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CHAPTER I 

INTRODUCTION 

MuscuTar hypertrophy, commonTy known as doubTe muscTing (DM), 

has Tong been identified as a genetic defect in cattTe. Such cattTe 

exhibit increased muscuTature and an abnormaT metaboTism resuTting 

in practicaTTy no fat deposition. This paucity of fat depots resuTts 

in insufficient marbTing to meet industry grade standards; however, 

researchers have indicated that paTatabiTity does not differ between 

normaT and DM animaTs (KidweTT et al., 1952; West, 1974). 

An increased emphasis on beef carcass cutabiTity has resuTted 

in the seTection of breed types that have the genetic potentiaT to 

produce high yieTding carcasses at desirabTe sTaughter weights. 

Some of these breed types have phenotypic characteristics of the 

DM syndrome. ConsequentTy, the probTem arises of genotypic cTassi-

fication and segregation of animaTs that are carriers of the DM gene 

from those that are simpTy heavily muscTed. 

ATthough the DM condition resuTts in desirabTe carcass cutabiT

ity, the condition is associated with many production probTems. 

Mature DM animaTs have been noted for Tate sexuaT maturity, infantiTe 

reproductive tracts and Tow fertiTity. Dystocia and reduced miTk 

production are aTso common (OTiver and Cartwright, 1969). For these 

reasons and their concurrent economic impTications, cattTe breeders 

in the United States consider the trait deTeterious. Most breeders 

attempt to identify and deTete the DM gene from their herds. This 

widespread fear of DM and the production probTems associated with 
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it has effected a conscious effort by both seedstock and commerciaT 

producers to avoid thick muscTing in their breeding programs. The 

resuTt often is reduced potentiaT for performance or carcass desir-

abiTity. 

The identification of the homozygous DM animaT is not difficuTt; 

the physicaT appearance of such an animaT usuaTTy is obvious. The 

probTem arises in the identification of the heterozygous DM animaT 

which may appear normaT (West, 1974). Inaccurate identification 

couTd Tead to the unknowing incorporation of the DM gene and its 

associated production probTems into the breeding herd. 

To date, the onTy method avaiTabTe for identification of a 

heterozygous DM animaT is progeny testing which is both time con

suming and expensive. A soTution to this probTem wouTd be a quick, 

accurate, reTativeTy inexpensive method of identifying carriers 

of the gene in prospective breeding animaTs. Therefore, the pur

pose of this study was to examine striated muscTe from normaT, 

heterozygous and homozygous DM animaTs in an effort to deveTop a 

technique for accurate genotypic cTassification. 



CHAPTER II 

LITERATURE REVIEW 

Mode of Inheritance 

DoubTe muscTing is a geneticaTTy controTTed trait. ATT reports 

concerning the inheritance of DM agree onTy to the extent that a 

singTe pair of genes is invoTved. Researchers disagree as to whether 

the gene is dominant (Wriedt, 1929; Mason, 1962) or recessive 

(KidweTT e_t al., 1952; OTiver and Cartwright, 1969; Kieffer et_ al., 

1972). Most authors agree, however, that either incompTete domin

ance, incompTete penetrance or gene modifiers of some type are 

invoTved because the phenotypic expression of the trait is variabTe, 

especiaTTy in the heterozygote (KidweTT et_ ̂ ., 1952; Lauvergne 

et al., 1963; OTiver and Cartwright, 1969). 

Expression of DM Trait 

Many typicaT phenotypic characteristics have been observed 

in DM animaTs. KidweTT et al. (1952) found DM animaTs to have 

extremeTy thick, fuTT thighs with a deep groove between the vastus 

TateraTis and semimembranosus muscTes. Excessive muscTing of the 

shouTder region existed in oTder animaTs. They reported that the 

DM individuaTs assumed an unusuaT stance with front and rear Tegs 

extended anteriorTy and posteriorly, a position in which the animaTs 

were distinctTy swaybacked and weak in the Toin. OTiver and Cart

wright (1969) aTso noted extreme muscuTarity and intermuscuTar 

grooves of the hindquarter of DM animaTs. They postuTated that 



the intermuscuTar grooves resuTted from enTargement of the muscTes, 

accompanied by a typicaT absence of subcutaneous fat. They aTso 

reported that the taiT of DM animaTs appeared farther forward on 

the rump and that they were shaTTow-bodied, "cut up" in the rear 

fTank, and had atypical Tong, narrow heads. TypicaT characteristics 

of genitaTia incTuded abnormaTTy smaTT vuTvas Tocated higher and 

more forward on the rump and underdeveToped testicTes were carried 

cTose to the abdominaT waTT (KidweTT et_ al., 1952; OTiver and Cart

wright, 1969). Workers agree that aTT of these typicaT character

istics are not exhibited by each individuaT animaT, but propose 

that occurrence of these traits in a herd suggests the presence 

of the DM gene. 

The effects of the trait aTso are evident in the carcass. 

Hendricks el al. (1973) observed that DM cattTe.were Teaner and 

more heaviTy muscTed as indicated by ribeye area and fat thickness 

measurements and physicaT separation and chemicaT anaTysis of the 

9-10-llth rib section. Lung, Tiver and hide weights were Tower 

and dressing percent was higher (P<.05) in DM buTTs when compared 

to normaT buTTs. Biopsy and sTaughter data confirmed observations 

that the DM animaT had a thinner hide than normaT and that subcutan

eous and intermuscuTar fat was virtuaTTy nonexistent (KidweTT et aT., 

1952; Pomeroy and WiTTiams, 1962; ButterfieTd, 1966; HoTmes and 

Ashmore, 1972; West, 1974). 

Upon dissection of a DM carcass, no actuaT doubTing or dupTi-

cation of the muscTes was observed (KidweTT el al., 1952). An 

obvious enTargement of the thigh and Toin muscTes was found. 



MuscTes of the shouTder and brisket regions were hypertrophied. 

Researchers disagree as to whether muscTes of a DM animaT are 

actuaTTy affected by the gene. Lawrie et al. (1964), ButterfieTd 

(1966), RoTTins et al. (1969) and Lohman et al. (1971) have shown 

that the gross muscular enTargement is specific to certain areas 

of the body. Lohman el al. (1971) showed that the more superficial 

muscles are most enlarged and the deep muscles are not affected. 

Berg and Butterfield (1976) maintained that muscles which contain 

a high proportion of muscle fibers to connective tissue will become 

larger than those muscles which contain a high proportion of con

nective tissue. 

Ouhayoun and Beaumont (1968) stated that there are some non-

enlarged muscles in a DM animal. They found that even those non-

enlarged muscles had an apparent increase in the number of myofibers 

They suggested that an animal possibly can have an increase in the 

number of myofibers without any obvious signs of muscle enlargement 

and that such an animal could be an unsuspected carrier of the DM 

gene in either the heterozygous or homozygous form. Swatland and 

Kieffer (1974) differ from Ouhayoun and Beaumont (1968). They con

ducted research on DM fetuses to determine the extent of hypertrophy 

They observed that before and after perfusion with a formalin fixa

tive, all DM fetuses studied showed obvious signs of muscTe enTarge

ment. Increased girth of muscTes caused them to bulge, and weTT-

marked grooves between muscTe groups were observed. Dry weights 

of muscTes from DM fetuses were greater than from normaT fetuses. 



Each region of the carcass, except the head, was represented by one 

major muscTe or muscTe group and aTT were enTarged. 

HistoTogicaT and HistochemicaT Characteristics of MuscTe 

from NormaT, Heterozygous and Homozygous DM AnimaTs 

MuscTe Fiber Number and Size 

MuscTe growth can be divided into two phases: 1) an increase 

in the real number of myofibers due to the formation of new ones, 

and 2) an increase in the number of myofibers crossing the midTength 

of the muscTe after the formation of new myofibers has ceased (Swat-

Tand and Kieffer, 1974). Biopsies were conducted on four DM fetuses 

and on normal fetuses of similar crown-rump (CR) lengths to deter

mine if differences existed in myofiber number during muscle develop

ment. The muscTes examined in the study were determined to be in 

the second phase of deveTopment. DoubTe muscTed fetuses had a greater 

number of myofibers in transverse muscTe section, and the numbers ap

peared to be increasing more rapidTy (45,000/cm of CR Tength in DM 

fetuses compared to 16,000/cm in the normaT fetuses). However, 

when the rates of increase in myofiber number were expressed on 

the same reTative basis (increase in number per singTe myofiber 

present at 26 cm CR Tength) no difference was found. They con-

cTuded that myofiber hyperpTasia has an earTy origin, possibTy at 

the myobTast stage. 

SwatTand and Kieffer (1974) found no evidence that myofibers 

in DM fetuses were larger than myofibers in normaT fetuses. This 

finding substantiated the work of Ashmore and Robinson (1969) who 



observed no abnormaTTy Targe or smaTT myofiber popuTations among 

each of the normaT, heterozygous and homozygous DK genotypes of 

caTves 9 months of age. HoTmes and Ashmore (1970) biopsied normaT 

and DM caTves at 1 month of age and found no difference in mean 

myofiber size even though the muscTes were grossTy enTarged. They 

suggested that more myofibers were present in DM caTves. However, 

the DM caTves had myofibers 30% Targer than the normaT caTves at 

6 months of age. In a Tater study, HoTmes and Ashmore (1972) found 

a difference (P<.025) in myofiber size among caTves from each of 

the normaT, heterozygous and homozygous DM genotypes. They found 

that DM caTves had Targer myofibers. At 4 weeks of age, the differ

ence was onTy 2%, By 66 weeks of age, the DM cattTe had myofibers 

15% Targer than normaT, with the heterozygotes faTTing intermediate, 

being onTy 5% Targer than normaT. Myofiber size did not differ 

between sexes at 4 weeks of age; however, after puberty, maTes had 

Targer myofibers (P<.01). Ouhayoun and Beaumont (1968) reported 

opposite findings on the average size of myofibers. They compared 

the sterohyoideus at 3, 15 and 20 months. However, there was an 

increase from 20.0 to 40.7% in the number of myofibers present in 

DM animaTs. No significant differences were found in the triceps 

brachii between normaT and DM animaTs at any age. 

MuscTe Fiber Types 

Striated muscTe contains varying distributions of myofiber 

types. With the identification of the contrasting metaboTism of 

the different myofiber types by biochemicaT and histochemicaT 
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methods, an entire popuTation of classified muscTe fibers has been 

found - some authors recognizing eight types (RomanuT, 1964). To 

complicate matters, species, age and muscle differences, and physio

logical and experimental conditions must be considered in a classi

fication scheme (Joubert, 1956; Ashmore, 1974). Ashmore (1974) 

stated that the phenotype of a muscle cell results from a combina

tion of genetic, neural and environmental factors. 

While many groupings have been suggested to classify fibers, 

two basic myofiber types generally are recognized. The fibers are 

classified according to their metabolism and functional activity. 

Red or type I myofibers have high concentrations of myoglobin, high 

concentrations of enzymes used in the oxidative phosphorylation-

respiratory chain and Krebs cycle, lower myosin ATPase activity 

and slow contractability with resistance to fatigue. White or 

type II myofibers have a high glycolytic enzyme (phosphorylase) 

activity, high concentrations of glycogen and creatine phosphate, 

high myosin ATPase activity, fast contractability and the muscle 

fatigues quickly. A third myofiber type (intermediate) sometimes 

is identified. It exhibits varying quantities and qualities of 

the properties of the red and white myofibers (Golisch et_ al., 1970; 

Van Sickle, 1971; Gauthier, 1976). 

Differences exist in the number of myofiber types found in 

histochemicaT comparisons of DM and normaT muscTe. Ashmore and 

Robinson (1969) and HoTmes and Ashmore (1974) found that DM animaTs 

had an increased number of myofibers exhibiting histochemicaT reac

tions typicaT of an anaerobic or gTycoTytic type (white) of myofiber 



metaboTism in aTT muscTes examined. HoTmes and Ashmore (1970) biop

sied six normaT and six DM caTves in the triceps Tateralis, abdominal 

cutaneous and semitendinosus muscles at 30, 100 and 200 days of age. 

DM calves had a lower proportion of red myofibers than normal calves. 

Hendricks el al. (1973) biopsied the biceps femoris and semitendin

osus muscles and observed that the DM bulls had a slightly higher 

percentage of white myofibers and fewer red myofibers (NADH-TR) than 

control or half-sib bulls. 

Besides a difference in number of fibers in each type in DM 

animals, there is also a difference in size of fibers in each type 

that is not due to age, sex, or environment (Rollins el al., 1969; 

Holmes and Ashmore, 1972). Holmes and Ashmore (1970) compared mus

cle from DM calves to muscle from normal calves at 30, 100 and 200 

days of age. The diameter of white myofibers was 25% greater than 

that of red myofibers at 200 days of age, but red myofibers were 

the same diameter in DM and normal calves. Holmes and Ashmore (1970) 

observed that, at 4, 6 and 26 weeks of age, DM calves had smaller 

red myofibers than normal calves (P<.025) but at slaughter no dif

ference was found. They also reported that the DM cattle had larger 

white myofibers than normal cattle with the heterozygotes being 

intermediate (P<.01). 

Hendricks el al. (1973) found no statistically significant 

differences in either the proportion of white myofibers or in myo

fiber size among the three genotypes. They concluded that the dif

ferences in myofiber size and type do not compTeteTy expTain the 

DM condition. 
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Vascularization and Muscle Fiber Type 

When biopsying DM animals to determine histological and histo

chemical characteristics of the muscles, Ashmore and Robinson (1969) 

observed that the hypertrophied animals bled less profusely at the 

time of biopsy than did normal animals. The rate of bleeding might 

be explained on the basis that anaerobic (white) myofibers are sur

rounded by fewer numbers of capillaries than the aerobic (red) myo

fibers (Romanul, 1964; James, 1971; Ashmore, 1974). 

Innervation and Muscle Fiber Type 

Two widely held views about the development of red and white 

types of muscle fibers are 1) that all embryonic muscle cells are 

of the red type and 2) that white myofibers develop from this homo

geneous red myofiber pool by a neurally controlled mechanism (Buller 

el al., 1960; Close, 1964; Buller and Lewis, 1965; Close, 1972; 

Ashmore, 1974). Zalewski (1970) found that the neurally controlled 

mechanism or trophic influence of the nerve on muscle was a property 

of only the motor axon and not of the afferent and sympathetic nerve 

fibers. Nerve section in immature and undifferentiated muscle im

paired histochemical maturation of the muscle (Zelena, 1962; Engel 

and Karpati, 1968). Cross-innervation studies also demonstrate 

the effect of neural influence on muscle (Buller and Lewis, 1965; 

Dubowitz and Newman, 1967; Romanul and Van Der Meulen, 1967; Prewitt 

and Salafsky, 1970; Zalewski, 1970). Nerves from two different 

muscles, one of which was predominantly red and the other predomin-

antTy white, were detached and affixed to a muscTe with contrasting 



11 

metaboTism. After a period of time, the properties of the red mus

cTe were converted to the properties of the white muscTe and vice 

versa. 

Innervation 

The first axons are present in the Timbs before the mesenchy-

maT Tayer of the embryo shows any sign of differentiation into 

muscTe. The nerve is not necessary for the differentiation of 

muscTe (Gardner, 1968; Stromer et al., 1974). Stromer el al. (1974) 

and Gardner (1968) state that the information for myobTast fusion, 

synthesis of the contractiTe proteins and the formation of the myo

fibers are aTT programmed into the presumptive myobTast. However, 

a possibTe function of this earTy innervation has been proposed by 

ZeTena (1962) and EngeT and Karpati (1968). Their studies demon

strated that muscTe fibers denervated during differentiation never 

attained normal size and had a slower rate of development. Neuro

trophic substances also have been shown to stimulate mitosis (Over

ton, 1950, 1955). From this evidence, it is possible that a neuro

trophic effect could be responsible for a slight procrastination 

of the critical mitosis or a delaying of myoblast fusion. The 

results could be an increased number of myoblasts and, in turn, 

a greater number of myofibers (Buschoff and Holtzer, 1969) - a 

characteristic of a DM animal. 

In normal muscle, as development progresses, nerve bundles 

weave between muscle fibers, crossing them approximately perpendic

ularly. Each nerve bundle contains 5 to 50 fibers, which emerge 
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from the bundle as a spray and become separated as they grow distally. 

Each nerve fiber grows a short distance and ends in a terminal arbor

ization on the surface of a muscle fiber. Normally, no branching 

occurs between the terminal bundle and the muscle fibers but occa

sional branching and resulting arborizations have been observed. 

These usually terminate on the same muscle fiber in two motor end 

plates. Even less frequently, the terminal fiber supplies two dif

ferent muscle fibers (Coers, 1959). However, Swatland (1973) studied 

the peripheral motor innervation of muscles from DM cattle and found 

the exception to be the typical. He found a greater than normal 

number of branched terminal axons, and these axons innervated sep

arate myofibers. The DM animals had between 12 and 22% double 

branched terminal axons. The heterozygotes exhibited between 14 

and 15% single branched terminal axons and no double branched axons. 

Normal animals also exhibited no double branched terminal axons but 

had between .5 and 7.0% single branched terminal axons. In this 

study, it could not be determined whether these characteristics were 

due to multiple innervations of longer intrafascicularly terminating 

myofibers, or were a compensatory adjustment to prenatal myofiber 

hyperplasia in DM animals (Ouhayoun and Beaumont, 1968). Swatland 

(1973) then maintained that samples of the peripheral motor inner

vation of muscle offered a possible method for the identification 

of the DM condition. 



CHAPTER III 

HISTOLOGICAL AND HISTOCHEMICAL VARIATION OF STRIATED MUSCLE 

FROM BEEF CATTLE WHICH ARE HOMOZYGOUS, HETEROZYGOUS AND 

FREE OF THE GENE FOR MUSCULAR HYPERTROPHY 

Summary 

Striated muscle biopsied from 20 beef cattle was examined histo

logically and histochemically for distinguishing characteristics 

which could provide an accurate genetic classification for normal, 

heterozygous or homozygous muscular hypertrophy (commonly known as 

double muscling). The cattle varied widely in genotype, sex and 

age. Myofiber diameter and type and presence of terminal axons and 

terminal axon branching were examined in longissimus, semimembrano

sus and sternomandibularis muscles. 

No differentiating trend due to genotype, sex or age was ob

served between mean myofiber diameters in each longitudinal section 

examined. Red myofibers were smaller than white myofibers in di

ameter and the intermediate myofibers were intermediate in diameter 

in all muscTes and genotypes examined. 

Mean myofiber diameters by types in Tongissimus, semimembran

osus and SternomandibuTaris muscTe cross sections (when grouped 

according to genotype, sex and age) were sTightTy Targer in the 

normaT animaTs than in the homozygous DM animaTs. Mean myofiber 

diameters of aTT three fiber types for the Tongissimus, semimembran

osus and SternomandibuTaris muscTes measured from cross sections 

were Targer than those from TongitudinaT sections. Differences were 
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attributed to reaction of the fresh muscTe tissue to nitrogen or 

formaTin fixation and to an overestimation of myofiber diameters 

which may exist as a resuTt of measuring cross sectioned muscTe 

in which the myofibers are presumed to be circuTar. 

No differences were observed in percentages of the different 

myofiber types between homozygous DM and normaT animaTs for the 

three muscTes biopsied. White myofiber percentages tended to be 

greater than red myofiber percentages in both genotypes (homozygous 

DM and normaT) in aTT muscTes examined. The percentage of intermedi

ate fibers in the Tongissimus muscTe was Targer than in the semimem

branosus and SternomandibuTaris muscTes of homozygous DM and normaT 

animaTs. 

The biopsy method used to coTTect muscTe sampTes did not Tocate 

innervation bands. ConsequentTy, peripheraT nerve fibers, nerve 

endings and terminaT axon branching were not observed. However, 

difference in innervation as a method of genotypic identification 

is stiTT a possibiTity. 

Introduction 

MuscuTar hypertrophy, commonTy known as doubTe muscTing (DM), 

has Tong been identified as a genetic defect in cattTe. Such cattTe 

exhibit increased muscuTature and an abnormaT metaboTism resuTting 

in practicaTTy no fat deposition. This paucity of fat depots re

suTts in insufficient marbTing to meet industry grade standards; 

however, researchers have indicated that paTatabiTity does not dif

fer between normaT and DM animaTs (KidweTT et al-, 1952; West, 1974) 
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An increased emphasis on beef carcass cutabiTity has resuTted 

in the seTection of breed types that have the genetic potentiaT to 

produce high yieTding carcasses at desirabTe sTaughter weights. 

Some of these breed types have phenotypic characteristics of the 

DM syndrome. ConsequentTy, the probTem arises of genotypic cTassi

fication and segregation of animaTs that are carriers of the DM 

gene from those that are simpTy heaviTy muscTed. 

ATthough the DM condition resuTts in desirabTe carcass cutabiT

ity, the condition is associated with many production probTems. 

Mature DM animaTs have been noted for Tate sexuaT maturity, infan

tiTe reproductive tracts and Tow fertiTity. Dystocia and reduced 

miTk production are aTso common (OTiver and Cartwright, 1969). 

For these reasons and their concurrent economic impTications, cat

tTe breeders in the United States consider the trait deTeterious. 

Most breeders attempt to identify and deTete the DM gene from their 

herds. This widespread fear of DM and the production probTems asso

ciated with it has effected a conscious effort by both seedstock 

and commerciaT producers to avoid thick muscTing in their breeding 

programs. The resuTt often is reduced potentiaT for performance 

or carcass desirabiTity. 

The identification of the homozygous DM animaT is not diffi

cuTt; the physicaT appearance of such an animaT usuaTTy is obvious. 

The probTem arises in the identification of the heterozygous DM 

animaT which may appear normaT (West, 1974). Inaccurate identifi

cation couTd Tead to the unknowing incorporation of the DM gene 

and its associated production probTems into the breeding herd. 



16 

To date, the only method avaiTabTe for identification of a 

heterozygous DM animaT is progeny testing which is both time con

suming and expensive. A soTution to this probTem wouTd be a quick, 

accurate, reTativeTy inexpensive method of identifying carriers 

of the gene in prospective breeding animaTs. Therefore, the pur

pose of this study was to examine striated muscTe from normaT, 

heterozygous and homozygous DM animaTs in an effort to deveTop a 

technique for accurate genotypic cTassification. 

ExperimentaT Procedure 

MuscTes were biopsied from 20 cattTe of known genotype (result

ing from progeny testing) or observed phenotype for DM (appendix C). 

The midpoint between the origin and insertion of the semimembranosus 

and longissimus muscles was chosen as the biopsy.site. The animals 

were sedated with Rompin and the biopsy sites were clipped, disin

fected, and anaesthetized locally using Xylocaine. An incision 

in the skin about 6 cm in length was made and the surface of the 

muscle exposed. About 1.5 cm of muscle was removed. Additionally, 

the sternomandibularis muscle was removed from five steers at the 

time of slaughter. A 1 X 15 cm section was removed from the center 

of the muscle and cut into smaller sections. 

Each sample was divided with one-half used for histological 

examinations and one-half for histochemical determinations. Tis

sues for histological examinations were stored in 10% neutral buf

fered formaTin untiT thoroughTy fixed. The sampTes then were 

trimmed and prepared for paraffin embedding in an Auto Technicon 
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tissue processor. The processor fixed the tissue in 10% neutral 

buffered formalin, dehydrated it in 95 and 100% ethyl alcohol, 

cleared it in xylene and impregnated it with paraffin. After this 

process, the tissue was embedded in paraffin and sectioned longi

tudinally on an American Optical rotary microtome in thicknesses 

of 4, 6, 8, 10, 12, 15 and 20 microns. The sections were floated 

on a warmed gelatin-distilled water bath onto microscope slides. 

The slides then were exposed to formalin fumes in a 37 C incubator 

overnight (Tilton, P., 1960. Personal communication.). Each sec

tion was examined under 100 and 400X magnification for peripheral 

nerve fibers, nerve endings and terminal axon branching after 

staining with Bodians stain method for nerve fibers and nerve end

ings (Anon., 1960) using silver protein and gold chloride (appen

dix A-1) and with Novotny'-s modification of Glees method (Humason, 

1979) using silver nitrate (appendix A-2). Twenty-five random 

measurements of myofiber diameters from longitudinal sections were 

measured with a filar micrometer. 

The samples for histochemical examinations were stored in 

liquid nitrogen, trimmed and 8 ym cross sections were cut on a 

freezing cryostat. The sections were placed on warm microscope 

slides, air dried for .5 hours, and then incubated in a soTution 

of .2M tris buffer (pH 7.4), nitrobTue tetrazoTium and reduced 

nicotinamide adenine dinucTeotide (NADH) (EngTe and Brooke, 1966; 

appendix B) to identify red, white and intermediate myofibers through 

reduced diphosphopyridine nucleotide tetrazoTium reductase (DPNH-TR) 

activity. The sections were cTeared in acetone and permanentTy 



18 

mounted with a histoTogicaT mounting medium (Permount). Myofiber 

type numbers in 10 random 4600 ym areas were determined with a 

MiTTer OcuTar and myofiber type diameters were measured from cross 

sections with a fiTar micrometer. 

Means and standard errors were calculated by genotype, age 

and sex for fiber diameter and type within each muscle. No further 

statistical analyses were carried out due to inadequate numbers 

of animals sampled. 

Results and Discussion 

Myofiber Diameter 

Mean myofiber diameters of the longissimus, semimembranosus 

and sternomandibularis muscles from each animal are shown in appen

dix D. Mean myofiber diameters by genotype are shown in figure 1. 

No differentiating trend due to genotype was observed between mean 

myofiber diameters in each muscle sampled; however, the mean myo

fiber diameters from the sternomandibularis muscle tended to be 

smaller than the myofiber diameters from the other two muscles. 

Means from the longissimus muscle averaged 56.7 ym for the homo

zygous DM animals, 63.7 ym for the heterozygous DM animals and 

53.6 ym for the normal animals. Means from the semimembranosus 

muscle averaged 54.4 ym for the homozygous DM animaTs, 53.0 ym for 

the heterozygous DM animaTs and 53.9 ym for the normaT animaTs. 

Means for the sternomandibuTaris muscTe averaged 38.7 ym for the 

homozygous DM animaT and 37.2 ym for the normaT animaTs. Ouhayoun 

and Beaumont (1968) stated that DM animaTs had smaTTer or equaT 
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LONGISSIMUS 

STERNO
MANDIBULARIS 

SEMIMEMBRANOSUS 

HOMOZYGOUS 
DM 

HETEROZYGOUS 
DM 

GENOTYPE 

NORMAL 

Figure 1. Mean myofiber diameters for the Tongissimus, semimembran
osus and SternomandibuTaris muscles by genotype. Number of 
animals in each group is shown inside column. Actual mean 
diameter (ym) is shown below each column. 

myofiber diameters, but Ashmore and Robinson (1969) found no evidence 

to suggest that DM animals had abnormally large or small myofibers. 

In contrast. Holmes and Ashmore (1970, 1972) maintained that DM 

cattle had larger myofibers than normal cattle. 

Mean myofiber diameters also were grouped according to geno

type and sex (figure 2), and according to genotype, sex and age 

(figure 3). Mean myofiber diameters from intact males v/ere larger 

than those from steers and females at all ages; however, small 

numbers of animals limit the reliability of these findings. Myo

fiber diameter varies for many reasons - species, age, body size, 

nutrition, etc. (Briskey, 1969). These factors, coupled with 
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LONGISSIMUS 

STERNO
MANDIBULARIS 

SEMIMEMBRANOSUS 

NORMAL HOMOZYGOUS HETEROZYGOUS 
DM DM 

GENOTYPE 

SEX: S B U L L 
E 3 STEER 
HEICOW 
• HEIFER 

Figure 2. Mean myofiber diameters for the longissimus, semimembran
osus and sternomandibularis muscles by genotype and sex. 
Number of animals in each group is shown inside column. Actual 
mean diameter (ym) is shown below each column. 

errors in measurement and shortening of myofibers which may occur 

during or after excision, may explain the wide variation among values 

reported in the literature and suggest the use of experimental ani

mals of the same age from a uniform environment in order to eluci

date this problem. 

The means of average myofiber type diameters for the longissi

mus, semimembranosus and sternomandibularis muscles from each animaT 

sampTed are shown in appendix E and figure 4. In aTT muscTes in 
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j ^ SEMIMEMBRANOSUS 

STERNO
MANDIBULARIS 

HOMOZYGOUS 
DM 

SEX: 

HETEROZYGOUS 
DM 

GENOTYPE 

BULL 
STEER 
COW 
HEIFER 

NORMAL 

AGE: '"= MATURE 
y = YEARLING 

Figure 3. Mean myofiber diameters for the Tongissimus, semimembran
osus and SternomandibuTaris muscTes by genotype, sex and age. 
Number of animaTs in each group is shown inside coTumn. ActuaT 
mean diameter (ym) is shown beTow each coTumn. 

both the homozygous DM and normaT genotypes, the diameter of the red 

myofiber was smaTTer than the diameter of the white myofibers, with 

the diameter of the intermediate myofibers faTTing between the two. 

Homozygous DM animaTs had red myofibers 50.7 to 51.0% smaTTer in 

diameter and intermediate myofibers 23.0 to 30.6% smaTTer in dia

meter than white myofibers across aTT three muscTes sampTed. The 

myofiber diameters from the Tongissimus and semimembranosus muscTes 
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LONGISSIMUS 

•̂  SEMIMEMBRANOSUS 

STERNOMANDIBULARIS / n - = 

GENOTYPE: HOMOZYGOUS 
DM 

FIBER TYPE: 

NORMAL 

IRED 
INTERMEDIATE 

C3WHITE 

Figure 4. Mean myofiber diameters for the Tongissimus, semimembran
osus and SternomandibuTaris muscTes by genotype and fiber type 
Number of animaTs in each group is shown in parentheses. 
ActuaT mean diameter (ym) is shown beTow each coTumn. 

were similar within all three fiber types. The myofiber diameters 

from the sternomandibularis muscle were smaller in comparison. 

The normal animals had red myofibers (averaging 48.5% in the lon

gissimus muscle to 45.5% in the semimembranosus and 45.5% in the 

sternomandibularis) smaller in diameter than white myofibers. 

Intermediate myofibers were 23.4, 23.5 and 27.4% smaller in diameter 
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than the white myofibers in the longissimus, semimembranosus and 

sternomandibularis muscles, respectively. Holmes and Ashmore (1970) 

and Hendricks el al. (1973) found similar results in their studies. 

Holmes and Ashmore (1970), however, found that red myofibers were 

only 25% smaller than the white myofibers. 

The red, intermediate and white myofiber diameters in the normal 

animals in all three muscles were slightly larger than the red, in

termediate and white myofiber diameters of the homozygous DM animals. 

Holmes and Ashmore (1970) found no significant difference between 

genotypes although the DM cattle tended to have larger white fibers 

than normal cattle. Hendricks el al. (1973) also found no signifi

cant difference in myofiber size between the genotypes. 

No other differences were observed when mean myofiber type 

diameters were-grouped according to genotype and sex (figure 5) 

and according to genotype, sex and age (figure 6 and appendix E). 

When mean myofiber diameters were compared between the 'myo

fiber type' sections and the 'peripheral nerve' sections, differ

ences of 27, 33 and 35% for the longissimus, semimembranosus and 

sternomandibularis muscles, respectively, were found. Some of the 

difference may be attributed to measuring longitudinal ('peripheral 

nerve') sections ys^ cross sections ('myofiber type sections') which 

were presumed to be circular. Holmes and Ashmore (1972) measured 

myofiber cross sections which also were presumed to be circular 

and planimentary measurements of sample photographs showed this 

to overestimate mean area by 15%. In addition, some of the differ-
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LONGISSIMUS 

# 

SEMIMEMBRANOSUS 

STERNO
MANDIBULARIS 

GENOTYPE: 
SEX: 

HOMOZYGOUS DM 
STEERS 

NORMAL 
STEERS 

NORMAL 
HEIFERS 

FIBER TYPE: E J R E D 
IINTERMEDIATE 
IWHITE 

Figure 5. Mean myofiber diameters for the longissimus,, semimembran
osus and sternomandibularis muscles by genotype, sex and fiber 
type. Number of animals in each group is shown in parentheses 
Actual mean diameter (ym) is shown below each column. 

ences could be attributed to contraction of the fresh muscle sample 

during excision and fixation procedures. 

Myofiber Type Percentages 

Myofiber type percentages were caTcuTated from counts made 

from the 'myofiber type' cross sections. Because the packing den

sity of the fibers varied, myofiber type percentages were considered 
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to be a more accurate indication of 'whiteness' or 'redness' of the 

muscTe than wouTd myofiber numbers. Mean myofiber type percentages 

and standard errors for the Tongissimus, semimembranosus and sterno

mandibuTaris muscTes of each animaT sampTed are shown in figures 7, 

8 and 9, respectiveTy, and in appendix F. The differences between 

the genotypes for the myofiber type percentages in the Tongissimus 

and semimembranosus muscTes were smaTT. Longissimus muscTe myo

fiber percentages for the homozygous DM animaTs were red (R) = 37.2, 

white (W) = 43.6, intermediate (I) = 19.3% and R = 36.2, W = 43.0, 

and I = 20.8% for the average of the normaT animaT percentages. 

Semimembranosus myofiber percentages for the homozygous DM animaTs 

were R = 43.6, W = 43.4, and I = 12.7% and R = 41.8, W = 44.4 and 

I = 13.8% for the normaT animaTs. Myofiber percentages of the 

SternomandibuTaris muscTe from the homozygous DM animaT R = 40.4, 

W = 47.0, and I = 12.6% did not differ greatly from mean myofiber 

percentages of the normal animals (R = 40.9, W = 44.3, and I = 14.6%) 

Other researchers (Ashmore and Robinson, 1969; Holmes and Ashmore, 

1972) found that homozygous DM animals had a greater percentage 

of white myofibers than did normal animals. Hendricks el al. (1973) 

observed that homozygous DM animals had only slightly higher per

centages of white myofibers and a lower percentage of red myofibers 

than did control or half-sib animals. Holmes and Ashmore (1970) 

also found that homozygous DM animals had a lower proportion of 

red myofibers than normal calves. This observation was found true 

at all ages in all muscles sampled. 
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Figure 7. Mean myofiber percentages and standard errors for the 
longissimus muscle of homozygous double muscled and normal animaTs 
by sex and fiber type. 

One difference between the myofiber type percentages of the Tong

issimus, semimembranosus and sternomandibularis muscles v/as noted. 

The percentage of intermediate fibers from the longissimus muscle 

in both the homozygous DM (19.3%) and normal (20.8%) animals was 

greater than the percentage of intermediate myofibers from the semi

membranosus (homozygous DM = 12.7%, normal = 13.8%), and sternoman-
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Figure 8. Mean myofiber percentages and standard errors for the 
semimembranosus muscle of homozygous double muscTed and normaT 
animaTs by sex and fiber type. 

dibularis (homozygous DM = 12.6%, normal = 14.6%) muscles. 

Innervation 

The biopsy method used to collect the muscle samples, unfortun

ately, did not locate innervation bands. Consequently, peripheral 

nerve fibers, nerve endings and terminal axon branching were not 

observed. Primary sensory nerves and stretch receptors commonly 
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Figure 9. Mean myofiber percentages and standard errors for the 
sternomandibularis muscle of homozygous double muscled and normal 
steers by age and fiber type. 

found throughout the muscle tissue were identified, thereby estab

lishing the adequacy of the examination techniques employed. 

Vascularization 

When the cattle were biopsied, it was observed that DM animals 

bled more profusely than did normal animals, especially through the 
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incision in the longissimus muscle. This is in conflict with the 

observations of Ashmore and Robinson (1969) who stated that DM ani

mals bled less profusely at the time of biopsy. These researchers 

attempted to explain the rate of bleeding on the basis of the dif

ferences of blood supply to the myofiber types since white myofibers 

are surrounded by fewer numbers of capillaries than the red myo

fibers (Ashmore and Robinson, 1969; Holmes and Ashmore, 1972; Hen

dricks, 1973). This explanation, however, does not account for 

the more profuse bleeding observed in DM animals in this study. 

Conclusions 

Examination of muscle biopsy samples for muscle fiber types 

and diameter among homozygous DM, heterozygous DM and normal animals 

showed no particular pattern when stratified by genotype, sex or 

age. This suggests a need for a more sophisticated study with 

larger numbers, with age and nutrition uniform. Failure to control 

age and nutrition would appear to explain at least a part of the 

extensive disagreement in the literature concerning myofiber type 

and diameter. 

Differences in innervation as a method of genotype identifica

tion is still a possibility. However, peripheral nerve fibers and 

their endings must be located by electrical stimulation techniques 

in order that sampling sites can be identified that yield terminal 

axons. 
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APPENDIX A. HISTOLOGICAL PROCEDURES FOR DEMONSTRATION OF 
PERIPHERAL NERVE FIBERS AND NERVE ENDINGS 

I. Bodians Method for Nerve Fibers and Nerve Endings (Anon., 1960) 

Fixation: Formalin, alcohol-formalin or Bouins Fluid. 

Technique: Cut paraffin sections 6 to 8 microns. All glassware 
must be acid cleaned. 

Solutions: 

ProtagoT SoTution 

ProtagoT 1.0 g 
Distil Ted water 100.0 mT 

Pour distil Ted water into a wide mouthed beaker set on a 
hot pTate at 37 C. STowTy sprinkTe the ProtagoT on the sur
face of the water and aTTow it to remain undisturbed untiT 
it dissoTves. 

Reducing SoTution 

Hydroquinone 
Sodium suTfite 
DistiTTed water 

1% Gold ChToride SoTution 

GoTd ChToride 
DistiTTed water 

2% OxaTic Acid SoTution 

OxaTic acid 
DistiTTed water 

AniTine BTue Stain 

AniTine bTue 
OxaTic acid 
PhosphomoTybdic acid 
DistiTTed water 

Staining procedure: 

1. Deparaffinize sections through 2 changes of xyTene and 
aTcohoTs to distiTTed water. 
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Appendix A-I - (continued) 

2. PTace sTides in 1% ProtagoT soTution and add 4 to 6 g of 
cTean copper shot per 100 mT of soTution. Let stand at 
37 C for 12 to 48 hours. (CTean Cu with Aqua Regia: 3 
parts HCl, 1 part HNO3, ^ P^^^^ distilled H^O). 

3. Wash in distilled water, 3 changes. 

4. Place in reducing solution for 10 min. 

5. Rinse in distilled water, 3 changes. 

6. Tone in 1% gold chloride solution for 10 min. 

7. Wash in distilled water, 3 changes. 

8. Develop in 2% oxalic acid under microscope until background 
in gray and nerve fibers appear clearly. 

9. Wash in distilled water, 3 changes. 

10. Place in 5% sodium thiosulfate for 5 min. 

11. Wash in distilled water. 

12. Counterstain, if desired, with aniline blue. 

13. Dehydrate with 95% alcohol and absolute alcohol, clear in 
xylene, and mount in Permount. 

II. Novotny's modification of Glees method (Humason, 1979) 

Fixation: Perfuse with buffered formalin and store at least 1 week. 
Embed and section. 

Solutions: 

Silver Nitrate 

Silver nitrate 
Distilled water 

Reducing Solution I 

Distilled water 
95% Ethyl alcohol 
10% Formalin 
1% Acetic acid 

20.0 g 
100.0 ml 

400.0 ml 
45.0 ml 
13.5 ml 
13.5 ml 
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Appendix A-II - (continued) 

Ammonical Silver Solution 

Silver nitrate 5.0 g 
80% Ethyl alcohol 100.0 ml 

Add drop by drop 25% NH^OH until precipitate formed just 
redissolves. A few grains can remain. Add three more drops. 
This must be freshly prepared. Keep tightly closed during 
use and use clean glassware. Avoid the use of metal instru
ments. 

Reducing Solution II 

10% Formalin 400.0 ml 
95% Ethyl alcohol 50.0 ml 
1% Acetic acid 20.0 ml 

The reducing solutions are stable and store well. 

Luxol Fast Blue 

Luxol fast blue MBSN .1 g 
95% Ethyl alcohol 100.0 ml 
Acetic acid 10% aqueous .5 ml 

Cresyl Echt Violet 

Cresyl violet acetate 1.0 g 
Distilled water 100.0 ml 

Procedure: 

1. Deparaffinize and hydrate sections to distilled water. 

2. Place in silver solution: 2 hr room temp. 

3. Treat with reducing solution I for 10 min. 

4. Place in ammonical silver solution: 15 min. Sections 
should appear orange brown. 

5. Rinse throughly in absolute alcohol. 

6. Rinse in reducing solution II. 

7. Treat with fresh reducing solution II: 10 min. 

8. Wash in running water: 10 min. 
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Appendix A-II - (continued) 

9. Fix in 5% sodium thiosulfate: 3 min. 

10. Wash in running water: 10 min. 

11. Dehydrate to 95% alcohol. 

12. Stain in luxol blue: overnight, 56 C. 

13. Allow to cool and rinse slides in absolute alcohol. 

14. Rinse in distilled water. 

15. Treat with .05% lithium carbonate 3 to 7 min. 

16. Differentiate in 70% alcohol until neurophil is yellow, 
nerve cells orange brown, and myelin, still blue. 

17. Rinse in 1% acetic acid to stop differentiation. 

18. Stain with cresyl echt violet. 

19. Differentiate in 95% alcohol, dehydrate in absolute alco
hol , clear and mount. 
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APPENDIX B. HISTOCHEMICAL PROCEDURE FOR THE DEMONSTRATION OF REDUCED 
DIPHOSPHOPYRIDINE NUCLEOTIDE TETRAZOLIUM REDUCTASE (NADH-TR) 

ACTIVITY IN RED, WHITE AND INTERMEDIATE MYOFIBERS 
(Engle and Brooke, 1966) 

Solutions: 

.2 M Tris Buffer, pH 7.4 

.1 HCl 42 ml 

.2 M Tris amino methane 
(2.423 g in 100.0 ml 
distilled HpO) 25 ml 

Distilled water 58 ml 

Incubation Solution 

.2 M Tris buffer, i 
pH 7.4 10 ml ! 

Nitro blue tetrazolium 10 ml \ 
Reduced NADH 8 ml * 

Procedure: I 
I 

1. Mount 8 micron section on warm slides. 
t 

2. Incubate in incubation solution for 30 min at 36 C. i 
I 

3. Dehydrate in acetone-water mixtures of the following j 
strengths in the order given: 30/70, 60/40, 90/10, 60/40, 
30/70. 

4. Rinse in distilled water. 

5. Mount in Permount. 
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APPENDIX C. GENOTYPE, SEX, AGE AND ORIGIN OF CATTLE SAMPLED 

Genotype 

Homozygous 
double muscled 

Heterozygous 
double muscled 

Normal 

I.D. 
no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Sex 

bull 

steer 

cow 

cow 

steer 

bull 

bull 

steer 

steer 

steer 

steer 

steer 

heifer 

steer 

heifer 

steer 

steer 

steer 

steer 

steer 

Age 

11 mo 

18 mo 

7 yr 

7 yr 

9 mo 

10 mo 

10 mo 

15 mo 

14 mo 

14 mo 

14 mo 

14 mo 

12 mo 

12 mo 

12 mo 

12 mo 

16 yr 

7 yr 

12 mo 

12 mo 

Texas 

Texas 

Origin 

A & M University 

Tech University 

University of Wisconsin 

University of Wisconsin 

Texas Tech University 

Texas A & M University 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

Texas 

A & M University 

Tech University 

Tech University 

Tech University 

Tech University 

Tech University 

Tech University 

Tech University 

Tech University 

Texas Tech University 

Texas 

Texas 

Texas 

Texas 

Tech University 

Tech University 

Tech University 

Tech University 
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APPENDIX D. MEAN MYOFIBER DIAMETERS (ym) FOR THE LONGISSIMUS, 
SEMIMEMBRANOSUS AND STERNOMANDIBULARIS MUSCLES 

Genotype 

Homozygous 
double muscled 

Heterozygous 
double muscled 

Normal 

Sex 

Homozygous 
DM bull 

steer 
cow 

Hetero
zygous DM bull 

Normal steer 
steer 
heifer 

I.D. 
no. 

1 
2 
5 
3 
4 

MeaniSE 

6 
7 

Mean ± SE 

10 
9 

11 
12 
20 
14 
16 
13 
15 
18 
17 
19 
8 

Mean ± SE 

Age 

yearling 
yearling 
mature 

yearling 

yearling 
mature 

yearling 

Longis
simus 

63.4 
53.5 
54.5 
55.2 
• • • 

56.7±2.3 

64.0 
63.4 

63.7± .3 

59.3 
58.9 
63.5 
55.6 
52.7 
57.8 
50.2 
38.0 
46.7 

• » • 

• • • 

• • • 

• • • 

53.6±2.6 

Means 

63.4 (1)^ 
54.0± 5.0(2) 
55.2 (1) 

63.7± .3(2) 

56.8±1.7(7) 

42.3*±4.4(2) 

Muscle 
Semimem
branosus 

61.8 
67.0 
45.3 
56.4 
41.9 

54.5±4.8 

53.0 
53.1 

53.0± .1 

60.6 
57.8 
59.7 
56.0 
56.6 
50.6 
45.3 
52.3 
46.5 

• • • 

• • • 

• • • 

• • • 

53.9±1.9 

± standard 

61.8 (1) 
56.1±10. 
49.1± 7. 

53.0± . 

Sternoman
dibularis 

• • • 

38.6 
• • • 

• • • 

• • • 

• • • 

... 

35!) 
41.9 
30.1 
38.2 

37.2±1.9 

errors 

9(2) 
3(2) 

1(2) 

55.2± 2.1(7) 

49.4V 2.9(2) 

38.6" (1) 
• • • 

• • • 

35.7±2.6(2) 
38.8±3.1(2) 

• • • 

^Number of animals in each group is shown in parentheses. 
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APPENDIX E. AVERAGE MYOFIBER DIAMETERS (ym) FOR THE LONGISSIMUS, 
SEMIMEMBRANOSUS AND STERNOMANDIBULARIS MUSCLES BY FIBER TYPE 

Genotype 

Homozygous 
DM 

Normal 

I.D. 
no. 

2 

5 

13 

15 

14 

16 

17 

18 

19 

8 

Mean±SE 

Fiber 
type 

red 
intermed. 
white 

red 
intermed. 
white 

red 
intermed. 
white 

red 
intermed. 
white 

red 
intermed. 
white 

red 
i ntermed. 
white 

red 
intermed. 
white 

red 
intermed. 
white 
red 

intermed. 
white 

red 
intermed. 
white 

red 
intermed. 
white 

Longis
simus 

• • • 

• • • 

• • • 

41.3 
65.4 
85.3 

50.2 
65.2 
86.1 

49.8 
75.5 
105.1 

46.5 
74.7 
91.2 

40.7 
63.6 
83.8 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

46.8±2.2 
69.7±3.1 
91.6±4.8 

Muscle 
Semimem
branosus 

• • • 

• • • 

• • • 

42.3 
63.3 
85.8 

54.0 
73.6 
102.1 

52.5 
73.8 
90.6 

52.5 
71.3 
97.6 

50.1 
75.2 
94.7 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

52.3± .8 
73.5± .8 
96.3±2.4 

Sternoman
dibularis 

33.5 
47.6 
68.6 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

42.7 
.60.5 
88.7 

44.0 
57.6 
79.8 

36.7 
46.5 
61.6 

51.7 
64.0 
85.9 

43.8±3.1 
57.2±3.8 
79.0±6.1 

(continued) 
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Geno
type 

Homo
zygous 
DM 

Normal 

Sex 

steer 

steer 

steer 

heifer 

Age 

year
ling 

year
ling 

mature 

year
ling 

Fi ber 
type 

red 
intermed. 
white 

red 
intermed. 
white 

red 
intermed. 
white 

red 
intermed. 
white 

Longis
simus 

Means 

41.3 (1)^ 
65.4 
85.3 

43.6±2.8(2) 
64.0±5.7 
87.5±3.7 

• • • 

• • • 

• • • 

50.0± .2(2) 
70.3±5.1 
96.6±9.5 

Muscle 
Semimem
branosus 

Sternoman
dibularis 

± standard errors 

42.3 (1) 
63.3 
85.8 

51.3±1.2(2) 
73.3±1.9 
96.2±1.4 

• • • 

• • • 

• • • 

53.2± .8(2) 
73.7± .1 
96.3±5.7 

33.5 (1) 
47.6 
68.6 

44.2±7.8(2) 
55.3±8.8 
73.7±12.2 

43.3± .7(2) 
59.1±1.4 
84.3±4.5 

• • • 

• • • 

• • • 

^Means ± SE of 10 random measurements from individual animals 

^Number of animals in each group is shown in parentheses. 
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APPENDIX F. MEAN MYOFIBER PERCENTAGES AND STANDARD ERRORS FOR 
LONGISSIMUS, SEMIMEMBRANOSUS AND STERNOMANDIBULARIS 

MUSCLES BY FIBER TYPE 

Genotype 

Homozygous DM 

Normal 

' 

I.D. 
no. 

2 

5 

14 

16 

13 

15 

18 

17 

19 

20 

Fi ber 
type 

red 
intermed. 
white 

red • 
intermed. 
white 

red 
intermed. 
white 

red 
i ntermed. 
white 

red 
intermed. 
white 

red 
intermed. 
white 

red 
intermed. 
white 

red 
intermed. 
white 

red 
intermed. 
white 

red 
intermed. 
white 

Longis
simus 

• • • 

• • • 

• • • 

37.2 ± 1.8 
19.3 ± 1.0 
43.6 ± 2.0 

41.9 ± 2.4 
17.7 ± 1.0 
40.4 ± 2.7 

28.7 ± 1.7 
26.7 ± .7 
44.6 ± 2.0 

34.8 ± 2.6 
24.7 ± 1.9 
40.2 ± 2.1 

39.3 ± 1.7 
14.2 ± 1.0 
46.6 ± 1.9 

Muscle^ 
Semimem-

• • • 

• • • 

• • • 

43.6 ± 2.4 
12.7 ± .9 
43.4 ± 2.7 

42.2 ± 2.2 
14.6 ± 1.5 
43.2 ± 3.3 

41.7 ± 2.7 
15.7 ± .8 
42.6 ± 1.9 

41.4 ± 1.3 
13.4 ± 1.1 
45.2 ± 1.5 

42.0 ± 2.8 
11.5 ± .8 
46.5 ± 1.9 

Sternoman
dibularis 

40.4 ± 6.2 
12.6 ± 1.8 
47.0 ± 6.5 

37.6 ± 1.5 
14.4 ± 1.1 
48.0 ± 3.0 

37.0 ± 1.1 
14.9 ± 1.1 
48.2 ± 1.8 

44.5 ± 3.9 
16.2 ± 1.9 
39.3 ± 2.2 

44.3 ± 2.7 
13.9 ± 1.3 
41.8 ± 2.1 

^Means ± SE of 10 random measurements from individual animals. 




