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INTRODUCTION

Muscles from wild board show a greater oxidative capacity (Essén-Gustavsson & Lindholm, 1984), a larger myoglobin
Content (McCampbell et al., 1974), and the same or larger cross-sectional area of type I and II fibres, on the basis of
€qual body weight (Rahelic and Puac, 1980-81; Szentkuti et al., 1981; Bader, 1983) compared with domestic pig. A
larger proportion of type I and smaller proportion of IIB fibre have been found in wild boar and crosses between wild
boar and domestic pig, compared with the domestic pig (Rahelic and Puac, 1980-81; Essén-Gustavsson and Lindholm
1984; Rede et al., 1986).

When comparing halothane genotypes in domestic pig, no differences in muscle enzyme activity or in fibre type
®mposition have been found (Essén-Gustavsson and Lindholm, 1984; Lundstrém et al., 1989). Larger muscle fibre
Cross-sectional areas have been seen in pigs homozygous for the halothane gene, compared with halothane-gene-free
plg_s (Wicke et al., 1987; Essén-Gustavsson et al., 1992). A recent study shows that in halothane-gene-free pigs the
Variation in histochemical and biochemical muscle properties was low in pigs selected for rapid lean tissue growth on
tWo different protein diets (Karlsson et al., 1993).

A reference pedigree for gene mapping by cross-breeding the European wild boar with the domestic pig of Swedish
Yorkshire breeding, has recently been developed (L. Andersson et al., unpublished). This pedigree provides an animal
Material of an expected large variation in several traits, with a continuum

Tom wild boar to domestic pig. By a systematic screening of the genetic markers on the gene-map, it is likely that
a3Sociations between genetic markers and physiological traits will be found.

;fhe aim of this investigation was to study histochemical and biochemical muscle properties in LD and BF from F,

enlmals from crosses between European wild boar and Swedish Yorkshire pig, where muscle fibre properties are
*pected to have a greater genetic variation compared with domestic halothane-gene-free pigs. In addition, by screening

mong the genetic markers available, a marker-gene which was associated with histochemical and biochemical wild
02 traits, was searched for.

MATERIAL AND METHODS
Amﬂlals

Fr(.)m a Swedish reference pedigree for gene mapping, 20 F, animals (castrates and gilts) were sampled from 200 F2
azgﬁls on the basis of daily growth rate from birth to slaughter (high or low) and the presence of absence of the

ane gene (Hal“Hal™ or Hal¥Hal"). One of the two wild boars in the parental generation, was found to carry the
1 202MJ /f;( g)ene (Hal™Hal"). The animals were fed 90% of the Swedish standard feeding regimen (16% crude protein,
- 2).




The animals were slaughtered the week their live weight reached 80kg or at a maximum age of 190 days. They wer¢
transported Skm from the research station to the abattoir and, without lairage, they were electrically stunned with low
voltage (90V, 0.8-1.0A, 15s) using a restrainer.

Genetic markers

More than 100 genetic markers have been analyzed on these animals for the purpose of developing a porcine linkage
map (Ellegren et al., 1993). Information on two of these markers was selected for the present study. The ATP1B1 locus,
encoding for the porcine Na"/K*-ATPase was included, since Na*/K*-ATPase activity has been shown to be associated
with oxidative metabolism in the skeletal muscle (Knochel et al., 1985; Kjeldsen et al., 1988; Kjeldsen et al., 1990);
the three allele ATP1B1 RFLP was analyzed as recently described (L. Marklund ef al., submitted ). The CRC locus;
for Calcium Release Channel, was also included since the halothane mutation in this gene is well known to have a great
impact on carcass lean tissue content and muscle metabolism in pigs (e.g. Webb et al., 1982; Lundstrém et al., 1989):
The point mutation at codon 615 controlling the halothane reaction (Fujii et al., 1991) was typed using an allele-specifi®
PCR method (L. Andersson et al., unpublished).

Muscle samples

Muscle samples for histochemical and biochemical analyses were taken 30 minutes after exsanguination from the LD
at the last rib and from the central part of BF, frozen in liquid N, and stored at -800C until analysis.

Histochemical analyses

Serial transverse sections (10pum) were cut in a cryostat at A200C and stained for myofibrillar ATPase after
preincubation at pH 4.6, and classified as type L, IIA and IIB (Brooke and Kaiser, 1970). Glycogen content in musclé
fibres was evaluated on 20um thick transverse sections stained for glycogen with the periodic acid-Schiff method (PAS;
Pearse, 1961). Fibres were classified as glycogen depleted when unstained, and they were also identified according
fibre type. A computerized image analysis system designed for muscle fibre analysis (BIO-RAD Scan Beam, Hadsund,
Denmark) was used to calculate the proportions (%) and mean fibre cross-sectional area (um?) for each fibre type. A
muscle sample of 150 fibres were used in the analyses.

Biochemical analyses

On 1 to 2mg of freeze-dried muscle, which was dissected free from blood, fat and connective tissue under microscop®:
the activities of the enzymes citrate synthase (CS), 3-OH-acyl-CoA dehydrogenase (HAD), and lactate dehydrogenas®
(LDH), was analyzed and expressed on a dry weight basis (Essén et al., 1980; Essén-Gustavsson et al., 1984).

Glycogen content was analyzed on 1 to 2mg of freeze-dried muscle which was boiled for two hours in 1M hydrochlori®

acid in sealed tubes, in order to form glucose residues. The concentration of glucose was measured fluorimetrically
(Lowry and Passonneau, 1973) and glycogen content was expressed as glucose units on a dry-weight basis.

Statistical analysis

The data were analyzed by the least-squares method using the GLM procedure (SAS Institute Inc., 1989). The statistical
model included the fixed effects ATP1B1 (N a*/K*-ATPase)-genotype (wild' or ‘domestic') and halothane genotyP®
(Hal"Hal" or Hal"Hal"). There were no significant interactions found between the effects. Least-squares means a0
standard error of the estimates are presented.




RESULTS AND DISCUSSION

Differences in muscle fibre properties between the two ATP1B1 genotypes were found in LD, where the *wild' genotype
¥1ad a higher enzyme activity of HAD and larger fibre cross-sectional area for types I and IIB, compared with the
domestic' type (Table 1). No significant differences were found in LD between the ATP1B1 genotypes, but the
tendencies were the same as in BF. This is in agreement with studies comparing wild boar and crosses between wild
boar and domestic pig, with domestic pig (Rahelic and Puac, 1980-81; Bader, 1983; Essén-Gustavsson and Lindholm,
1984: Rede et al., 1986). The marker for the Na*/K*-ATPase-gene, used in the present study, seems to be linked with
the physiological characteristics muscle fibre cross-sectional area and lipid oxidation. It has been found that a high
oxidative capacity in muscle is related to a high activity and content of Na'/K*-ATPase in the dog (Knochel et al.,
1985), rat (Kjeldsen et al., 1988) and in human (Kjeldsen et al., 1988; Kjeldsen et al., 1990).

Among the 20 F, animals 10 were carrying the halothane gene (Hal¥Hal"). These animals had in the BF larger mean
fibre areas for type I (3586; 270) and IIA fibres (3217; 231), compared with halothane-gene-free pigs (2702; 263 and
2540; 225 respectively). In the LD, no significant halothane genotype differences in these traits were found, but the
tendencies were the same as in BF. The larger muscle fibre area seen in and pigs carrying the gene, is confirmed by
results from a study where the two halothane-homozygote genotypes was compared (Essén-Gustavsson ez al., 1992).

en selection for a high lean meat content and large cross-sectional area for type IIB fibres, an association between
Meat content and halothane genotype was seen (Wicke et al., 1987). It was concluded that the increase in meat content
Was partly explained by the increase in fibre area. When comparing the fibre cross-sectional areas of the F, animals with
fhe halothane-gene-free Swedish Yorkshire pigs in the study by Karlsson ef al. (1993), areas were significantly smaller
In the latter group (data not shown).

As the histochemical methods are very time consuming, the number of animals included in the study was small, and the
Obsfzwed significances should therefore be interpreted with caution and confirmed by additional data. An overall
Significance test (Fisher, 1954) was performed by combining the probability values for the mean area of the three fibre
types when comparing the ATP1B1 genotypes. The overall probability value for BD and LD were P=0.005 ( x*=19.1,
8df) and P=0.18 (x*=6.1, 6df) respectively. The overall probability value for fibre areas between halothane genotypes
Was P=0,05 (x?=13.9, 6df) in BF and P=0.50 (x>=3.3, 6df) in LD. These calculations, and the results presented above
follcernjng comparison between the F, animals with halothane-gene-free pigs, may give proof of that the ATP1B1
Ocus, or a locus linked to ATP1B1, has a superior effect on the muscle fibre cross-sectional areas, compared with the
effect of the halothane gene.

CONCLUSIONS

tean be concluded that the genetic marker for the Na*/K*-ATPase-gene (ATP1B1) has an influence on the size of the
-sectional muscle fibre area and muscle metabolism. The results indicate that the ATP1B1 locus, or more likely,

ac};cus- linked to ATP1BI, explains a part of the genetic difference in these traits between the wild boar and the
estic pig.

REFERENCES

BAD

Wil ER, R. 1983. Vergleischende histometrische und histologische Untersuchungen an der Skelettmuskulatur von

= und Hausschweinen. Berl. Miinch. Tierdrztl. Wschr. 96:89.
B
ROOKE, M.H., and KAISER, K. 1970. Muscle fibre types: How many and what kind? Arch. Neurol. 23:369.

E
BngREN, H., JOHANSSON, M., CHOWDHARY, B.P., MARKLUND, S., RUYTTER, D., MARKLUND, L.,
R-NIELSEN, P., EDFORS-LILJA, I, GUSTAVSSON, I, JUNEJA, RK., and ANDERSSON, L. 19935




Assignment of 20 microsatellite markers to the porcine linkage map. Genomics. (in press).

ESSEN, B., LINDHOLM, A., and PERSSON, S. 1980. The effect of exercise and anabolic steroids on enzyme
activities and fibre composition in skeletal muscles of pigs. Proc. Meeting Academy Society for Large Animal
Medicine. Glasgow.

ESSEN-GUSTAVSSON, B. 1986. Activity and inactivity related muscle adaption in the animal kingdom. In: SALTIN;
B. (ed). Biochemistry of Exercise. International Series on Sport Medicine. Volume 13. Human Kinetics Publ
Champagne, Illinois.

ESSEN-GUSTAVSSON, B., KARLSTROM, K., and LINDHOLM, A. 1984. Fibre types, enzyme activities and
substrate utilization in skeletal muscle in horses competing in endurance rides. Equine Vet. J. 12:175.

ESSEN-GUSTAVSSON, B., KARLSTROM, K., and LUNDSTROM, K. 1992. Muscle fibre characteristics aﬂfi
metabolic response at slaughter in pigs of different halothane genotypes and their relation to meat quality. Meat S¢*
Skl

ESSEN-GUSTAVSSON, B., and LINDHOLM, A. 1984. Fibre types and metabolic characteristics in muscles of wild
boars, normal and halothane sensitive Swedish Landrace pigs. Comp. Biochem. Physiol. T8A:67.

FISHER, R.A. 1954. Statistical methods for research workers. 12th edition. Oliver & Boyd, Edinburgh. 138pp.

FUJL, J., OTSU, K., ZORZATO, F., DELEON, S., KHANNA, VK., WEILER, J., OBRIEN, P.J., and MacLENNAN’
D.H. 1991. Identification of a mutation in the porcine ryanodine receptor that is associated with nalignant hyperthermié-
Science. 253:448.

KARLSSON, A., ENFALT, A.-C., ESSEN-GUSTAVSSON, B., LUNDSTROM, K., RYDHMER, L., and STERN;
S. 1993. Muscle histochemical and biochemical properties in relation to meat quality during selection for increased lea?
tissue growth rate in pigs. J. Anim. Sci. 71:930.

KJELDSEN, K., BIERREGAARD, P., RICHTER, E.A., THOMSEN, P.EB., and NORGAARD, A. 1988. Na+K*"
ATPase concentration in rodent and human heart and skeletal muscle: apparent relation to muscle performance:

Cardiovasc. Res. 22:95.

KJELDSEN, K., NORGAARD, A., and HAU, C. 1990. Exercise-induced hyperkalaemia can be reduced in huma?
subject by moderate training without change in skeletal muscle Na+K+-ATPase concentration. European J. Clir-
Invest. 20:642.

KNOCHEL, J.P., BLACHLEY, JD., JOHNSON, JH, and CARTER, N.W. 1985. Muscle cell electricd
hyperpolarization and reduced exercise hyperkalaemia in physically conditioned dogs. J. Clin. Invest. 75:740.

LOWRY, O.H,, and PASSONNEAU, J.V. 1973. 4 flexible system of enzymatic analysis. Academic Press, New York

LUNDSTROM, K., ESSEN-GUSTAVSSON, B., RUNDGREN, M,, EDFORS-LILJA, I., and MALMFORS, G. 1989-
Effect of Halothane genotype on muscle metabolism at slaughter and its relationship with meat quality: A within-Jitte’
comparison. Meat Sci. 25:251.

McCAMPBELL, HC., GRIFFIN, FM., SEERLEY, R W., and FOLEY, C.W. 1974. Wild and domestic swine: grOWth
and composition. J. Anim. Sci. 38:220.

PEARSE, A.G.E. 1961. Histochemistry - Theoretical and Applied. Little Brown, Boston. Appendix 9. 295p.




i Meat
1 i lected pig breeds.
Fibre types in Longissimus dorsi from wild and highly se
C, S. 1980-81. Fibre
RAHELIC, S., and PUAC,
Sci., 5: 439,

o ] i ] j g h‘ % .
e 1 t lln’d hOChS@lektlel’ter SCh eimerassen. lelschw” SC. € )‘) 8 98
I‘Ild I leISCh pl’ln’ll 1VEI \%Y 1

itute Inc. 846pp.
ition. Volume 2. SAS Institu
SAS/STAT: User's Guide. Version 6. Fourth Edition. Vo
SAS, Institute Inc. 1989. :
Cary, NC.

s A4 . . T U p n
B > > ”

1t del IV[y()SII[—A I ase- eal\‘ on 1m ]n.l()n ISSIMUS d()’ S7 Von llaus- Lllld V‘Vl weime tSCh tlelmtl. V‘V SChI.
R. 1 g S 1
P

. ’ . d
i breeding. Proc. 2n
d IMLAH, P. 1982. Porcine stress syndrome in pig
SMITH, C., an P
WEBB, A J,, CARDEN, AE, : ‘ a8
World Congr. Genet. Appl. Livest. Prod. Madri

nisse einer Selektion nach
WI G M., and LENGERKEN, G. 1987. Erste Ergelli _sZipe pe;sf
KE, H, FIEDLER, I, BER , M., and von 3y x Universitét, Leipzip. p.254.
e Il P ‘0%>}rzp. zur Schweinezucht. Karl-Marx U
Muskelstrukturmerkmalen. Proc. Int.




Table 1. Least squares means + SE for muscle characteristics and levels of significance® between the two ATP 1Bl
(Ka'K*-ATPase)-genotypes.

2
m.longissimus dorsi
Wild Domestic Prob.
Mean SE Mean SE
Number 12 8
Fibre type, %
Type I TR 9.7 1.50 0.66
Type [IA 6.5 1.10 42 1.40 0.22
Type IIB 84.9 1.12 85.5 1.43 0.76
Fibre area, pm?
Type I 4727 457 3810 580 0.24
Type [IA 3368 359 2987 483 0.54
Type IIB 6051 663 5034 841 0.36
Glycogen depleted
fibre, %
Type I 247 10.0 3720159 13.9
Type ITIA 52.7.5106 77.4 15.6 15.6
Type IIB 27.8 8.6 39.7 12.3 12.3
Enzyme activity,
mmol*kg dry wt”'min™
CS 8.1 0.67 8.5 0.86 0.68
HAD 15.8 1.18 143 1.49 0.44
LDH 3207 141 3145 179 0.79 i
Glycogen,
mmol/kg dry wt 10814 8317 0.80 B




Table 1 (cont). Least squares means + SE for muscle characteristics and levels of significance® between the two
ATP1BI1 (Ka*K*-ATPase)-genotypes.

m.biceps femoris
Wild Domestic Prob.

Number 12 8

Fibre type, %

Type 11.2 204 122 298 0.76
Type 1A 9.3 1.09 7.6 122 0.32
|_TypeIIB 79.2 2.68 80.2 3.00 0.82
Fibre area, pm?

Typel 3509 152 2779 282 0.08
Type IIA 3106 215 2651 241 0.18
|_Type IIB 4827 230 3676 258 0.005
Glycogen depleted

fibre, %

TypeI 88.2 8.6 859 9.7 0.86
Type IIA 88.0 7.9 842 88 0.76
|_Type IIB 572 79 570 8.8 0.98
Enzyme activity,

mmol*kg dry wt"'min’*

Cs 19.3 1.38 17.2 1.70 0.37
HAD 15.7 0.77 13.5 0.95 0.10
|_LDH 2814 130 3061 160 0.25
Glycogen,
L mol/kg dry wt 192 40 209 53 0.81




