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ETRIFERERIAR TIE - MEEEEERET A 20 2L F - BIREEWErEE R ILUTER
Z SRR R S AR A LSRR 4 AR (mitochondrial DNA » DU mtDNA) D Eil&
(D-loop) #EATIRREEZ Sy ArBAPEST -

Hir e & EAZ SRR AR YaE i~ A ES - RSB EA L EE DL BRI SRS - HERA—4H
Hrapae B AL k&R #e A8 (mitochondria matrix) =1 - mtDNAHRT H7#44 - i 748 UNAMARE 45
T BT R RE R IEEYE  — o TFLEYIMIDNA G518 Ry EfPARVERIREERLDNA - Fel H s i [E] A
PEEAVIMEHT » 495 16.6 kb (Taanman, 1999) - B30 A R4 & 2 mDNAFY I E 4 8 E
H7Rk » 15 13{fEprotein-coding ZL A ~ 2{ErRNA(12S 52 16S ) ~ 22{EtRNAEL R FI— B2 & ( Displacement
loop, D-loop ) (Anderson ez al., 1982) - BRI » HIFSMIDNAKREE® B A - B2 FELEF K
RS B S E 288 » 1 EmIDNATER SN - S ERTRE SRR BEME I 2Rt - RIESH
W H WS WE BLER (5 > 2008) - mDNAZ K JEEEH A DNAME Y N » B H I 5 SRS LEAG AL (ARG DNA
P RHAESIN R - SR mMIDNAR A E L PR - Rz A - RN ENES - A AEEERE

(7#t% > 2001 ; Brown et al., 1979 ; Taanman, 1999 ) » F#EfFMIDNAZ RSBk » o] DUESTEIIR
[EIfE AR H 2 B R ~ FRGREA R Yt b EARAT M -

MtDNA DIREIHAE By mtDNAKE B K B ki > F3EAYFHIEEE, (regulatory region) ( Taanman,
1999) - D-loopHySE RIS » f S Zy 3 Al AR RE « K > APV ED-loop AR T [E] f
FERRZ N - BGG - BCG BT 204 (Jiaet al., 2007) ~ 45F (Pedrosa et al., 2005)
FeRPBELLSE (Liu et al., 2006 ) R AGABaEER FI SR AG AL RIDIR & 91 2 72 52 - LT Rt oy o
2057 GEBRILFHREER GG

PREETT A

I Bt
EEEE TSR 28R RERE  RCE RGEERIRERE 7 B 10(E 5% » A ER
BEIE23GHLLE - SRR AU S - 4 mL - (57 a8 R L= R 1581 -
I B2 -
() DNAZ{L : FJHIQIAamp® DNA Mini kit (Qiagen ) ZEHUGARIH - S HH G HI Tt Z # PR AR Al
Hgenomic DNA - 374 ER{F1A-20°C fi -
(i) D-loop 5[F&%&T : 23 NCBI GenBank A%l (LI D-loop & E& 7 %1 ( Accession no.
AF533441) » ZIEEEFPSIH4Y 1,212 bp - A Dnastar #ki& Primer Select f2=, » e+ AEENRN
F EEFR{E ARy S [+~ Cprimer) 437 % D-loop (1 ) k& D-loop ( 2 ) 51731 ~ RIERE R
R0 1- KZFERFAIA 0.5 uL Y genomic DNA & 10 pmol primers » fi4H 57540 0.5 uL~0.25 uL
7 10 mM dNTP ~ 2.5 uL /Y 10x buffer ~ 0.125 pL /Y 5 U/uL Tag polymerase Kz /K » {H4ERS
TEEE 25 ul - K B R R BediR 1 ATt - 7% PCR R FERE T R EHEH - FFF PCR &% &
Y1 SuL BN 1.29% HHEEEE - DL 100 V EfTE k% RIS LUR{E £5E (ethidium bromide,
EtBr) Jvft > BN ERIMEIRE RS TEIE  RERRF B2 FEIAEY e A B AR 8 -
It PCR EEYZ A B RGN EIRETHLET -
HI. 5t 7572 -
W E PR P31 £/ Lasergene E=45HHS (Dnastar, Segman 6.1) #E{T/itb¥ » FIH
MEGA version 4 (Tamura ez al., 2007 ) #REGHE T2 EEERE - IR (M K Tajima's D (E% 347 »
A A DnaSP v.5.0 ( Librado and Rozas, 2009 ) #k & #:1T BE R ( haplotype )~ 25587 85 ( polymorphic
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sites) ~ [EALEPE R (transitional pairs) ~ BEREHSHERIZS IR (haplotype diversity ) ~ 1% l%
TS (nucleotide diversity, n) ~ i {H 5 {LF5 84 (fixation index, Fst) FEER 7R EH{E (gene flow
index, Nm) =554 -

# 1. 51775 K PCR KIERRIE

Table 1. Primer sequences and PCR reaction conditions

Gene Primer  Sequence (5’>3")

D-loop (1) F 5’-GCCATAGCCTCACTATCAGCACCCAAA-3’
R 5’-TCACGCGGCATGGTCAACAAGC-3’
94°C » 5°> (94°C > 45”/58°C » 45”[72°C > 50”) x 35cycles >72°C > 82>4C » w0
D-loop (2) F 5’-ATACCCACACAAACGCCAACACC-3’
R 5’-AACAGGAAGGCTGGGACCAA-3’
94°C » 5’> (94°C » 45”/54°C » 45"[72°C - 1’) x 35cycles >72°C » 82>4C » w0

R: reverse; F: forward

SR BT o

I. PCR & jklE
FIF &R WigH5F D-loop (1) Eid D-loop (2) #{T PCR ¥g#4 » Frifii s KIEMIEESY
A& 723 bp K 1,141 bp © & 5 uL SFEVIE N ERERESE KL - DURMELSEE > BRLRIMEHE
TTREE RS » ATJ7 700 bp Kz 1000 bp markers Fff T BREIZZFIFRTRE 2 7 B -
II. D-loop EH 7514534
EHFTTR R B2 PCRIZIEY) » &/ FI4I{EEF% - #D-loop (1) #iD-loop (2) F E&fF
Fll&E5  F1| F Lasergene=45WAg ( Dnastar, Segman 6.1) #E1T 5 &0 22 AR TS £1,212 bp >
FriS45REINCBI GenBank &Sl EEbLEf - fEEH BD-loopf B - Huaf KTREJERFLI=E 2 D-loopf+
SR ESEI R - BB - SRE( B, - AR - EEREARSREEIRERIZ TR E R EE
SATERIIFIFR2 - G5 > B> D-loop A+TEEI£60.2 - 60.4% - £IHA-T richfyIH S »
BLR BRI ALB A0 £ (Hoelze et al., 1991) ~ /K4~ (Hassan et al., 2009 ) fH[E] °
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% 2. TCHEREELRE D-loop & EY S 545 5
Table 2. Analyzed results of the D-loop region between the goat from Hua and KT

Item Hua* KT**
Length (bp) 1,212 1,212
T% 28.9 29.1
A% 313 313
C% 25.8 25.6
G% 14.0 14.2
Haplotype 10 3
Polymorphic sites 13 6
Transitionsal pairs 3 1
Haplotype diversity (hd) 0.909 0.590
Nucleotide diversity () 0.00301 0.00124
Tajima’s D -0.641479 * -1.260323 *
Total Haplotype diversity (hd) 0.90469

Total Nucleotide diversity () 0.00294

Total Tajima’s D -0.684294

Fst 0.37715

Nm 041

*Hua : Taiwan native black goat in Hualien
**KT : Taiwan native black goat in Kenting
# : Not significant, P >0.10

W IR 2 BEEE ASAER 2 AR M B SR B G 25 B M E oy 1 23 =AThd{E (0.909 - 0.505) FIfE
Hyn{E (0.003 > 0.001) - FREF-FAIRE M SRR LI B E LAV EZEE Y —  nElRAFR
L REIEE (Neiand Li, 1979) o A Ep&S RoEREURW LSERASIVEES MK > TR AR
FIRRZ » HEIERERD - BRSEMEREE o M/ NEEREE REREE R RAT i 7
FAETTEIE » EIIBRE AR YR D (225 - 2008) - Tajima's D 2 EAH (-0.64 0 -1.26) »
IV VERE R EF R B R LSRR AT B 5 48R (1) JB#EE (purifying selection) (2) jf%H
ZHE (bottleneck ) (3) EfiE5r{E (population subdivision) <E&#(L (Tiajima, 1993) - HEHIFHE >
REE RSV 1% FEOBER R SRR -

ERfE) (gene flow) Z{REREHABEERS S & » BRFEHRBRECRE » &
AR 73 B (genetic divergence ) - iEZEFEACE T2 REEFRG RV B {ERH 4 AH 5. 5cH (Pogson ez al.,
1995) - By TREIGEEEE 2 S0 BB - FIFIREF e S o {era BiFst - HIETGRE R EE D LAVEE
Fst{f >0.25 » FoRER A S E b - AR EENMAH DRI R EE(E 8% NmfE > 115 »
FoNERH ARG Z BRSO - NmIEZE K > FsUEMHSESE/N (7 » 2007 ; Slatkin, 1987) - {EiE R
A BT B E b5 8 (Fst) £0.37715 » FoRMGRE I MB2EIER S (Fst>0.25) -
NM{E £50.41 (<1) -~ FoRGREESOMAZRER » HERIATREZ I i )5 (T8 - 85 B2k 5 HED
FePEER - BRT M B2 EFESN TN RIS A B R EIRYEE S TR E TR

ftid (Hua) RIEHRLEE (KT) WGEE 2 Py EmEiiEd 447 - 1141 bp R (FEFERH
mtDNA 15876-16570 bp ) - 34 15 FrseEEL > 53 Bz FY 447 ~ 451 ~ 468 ~ 470 ~ 483 ~ 490 ~ 500 -
520~ 548 ~ 610 ~ 632 ~ 802 ~ 1005 ~ 1055 k7 1141 bp - A/G fEifas 7 % » TIC a7 8 E (B 1) -
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SR G S AR L AR FEL NCBI E0RHEE R [F] snfd L= D-loop FRolliEfTEEYS - BEfELEY
8 fE N [E] fE =47 Al By Angora goat ( AGR1 » China » accession no. GQ141232 » & ) ~ China goat
(NMC 7 - accession no. DQ188877) ~ Hongtong milking goat (HTML1 » China > accession no.
GQ141242 > #,F3 ) ~ Nubia goat (N1/N10 - Italy > accession no. FJ571542 ~ FJ571551 » #, A3 ) ~
Sanan goat ( Sanan 1/10 - Italy » accession no. FJ571552 ~ FJ571561 » #,.F3 ) ~ Yangcheng White goat
(YCW1 - China » accession no. GQ141255) - 45 HEG RAE 1 - BEE TSRS » 7 717 bp
(C) Jiz » WREfLL=E 2B B i LA 6 2 B — gk 2 55 SNP (single nucleotide
polymorphism ) 5 - 1> 632 bp iz - EEAERLFEEA C/IT (6,79 5H) %FE%! - 55 Angora goat ~
Yangcheng White goat 5z Hongtong milking goat HIJji» 1075 bp &% —{i&igk: C -
. LR (5
() 1O AR LR &R A
HFHCE (Hua) K& (KT) L D-loop AR EFERETF - TLAEES MEGA 4 #EfT
R4 fiREAE (phylogenetic tree) 73ffr - FL&EERANE 2 - DL neighbor-joining JAZEITHVIR
SR elERs - ARFFIEA 12 {# haplotype » AZ 538 2 73t (clade | j 11) - HLEAFEH]
I AEEER M - W 2 BRI A E M EFS SRR (£5% > 1995) -
(i) ELEE Sl R R %
A ZERIFERE SR 2 REE - MR RIS EA0 AT R - &
T R B R R - R R ILSE D-loop FRRIFRYI A BRERSS L L R e H B hn
AELTHMEEEL S AMEEERRIRIE H1 GeneBank Fir M 2 A [E] A L LI =E BB AU A5 - DA T A 5]
T2 72 5 - EORIGRAGAETRANE 3 - 45 REBUN » BNl 2 28 B =287 F K B M fnfeE
W2 AT B & ) R R B Z RiRT - S35 RII=E (3 81) Bl NCBI _EAieRRELLF
NMC 7 (accession no. DQ188877 ) & RIIAEEE TR RN 70 S » HILRAYIRSE 2AH[E -
RSO E G BRI AER B ER - REEREREEES [ - ECESR TR
WELRFEELSE NMC7 ZJ@[E—A0R » AffE— Al -

&l

AR TS RAGH] - A EHE S B R (R FE R A e 2 BB R L=E IR - SRR S
JE% - HB SRR B R e e e B L= 2 B SR EAYSEIR - FTREIRIA Ky DNA B
ERINIAUTHS - B R > SRR 2 bR ERRE A S B MR R
TR RS BRIEIAR © 55 HOR S BH (A i T BB 0 R A=E R PRt A B s B 2R 2 L
SEEAE o RRHIZES » EREM IR E M H A A B USE Z RER - ROESE R % 2=
A A T R e B BRI LI=E R E L R ERIERR - S A IR 8 R L
SFEZWIERAL > R PO MR ETERCRE T 2 e R AT RS B R IR B L R R S h
PEZHk -
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[ 111111]
[ 1223333444 4444444555 5555555555 6666677788 9000011]
[ 4362458114 4567899024 4444557899 1113711909 7014544 ]
[ 0896231233 7180301002 3568126912 0252279625 0507501]
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1. NEEAFELE D-loop 2 SR, -

Fig. 1. The polymorphic sites of mtDNA D-loop region among the different species goats.
Hua: Taiwan native black goat in Hualien ; KT: Taiwan native black goat in Kenting.
N1/N10: Nubia goat (lItaly, accession no. FJ571542, FJ571551); Sanan 1/10: Sanan goat (Italy, accession no.
FJ571552, FJ571561) ; YCWZ1: Yangcheng White goat (China, accession no. GQ141255) ; AGR1: Angora
goat (China, accession no. GQ141232) ; HTM1: Hongtong milking goat(China, accession no.
GQ141242) ; NMCT7:China goat (accession no, DQ188877)



AR~ R ~ R

KTe213
KTO716
es | KTB6200
KT6e201
KTe225
KTe229
KTO710
KTO725
7O
KTS216
KTse221
KTe231
KT7066
KT7068
KTO719
4 53 | Hua14221
1 Huar783
ee] Hual1i174a
Huao14
25
Hua1445
Huacss
Hua1436
Huar707
66
| Huag9o01
71 |l hiuazas
Huas24
ea —I Hua1448
1l Hua1117
21| Hua1345
1 KTe227
Hua1476
1 Hua1331
Hua100s8
|| Hua7638
G4
Hua767
Hua1411
| Hua1303
71 |l Hua1019
Hua97r5s
0.0005

2. Neighbor-Joining #5={HE > =

E[1== mt DNA D-loop ¥7 415t RA A 0E o

J

\

245

Clade |

Clade Il

Fig. 2. The phenogenetic tree of mtDNA D-loop region in Taiwan native goats constructed by
Neighbor-Joining method.
Hua: Taiwan native black goat in Hualien ; KT: Taiwan native black goat in Kenting
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Fig. 3. The phenogenetic tree of mtDNA D-loop region in Taiwan native goats and other species goats
constructed by Neighbor-Joining method.
Hua: Taiwan native black goat in Hualien ; KT: Taiwan native black goat in Kenting
N1/N10: Nubia goat (Italy, accession no. FJ571542, FJ571551); Sanan 1/10: Sanan goat (ltaly, accession
no. FJ571552, FJ571561) ; YCW1: Yangcheng White goat (China, accession no. GQ141255) ; AGR1:
Angora goat (China, accession no. GQ141232) ; HTM1: Hongtong milking goat (China, accession no.
GQ141242) ; NMC7: China goat (accession no. DQ188877)
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Abstract

Taiwan native black goats, which were raised at Hualien and Hengchung station, had a relative
relationship at twenty years ago. The purpose of this study was to compare the differences of the D-loop gene
(1,212 bp) in mitochondrial DNA between these two herds, which were named as Hua and KT breeds. The
result showed the D-loop sequence of experimental goat was A-T rich. A+T content occupied 60.2 - 60.49%
of total content. There are ten and three haplotypes of D-loop in Hua and KT breeds, respectively. Fifteen
polymorphic sites in the D-loop sequence were located at 447, 451, 468, 470, 483, 490, 500, 520, 548, 610,
632, 802, 1005, 1055 and 1141 bp respectively. Seven A/G and eight T/C transition pairs were founded. The
value of the haplotype diversity (hd) was high. Meanwhile, the nucleotide diversity (n) was low and the
Tajima’s D was smaller than 0. The evidence verified that these two herds had a relative relationship in the
past time. Furthermore, the data also inferred the possibilities of goat population change in the past two
decades. It seems that these two herds might have incurred the huge population decline in the past and then
rapidly increased herd population size recently. The estimates of Fst and Nm were 0.37715 and 0.41,
respectively. Evidence showed that there was a low gene flow between these two groups. The low relative
relationship between these two herds might come from the geography division of Taiwan and the man-made
of breeding or selection programs.

Key words: Taiwan native black goat, Mitochondrial DNA, D-loop.
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