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ITHbEREZEEEABATE 1987 G0 HE Pk EFE RS BTGB - S8 25% Bk
FEEL 7590 FIETEFE BB ALTESE o W 2001 Fan A4S i Ry i 2855 —9% (TLRI black pig No.
1, TBP1) -

ML LFE I A i TR BV AR LR - BE AT M L O B A e A s AR ANFE DL EE AT B A4
> I B — RS FERE A KA IR R B S A [ AR 1 - AL — M pe S AR L R A2 i 2 26 5 LR
FEPE (BREE - 1998) - HAERBEAT 1994 £ 7 HEHAL M 2 22 3 RHGILSE » HEATHIRE ST B
RHEE o HE e S PO E I 58 2 2 B MR RE B s S E R EITHEROEE
AR - WIREE R R 2 A B RE R EFEE-SE B (K) -

Topel %5 (1968) HEEE M EZIMERBSERE R B - &5 B OBURIEREEE (porcine
stress syndrome, PSS) : HEERBHCEE h —HEEEE - PFois a8 — 2B R < 08

(ryanodine receptor type I, RYR1) B[RRI P9 58t v BEGEE - R BB HGEE (calcium
release channel, CRC) R:[K| » #&3 b S BB 1 5% (malignant hyperthermia, MH ) 5 5
HEZ PSS SEAHEA - P i5EaE 8] RYRI ELKIEE 1843 (A% el B4 4 AL e se%# (Hal-
C1843T) - B C (fEmgng ) 2e8hy T (Halgmsng ) IR - SR AR IR IR (Arg) i
Fo B ehaie (Cys) 5 MLEAFEROERERIZ AR (Fujii ef al., 1991; Harbitz et al., 1992) - FEELA]
e 3 B AR A M A R ¢ BRI A FE SR g e | (R R A RE M - HEFE R
BEKERBRNIERAR o BB SIS EZEZN il - B - BlE - OF ST IS S0 il
Rf o S EPITER ~ DN R BRI PR R S ST S B CR BB S R BB /KRN B A -
i e s B P 2R A g E g5 s e ( mutagenically separated polymerase chain reaction, MS-PCR )
Feffiy - WK PCR [ EAEWIHS AR vk 2 AR E e ALK (5% - 2000) -

B E R SRR (Estrogen receptor gene, ESR) ~ IhFAZZHEELIR (Prolactin receptor gene,
PRLP) Eilffe/E3E A #5GEH IV EK (Retinol-binding protein gene, RBP4 ) iy = {HEIFEE EE(FHUE R
ZBSEER (Drogemuller e al., 2001) 5 Hrf ESR BRI AFEER R4 tiE® L HG A B
RREHEIR] o Mg LIFE BRI A 3 G B el R R BB AL K B R FE S e (S BOE B - HLE SRR R

(Rothschild et al., 1991, 1994, 1996, 1997 ; Chen et al., 2000) - H BB E[KIH 2 5 LRFER AA B -
SIIHIFE RS AEF B2 2.3 A (Rothschild et al,, 1997) 5 & 509 HLIFHIMAE L AT AL KA 7
BIFE » S o A P RS P B 4 s 1.3 0 1.4 8A 5 (Hy) R B K 5608 - Bk RIfi S
FIR R ez 8 » HIZ3 A1k (0.837510.805H ) Eil (0.68F10.685E ) (Southwood et al., 1998) o

AR B TR A AN [F 0 S R R - B ERE (T) -~ lFE (M) -~ HiAE
#—9% (TBP1) EHGI LFEFIAL S A — B ANRFEE (K1-K6) ZF5EREK (Hal-C1843T) Ei
B R 2R AR (ESR) 2 BERITUBE 2285 BLIKIER - JHTE Ry 0B ORAE TR G ~ A i G P B A G 5 A A
JR M 2 235 BAKEE -

MEIETTA

. W8y

AERFERE RS 278 SEBKEFE (T) - 64 HEMGILIFE (M) ~ 373 BHSHEHRSE 5% (TLRI black
pig No. 1, TBP1 » #EJifE : T X D-TD/DT—TDD/DTD— R H R A4S TBP1 » [MIAAHE B
25% HREFE > 75% HIRvEsE) ~ 4,771 B (CRHIBSEELK ) B 5,760 B (ARl 2B AEREIKT ) #igl LIFEA
Mg FHEAE T S — R NS E (KI-Ko6, MFEHEE 50% H11LFE - 50% HIgwiss) -



BREEE RBE ZIEH BECE ESE TihE R 223

. R DNAZEHY

HFESEFIRRIL 5-10 mL > BEASPIRMA ZHE P DNA ZEH - DI EM
(Puregene, Gentra System) i Z2£H0% » T H MR A% DNA ZEHUR i -

. st Bh U S RS (MS-PCR) A%
(i) Hal-C1843T K:R|7IgE G
1. JEFIESE (2000) $HEFIER ELEGHFEE Hal-C1843T kL H R G2 - RELA S
=R HEITERGE ALK T AR -
2. BliEfeefE 1 2 w L DNA B (40-50ng) » 1.0 L 10X PCR AZfEHK » 1.0 L EELHT
= (ANTP, 2.5 mM) > 0.15 ¢ L&Es[F (10 kM) > 0.1 wLEF[F (10 uM) >
0.125 pL Bff5[+ (10 M) 0.2 L DNAZEARE (TaKaRa Taq DNA polymerase/
SU/ wL) Bd5.425 o L IHEE7K - REERSRE S 10 ¢« L -
3. REMRME ¢ HESE (2000) MS-PCR FEERfRR{HETT -
4. BEUKEA ¢ KPCREYIL 2 HEI7K L DisE B Ik R M £ 40 (Phast System, Amersham
Biosciences ) - J#E5E Hal-C1843T E: KA -
(ii) ESR FXIAYHETFE
1 RIESE (2003) FEEBENE R BRI 2 EN 55 (h#EREE 5204353
%) o #ET ESR HRIFUHEE -
2. BUPEME - 2 L DNAKEIHT (40-50 ng) - 1.0 ¢ L 10X PCREEMEK » 1.0 L EEKH
ZWlE (dNTP, 2.5 mM) - & L$%0.6 L - $HEFIEH BZEB ARG C RS [ 1%
0.15 £L (10 u M) > DIRFHZERGF02 L (10 uM) - 0.2 yL DNAESHE
(TaKaRa Taq DNA polymerase/5U/ p L) Bd4.75 u LB 7K » $8 ERSFE 10 ¢ L -
3. SHEMRRME - E—0%94°C 1 438 - 67°C 1 438 > 72°C 1 3 5 5 B IR IEER
(94°C 30*9 67°C 45 7 » 72°C 45 #) P8ER 40 X ; BE=2FHIAE 72°C F » #1710 43
FHAC R [ JE -
4. BEUKEAE ¢ K PCR YL 2 HEI/K XL DIREE R #E4H (Phast System, Amersham
Biosciences )  3fi g EL KA o

%D%Eﬁin nFH]

AGRBESEIL 5,486 BHA[FIE B S EBGORINEE - #PCRE Ry 114 bp > HFIER CC X
KA (IERRL) 5 35V R 134 bp > QURTTRARNA (250%) 7 CT AR (S H#Es
PCR ZEY) > HI[FIRFE 114 bp B 134 bp Rz B (1) - HERBEAHNFIESEIEER (C)
BRI 1 Hh T M Eﬁi TBP1 AR SURFRIETSR - SR IIESE R RA (CCRL)
BLEREESE (2000) MIFIFFFIHThitR 44 B T BLOAERALG R CC BZHHR—2 - L4t - Efalliz
EEHE AT o # T - M BEZRAEZ Hal-C1843T AT R PIEEEARR (CC) -~ HeRermiE
R E (B) ~ Bl (L) ~Higse (D) ~ §wE (Y) HERlEEE - BSaRK (T) JARE
0.0075-0.15 & (BESE - 2000) - AGEESERE 4,771 §H K1-K6 F44 Hal-C1843T JE[KHUkGHI » H
i CC ~ CT Hl TT EKEISEHR 37k 88.70 (n=4232) ~ 11.01 (n=525) Hd 0.299% (n=14) - |fj
M i D JAGERRES > K1-K6 - P45 M B D SLREIM#% 50% - H M ahREFE R i H BGE A
* HCHEH K1-K6 #4622 BB B X] Hal-1843T fRH D fshfl
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Lane 1 2 3 4

150bp —» 134 bp

114b
100 bp ——» P

Lane 1: 100 bp ladder markers.

Lane 2: Normal type with 114 bp fragment (CC)

Lane 3: Heterozygotes with both 114 and 134 bp fragments (CT),
Lane 4: Mutant type with 134 bp fragment (TT)

1. JEHIMS-PCRE T #i5E Hal-C 1843 LKA 2 [EHG A Uk [
Figure 1. Output of Hal-C1843T genotyping via MS-PCR method.

2 1. B E A [EE T SR Hal-C1 843 TAE K Y Bl A SE K CHER

Table 1. Genotypic and allele C frequencies of Hal-C1843T gene among different genetic background black

pigs in Taiwan

Breed No. of pigs Genotypic frequency (%) Frequency of C
genotyped CcC CT TT allele

T 278 100 0.00 0.00 1.00

M 64 100 0.00 0.00 1.00

TBPI 373 100 0.00 0.00 1.00

K 4,771 88.70 11.01 0.29 0.94

Total 5,486 90.17 9.57 0.26 0.95

T : Taoyuan pig.

M : Meishan pig.

TBPI : TLRI black pig No.1, TBPI.

K : Crossbreds of Meishan and Duroc.

NEHAEFRZ KI-K6 G54 E Hal-C1843T L ELRAUSERIMAG - 213k 2 FoR - fika 60 BHHY
A 1997 2 1999 4 K1 AFEE - E—TRMAM (CT) - SRITRAEREMERE (CC) - HAR
2000 £ 2004 -fi]Z2 K2 £ K4 [FHE - CC BUSERAHL 88-909% » iy (CT) RUBARCH (TT) A
SRR IFs 8-11% Bl 196 LUF © Kbt - K1 A —BHAFEHGRY - DG I AMIRSEEATERE - 2l
K2 % K4 iz CT HiAAUEL TT RUASRIGIN - B KS Gl - #ERES (CT) AUSRRE 12-16% > {H
EEESE (TT) MESAFEERE - B85 L > KI-K6 MR MATIRE A Hal-1843C SR
fliatfE 0.90 DLE - BOEHABALEE 1997 FHIGERES - RUURTRE - ZEEEAERKR
FEGER HAR - RSt UREARHNES DUE RRE B A (PR RE S By - BERFANARYE » QG DA AL o
KRR B B R E BB HAR - B S R S 0 BOO R R S R Sl S T R A A -
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Table 2. Genotypic and allele C frequencies of Hal-C1843T in K1 to K6 generation in the hybrid of Meishan
and Duroc pigs

Generation Birth year No. of pigs Genotypic frequency (%) Frequencies
genotyped cC CT TT of C allele
K1 1997 1 100 0 0 1.00
1998 3 100 0 0 1.00
1999 56 98.21 1.79 0 0.99
Pooled 60 98.33 1.67 0 0.99
K2 2000 123 92.68 7.32 0 0.96
2001 45 95.56 4.44 0 0.98
2002 224 82.59 16.07 1.34 0.91
2003 42 100 0 0 1.00
Pooled 434 88.48 10.83 0.69 0.94
K3 2001 530 90.00 9.81 0.19 0.95
2002 1066 88.46 11.26 0.28 0.93
2003 46 82.61 17.39 0 0.91
Pooled 1642 88.80 10.96 0.24 0.94
K4 2002 266 94.74 4.89 0.37 0.93
2003 730 89.04 10.14 0.82 0.94
2004 60 96.67 3.33 0 0.98
Pooled 1056 90.91 8.43 0.66 0.95
K5 2003 61 67.21 32.79 0 0.84
2004 1174 87.31 12.69 0 0.94
2005 135 95.56 4.44 0 0.98
Pooled 1370 87.23 12.77 0 0.94
K6 2005 50 70.00 30.00 0 0.85
2006 159 88.68 11.32 0 0.94
Pooled 209 84.21 15.79 0 0.92

BOHRR RV FEf5H, (Christian and Rothschild, 1981 ; Jensen and Barton-Gade, 1985 ;
Goodwin, 1994 ; Leach et al., 1996 ) : PLESHEERGHT (CCHIZE ) Gl E N H Y 5 Bl 2§ =8
HEESERRMEG (TT) MHEEIREERA - & (CT) MHEX - migEss (CC) MFE
Rl 5 BRERAILL TT BUE Rl - SH-HIis IR By 2 I CT ke TT BUFE A - o -
CT HUFEEER CC MU HRAEERINCR ~ BOK R SRR L BRI LR B E - IR - Bk 45 47
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i e 24 /NRFES IRl pH {E > HILL CT BIFEERIR - B/KIEAERKA - HEWEIEESERESL PSE B
A o =FE AR TR LS FRiR B - CC TUREE T S IEIRINZ IR E & R (A B T - [RI3%
HEH L REAGEEEERMEGE (TT) #EARLERNE - HRBERFETIEEAE TG E K
LRI R SE AN RGER TT AR R BEATR A A I A 56 - MEREDRSATIFE S ARy Bkl
FARIBCRIIR S - HHAR T AR A F /RN RS - BERBIEFE MEREME B 1996 4 5 Hil
ST R AFEECEE R ARSI AR E IR — MR R B E BRI -

B R [FLE S SR R FE BN S R R A K B B R A BRI - 4115k 3 - %5 PCR EW Ky
90 bp » HIky BB ERIE (L) 5 ¥ R110 bp > By AA KRB (JELET) 5 7 AB BREY
(Fes#l) % > HIERFE 90 bp Bd 110 bp 2 PCR EY) ([E2) - Rothschild ef al. (1996) fiff5%
FEE T EIFETE ESR KKZ % FERE - H ESR KK BB #iGBIRIFEVI RS » BRI 25310 2.3 BHfF
5 o ANWFYeRR 278 8H T §4f# - AA ~ AB Eil BB FERIBUSER 371 Ry17.63 ~ 23.02 B 59.359% > flizt
BFI (B) sZREFERSRE 0.71 » Hrp 41 BHHAER 1989 & 2000 545 - £ (BB) HIELE
FEKITU A3 51405 80.49 B 19.519% » RAFMATUEISRL 5 5T B HHZSEEASRE 0.80 « ARl
2001 # 2006 4z 237 SEFEEREE - ZAMGTY ~ FEG TUELIE 2 A BRI BUAER 73 I Ry 55.70 -
27.00 B 17.30% ; FHIZAEER (B) SHHERME Ry 0.69 « AGREG . BhEFERE Ry —(RAEREE - PRER
Ko 7 BT EAT » IR ORI BRI R, - B SRR BRI Z G )T - SR
THENY) TR R AR UK SE e BL IR 2K BIRAE - SO R VE IR N S B M HERE - HEVTHE
FERTEE TR ERIR N HHE ST - MEAPKEFE(RIERTEE 1984 I ELE PR R - AR A M4t
JRESKIAY S [ - 0 R RE IS S R R RIS BGEIT A R MEREME - 2B AR B R LA
i B ER RN R LR RS [ERE DR -

1 2 3 4
M AA AB BB

200 bp
110 bp

100 bp ——» 90 bp

Lane 1: 100 bp ladder marker.

Lane 2: Non-prolific type (AA) with 110 bp fragment.

Lane 3: Heterozygotes with both 90 and 110 bp fragments (AB),
Lane 4: Prolific type (BB) with 90 bp fragment.

2. FEFIMS-PCREAMEE B G348 (ESR) EAAL BRGFEVKIE -
Figure 2. Output of ESR genotyping via MS-PCR method.
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M - TBP1 B K1-K6 ZEEK (ESR) ZHHZBEER (B) HFRMMEFHIK 1.00 ~ 0.09 i
0.72 » 40 3 - Drogemuller et al. (2001) WF5e#sEH - ESR E:[K}y BB A7 RRRE H At B KA (AA
HAB) R FEKZ TG FEE - ILFE LS B JE MR A5CEie.c 64 BHM &
HFEE RZ ERARA (BB) Zi5H » BEHEMFIEE 255 20 (Rothschild et al., 1991, 1994,
1996, 1997 ; Southwood et al., 1998 ; Chen et al., 2000 ; Drogemuller et al., 2001) - FgiH] 5,760 H&
K1-K6 #2323 EaFE Rt » ESR ERIEAFER T AA ~ AB B BB I 43HI511.01 ~ 34.67 Bl 54.329% ;
ZEEHK (B) #E Ry 0.72 o E—F M A FEHACRH (K1 B K2 ~ K3 Bd K4 » DU KS B K6) [
ESR-B & B RISHR I3 By 0.46 ~ 0.76 » DU 0.88 5 BH/R 2 A BRIRIAR LA & L A A7 MR RE T B
ZHACEON I - [LEL Rothschild et al. (1996) $H¥& 50% MgILIFAIMA I FEACREFE - ] RFLP £
flrEErT ESR BRRIAVEEE - WRFAL N AR KT RESE S A A 1R RE - R REUR BB ERKITUREFE - Nim#)
FE AR AE M IR P B (TNB) BENE(FEL (NBA) - MJEBIEZAEMET (AA) RIS - Vil
W% 2.3 Bl 1.5 56 © $h4h o FRECARNA ESR ERRAEUA HFEEFIEREREEL - BB ERIMURIFE 2 TNB
Bl NBA JREEZE S AA FEKIEIREFE (Rothschild ef al., 1996 ; Horogh et al., 2005) » FEHARKIAH]
BRI Z 1A RIFE B SR A A TS (Pope, 1994) © 28 ESR ZZRFELKIN K EH5E ~ M LIFH =4
RFEE LIS B - (A1 — 3R ELERET (Goliasova and Wolf, 2004) - 3#H Z g [IFEELA:
&R B A A (K1-K6 ) BREEFERER - MR — Bl R (K1-K2) F4EE 2 % SR
Ry 0.46 » FLEARZFAREV- I S LIFEBMIE SEFE MM AR 5096 » Mg ILIFEREES Ry 2 s BRI & 2
H A& e 561 2 BRI Y 0 ZAS SR WIS (BREE - 2001 @ BREE - 2003) -

2 3. G AN ElE T SRS B 15 RS2 AR AL A R B FI A B AL K BARR

Table 3. Genotypic and allele B frequencies of ESR gene among different genetic background black pigs of

in Taiwan
Breed Birth year No. of pigs Genotypic frequency (%) Frequency
genotyped AA AB BB of B allele
T 1998-2000 41 19.51 0 80.49 0.80
2001-2006 237 17.30 27.00 55.70 0.69
Pooled 278 17.63 23.02 59.35 0.71
M - 64 0.00 0.00 100.00 1.00
TBP1 - 373 84.45 12.60 2.95 0.09
K K1-K2 1,480 27.70 53.51 18.79 0.46
K3-K4 2,699 7.11 33.31 59.58 0.76
K5-K6 1,581 2.02 19.36 78.62 0.88
Pooled 5.760 11.01 34.67 54.32 0.72
Total 6,475 15.41 32.56 52.03 0.66

T : Taoyuan pig.

M : Meishan pig.

TBPI : TLRI black pig No.1, TBPI.

K : Crossbreds of Meishan and Duroc.
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TBP1 FEREIR H PR E S B AL 18 TRl A 1% - BOEHIR S8R - AT PIIE 25% PhEEsE 5
759 g veAENE o R EURE QRN BT L A EE RSN - HAR 1996 £ 2006 FHZ
Tk SAFE—% (TBP1) FiF% ESR RNAUGER » 213 4 - WY 1995 FlHEITA LA @B RIER
HH o fiitg 1996 % 2006 - H4: TBP1 fli5E 373 BHASREUR » B 1999 4} - B BB B KIAUHR
AE 1096 DUN » 2 ERR (B) SHRIEA 0.20 (K 4) - FRHIFRERFEFEE LI E LR
fH 759% Ry PG L RN HIR S - LR REMRK R DUR B B AR RIEAE Ry SR HE
FTEL -

4. wmABH T (TBP1) RFEENERZ AN AR I A 2 R R
Table 4. Frequencies of ESR genotype in TLRI black pig No. 1 (TBP1) breeding stocks by year of birth

) No. of pigs Genotypic frequency (%) Frequency

Birth year
genotyped AA AB BB of B allele

1996 3 66.67 33.33 0.00 0.17
1998 7 85.71 14.29 0.00 0.07
1999 7 71.43 14.29 14.28 0.21
2000 33 84.85 9.09 6.06 0.11
2001 72 81.94 12.50 5.56 0.12
2002 33 84.85 6.06 9.09 0.12
2003 96 72.92 27.08 0.00 0.14
2004 80 95.00 3.75 1.25 0.03
2005 25 96.00 4.00 0.00 0.02
2006 17 100 0 0 0

AWTFETE 5 L R B 5E 1 2R Hal-C1843T B ESR FERAUSHR » K HA FISI AL A 4
RffEE > BRAT A EEE R ORI RN AR T 2 2551 - AT PE Ry A 5% SR AR SR
LA DEREE B ISR - WA IREEAVE— e E SRR B RITH AR A Jalf -

W

5 3 Ik

MIET -~ BEAE -S4 ~ IEFHE - 53k - 2003 - PhEFEAEE - RUBBIE MRS B - BRI
26 (4) : 335-343 -

BREEE ~ B8 ~ BRI - 2001 - HETEFEEIIE R 228 2 AR KRR - @it 30 (4) : 160 ©

BREEE ~ fEk A ~ SRR ~ RS BT ~ S - IR55%5E - 2003 - SETESEENE R AR
HEER o HHEEEEE 36 (1) 19-25 -

TRFSEE ~ BERGE - LRI~ ZHE o 1998 o SR AR E B LTI R - fTEE R A B A
Fit - 3R - 58241 -

TRTTEE ~ B E - REAE - 2003 - FEEEIERERETRCCHENTTE o dhiE RIE SR EEIAEE20435357 -

BATET ~ R -~ K ~ FIERGR ~ SEEE - 2EEHE ~ SRR < 2000 © FIJFIMS-PCR K DNAE & fks
v B AR R A - PR 29 (4) 1 321-328 ¢

o
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Abstract

The mutagenically separated polymerase chain reaction (MS-PCR) technique was applied to
investigate the genotypes of halothane (Hal-1843) and estrogen receptor (ESR) genes in black pigs
originated from different genetic background, including Taoyuan (T ) , Meishan (M) , TLRI black pig
No.l (TBP1) , and the first to sixth generation (K) of crossbreds of Meishan and Duroc. Blood was
collected from 5486 and 6475 pigs for Hal-1843 and ESR genotyping, respectively. Results indicated T, M
and TBP1 were stress-free for Hal-C1843T with Hal-CC homozygotes. Frequencies of CC, CT and TT of
Hal-1843 were 88.709¢, 11.019% and 0.299¢, respectively, in K breed. The corresponding gene frequency for
Hal-1843 C allele was 0.94. The genotypic frequencies of BB of ESR gene were 59.3596, 10093, 2.9596 and
54.3294, respectively, in T, M, TBP1 and K. Frequencies of prolific gene ESR-B allele was 0.71, 1.00, 0.09
and 0.72 in T, M, TBP1 and K. Because the introduction of Hal-1843T gene from D breed and ESR-B gene
from M breed, K breed had an advantage in developing the meat and prolific black pig breed; however, TBP1

breed laid stress on selection of meat trait leading to enormous ESR-B gene losses.

Key words : Pig, Estrogen receptor gene, Halothane gene.

(1) Contribution No.1434 from Livestock Research Institute, Council of Agriculture, Executive Yuan.

(2) Breeding and Genetics Division, COA-LRI, Hsinhua, Tainan 712, Taiwan, R.O.C.

(3) Department of Animal Science, National Pingtung University of Science and Technology, Pingtung, Taiwan, R.O.C.
(4) Southern Regional Office, Agriculture and Food Agency, COA, Executive Yuan.

(5) Kaohsiung Animal Propagation Station, COA-LRI, Pingtung 912, Taiwan, R.O.C.

(6) Department of Animal Science, National Chung Hsing University, Taiwan.

(7) Corresponding author, E-mail : hlachang@mail.npust.edu.tw.



