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Heredity of muscle fiber composition and muscle enzyme activities obtained
from a selection experiment in rats

Shigeru KATSUTA, Satono MASUI™ and Tomohiro NAKAMURA **

The purpose of this study is to investigate the extent to which muscle fiber composition is
determined by the genes transmitted from parents to the offspring and the extent to which the
change of muscle fiber composition influenced on the muscle enzyme activities. The realized heri-
tability of muscle fiber composition was estimated by using successive selection for a high per-
cent of %Type I fibers. '

In this experiment, we used the foundation population (Go), which is hybrid rats obtained
from random mating of three different strains, and mated them by successive selection. The re-
sults of the foundation population (Go) and the first seven generations of selection (G~ G7)
will be reported here.

The results were summarized as follows ;

1. Litter size, proportion of females mated giving birth and time from mating to birth are
called biological fitness. Litter size and proportion of females mated giving birth tend to
decrease, and time from mating to birth tend to increase. It was suggested that the
genetically degree of inbreeding was increased.

2. It is observed that the mean value of %Type I fibers changed to high direction by suc-
cessive selections. The individuals which have low %Type I fibers decreased, and con-
trariwise the individuals which have high %Type I fibers increased.

3. The realized heritability of %Type I fibers was 0.20.

4 . There was no significant difference between the mean value of %Type I fibers and mus-
cle enzyme activities.

Thus, as a result of the selections, muscle fiber composition changed, and the realized heri-
tability was 0.20. It means that about 20% of the variation of muscle fiber composition is influ-
enced by the parents. Moreover, even though the mean value of %Type I fibers changed to high,
SDH activities didn’t increase. It means that the muscle enzyme activities is much influenced by
the environmental factors.

Key words : Muscle fiber composition, Realized heritability, Successive selection, Genetical
analysis, Rat
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Table 1 Biological fitness of the foundation population (Go) and the selected generations (G;~Gg)

Generation Go G1 Go G3 Gy Gs Ge
Mean number of ) 5.9 5.0 7.1 4.6 3.1 2.4 6.0
Pups. per litter £ 6.9 5.6 4.4 5.6 4.8 3.8 4.4
% Females mated
giving birth 100.0 70.0 80.0 80.0 80.0 50.0 58.3

36.6%, 39.2%, 39.6%, 40.6%, 43.6%, 40.9%,
SO.O%VC‘\%OK:O
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Fig. 4 Body weight increase in developing male rats of the foundation population (Go) and the selected genera-
tions (G;~G7) )
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Fig. 5 Body weight increase in developing female rats of the foundation population {Go) and the selected genera-
tions (G1~G7)
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Fig. 6 Changes of distribution of %Type I fibers by successive selection

Table 2 Correlation coefficients between succinate dehydrogenase (SDH) activities and muscle fiber composition

Seventh generation’

%Type 1 %Type 1l a %Type I+ %Type Il a
SDH activities 0.067 0.048 0.081
Control group
%Type 1 %Type Il a %Type I + %Type Il a
SDH activitiés © 0 0.300 - —0.116 0.113

BAAY (Go~ Gp) T & O FIRIE B O 4K %,
%Type IHLHEDEIME, RIRE, BREERE®L
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Table 3 Numbers of rats, mean value of %Type I, selection differential and cumulative selection differential of the
foundation population (Gg) and the selected generations (G;~G7)

Generation Go G, Gz Gs Gy - Gs Gs Gy

Total Rats »

Numbers 94 92 67 75 75 51 28 72

Mean %Type I (%) 50.4 49.9 51.5 54.0 55.5 54.9 59.8 60.5
Selected Rats (Parent)

Numbers 15 11 13 13 13 8 11 6

Mean %Type I (%) 59.0 60.9 57.3 62.1 65.1 63.0 64.5 64.4
Selection
Differential (%) 8.6 11.0 5.8 9.6 8.1 4.7 3.9 2.3
Cumulative )
Selection 0.0 8.6 19.6 25.4 35.0 43.1 47.8 51.7

Differential (%)

(%)
y=0.20x+48.8 6 67
60 | -~

55

Mean %ST fibers in population

50 (%)

0 10 20 30 40
Cumulative selection differential

Fig. 7  Realized heritability

Wk, IR, MEROETAASNL LWV
WEah 50, BIRTREED TV L, IR
FBas b ixet2 = B 7% { e A RBMORRA, +
bbb 7S b—IET L, T, WRIERSI
DN, TSR % BT C b BRI IR AL ASE A
FWRIET R EORERTETFORBIRICLY,
PP L b %Type RHEDOE VT » FASER S
TR ERELZWEEb DD, Lo T, 4

#®, BYCTREEDAHICHT0, HwERR Lz &
DBIZRFEOL VMR T — 7 %15 5720124
FHECTHEL TP RIER S v, 2 CH
HAMERRRIZ D W T DER LT AIIARIIIETHES
N FRSDF—F 2 RETHI LT 5,
EFHrRAE, B TESOXHELD
D, KHFFEOD Gy~ GeTIHITIT3~4IETH DY,
T, RO 4~ TIEE )RR EVE



Tholze &I TOEMFBITHALEDOT— 512X
530%07T, HEEZOBRICLIFOERS
WELR ERXEREINT, BENERETHLLEZ
bNb, MM IGRIRZEIZ LY, 20#HC
BEFEAS3 ~ 4P LB LTBY, &
NEAMROEREME LabE s L, FFET
B2 ) B GEFALDHEATHW A E BN S,
HERTIE Gy~ GeTHFNFN80.0%, 50.0%,
58.3% & BIRZEE O L # Gy~ Gy (80.0% ~
100.0%) &b, »RDVETL, 7v b Ok
JOETHEHEIPEEIN, T2 TOREXRY
EFERBEHILEDOF -5 I2L B DRDT, m
EEROBHICL ATOERPHEIIERS L
¥, Wik v 00, BT ERE,
ETFEAICHEENZ LI,
CDEHITBERTE 2 MO T X /5EHR, W
BABET T b bd, Skmms L
TREFH - MERMNMET Lize Lot T4,
R OBERBKEERET L0, #T v O
Wt 5% EOREFLEICRLEEbND,
MMM IEBEO N L—= 0 7I2E 5T
%Type I — %Type II4EME R ICIX AT I3 % <,
%Type 1+ %Type ITMHEZEERICEE S Tw
BLDTHHEEZONTWS, KR T, #
WREB % AT o 724G R, £/ D %Type LR DF
BB ICEAL DS U e Gg, Gr®D %Type IHHED
SEHEIE, FNEN59.8%, 60.5%ThHY, i
Ge, Grld, Go~GslCH LAEZBICHEWETH - 72
(p<0.01)s £72, G, TIZS0%BLLTF Db DA%
{, 8BIT78. 4% L VI EEEE HRL, %Type
LA, WD OB L, B d oisEmns
B & o FAEMAEE S IR S R (Fig. 6 )o
Kugelberg |3 B8R R % & BRI % 384 5
NHL I AHTIE, MOFHRICHASERZES =
LT, %Type LRHEDSHAT BT 5 2 & %
Ty NTHELTWAEY, KEBROBEREG Th
HRHEHEEE L © T A ERE, MRS L
BELTWBR, 59 b OBHEGIRESOMM >
A4 TRATIIAR 4B TRT 5 L) E %
ERTWBEZ LMW F7 R EES T ICH
—HESEOREOHEIMEIZBE S nwZ & h
5, BIRAE D R4 U7 %Type LM ORAT
CﬁLTWE®W”iﬂﬁféétﬁbﬂéoé
Lz, BIFROLRWIr =05 v Mo —
TV ERB LU CTHRENSKE WEMER LD, BT

—163—

BOLEWr =05 9 b O %Type 1HHE A
IR E WIS A S NG o7,

AWFFETIE, Go—~ Gy D %Type IFHEDLHES
N EBOBEEERIZ0.20TH o7, 2FH, O
TRAER R DL 5 D & D20% 25T DAFHHER R D
OO ICHELRIFLTWEEEZLNS, L
#L&#% HBIEDBERIGFEEOHF DR

B BRFE ORHTORHFEDOERB DAL Tid
15@”1@5@( HIZE0. 201 R ERRIT B
WTHEHENEBDTH 5T, WENPELIUIFE
ROMEIHBONL PR THY, ZOEIE—D
DEZE LTHBTNETHLERDNS,

A TR S N2EER0.20H LT, Z20
BRIk S LB D, —DEEER0.2013 2
NFTHESI N TS Komi et al."930.97k b
N ENZ ETHSL, LALARDIS, Komiet
al. DEEFRIGHA IR E WL b
B’Bon, HLHREOEGNEROEERZ/RT D
DTHDLOIK L, R THE S NI B R
WrRFFEIc & D, AL T EX O NABEZR
THDTHb, oTID2DFIETHICE
9, ZOMSLOMEICEETL S a#%cz
BEThbHERbNL, ZoBHlE, ThE TOER
RE T, BEOES 2L ILTLIBEY
%Type I iM% HT 5 L DELORETIZ A 5
ToRREVEDSH B T 72, AET v b OFARHEER
1, METH 5 b ORI IC I, £5D
EWRNE N OBITHINE L, BOVWBEEERL
JeU e L H B L) ZETH D,

INF T, BBOEGEERICHETAIMEEH T
DINTWEWY, ETOMTHESAIHEED
BISHED 2 1578, HEOBEROBRELLL
HFRBEENTWwBY, %2, Montoye and
Gayle® DRFZE T8 & L7z VOsmax DET O
(r=0.37) &9, VOymax DEERL LTO.74
PHETEX L, ThEFHELTORWFEICBITS
BEEFIHEBRHENEEL SN,

SEEEICR Y, Komi et al'® #4138 KM T
HHEVIBERD LI U0, HMMERERORE
WEEEH T D VO TEEVDE W) HRD A
FTRENBL I o TEL, L LSRR
T, BINEIZ LY God D G, C50% 2> 560%

~%Type IIRHMEDTIMELBIT Uiz, Thbb,
BRI I BB S L, $/, B3
BNZFED W BIRASHE YRS, #EETEIZBWT



—164—

LEFEDEIRZIT > TWA T L DI E 72 B,

TR, %Type IiiHE & WV REE SR O SDH i %
BEVHEELGS L ERESRTWE®), 22T
AWFFECTlE, BIRKTEICL Y, %Type IIEHEITH
TTULER, PL—=v 7 - AR EOBEIH
WRERIEE IZ O B U CWhW B D Tid v
EVIRED S L ITHE 1T 77,

L2 L7%20, MErICIEEZII R L, HE
Lig o N h o7z (Table 2), THIE, FHED
BRETHE ALYy PEHOTWAZ E XY, A
FERIITEIC L D BEIKE D LW itk
HECOEIN L FROERESEB LN EEZI SN
b :

ZOFRITIZ N ODDBENLETH D, T
T, BHECE THEDIZ %Type ITHEMEIZREIT L C
WHA, & LTiE G~ G 10% D¥EhN, Gy &
CONBETIR 7T %UDEICELET > TWBDIIME,
%Type [IHEDIES D EAVNS o /2D T, Fh
WREOCEERTE VRIS EAE U e b o 72 TT R MEASE 2
bNb, T72, BEEREREEO SO - FOG i *
DEEIEL, b &b EEEFEEITE 0,
& LML L DOERMELE SN TEIEL 2 572
Db L\, Ty NORBEEMESY 1 TOBAL
FEJT 13 FOG Mtk b 8 <, # 1% SDH itk
HELERITLTWAI L LEZONS,

& LRI TIRBRIRACEIE IS X b, Hlr
BIIZ %Type IEHEDOBITH I LEEE T EH
L7zo F72, %Type I#RHEDZALICHE 9 BERIE
ILBIRET L7zo Z08E, %Type 1M D&
FI$0.20TH V), EEMEENALN, BEREN
BV TIHEROFE R, REEROEEIK
EnEEbis, LELENSDERICIET5E
BRLETHY, 4B LI ED, LYk
WifEREELENS DL ERbN D,

V. #® &

ARG T v b3 OISR X 5 HET
BIRFZEIC & 0 B DX S D EATED L Hn
B T~ZIFESNT VB, F7-, 2051
DGR DBEFIF I & D LD B % RIFT O
PERET AL RENE L,

AERIL, BEOT » M35 V¥ LARTESHE
O N7 BBEER D5 %Type IFMEDOEE (%Type
LHHME) OB b 0% RIREE L% Bz,
RIFFEILEE 7 A T TERE Lz, BRIUTO

HEHTHbH,

1) EWFNEEOIRETH b iEiFL, L=
WAL A BN, BIGIHISERILAHEA T
WhH I EITRBE NI,

2) EIRZCEANC X 1) %Type [HHEDBBAITH 5L
Whhiz, T/, SAmIREEE LT %Type |
HHEDE A S DI, B b DAL
TWB I EPEBEIN,

3) %Type [iMEDEIOBIERL LT, 0.20
DEEE 7,

4) FHMRAERLER & M OBERIEM & ORI EE
A D 5 T,

ZDENIZ, BIRTEIZ L Y %Type THHE LS

BRITVRO LN, ZORKE, EEFR0.20%187,
IS B DOHRAERR DX S D X D20% 0T 0f
AR IS B R 52 5 L2 BWT D, T 77,
FIRASE T & 0 %Type ITIEHEIZFEAT LT\ 5 25,
SDH{E M I E AL A BN Dotz SD LD
AR, HCREER TG BRI X A EITK
ENWZEREHRLTWALEbNA,

=3

* 1) Go~ GsTHM, MZRZERIZOVTEWD D
MPHMEIZ 5L, T0L%, Ge~ G, Tid 6L, 12
Pe 3R] L7z,

* 2) BIRZTECBMG L), RIRSTHLIC & B Fiieaa
DB EHET A DA FHMIILTW
DTG BV THBEREEOHZE XITD
Nidrol, 512, EBREMYLY, A~—
A E DR 5B —F D0 TORIT
bR, T/, CONETHELTCWARD 572,
T o TIEFE % EIR T O CON BT %2 V75,
Z5 1 48 M 4R AR B 02 B V> 72 Wistar-Imamichi,
Donryu, Fischer 344 % LR & 172,

* 3 B T Uk IDUAE 4 M VAR EPRE E hnk L T
SO##E (Slow-twitch Oxidative fiber), FOG
HiHE (Fast-twitch Oxidative Glycolytic fiber),
FG#i# (Fasttwitch Glycolytic fiber) o 3
5 A TVSET 2 HEPH S ND Z L
H5o

X #
1) Bouchard C and G Lortie (1984) : Heredity and
endurance performance. Sports Med 1 : 38-64.

2 ) Bouchard C and RM Malina (1983) : Genetics of

physiological fitness and motor performance. Ex-

erc Sports Sci Rev 11 : 306-339.



~

~

~

~

~

~

N

~

3 ) Bouchard C, JA Simoneau, G Lortie, MR Boulay,

M Marcotte and MC Thibault (1986) : Genetic
effects in human skeletal muscle fiber type dis-
tribution and enzyme activities. Can J Physiol
Pharmacol 64 @ 1245-1251.

Cowart VS (1987) : How does heredity affect
athletic performance? Phys Sportsmed 15 : 134-
140.

Gollnick PD, D Parsons and CR Oakley (1983) :
Differentiation of fiber types in skeletal muscle
from the sequential inactivation of myofibrillar
actomyosin ATPase during acid preincubation.
Histochemistry 77 : 543-555.

Hamel P, J-A Simoneau, G Lortie, MR Boulay and
C Bouchard (1986) : Heredity and muscle
adaptation to endurance training. Med Sci Sports
Exerc 18 @ 690-696.

Hartl DL (1987) © EH& =5 A, MHMEE,
AfER GER), BREE, A, pp. 128-179.
Holmér 1 and P-O Astrand (1972) : Swimming
training and maximal oxygen uptake. ] Appl
Physiol 33 : 510-513.

Howard H (1976) : Ultrastructure and biochemi-
cal function of skeletal muscle in twins. Ann
Hum Biol 3 : 455-462.

AR MHE, BE K BHICE (1984) @ %
FBIZHED 7 o MR, SR oML R
DEALIZDWT, HFFEFZ, 29 1 125-133.
g % (1987) 1T v U2 F A P EIEEL
L7227 v ™ DIEB RIS DEIRKIG © 3. &9
FHEIE, FPRECESFHE, 9 157-65.
Klissouras V (1971) : Heritability of adaptive
variation. ] Appl Physiol 31 @ 338-344.
Klissouras V (1972) ': Genetic limit of functional
adaptability. Int Z Angew Physiol 30 : 85-94.
Klissouras V, F Pirnay and J-M-Petit (1973)
Adaptation to maximal effort : genetics and age. J
Appl Physiol 35 : 288-293.

Komi PV and J Karlsson (1979) : Physical per-
formance, skeletal muscle enzyme activities, and
fibre types in monozygous and dizygous twins of
both sexes. Acta Physiol Scand [Suppl] 462 :
1-28.

Komi PV, JT Viitasalo, M Havu, A Thorstensson,
B Sjodin and J Karlsson (1977) : Skeletal muscle

~

~

~

~

—165—

fibres and muscle enzyme activities in monozy-
gous and dizygous twins of both sexes. Acta
Physiol Scand 100 : 385-392.

Komi PV, JT Viitasalo, M Havu, A Thorstensson
and ] Karlsson (1976) : Physiological and
structural performance capacity : effect of hered-
ity. Biomechanies 2 @ 118-123.

Kugelberg E (1976) : Adaptive transformation
of rat soleus motor units during growth. J] Neurol
Sci 27 : 269-289.

Lortie G, J-A Simoneau, MR Boulay and C
Bouchard (1986) : Muscle fiber type composi-
tion and enzyme activities in brothers and
monozygotic twins. (Eds) Malina RM and C
Bouchard (In) Sport and Human Genetics. Hu-
man Kinetics Pub, Champaign, IL. pp. 147-154.
Lowry OH and JV Passonneau (1972) : A flexi-
ble system of enzymatic analysis. : Academic
press, New York. pp. 8-20

Montoye HJ and R Gayle(1978) : Familial rela-
tionships in maximal oxygen uptake. Human
Biology 50 : 241-249.

Peter JB, R] Barnard, VR Edgerton, CA Gillespie
and KE Stempel (1972) : Metabolic profiles of
three fiber types of skeletal muscle in guinea
pigs and rabbits. Biochemistry 11 : 2627-2633.
Saltin B and PD Gollnick (1983) : Skeletal mus-
cle adaptability : significance for metabolism and
performance. (Eds) LD Peachy. RH Adian and
SR Giegar. (In) Handbook of Physiology. Sect.
10. Skeletal muscle. American Physiology Socie-

ty, Bethesda, Md, 555-631.

Sembrowich WL, MB Knudson and PD Gollnick
(1977) : Muscle metabolism and cardiac function
of the myopathic hamster following training. J
Appl Physiol 43 : 936-941.

Simoneau JA, G Lortie, MR Boulay (1985) : Hu-
man skeletal muscle fiber type alteration with
high-intensity intermittent training. Eur ] Appl
Physiol 54 @ 250-253.

Simoneau JA, G Lortie, MR Boulay, M Marcotte,
M-C Thibault and C Bouchard (1986) : Inheri-
tance of human skeletal muscle and anaerobic
capacity adaptation to high-intensity intermittent
training. Int J Sports Med 7 @ 167-171.



