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ABSTRACT

The purpose of the studies 'reported in this thesis was .to obtain

data concerning the embryonic origin and.formation,of the pectoralis

major muscle of the chicken.. This muscle is ,used extensively in studies

on muscle development because it is large; readily available, and is

composed' almost entirely of one muscle fiber type. Moreover, it is
~

the largest muscle to be affected by hereditary muscular dystrophy in
.

the line of chickens afflicted with this disease. Information con~.,
cerning its embryonic origin could be used for in vivo studies on the

early development of both normal and dystrophic muscles.

"•.-.,
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Previous investigations

muscle in several classes of

into.the embryonic origin
I .

vertebrates have resulted

of skeletal

in controversy .

. Some investigators have concluded that all skeletal muscles arise from

b th~ myotomal layer of the somites. Others have cited evidence to show

that some muscles, including the pectoralis major muscle of the chick,

are derived from the somatopleuric mesoderm adjacent to the somites.

In the present investigation,. interspecific chimaeras have been

used to study the problem. Whole somites, somite. halves, or limb-buds

were grafted from quail to chick embryos between 2 and 3 days in ovo.

After further development, the chimaeras were fixed, embedded in paraffin,

sectioned, and stained using the Feulgen reaction for chromatin.~s

procedure permitted the identification of those structures that were

derived from the grafted quail tissue.

The observations in this.study have led to the following conclusions:

The pectoralis major muscle arises from the dorsal halves of somites

16-21 of the 2-day in~ chick embryo. These somites also give rise

to all other ,wing and wing-associated muscles of the shoulder and thorax.
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Each somite plays a specific role i~.the development of these muscles.

Tpe cells that ultimately form the pectoralis and other brachial

muscles migrate from the somit~s into the. lateral mesoderm between 2

and 2.5 days in OYO. The myotomal layers of the somites do not appear-- .

until 2.5 days in~ and do not contribute to the formation of the Ii
brachial muscles.
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INTRODUCTION

For more than a century, embryo)ogists have been debating the issue of

the embryonic 'origin of skeletal muscles. There is nb doubt that much of

the dorsal musculature is derived from somites, the blocks of mesoderm

that form adjacent to the embryonic spinal cord; the myotomal layer of the

. somites ~an be seen to differentiate into spindl~apedmyoblasts in situ.

The controversial issue is whether the somites contribute cells to the more

peripheral muscles, such as those of the limb, thorax, and abdomen, or

whether these muscles are derived from the somatopleuric mesoderm, the lateral

mesoderm that forms the body wall.

MUSCLE DEVELOPMENT (see Yaffe! 1969; Herrmann et al., 1970; Holtzer and

Bischoff, 1970; Goldspink, 1974 for detailed reViews).

In the embryo, skeletal muscle develops from undifferentiated, prolifer~

ating cells that a<:cumulate in regions corresponding to the sites that

muscles will occupy in the adult, such as the peripheral regions of the

limbs. Overt muscle differentiation begins with the appearance of'bipolar

spindle-shaped manonucleated myoblasts.

The existence of several classes of presumptive myoblasts has been

postulated by Holtzer and Bischoff (1970). According to this hypothesis,

many apparently undifferentiated c~lls in myogenic regions are committed~o a

myogenic lineage. These cells pass through a series of quantal mitoses, each

of which advances the cell another step toward the fully differentiated state.

Tms hypothesis is based on indirect evitlence and is not universally accepted

(Searls and Janners, 1969; Konigsberg and Buckley, 1974); nevertheless, it

calls attention to the idea that cells may be covertly differentiated before­

they take on the'morphological characteristics of the overtly differentiated
,

state.

'.
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Once myoblasts appear, they continue to proliferate. At some later poi~t,

they begin to fuse with one another to form long multinucleated myotubes.

It has been proposed by'Holtzer (1972) that myoblasts withdraw from the cell

cycle prior to fusion. His in vitro studies have indicated that only myo- .

blasts in the 61 phase of ttie cell cycle ," fuse wi? one another or with'

myotubes. Other in vitro studies have ~nstrated ~~at nuclei contained

within myotubes do not synthesize DNA or divide except under pathological
•

conditions (Yaffe, 1969), A study of the in ovo. development of skeletal muscles

in the chick embryo (Marchok and Herrman, 1967) has shown 'that betweep 7 'and

11 days of development, when the first wave of myotube formation occurs, the·

mitotic rate of myogenic cells decreases from 70% to 20~; yet at 11 days in

ovo, almost 90~ of all muscle nuclei are present in mononucleated cells; only-. .

. ..;,(' ....

'.

about 12~ are contained within myotubes. Thus it appears that myoblasts cease

proliferating before they fuse. Other studies have shown, however, that

withdrawal from the cell cycle is not obligatory·prior to fusion (Konigsberg

and Buckley, 1974). The issue of proliferation versus differentiation is a

controversial one and has been reviewed by Lash (1974).

With the appearance of myotubes, bulk synthesis of muscle-specific proteins

begins, Myosin synthesis within myotubes is readily detected, but there have

b~O~ reports of low le~els of myosin synthesis in mononucleated myoblasts

(Herrman et al., 1970). It is not known whether this represents low levels

of myosin synthesis by many' cells or high levels of myosin synthesis by a few

cells. However, it is apparent that large quantities of myosin, actin, tropo­

myosin, and troponin are synthesized only after fusion.

Myotubes first appear in the central regions of the presumptive muscle

mass, and they grow in length by continued fusion with myoblasts~ new myo­

tubes appear in more peripheral regions of the muscle mass. New myotube

formation may continue until hatching or birth, and even beyond in some species.












































































































































































































































































































































































