tables 1-2). Moreover, the increase in BrdU−/Pax7−/MyoD+ cells with longer pulse
suggests that this population must also be myogenin− as the BrdU−/Pax7−/myogenin+

population was relatively unaltered with longer pulse (Table 1). Therefore, a transitional
state (Pax7+/MyoD+ to Pax7−/MyoD+) may exist during differentiation in which myogenin
upregulation in Pax7−/MyoD+ cells occurs beyond our 6h BrdU pulse. This demonstrates
that MyoD may set the pace of differentiation by inducing myogenin expression as Pax7
levels decrease (Fig. 5B). The delayed appearance of myogenin+ cells in myogenic cultures
from MyoD−/− mice promotes this concept (Yablonka-Reuveni et al., 1999).

Our model supports that maintenance of Pax7 is required for cell cycle continuity. Pax7 was
detected in the cytoplasm of individual mouse myoblasts even during mitosis (Shinin et al.,
2006). Pax7-deficient satellite cells also do not appear to appropriately progress in the cell
cycle, and may alternatively initiate apoptosis (Relaix et al., 2006). The presence of a minor
BrdU+/Pax7+/myogenin+ population during early stage that decreased with pulse time
suggests that myogenin is incompatible with S phase, and the elimination of Pax7 outside of
S phase is just as critical to complete differentiation as is the induction of myogenin (Table
1-2, Fig. 5B). Notably, sustained Pax7 expression with upregulation of myogenin in Rb-
deficient myoblasts prevented their terminal differentiation (Huh et al., 2004). Thus, final
cell cycle withdrawal may not be complete until the cell cycle inhibitor, p21, is present at a
sufficient level (Andres and Walsh, 1996). In addition, the potential negative reciprocal
inhibition between Pax7 and myogenin also suggests that their individual levels may
influence fate decisions between renewal and differentiation (Olguin et al., 2007).

Overall, the unique patterns of Pax7 and MRF detection within myoblasts at S phase may
reflect continuity of proliferation, terminal differentiation, or reservation during posthatch
myogenesis. The early stage sustains proliferation by maintaining a continuous supply of
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active, Pax7+/MyoD+ progeny of satellite cells for enhancing muscle growth. Alternatively,
the late stage may provide an environment where decisions are made as differentiation
appeared in balance with proliferation. Discerning the specific function of Myf5 in the cell
cycle during myogenesis may require genetic engineering in mice such as the expression of
proteolysis-resistant Myf5 or MyoD in parallel null backgrounds. Further elucidation of the
relationships between cell cycle kinetics and the MRFs that control myoblast proliferation,
entry into differentiation, or reservation may provide valuable insights for cell-based
therapies of muscle disorders and allow manipulation of growth for agricultural purposes.

EXPERIMENTAL PROCEDURES
Animal Procedure and Cell Cultures

Posthatch chickens (White Leghorn, 9-day old) were kindly provided by Drs. O.
Bermingham-McDonogh and E. Rubel (University of Washington). Animal care and
experimental procedures were approved by the Institutional Animal Care and Use
Committee at the University of Washington. The pectoralis muscle was removed and used
for preparation of primary myogenic cultures using Pronase digestion according to our
published procedure (Halevy et al., 2004). Cells were cultured on gelatin coated 35-mm
tissue culture plates using MEM-based medium containing 10% horse serum and 5%
chicken embryo extract (Yablonka-Reuveni and Paterson, 2001; Shefer and Yablonka-
Reuveni, 2005). Cultures were initiated at a density of 5×104 and 1×103 per plate for early
(day 4) and late (day 10) stages, respectively; the lower cell density ensured that cultures
were not overgrown at the later time points, to facilitate cell counts of immunostained cells.
Parallel cultures were seeded with each density from 3 independent animals.

BrdU labeling
BrdU stock (10 mg/mL in PBS) was diluted into fresh medium at a final concentration of 5
μM and incubated with cultures for either 2 or 6 hours. Cultures were then rinsed with MEM
and fixed in 4% paraformaldehyde/phosphate buffered saline/1% sucrose solution (Shefer
and Yablonka-Reuveni, 2005). Fixed cultures were washed in Tris buffered saline (TBS, pH
7.4) and permeabilized for 10 min in 0.5% Triton-X-100 in TBS. Plates were then incubated
with 4N HCl for 7 min and rinsed with TBS for 5 min each. Cultures were blocked
overnight in 1% normal goat serum/TBS at 4°C prior to immunostaining.

Immunofluorescence and Antibodies
Cultures exposed to BrdU and fixed as described above were reacted with primary and
secondary antibodies according to our routine immunofluorescence labeling protocol (Day
et al., 2007). The following primary antibodies were used: rabbit polyclonal antibodies
against chicken Myf5 (1:800), MyoD (1:400) and myogenin (1:1500), (developed and
characterized as detailed in Yablonka-Reuveni and Paterson, 2001); mouse monoclonal
antibody against chicken Pax7 (ascites fluid, 1:2000, Developmental Studies Hybridoma
Bank, University of Iowa); rat monoclonal antibody against BrdU (Abcam, 1:2000).
Secondary antibodies used were all AlexaFluor conjugated and produced in goat
(Invitrogen, 1:1000 dilution): anti-mouse IgG1 – 488 (for detection of Pax7), anti-rat IgG –
350 (for detection of BrdU incorporation), anti-rabbit IgG – 568 (for detecting MRFs). For
amplified detection of blue fluorescence signal (BrdU labeling), primary and secondary
antibody staining was performed twice. Otherwise, all immunostaining procedures were
performed as in previous publications (Halevy et al., 2004), except DAPI staining was
omitted for use of the blue channel for the triple immunostaining technique. Clones were
double immunostained for Pax7 and Myf5 with DAPI staining (BrdU labeling was omitted).
Controls for immunolabeling specificity of the nuclei included immunostaining with
omission of primary antibodies, staining with each of the primary antibodies alone followed
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by all secondary antibodies, staining with each of the primary antibodies alone followed by
the reciprocal secondary antibodies, and immunostaining with the multiple primary
antibodies followed by each of the secondary antibodies alone.

Microscopy and Imaging
An inverted fluorescent microscope (Nikon eclipse, TE2000-S) was used to acquire images
with a Qimaging Retiga 1300i Fast 1394 monochrome CCD camera. The CCD camera drive
and color acquisition were controlled by MetaVue Imaging System (Universal Imaging
Corporation). Images were acquired using a 40× objective and cells were counted from these
images as previously described (Halevy et al., 2004; Shefer et al., 2006). In brief, 20
arbitrary microscopic fields were counted from each triple immunostained plate and values
were pooled from parallel duplicate plates per each time point in each experiment.
Composites of photomicrographs were assembled using Adobe Photoshop software.

Data Analysis
Proliferation indices (percent BrdU+ cells within Pax7+ cells) were subjected to an arcsin of
square root-transformation for percentages and ratios to meet the criteria of the ANOVA
method before data were analyzed by two-way ANOVA. P values less than 0.05 were
considered significant.
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Figure 1.
Representative photomicrographs of day 4 cultures incubated with BrdU and triple-stained
with antibodies against Pax7 and MyoD (A, A’), Pax7 and Myf5 (B, B’), Pax7 and
myogenin (C, C’), and BrdU (A”’- C”’). Merged images of Pax7 and MRF immunostained
cultures are depicted in A”- C”. Arrows indicate triple-stained nuclei in parallel images, and
arrowheads indicate nuclei double-stained for Pax7 and BrdU. Scale bar, 15μM.
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Figure 2.
Representative photomicrographs of day 10 cultures incubated with BrdU and triple-stained
with antibodies against Pax7 and MyoD (A, A’), Pax7 and Myf5 (B, B’), Pax7 and
myogenin (C, C’), and BrdU (A”’- C”’). Merged images of Pax7 and MRF immunostained
cultures are depicted in A”- C”. Arrows indicate triple-stained nuclei in parallel images, and
arrowheads indicate nuclei double-stained for Pax7 and BrdU. Scale bar, 15μM.
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Figure 3.
Representative photomicrographs of a day 10 clone double-stained with antibodies against
Pax7 and Myf5 and counter-stained with DAPI to monitor all nuclei. Merged panel is also
depicted. Arrows mark double-stained cells in parallel and merged images. Arrowheads
point to myotubes. Scale bar, 15μM.
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Figure 4.
Proliferation index for Pax7+ cells in day 4 and day 10 primary cultures. The frequency of
BrdU+ cells within the Pax7+ population at early and late culture stages was calculated by
determining the mean number of nuclei that incorporated BrdU within Pax7+ cells among
individual MRF immunostaining schemes. Results are means (± SEM, n=3). Two-way
ANOVA indicated a significant effect of BrdU incorporation with incubation time (2h and
6h), and culture stage (day 4 and day 10). Tukey post-hoc pairwise comparisons showed
significant differences as indicated by asterisks above corresponding bars (P ≤0.025).
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Figure 5.
A model depicting Pax7 and MRF detection profiles at S phase during various stages of
posthatch myogenesis. Active proliferating cells (in early culture stage) maintain Pax7 and
MyoD while Myf5 and myogenin levels decrease as they progress through S phase;
sustained Pax7 and MyoD levels allow myoblasts to continue into a subsequent round of cell
division (circular arrow) (A). The decision to differentiate involves decreased Pax7 and
Myf5 levels, maintenance of MyoD, and induction of myogenin beyond S phase (or at least
beyond our long BrdU pulse); cells will differentiate when myogenin levels sufficiently
increase and Pax7 levels decrease as they exit the cell cycle outside of S phase as indicated
by the block line (B). Pax7+/MyoD− reserve cells may emerge after proliferation when
MyoD levels decrease within Pax7+/MyoD+ myoblasts to enter quiescence as shown by the
block line; the question mark denotes potential Myf5 levels in myoblasts destined for
reservation (C). Dotted-line rectangle depicts the interval of S phase that spans the BrdU
pulses used at early and late culture stages.
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Table 2

Evaluated frequency (% ± SEM) of BrdU±/MRF± cells within Pax7+ cells in early and late stage cultures§

BrdU
pulse

(hours)

Early Late

BrdU+ BrdU− BrdU+ BrdU−

MyoD+

2 44.22 ± 3.97 47.71 ± 1.62 21.89 ± 1.01 73.41 ± 1.79

6 53.25 ± 2.06 29.06 ± 0.58 25.15 ± 2.75 67.63 ± 1.53

MyoD−

2 6.42 ± 3.02 1.65 ± 0.43 0.47 ± 0.47 4.23 ± 0.84

6 8.30 ± 1.23 9.39 ± 1.84 2.07 ± 0.29 5.15 ± 0.98

Myf5+

2 38.75 ± 3.84 17.37 ± 2.23 9.07 ± 0.63 30.36 ± 4.41

6 25.84 ± 2.63 8.50 ± 0.98 8.67 ± 1.19 23.28 ± 2.49

Myf5−

2 17.37 ± 2.12 26.50 ± 4.58 11.67 ± 2.02 48.91 ± 2.61

6 44.78 ± 4.86 20.88 ± 1.76 26.61 ± 3.48 41.44 ± 2.66

Myogenin+

2 13.71 ± 0.34 15.40 ± 0.36 1.94 ± 0.37 15.27 ± 1.50

6 7.88 ± 3.01 11.36 ± 0.22 2.68 ± 0.10 19.03 ± 2.50

Myogenin−

2 44.51 ± 2.43 26.37 ± 2.04 17.86 ± 3.10 64.92 ± 3.31

6 61.36 ± 2.50 19.41 ± 0.34 27.40 ± 5.27 50.88 ± 3.71

§
See footnote in Table 1.
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