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278 Martyn et al - MUSCLE DEVELOPMENT IN THE BOVINE FOETUS

Characterisation of muscle development in foetuses with and without
presumptive double-muscled phenotypes

J.AK. MARTYN, J.M. OLDHAM, C.J. BERRY, S.P. KIRK, B.C. McGARRY,
W.M. McMILLAN AND J.J. BASS

Growth Physiology, Dairy and Beef Division, AgResearch, Private Bag 3123, Hamilton, New Zealand.

ABSTRACT

Double-muscled (DM) cattle have increased numbers of muscle fibres and most muscles are heavier, although certain muscles
are reduced in weight relative to non-double-muscled animals. This study was undertaken to investigate whether thismiiffeckntia
growth seen in the adult was apparent during foetal growth.

Foetuses with presumptive DM phenotype were compared to presumptive non-double-muscled controls (NDM), at four
gestational ages. Body weight (p-0.001), but not crown rump length was greater in DM foetuses. Bottaghes\ateraliand the
M. vastus medialisvere heavier in the DM (p-0.001). In DM there were fewer type 1 fibres per fascicle in both muscles (p-0.001),
and M.vastus lateralisat 210 and 260 days, had smaller type 1 fibre areas (p-0.001).

In conclusion, our data demonstrate differences in muscle development between DM and NDM foetuses, and suggest that the
relatively reduced size of Mastus medialisn the DM adult, is attained postnatally.

Keywords: double-muscled; cattle; development; fibre area; ATPase.

INTRODUCTION in DM than NDM, and Mvastus medialisvhich is 38%
o lighter in DM than NDM (Boccard and Dumont, 1974).
Within double-muscled (DM) cattle breeds, all musThe gpjectives of this study were: (i) to determine whether
cles have increased numbers of muscle fibres (Ashetoreterences in postnatal muscle growth were apparent dur-
al., 1974). This is associated with a generalised increase;ify foetal growth and were associated with differences in

muscle size, and a corresponding improvement in m&&re size; and (ii) to determine the contribution of fibre
yield. The hereditary nature of the DM phenotype is We{bpe to differential muscle growth.

established, but the method of inheritance of the single

gene causing the condition has not been agreed upon. The MATERIALS AND METHODS

mh gene has been mapped to a position on bovine

chromosome 2 (Char'l@t al., 1995), but as yet has not Foetuses with an expected DM phenotype were pro-

been cloned. duced using standard superovulation and embryo transfer
The extent of the muscular hypertrophy exhibited byechniques. Donor cows which were pure-bred,

DM animals has been shown to be variable between diffgshenotypically DM Belgian Blue, were inseminated with

ent muscles in a number of DM breeds (Butterfield, 196@emen from pure-bred, phenotypically DM Belgian Blue

Rollinset al., 1969, Boccard and Dumont, 1974). Musclegylls. Embryos were recovered 7 days after insemination,

with a large surface area tend to be the most enlarged whilgd were transferred to Hereford x Friesian recipient
deeper muscles tend to be reduced in size relative to NDNkijfers.

As these muscles all have increased muscle fibre numbers, Egetuses with an expected NDM phenotype were
it follows that the reduced muscles have smaller fibre Si%ﬂoduced using either artificial insemination of heifers
(Boccard, 1981). from the Hereford x Friesian recipient herd, or using em-
Histochemical fibre typing using myosin ATPase achryo transfer into recipients from this herd. Embryos were
tivity allows for the classification of muscle fibre typesderived from abbatoir sourced ovaries from beef and/or
aCCOfding to the myOSin isoforms which are present. DIBan’y cows of NDM phenotype, usir‘ig_vivo production

ferent myosin isoforms have different contraction speedgchniques (Ltet al.,1990). Semen used to generate pre-
and the myosin ATPase reaction allows fibres to be classiumptive NDM foetuses was from Friesian bulls.

fied on this basis, such that slow fibres are classified astype The recipients were grazed in a single mob, and were

1 and fastas type 2. DM cattle have a different compositigaughtered at 120, 160, 210 and 260 days gestation. Five
of histochemical fibre types during both foetal developfoetuses were produced at each gestational age for both
ment (Ashmoreet al., 1974) and in the postnatal animalpreeds except for the 210 and 260 day Belgian Blues when
(Holmes and Ashmore, 1972), and muscle fibre size {$foetuses were produced. Foetuses were weighed, crown-
altered in DM cattle according to fibre type. rump length measured and Mastus medialiand M.

The current study was undertaken to investigate thgystus lateralidissected. Muscle samples from the mid-
development of the Miastus lateralisvhich is 15% heavier
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point of the muscle were frozen in isopentane cooled irFIGURE 1: (A) Body weights of DM@) and NDM (O) foetuses at four
quuid nitrogen. gestational ages. Values are means + sem. (B) Crown rump length of DM

Identification of type 1 and type 2 muscle fibres was Er‘sL:qnd NDM (O) foetuses at four gestational ages. Values are means
carried out using histochemical myosin ATPase staining,
essentially according to the method of Guth and Samaha A
(1969), with the exception that following fixation, slides A
were preincubated for 10 minutes at pH 5.0. This gave an
identical staining result to the standard alkaline pre-incu-
bation protocol with pre-incubation at pH 9.4 but histo- 30 1
logical quality was improved, and staining was more Tz
intense. =
Measurements of muscle fibre areas and optical den-% |
. . . . ) il
sity of ATPase staining were carried out using semi-
automated image analysis software (Image, NIH, Bethesda, &
Maryland). Data was collected from all fibres within each ™
of five entire muscle fascicles for each animal. Three 10
animals were analysed from each group. Individual fibres
were defined as either type 1 or type 2 fibres on the basis
of optical density and fibre area measurements. n
Statistical analysis was carried out by analysis of
variance, using age and phenotype as main effects, and
testing for age x phenotype interactions. Muscle weight
data is presented as back transformed least squares means +
following covariate adjustment for sex ratio and foetal
weight within groups. All other data are mean values with
standard errors of the means (sem).

a
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RESULTS

Body weight increased significantly with age in both i

phenotypes (p-0.001), and was higher overall in the DM
animals (p-0.001) (Figure 1A). Crown rump length also
increased significantly with age in both phenotypes
(p-0.001), but there was no difference between NDM and
DM animals (Figure 1B). Muscle weights for both M.
vastus medialiand M.vastus lateralisvere significantly =0 ¥ T r 1
greater in the DM (p-0.001) (Figure 2). »0a 120 200 250 300
Measurements of muscle fibre area for type 1 fibres Greslalanz age (days)
showed no difference between DM and NDM in M.
vastus medialisbut in M. vastus lateralis fibres were
significantly smaller in DM than NDM at 210 and 260 FIGURE 2: Weights of M.vastus laterali€]) and M.vastus medialis
days gestation (p-0.001) (Figure 3, Figure 4A). There(O)from DM (closgdsymbols)and NPM (opensymt)_ols):\(aluesare least
was no effect of phenotype on the areas of type 2 fibres iﬁquares means adjusted for body weight and sex ratio within groups + sem.
either muscle (Figure 3, Figure 4B).
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In all muscles there was a significant effect of age on =N
the number of type 1 fibres per fascicle (p-0.001) with the
number declining from 120 to 210 days, but then increas- 20+
ing again at 260 days. Also, there were fewer type 1 fibres __
per fascicle in the DM animals (p-0.001 for both muscles) E _
(Figure 5). Total number of fibres per fascicle was inde- L 121
pendent of muscle, phenotype and age. g
2 167
DISCUSSION i
=
This study has provided no evidence for a reduction ik
in muscle weight or average fibre area in the DM/a&tus
medialisrelative to NDM, and there may be several expla- o

nations for this. One possibility is that underlying geno- Tan 150 00 230 40
typic differences are not expressed in the foetal period and ) _
are only exhibited postnatally. Alternatively, postural dif- Gesllional age (days:
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FIGURE 3: Cryosection of 260 day (A) DM Miastus lateraliand (B) FIGURE 4: (A) Average area of type 1 muscle fibres fuof M. vastus

NDM M. vastus lateralistained for myosin ATPase. 1 = type 1 fibre, 2= lateralis (]) and M.vastus mediali¢0) from DM (closed symbols) and
type 2 fibre. Bar = 50um. NDM (open symbols). Values are means + sem. (B) Average area of type
2 muscle fibres (ufnof M. vastus lateralig]) and M.vastus medialig§D)

from DM (closed symbols) and NDM (open symbols). Values are means
+ sem.
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ferences may be responsible for the atrophy of the M.

vastus medialisas has been described in humanSFIGURE 5: Total number of type_l muscle fibres per fasciclevibtus

(Speakman and Weisberg, 1977). A further option is tha atDe,(Aaléi (EE 2”:12/(')' o ?Suzu'zgd;fgﬂ;ﬁ Zgﬂm(dosed symbols) and
the difference in muscle weights may be the result of pen ¥ ' T

altered composition of non-muscle tissues such as connec- 51 4
tive tissue, but this is not supported by existing literature

which indicates less connective tissue in DM phenotypes
(Boccard, 1981).

We have shown a decrease in the area of type 1 fibres
in DM M. vastus lateralisat 210 and 260 days gestation,
relative to NDM. This data extends the time periods cov-
ered by previous studies in Memitendinosusvhich
showed no difference in the size of type 1 muscle fibres
during foetal development up to a crown rump length of 54
cm (approximately 180 days gestation) (Ashmetral.,
1974) or at slaughter at 66 weeks, while in postnatal DM
calves from 4 to 26 weeks of age, type 1 fibre size was 0o r T r '
reduced relative to NDM (Holmes and Ashmore, 1972). 100 140 i M 2

The similarity in the size of type 2 muscle fibres
between DM and NDM which we have described is con-
sistent with a previous report for such a comparison during
development of foetuses up to approximately 180 daysnyosin ATPase isoforms, and this study examined muscle
gestation (Ashmoret al.1974). fibre type using myosin ATPase histochemistry as a means

Muscle fibres derived from primary and secondary of characterising stages of fibre development. Initially,
myotubes are characterised by the expression of specifisrimary muscle fibres are type 1 on the basis of a very low
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