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HRERIT, FEEEE L TOaREMRzOWTREL
TOTHET S,

MRE LT AE

1 DMEREBEFOEIT

1998 IR SN/ HABABODM T4 1 8i&, IE
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4 5y FiOEREHIN-TZDHDEHNY, 3 DDODNA
Wil ZHigl 7~ (M1, ¥1). PCRIZ, DNA%20ng,
Primer# #51.6pmol, 10XPCR Buffer® 1.5 11, Ampli-
Taq Gold#0.375UM A, &&t15uliliz s & 5 RIEHK
ZHEL, 94°C T4, 94°C T14M&E55C T24
Ml&358 A7), 72°C Tl104Mo7 07 5 ATITD .
HEEL AR OWT, 1380774 —%2ANT
Dye Terminator Cycle Sequencingikic kD —2 T
CARIGEIT O (K1), KIS#E, EFLPCRIG#D
HoFNELul, T4 —%32pmol, 5 XSequen-
-cing Buffer# 4 p1, dNTP mix% 1 ¢l, Dye Deoxy
Terminators% #0511, AmpliTaq FS#% 1 plZA,
20uliciz B EHHEL, 96°C T 9 4RMEsE, 96°C T

Exonl

108/, 50°C TS558, 60°C T44%E25%1 7,
72°C TI0RIO7 07 5 AT o/, =T T2 AT
{ZABI 373S Sequencer (PE Applied Biosyste-ms
8D % B\, ABI Sequencing Analysis (PE Appli-
ed Biosystemstt#) THER %R EGenetyx (V
Tz 7RG THERFIOLKETO

2 DMB{zFZHTEOKE

R TH 5EERES 2 U AREAEERT
247THE, RESTH 5 HAEABERL: O T4 61EHE
AL 2. ¥ ADNADOHEL, BEFHRALFAKD
J¥E T o 2. PCRIZIE, RIBZE Ent821(dell DAY IE
# T187bp, K38 T176bpd Wi £1272 3PCRT T A
v 2RV (R2). ZOHEEEINT, 5-TCTAGG
AGAGATTTTGGGCTT-3" KU 5-GATGGGTATGA

#®1. PCREVY-IIVRICHULETSAY—

No. Name Sequence

1 El1-5 5- TTCACTGGTGTGGCAAGTTGTCTCTCAGA -3
2 E1-3 5~ CC CTCCTCCTTACATACAAGCCAGCAG -3
3 E2-5 5- GTTCATAGATTGATATGGAGGTGTTCG -3
4 E2-3 5- ATAAGCACAGGAAACTGGTAGTTATT -3

5 E3-5 5- GAAATGTGACATAAGCAAAATGATTAG -3
6 E3-3 5- ATACTCWAGGCCTAYAGC CTGTGGT -3’

7 EI1-S1 5- TTGAGGATGTAGTGTTTTCC -3

8 E1-S2 5- GCCATAAAAATC CAAATC CTCAG -3

9 E2-S1 5- CATTTATAGCTGATCTTCTAAC GCAAG -3
10 E2-82 5- TGTCGCAGGAGTCTTGACAGGCCTCAG -3
11 E2-53 5- GTACAAGGTATACTGGAATCCGATCTC -3
12 E3-S1 5- AGCAGGGGCCGGCTGAACCTCTGGG -3

E3-S2 5~ C CCCAGAGGTTCAGCCGGCCCCTGC -3

—
w

9 100 11

Intronl Exon2 Intron2 Exon3
1:F94L  2:nt374-51(T-C)  3:nt374-50(G-A)  4: nt374-16(dell)
5:nt414(C-T)  6: nt419(del7-ins10) 7: Q204X 8:E226X
9: nt748-78(dell)  10: nt821(delll) 11:C313Y
PCRIERMT
PCR&Sequencing Primer
-> - -> - > -
1 -~ > 2 3 - < 4 5 - - 6
7 8 9 10 12 13
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ERERBE OBEERBTL, ~NFOREEDOERMEIC
DWTHREL 7.

723, DMK EMRE OFEERTEIL, RN _FITH
GBI EDIT o MATIIALSMLMW® 2 W, i
BRE 5 %R EMAHICHEEREE L 2.
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1 DMEREBIGF OB

FRITIZHE L Z2DMTPAHE, AERHAEAKI60kg & K& <
SMEEBEL . ARLOTREBHE, KSLD+F
BENNR0E<HODVICRASI L, HEUFROM
R L ISR S A DBITNO LN TRNT &,
RANAEHFITND I LRETHH2 (K3).

2FRYF U BET OEEARSEBITL I2RER, DM
FTHTRILY Y 3XHEET Hnt821(dellDE 511
BRAORBEENRD SN (B4). LiL, 20O
BARINTIIERIZBD SN h ok

2 DMBIEFEHEDRIL

DWORR, 24THOREHET O S 5308041176/187bp
ONTORZRL, REEEFEREAL THE 7,
REFZRIZHD6IEDO THEHEL &5, 328
BANTFOREZRL, KEMSDMER DN TFF 45T

(BAL 2 ke/H)

-G 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 A
B & 8 B 20 30 35 40 45 50 50 55 65 70 75 75 75 75
XKEREH 1.0 11 13 14 15 15 15 15
w7 20 20 20 20 20
Frha—
AL = 130 130 130 130 130 130 11.0 100 8.0
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TGGGCTTGATTG TGATG ANCACT CCACAGAATCTCEATGCTETCETTACCETCTARCTGTGGATTTT
160 170 180 190 200 210

TGGGCT TGATTG TGACAGAATCTCGATGCTGTCGTTACCCTCTAACTGTGGATTTT
150 160 170 180 180 200
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£3 EEERPOHE EMERRUSRONEE

" T . R, SR i ¥ i, WLy
DML b B [ # DML AR =
Wl (ke 2798+106" 2548+22.3 NS 6868+222  696.1=226 NS
HiEtdE R (k) 0.99+0.03 1.08+0.04 i *
&% (cm) 107.7+1.2 107.3+1.2 WS 1314+15 135.0+1.6 *
f e (cm) 1125+1.8 1109+ 1.8 NS 133.9+09 1352427 NS
Pl (em) 1225428 1152433 * 1589+3.0 1594=32 NS
[CH (em) 51.9+0.8 51.3+14 NS 69.7=1.3 733£189 *
i {cm) 357406 292421 ok BT.3+12 55.7=13 NS
A (cm) 407£1.7 39.0+ 1.0 NS 56319 36.0-0.8 NS
B (em) 35.0+08 345+ 140 NS 50.0 0.0 §25+1.1 *
MAME  (cm) 37.3+0.5 353+15 NS 53.3+09 531.8+07 *
B (cm) 23.3+05 205+ 1.8 * 38.0+1.4 343+13 ok
T (cm) 149.3+£1.7 1352+ 3.6 ok 208.7+2.9 2135+4.1 NS
T (cm) 16.0-£0.0 LE2d0s T S NE . 20700 20708 NS

L)l = i =
NSATEMAE L, *P0.05, #P0.01
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Ty —BEREE4 S

&4 [EEHEPORBECFREKRE BT : kg
DMK SHRX =
Bk
Bo &k 2,430+135 2,684+70 *
RERER 350+17 362+8 NS
fgo o 162464 199+31 NS
Fyha=yH4L-3 2,163+90  2588+£105 %%
lkg Y DB ERE
TDN 6.07+022  625+037 NS
DCP 0.72+£0.03  074+004 NS
NSHEERL, *P.05, #xP<0.01
5 HEBARBRMESIKLIRERMHER
DMK R =
BERHEE (ko) 43874106 417.0%£185 NS
O — X EfE(cm2) 72.7+3.7 47.7+43 ¥k
INT R (cm) 7.8+0.2 6.8+0.4 *
ETEBE (Cm) 1.2+0.3 - 3.1+04 *ok
S R 775202 722+£10 =k
BMS No. 2.0 2.0
BCS No. 47 35
HKiR 2.0 3.5
LED 1.0 2.0
E=xo) 1.0 2.7
BFS No. 3.0 3.0
FHREH 4.0 40
£ A-1(358) A-2(6%H)
B EEE =69.419+0.130 X O — X HWiHEE(cm)
+0.667 X /N7 E(cm)

—0.025 X WAL E R ke)

—0.896 X J THaRHE(cm)
BMS:AH-gfhiaci e, BCSAREEME, BFSHERANRE
NSAHZEERL, *P0.05, *kP0.01 :

£6 BRICHITZRBACEME {7t cm
DMK SRR =
£ & 2433409 2445+3.9 NS
B & E 151.3+0.5 152.3+22 NS
HE E 72.0+0.8 71.8+1.7 NS
filr E 26.0+14 283+14 NS
FE =3 38.3+05 38.3%+0.9 NS
= E 76.7+1.7 76.3+1.9 NS
s E 41.3%+1.7 418+1.3 NS
g i 133.3+38 126.0£32 *
fE e 126.3+3.1 1275+15 NS
i) iz 164.0+1.4 165.3+8.5 NS
i & 462+1.1 447413 NS
fE B 46.7+1.0 472417 NS
fg & 69.1+2.0 70.2+25 NS
- 29.5+04 284409 NS
& L= 295+1.0 289+1.1 NS
i B 244+1.2 23.0%0.9 NS

NSEEZERL, *P<0.05

£ T176bpDRERZRL /=
OB ELMEDHTNS, FEBEEFIFHDODSH
ISEAMNEBEFCO T, SHIBHRFEOTHRTHO,
INH2EA T DORRICEL T, £/, 48O
DMTHII 2 TEEFFOTFHRTH > 7= BlEEFFOXC
IRREFOREENTVWEZEZ S NN, BEFGOR
ERZEEHEETHD, GOBDECIELE £ 5V OBKER
KHBZENSDHEFRL THEbDEHRINS
(K5).

3 DMYOEAMREE

il L 7= 3STHODMANE, B FEIT 2T/ 1O
DMT4 EFEDOHE#MERL, WTHEEBEDRD I
STEhEEL f.

HEE R o Ok B e NS ERALHIE i & 2% 31TORL f2.
PR O EIT, DMK 279.8kg, WX 254.8kgd
DM DA KREN S0, BERMICHERL, KT
DEHHEEIIDMIX 686.8ke, HHRIX696.1kg &KX D
FRePREL ok RN, BEEHRTOHE
REHDMK0.99keg, FHIX1.08kgk 7z VDMK DHE
Mok, BEMLAEMES, BAEC3EER, Wig &
Big, MBICBNTDMROGBHEEICKED SN,
RTRIZIIMABE EREOANEEIIRENETH >
. BEMMPOREERIX, £40EBUDMRMNDA
WEEHE LR D, 1 ke Y2 D O M ETDNR IZDMX
6.07kg, *MIX6.25ke, HEDCPRIZDMIX0.72kg, *F
X 0.74kg E DMIX O E BN R AT REN TN, W
ROMIZIZWThbHFEEIRD SNGh ok

—HFRAOBIEEEES IR 2. FREZIIDMK
438.7kg, WMWK A417.0kgEDMEROEBRKEM /2. F
-7 B O AYIBEIEHX TRE <KD, O—2X
BEEAIIDMKX 72.7cm?, 3t [K47.7cm?*E DMK O 5
NS MIKEL, BIEGPLEHZEDORHNBIEKXR
LTWaZ ENHEREINZ(K6). HREHAORIEE
T, R6DEBVRBREICBVTHEX KD HDMR D
HRBFEIIKEWNEE S,

HARNKAAHS ORRRMSTIE, B ImXE
O RFAFIEN AT MRS > N — 2 TH o /=08, 268
IZ&H % EDMX D FNEAS MRS Dlan o7z, £z,
DM &% - LED T 1 HFITBRMINLZI ENS,
DMXid 3 SHE TAA-1, HBIXIZ 6 BAR TAA-2ITRAT
TN ES). BbR-SAESR 2HT DOMAYIESR
R SRS ELmEZ5, R7OEBDETOER
MLIZB N TDMROBHARENE <, AREAE TIEIDMK
132kg, AMEBX82kg, HNERIZLHD 2HANEEEIST,
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DMX59%, xRX42%EDMRERDENEMh7-. Fik,
)7 O0—ZADMEHEBIZDMIX3.7%, XEIX9.7% & DM
a3l <, KpEEIIDMKX73%, HERX69% DM
QLS IRe¥ sl

T 7Lyt —C L DBPIERETIX, Tenderness
(RbENE) HADMX69.6kgw/cy’, FMEX60.7kgw
/em*EDMRER D AR K EWVEEZRL, RohlzhrEnD
BUEZ/s o7, UL, BIERRCY > 7L O eI i
U TEBEHANS DHBEDN DB, SRR OB

DBFVZODABPPLR S ThEREITONERIN,

DMEDOAHROL LM ERDNE. LAk >T, DM4:

R7 RRICFT 3 EREFARER & FFMELE

DMX K HR X

Phohd 488+1.13 4.74+049
20N 4.88+0.76 5.00%0.86
1S 453+1.14 482+0.77
2R 447+0.98 4.88+0.72
237 MR

8 ThU EEBEWHDId N

7 FEHITEN

6 B\

5 PRRN

4 PRED

3 HEN

2 FEFITEN

1 I EEVWS DTN

BREFRFTANBRALTA, XAENEKTEMRE.

®8 AFORMEGEEEBREEORERBOLER

AFOK AEX Z=
n 13 189
BREARF H () 268.6+18.3 264.7+255
BRI E (ke) 29331248 292.3%39.2 NS
TR A E(ke) 663.0+275 656.6+57.6 NS
B4R (kg) 1.20+0.08 1.18+0.12 NS
HEAEE (ke) 4089+21.1 394.2+48.1 NS
0O — At EfE(cm?) 52.2+3.0 46.6+5.2 *ok
o —2cm?)? 525x4.2 465+7.2 *k
NT B(cm) 6.5+ 0.6 6.4+0.9 NS
BT RER(Ccm) 2.3%+05 2.6+0.7 NS
$H R e 73.4+08 724+1.1 *
BMS 2.1£0.1 2.9+0.9 *k

1) BEFEEROYEEZMBEL -
NS: HEZ/RZL. *: PK0.05, %k : P.01

DHDORH SN E 2 FMT B EICIEIHIOFM S k% B
HI2BENDH D,

¥, RKICHETIERRBRTIE, #BRELLEXOD
FERE RIS M ERRED s NIh o ht, b5
M EITHBNTIT 8 By FF Ml O FHADMIX4.9, MEIX
47EDMROERRDHS M EVRSERNASNEZHD
D, EFFETIEINRBXOFENFNERTH o/ (&
7). AENE, HBICHEL Y TNCROBH S
», HBREREREL TTo/k0, K0 IERERFEMST
ELNEEBRNTILEND S,
MEREFORBETREEBIL LIS, ATOEE
#3138, HRER G BEII8IEHTH -, WK
DORERET, D0— ABRERAINTORK2cm’, MK
47ecm*ENTORDENKREN S -H, BMS NoddAT
OX21, HBX29EATORDAENOOELELERE
2ofx (&8).

% =

GeorgesSid, I ICRET DM 2 BH ALK EIC
METDIAAYF U BEFOERMERERS &%
BHOMILAEY., ZhETHREINZIIAFROERIZIE
IEEBRREDERNEREET 2D, Z0#
IS =7 > 2 2 7 X BEER SO MRT R & M8
EBRKRETH - S, EESIIEFENTRAL &
BRAT R 2 AAEABTY, #EAETHESN
TWBDMICERIL 5Ef S HERL, Bl L5
nt821dell DD AN RIEL, FEELL TWAHBI EEHS
MU ZORBHEBEZPCRIETHIEL BT E% &
WS 2B RFETEETZMNM TSI ENTE, KED
TN ERBICHETESL DI ok,

BHEFORAETIE, 24THEP30HMREETH D, D
5 BAIZ19884E M 5 1990412, 3% D D255 1319934
DRiZENZThAEINE. BI21996FE 4T h ol
FIZ9TETH /. Thid, 1990FELIATNICEE SN
SHORRBEBFNENRIREICBD TENHEE
Bl EMS, FOHRMRBERET KO ERTET DM
K - RE3IN, 2O ENAECERERTZLT
DMR A DM -bD RSN~ £/-, BAE
AEIIHBUBENAFE L THRINTELFRT,
Ya—bhhR—CEEEERICEHS L 2—HT, BAEL
FEBRRABTRIPE S L THRONTE A, SE O Mk
RELSIERBETFNY a — MR- ERREEET
LR TERMOKE BB, AFRTIRI999FENS
FRERIRRFICIE Z OB RIS L D REL 2L 72
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e, BEOE I AHBHRFOEFICHBNTIIDM
DFAEIIEAIN T RN,

ERERAENS, FERIIAENKEVBODZOR
BREDHRER-SIN, BB 2HAREOHA
KL DERFOMHAFIEIH20%8KE<85iE, Th
FTHEEINBRMNOREY ERROERE -,
DMi3#BETH 5480, FRERTFNRRELTZZ
ETHME AR ERNEICRDH, BATIRATOT
BOTHBPVERNKEOR ENBLNDEDHRED D
3L OXREAFICBNTD, AT OEEED S,
BEORMEENRVWERICS D, B RERBOESERK

BN THRHHICENTWS EHMENAEZEDBH 7.

DM/ EMf&KIZ, O—AEAET TRIBMOHAR
MEAL TWAEZENS, NFORTH>THO—E
EEOEIALNDEOREAYOR LI TESZ
Ehibhore.

DMA41E, BAOHABBIEEIC BT 25 E &
H-LEDOFMTIIRES > 22D, AEBRIC
ESTHARBFEEIZIVWARWED, BIEFZHICLYD
MR R ICREEERAL TWAHRIRTH 2. 5%
BAFEEDO L DR REE TOREHEBRAZNEEE IO
70, MBREEANENLTDE, BEHOLHSERX
haz2ebaELZLNS. TOHHFIIE, ZOHET
REG 2 BE L HROICDMZAET 5 L HAHETH
%, F/, RAEEZEDIBREREEELEEERE
I2ZRIREHN D B, REFE#EFOBEKPDMEOM
fars & = RERE T D2HEND .

SHOBEEL TR, £EETIIREECEBEN L
B, WEBE TGRSR SRNE U TONE, tiE
HTIE—RHBREN S ORKFMEZLEDE T, ILEAH
RRPRRT REBENKR I N,

| 5

EMRFEDZICHD, DMFFEORERRFARE
DMFHOERMIZHR S TH I W EF RN &
BLUAERBFEO L4, WHRIIHERAOREBIZI BN
W ) BTFEERELLY-OHRATHEIBH#N
ELET.

51 A 3¢’k

1) Arhur PF(1995). Double muscling in cattlea
review. Aust. J. Agric. Res,, 46:1493-1515.

2) Charlier C, Coppieters W, Farnir F, Grobet L,
Leroy PL, Michaux C, Mni MSchwers A,
Vanmanshoven P, Hanset R, Georges M(1995).
The mh gene causing double-muscling in cattle
maps to bovine Chromosome 2. Mamm.Genome,
6:788-792.

3) Grobet L, Royo Martin LJ, Poncelet D, Pirottin
D, Brouwers B, Riguet J, Schoeberlein A,Dunner
S, Ménissier F, Massabanda J, Fries R, Hanset
R, Georges M(1997). A deletion in the Bovine
myostatin  gene causes the double-muscled
phenotype in cattle. Nature Genet,17:71-74.

4) Grobet L, Poncelet D, Royo LJ, Brouwers B,
Pirottin D, Michaux C, Ménissier F, Zanotti
MDunner S, Georges M(1998). Molecular
definition of an allelic series of mutations
disrupting the myostatin function and causing
double-muscling in cattle. Mamm.Genome, 9:210-
213.

5) Harvey WR(1990). Users’ guide for LSMLMW
computer program. Ohio State Univ. Columbus.
1-18.

6) AEEEE(1962). AFEEE 6 iR EEE X
. 60-61.

7) McPherron AC, Lawler AM, Lee S-J(1997).
Regulation of skeletal muscle mass in mice by
a new TGF- 3 superfamily member. Nature,
387:83-90.

8) KHE(1980). HFEMAM=2A% EFHADLD
= #tHEEAAFEABEEHS. BFH 286-295.

9) #HHEEALEMFBRFEHRMH1993). MEREER
0¥ TS FER. tHEA2ENFRERHR. K
#8. 56-58.

T10) HEH=3X(1987). FEEREEBICL 24OBK.

UETHIRE AR, F—U v % AL 382-384.




HABE KRRR_ - KAER BHE— MIRE EIES  AARABI BT 57 BREADouble muscling REREFORE L EAEAOFE 19

Lidentification of Deletion Mutation in Myostatin Gene Associated with Double muscling

in Japanese Shorthorn Cattle Breed and Its Effect on Meat Productive Traits

Toshiyuki SUZUKI, Kenji OHTAWARA', Yoshikazu SUGIMOTO?,
Shuichi TANAKA? Shigeki KOMATSU and Yoshisato YOSHIKAWA

Muscular hypertrophy in cattle (double muscling, DM) has been selected as a superior
phenotype in meat production in Europe, on the other hand, DM had not been found on and
after the 1990s since it referred as pig-hips had been excluded due to its association with
lower meat quality in Japan. We found a Japanese shorthorn calf exhibiting DM in Iwate in
1998. In order to control DM in the population we analyzed the causative gene, myostatin, in
the calf, and identified 11-bp deletion of the gene which is widely distributed among European
cattle population.

Using a DNA test detecting the 11-bp deletion, we found that 30 sires of which 247 of
Japanese shorthorn heterozygously harbored the deletion mutation. We further surveyed the
deletion mutation in 61 offspring of the heterozygous sires, and found one mutant allele in 32
offspring and two mutant alleles in four, the latter which were diagnosed to be DM. In
addition, we investigated meat productive traits in three DM cattle fattened. The three DM
cattle were not superior in growth competence to six normal cattle, but increased in muscle
mass of approximately 20%.

The grading results of all DM cattle were A-1, indicating that DM cattle may not be
recommended to beef farmers. However, a DM phenotype could become precious genetic

resource for production of lean beef in the near future.
Key words: Japanese Shorthorn, double muscling, myostatin gene, meat productive traits
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