fEcswTcRWahigE+s Ve VB TOSR

FEE— - EEEA - BEFIZE - FIRETTF
HEEE - NR HP - NEFE

BHKESRRETIAT, RBRFEEAITEERM 305
' REWRFEFENEIRES, KRFEANE 729-15
PRBAF B, TRURIE RET 300-03
EMOKEATPERESRS, KHT 694
{BHOKEBSESRS, TPEFSRATIENM 305

(1993. 7. 94D

I YYORESNVEVIZIZIBHOT I /BT Leu/Val DERHELT S, COXHOER
R BEEENOBVWARET B0, BENE, AVvAy VB, ~vI+- VB THA-FYTY
HAEDLOREFNVE VBETFOA v ravd s+ VY5455 652bp DFER%E PCR ic & - THEIE
L, BERFEBRELE. Z0BE 1218Bo7 i /BEH+sa F i3 AR (Leu) H#CTG, BE
(Val) BGTG T, 1BEOBVWL LB THE LMoL -7, BEAMCBOLTRE LI,
BOBM THI-NBREAD LN, COERIINET I/ BOIFYHACGHL ATG (CHD &
K250, a—FLTWE7 3 /78iE Thr» 5 Met K& (kT 3. Lo 4 SBEEBEME >V,
Alu e F o b A TV FA4 ¥ AL v a YERVEBEFREZAELER BEEMELIBENECG
AZ (Leu, Thr'™), BE! (Val'¥, Thr'™), CE (Val'¥, Met'®) @ 3EHELL, MLt R
Y4V ~L7 - FE, THA-FUT Y HFARERR, CEBSEBONEL-, ThEDTE,b,
CHEBEFREENE L BENEOLEHED BEB L FRELALERTHIEELI LN, BEFHE
i3 59 SE0 BEFTE T 0.500 (A), 0.144 (B), 0356 (C) ThHo7. ThoOBETFHEEREEED

RCHHRE R BB EED S hisd - /e,

HEXW, 65 (4): 340-346, 1994

YUORETLVEVIIOIEOT I VBEENALLS
RFFERNVEVT, 20T 3/ BEFD L#EETOE
HEEF® 33 TRBAEIATVWS, 73 BEFicBd
BEMNID 3 NKEED Ala OE#EE 127187 3/ BIC
BT 5 Leu/Val OFROFEESHMO N T WS, £H
HER OBV DV TRESSDE VY, v vRs v
v BEFOT I /BEERIACVERELTE
Hos 5% 23 RFLP S HMEHR & OBRERE L TV 5.

bhbhBRE’ TI127&7 3 Bt co2B %
PCREYD Alu I I » SHETE B LA|E L.
UL, COHFTIR121E7 3/ BIHYT 3 BETO
B, BVSHELIPEVHERTHOTHD, EEH
DBEFH Val 23— FLTOLWEHEREL TV L,
F 1, FOMOEFIERBEELTVEMIIOVTE

HE4H, 65 (4) 1 340-346
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BHohThWw, 22T, BEEHE rvzs4 8 ~
V74— FRB, TR—FVTUvHRBEOLABOY vHD
Alu IV T2 ERTHEELZRY, fvrovitx
* v v 5 DEERFIRRE L.

BEMEI VTR, MBREEITH > 4HOEHE
FOETSHEERAY, BETEEBAREE OLER
AT - 1.

MEELUFE
HRETY . BETEHONTIZ IITHEORENE, 19
FBEORNRIA VE, 10O~V 7 +— FE, 6807
N=Fr7 v HRE UHOBEMB>LTITE-
7o, BEMEOS L 3SHIIREEHSTHHREZNS
OETF, $-BENEO 1 Hid 1 EoBEFOEFT
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H5., EFO66HHE BWMKESPEBRSRE CES
L7- 35 BRIEBIAL DS/ ADNA R & D77 L, BHK
EHSESBSTER L SHOREME, 5@t
254 YERFE TofhofEic v TRk
D DNA it L. BEREREEBRKESIERR
18, BWKESTEBERRS, bENTHESERR
1B, ZBREEEFRBILEAEINTWAREEE2HVE.

PCR EYOiEERH R ISHOBEMEB LU R A2
§A4VE, ~v7r—FF, THA-FrTryHAEK?2
BleoWTHRELR., #0thoEicovw iR Alul
&R bNATYFAEL Y 3 YOERD OBETFH
ERE LT

REBHSOETITXTHERE T, BREK TR
SENES IR (BASRBRMTES) cESE, Bl
WHEFEETE - 1.

H¥E DNA OHK . #30me DHYL B 600
1l ® 100 mM Tris-HCl (pH 9.0), 100 mM NaCl, 5mM
EDTA, 1% SDS %A, M3 AHWBETY L PhiC
BRTLCECE-THBMHLL FBO72/—V 7
vokAAT2E, ZookbaAT] EHELE =
y ./ =ik E{T/S W DNA & RNA 0BRSS L 75 E %
B HREEFRROZH AT LRAKkoFET
DNA ZHBL /-,

PCR &iz & 5 DNA O¥IG - EEFFORE: 735
41 2—-0OEEEFE, 4V Y ARICEFEL 2 Primer
185 -TATGAGAAGCTGAAGGACCTGGAGGAA -
3 (27Tmer), =V ¥ 5B%D Primer 2 5 5'-AGAA-
TAGAATGACACCTACTCAGACAAT-Y (28mer) T

5 (@D, cho07 54 v—& PCR ORIGIRFIHY
ERRDEBTITIN - 1.

HEBNARES 57-%, PCREW% 4% NuSieve
GTG (FMC) 7 v — R ¥ VB KB THE L,
Ultrafree C3-VV (MILIPORE, 0.lum) 2BuWwTH» W
» o HUOMF #81%, CORO—BEF 7L — b
ELT2EIE®PCR #fTH /2. T®PCR 3 28D
iR SRR RES 5 /%, Primer | & Primer
S2, Primer S1 & Primer 2@ 28I 2 WTHFH » 72,
Primer S1 & Primer S20 5 il 18HE v —4 v &
RIED 754 =—LEUEFEB >TEHY, BEHOC
DAL Dye Primer (ABI) %14 71U 54 X&E5
YA I NY—H VY REERTEO, 2HB Y — 4 v —
(ABI373A) THEEEH|AZPEL .

Aul TIZ X 2U0Mr & 127 F 7 3/ BREBNI BRI OHSE -
Primer 1 & Primer 2 i & 3 PCR RIS EE Y i< #1 50 u!
Dy ook AEMATERL, RICEVESUKEE
SEEL . FD8 pl iz, 1 gl ®10 X Low Buffer
(TOYOBO; 100 mM Tris~HCI pH 7.5, 100 mM MgCly,
10mM DTT) &d42=y bD Al (TOYOBO) %7
A3TC I BMORIEZFTIE » /2. 4% NuSieve GTG
(FMC) 7H o —2 X VBSKHTDNA 75 72 v b
8L, 185bp il 0H B35 D% AR, 236bp i
MiEoHL26D%E BHRIL LI,

Fo b ATVFL LAY avickB 1287 /8
HMEELHMO¥E: Tu-T169-175F87 3V BERE
a-FLTOAEEICEK L7, Probe A IR Fxh
TVEEERT © 5-CTGCATAAGACGGAGA-

Primer 2
m— 597 bp———mm

U e s b—A ¢ —A 5 }—

K248 bp~ g7 bp
Tibp ¥ 162bp P17 bp
Primer 1

229 bpm—?ﬁl bp

302 bp

$5-TATGAGAAGCTGAAGGACCTGGAGGAA-3’

Primer 2

*5~AGAATAGAATGACACCTACTCAGACAAT-3’

Primer 81 : 5-TGTAAAACGACGGCCAGTCTGAAGGACCTGGAGGAA-3’
Primer 82 : 5-TGTAAAACGACGGCCAGTAATGACACCTACTCAGAC-3’

Fig. 1
Exons are indicated by open boxes.

Structure of bGH gene and primers for the PCR amplification.
The common sequences of Primer 1 and Primer S1 are

underlined, and that of Primer 2 and Primer S2 are double-underlined. A terget region was
amplified by the 1st PCR with Primer 1/Primer 2, and then two kinds of 2nd PCRs with Primer
S1/Primer 2 and Primer 1/Primer S2 were performed to make a annealing site for Dye Primer

Cycle Sequencing (ABI).



TH - B2 - - PR - 28 - R - NR

CGTAC-3 T8 5. Probe C i Probe A O TH
LM, BLRCIEEO&EYE & D5 -GTACGT-
CTCCATCTTATGCAG-3 Th b, IThoD4 ) IX
v F FD3 Kigax Terminal Deoxynucleotidyl
Transferase (TOYOBO) % B \ T Digoxigenin
(Boehringer Mannheim) TE#L, F7o—-7& L1k

Fov b4 7Y 4443 it Probe A & Probe
COENFRROVWTITE o, PCREYOD 1ul %7
Aovivy7svic@Eli® 5XSSC, 50°CT1H
NATYFA4 XL, 05XSSC, 50°C T 15 HO¥HE 2
BT -1, 7a— 70Kt & Digoxigenin & H H
* o P OFETITRY, RERRR 2 Y Fo— ik
HOAARBOHETL 2.

= e

121 &7 1/ BBEhr (127 #BAD) & . PCR EYo
Aul IV > THEL - AR, BEOMEE+EEN
B, kVRIA4 U ~vT7+—FE, TAN-FUT Y
HRAEDS L% IRY, PCREYOEHEERT| %51 L
Y hY—H Y REICK > THREL K. PCRTHIBL
FEIE 754 =~ O ERLExF VYV V4T H B 119
T BMAAS TRy v EKRBORY ARMEALE
TTH5 (K1), Zo597bp DEEEFERZ L, 127
ko - FLTLARMIZ4EEEL 6 ABRTCIG
(Lew), BEETGTG (Val) Th - 7. AR
WOVCHIK 50 L L > THRENWTVWEI T VYRRV E
VBETOREREFERE—R LTV,

172 &7 3 /7 BSA Q7256 28 X558 2HT
- OEBRIIRE T, RENEO BE (Vah @ik (127
AT Alu 1o &k BHE) 2o v » SR Y, 172 847
Tl EEOBRAED LN, IThHEKOERERT
50, RS EHETHEETIERTHILEHE
T A%, &5 16FHDRBEFNEIT>VWT PCREYOD
HERFIERELL. Z0BR, PUODWEETITZE

1T ACG (Thr) TiF7< ATG (Met) &3> (C
B ML, CHRIOMBMKETIZ 127 AT GTG (Val)
RlALZZEMBHEHOMPEL -2 (K2).

S5EMEDOI VI OWVWT, 12THAMER%E Aul 1 Uil
HEL, INHRESEET VTR VAF T To—F
KEBFy bNA TV T4 LY a2 VTHEL IR,
CRBZTIEENBEIGERNRICEEL, atrLis
WAS A V58, ~Lv74+— V8, 7HA-FUYTUVHRAE
KRECEELTWEL- L (ED.

BETHEEREE: BEsVve Yy OBERTHEEE
BroBEGERNT -0, JHEOBRYEEZTOETFD
BERTEA2HA~, | HOBES (V) BEHEBZ &
BTEHp-tho®d, FOEBEBETFRHRIAETS
3. Ldl, 0HEOETI CRBETHEENEL, CH
DOFEFLRATFTOBABLEITHEE L OERIND
BEFRIICCTH EMELL (E2).

COARORHFEET 5 &, HEBEECRETH
BRERDOAONILEERBMS. ERNESKL T

ot £IT, BEHFOETERETRICSY, B
Genotype 126 127 128 171 172 173
(A) E L E L T E
----GAG CTG GAA --AAG ACG GAG--
(B) E V E L T E
sem=skokk Gk kokok=- = kokok kkk Skkok---
© E V E L M E
sem-kkk Gk kkk---skkk kT kkk---
Fig 2. Sequences of the genetic variants in the

exon 5 of bGH gene.

Asterisks indicate identical nucleotides to the A
type. Amino acid sequences deduced from the
nucleotide sequences are indicated over the nucle-
otide sequences. Amino acids variants differ from
the A type are underlined.

Table 1. Genotypes of bGH gene from five breeds
Number of Genotype Frequency
Breed animals
AA AB BB AC BC CC A B C
Japanese Black 59 15 8 1 21 7 7 0.500 0.144 0. 386
Holstein 19 12 5 2 0 0 0 0.763 0. 237 0
Hereford 10 7 2 1 0 0 0 0. 800 0. 200 0
Aberdeen Angus b 2 3 1 0 0 0 0.583 0.417 0
Japanese Brown* 11 3 5 0 3 0 0 0.636 0.227 0.136

* Steers from one bull.
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Table 2. Effect of bGH genotype on beef marbling score(BMS) of steers from four bulls of Japanese
Black
Bull Frequency in steers BMS in different genotypes of steers

Name Genotype A B C AA AB AC BB BC cC

I AA 0.650 0.175 0.175 4,17(6)* 4.71(D* 5.57(7)° — — —

I AB 0.550  0.400 0. 050 7.50(2)  7.00(D) — - 7.00(1) —

)it BC 0. 300 0. 433 0. 267 - 4.67(6) 4.67(3) 4.00(1) 4.80(8) -

I\ (CCH* 0. 300 0. 100 0. 600 — — 7.33(6) - 6.50(2) 8.00(2)

* The genotype of bull IV is estimated from the genotypes of steers.
A number in parentheses indicates the number of animals.
Means with different superscripts in the same line are significantly different (P <0.05).

M.S. O EITE » 12 (R 2). A4 MoBETRIbE
TEREZEORDoNORERHLE 1T T, ACHIY
AARIDSRWEEZRLE, LHL, BHL ACEOD
EFTHRBEFNMENVTRHAL I BMS. OEMNER
b, KE+VEYOZRIBMS. 2EBEXRELTL
ZRFTREVEEL SN,

% =

FREFNVEYDT 1/ BETT NREEO Ala/Phe
E 1277 3/ BBEBED Leu/Val SHISh TV B9 N

FEMOBET Y FF L _7F FYMMBOEWICE S &

DT, BREFLVEVEBEFEEOEVIZL S DTN
WEEZONRTWLAYW, —F, 12717 3/ BEROZH
RB#EEFIELAZERIREIZEEZ SN, AlulTilRT
HEUZDNABHOESKEVDYH B9,

DUONEEERY T 127 7 3 / BEEHN Val 11 & 13
ERvE vBETFOI OBMAH Alu 1 T & T,
WovcHIK 50 OREL - Leu BIBEFEXBITEZ BT
EERLE UL, Alul 34 EEBBOHBERET
By, BRENOLOERICERNELTOELERE
723, Leu & ValEIAAD 7 3 /BN Z OIMALICHELEL T
VWEEVWAIHERIEVWSEDD, Val Tz Blo7 i/
BLULZBRD Leu DEBEBRB ZOBIIcH > TH
ValBZERIEHT AL RTERL, KIKTDEHH
EEBBELTOES, Al THW L LBETEE
By, ToHMRERTLTOELVWVERABEILET
RNV, ZCTARRBRTE Alu 1 U OFSE» L AA R
(Leu/Leu), BB& (Val/Val) RIt¥EEIN Y v & 1
BHEZERENE, VR AVE ~v7r—FE T
N—Fr7 v H2A@EH» 5RY, PCR CHIESHh 5 597
bp OEBEFEZREL 2.

ZTORRE BREELL AABRRRShTHAESIE
—® L, BBEIR4IFEE L Vata—FLTWE

GTG OEFTH »1z. Lich->T, Alu IUicHES
NBBIZTHENT 127 LD Leu, Val OBRAERL T
BLEZ LN,

Z OEEEFH| Ot cEEFFED Val/Val B (127 2
£1) B1T28AIC Met # 3 — K35 ATG OBFIERL
fo. BERINTVAIERRSIEACG THD, TI/ B
BThr &b, COFAOERIC>DVLWTREESNHT
W, SRS LU 127 SIS S OBGRERE L
(&1L 2).

Z DR Met 728460 BoBETIEENELS
EBcLrEDONS, sV, ~LTa—
KR, 7N FUTUyARARBICEEEL TV
PCR i 2 KO R@mIKIC b 2 BIZTED» SHEIET 5729,
127 A1 & 1T2 RO BRID P IZ~F o B BEFRE
RETBEEICOVWTHET I ENTERVL. L, £
1 &2 0BENE 4T 172 AL Met/Met D
EERT 9 HHIE 127 60T Val/Val OB FRARL,
iz Leu/Leu (127 ¥347) @ 23 353449 Thr/Thr (172
BA) OFETFRIE/R UK. $£7, Thr/Met (172 #41)
@ 52 BFIid 15 BAAS Val/Val (127 #61) -« 37 §82% Leu/
Val (127 8jA1) Th 7. THbb, 172 HEO Met i
ZAA 127 3BT Val 23b b, T OBRGERETE Val'?

CMetPDETHEELTVWELELSh, Fh12TH
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M OLeu R IT2E A I Thr B b b, ~ -z Val'¥ -
Th'?OBETRGEET S, CokHik, EENEE
BEHNE AR (Lew?, Thr'™), BE (Val'?,

Thr'™®), CH (Val'¥, Met'™) @ 3EOKE R VE Vif]
EFBEH0 (K2), cFVRI4 VB ~Vv7x—FE,

TNR=FrT v HABETIARLBEO 2ENEEL
Tk, INsDTEh5, CRIEAETIZBR (Val?,
Thr') O 128U 1IEROERTH b,

ChiBENE L EEMEoXEHEESM 3 BoEE
PoRONLRICEZL LD LMEXNE. | HON
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BRTRH 2, HEAEROY ViKW E Wb TV
REF I ACRITH - 12,

BER NV E Y IZEHORBICER, MEBECREBLTE
b, BERVEyORGERETEY, BIMEHMRERE
PEEBD. GREREFVE Y OBRSRRY TREF
DORIEZ+FVE VETHEBRNSRZEVSEDSh T
3. %, =7 Y CTREBEETFHITL->TYRY ¥R
BOWOS T ENBEXNTVEY, ERRE+LEY
ORBIEFHOYHRICH>VTIE Hog 5P B34 v b o
YyTOBB IR EORBERE L TVEY, AR
BRTRIOBLICOWNTORIRETE » TR V2w,
BOTFVUTOEREFEI M v b oy TOXRORRK
RARATH S, 272, RAFEICEL TREFIHEREHN
B EDPFHABROBRL SHS M L - e,

X200 BMS. 757, EFORETHETERE
OROhBHES T oRETER AARTHY, ETO
AARL ACEOBVWIBHIERYT 2. CHERTR
BAAREDOHEEL CHERL TVWEEEL LN, FUL
ERFOBETHHE BMS. H&FVEE T RF-HT
etk I3 AT 5. AERE kv E v O #{ET 3 HEDIGER
SPIE» T IO BEBEORBMICH B ENHLhE
ahTBb, Zofhic POLR2 (polymerase 1I large
polypeptide)'®, HOX 2 (homeo box region 2)%,
PRKCA <{protein kinase C, a polypeptide)'?,
cytokeratin® Bn T 19 FRBECHFLEL TV S, 4
010 Fiehfkiz b b 17T BRERK, v x 11 FRERK
EES—HLTBY, Thbitild, 51 THRAL
(thyroid hormone receptor a 1)'0 75 & R#HICBER T 5
BIETFLEELTWS, BMS. M5 $ 2 8ETFHI19
BREBELFHTI0EHMT IR TS PRELT
WBH, Sk, GOBRETHRMERESNBIC LA
TSI 2 EEbh 3,

1287 3 /BIBEAVE VS FEERT 254
~NY y 7 REHDY, b rERERVE VAT TIREY
ANy 2 AP LETI—LOEAGMMER S, £ MVRE
RVEVATTITZHAZ -~V v 7 ZORM[IELY,
BAMET 3/ BEIONBIREI LT, A%
HEASETO S, oY Tl Val P Alak &0
BAMEOBEVT I /BB OIS, 4 (A, BE)
OThr gchdD7 3 /BX Y bBKEMSEN, CHI#
7D Met i3 Thr & 0 BKENEL, srErOH
BELTHAOHOBVES ZOEERLIBEIATHS,

@t L3
R ERRONEILE, JUBETEEERRER
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LB—PIER, RMREEARGRRE _HARICEX
DTWHEVREE VR, BERABIHD, BAHE
2R 5.
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Genetic Variants of the Growth Hormone
Gene in Japanese Cattle

Koichi Cuikuni, Tsuneto NacaTsuMal, Toshiyuki TABATA?
Michiko Moxma, Masayoshi Sarro, Shinobu Ozawa?
and Kyouhei Ozutsumr®

National Food Research Institute, Tsukuba-shi 305

! Livestock Improvement Association of Japan, Kouchi~machi 728-15
?Ibaraki University Faculty of Agriculture, Ami-machi, Ibaraki-ken 300-03
? Chugoku National Agricultural Experiment Station, Oda-shi 694

4 National Institute of Animal Industry, Nourinkenkyudanchi,
Tsukuba-shi 305

We have previously reported that a nucleotide sequence variant of the bovine growth
hormone (bGH) gene at amino acid position 127 can be detected by using the Alu I digestion of a
PCR product. To determine the nucleotide sequence of the variant (B type), we amplified and
then sequenced 652 bp fragments of intron 4/exon 5 of the bGH gene from A and B types of
Japanese Black, Holstein, Hereford and Aberdeen Angus cattle. Codon at amino acid position 127
was a GTG for the B type instead of a CTG for the A type, and the other sequence of the B type
was in agreement with the A type in the four breeds except for the Japanese Black. In some
Japanese Black cattle, a substitution was present at amino acid position 172. This variant (C
type) differed from the A and B types by having an ATG at position 172 which caused a
replacement of Thr by Met in the deduced amino acid sequence. We designed two
oligonucleotide probes for the identification of the variants at position 172. The sequences of the
probes were probe A (for Thr'™), 5-CTGCATAAGACGGAGACGTAC-3 and probe C(for Met!™), 5'
-GTACGTCTCCATCTTATGCAG-3. The genetypes of the four breeds and Japanese Brown
cattle were determined using Alu I digestion for position 127 and a dot hybridization for position
172. Three types of bGH were present in Japanese Black and Japanese Brown cattle ; A type
(Leu'”, Thr'), B type(Val'¥’, Thr'?) and C type (Val'¥, Met'™®). Frequencies of the variants were
0.500 (A), 0.144 (B) and 0.356 (C) in 59 Japanese Black cattle. The C type gene of bGH was not
present in the other breeds consisting of 19 Holstein, 10 Hereford and 6 Aberdeen Angus. These
results suggest that the C type was caused in the B type gene of ancestral Japanese Black and
Japanese Brown cattle. Carcass traits were not affected by the genotypes of the bGH gene.

Anim. Sci. Technol, (Jpn.) 65 (4) : 340-346, 1994
Key words : growth hormone, variants, PCR, direct sequencing
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