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Abstract

We analyzed the mitochondrial DNA (mtDNA) cytochrome b (CytB) gene in Jeju
native horses using polymerase chain reaction (PCR) mediated restriction fragment
length polymorphism (RFLP). To acquire the complete sequences for the mtDNA
CytB, we designed two primers based on those of prevously reported mitochondrion
genome of E. caballus. The amplified PCR products were digested with 7 restriction
enzymes (BamH1, Haell, Hindl, Mspl, Rsal, Pst]l and Tagl). We found two
polymorphic patterns digested by Mspl and Rsal, respectively, and the frequencies
showed different between two populations of Jeju native horses. The morphs of the
CytB in Jeju native horses divided into three types. This result showed similar to the
previous molecular reports, but the frequencies of variations and the polymorphic
positions were different. These results showed that PCR-RFLP of the mtDNA CytB is
useful for detecting polymorphism and verifying the lineage of Jeju native horses.
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A €

7ZIA &  (Perissodactyla)elle= #®xl T3}
(Equidae), ®lol® =} (Tapiridae), T ¥4}
(Rhinocerotidae)7} &&id ick @ (Equus
caballus)®l AL vl g B}z g3}
gk, 7t& o2 A9 olF A3 AL AR
Abol] tHdl A9} tiBo] 3 s o] o
v, % (order) °l3 ¥} (family), ¢ (genus)
9 AFZHe] fdHAH Y FYE AT EARA
3 A7+ xE A9 £Fd olzx 3o (Irwin
et al, 1991: Xu and Arnason, 1994:. Ishida
et al, 1996: Xu et al, 19%a, b).

v EZ ot oy AFHE @, X
572 2<% 9 16 kb A= genomed 7}HA
2 Uk B o)FUYMTR mlEECEo}
DNA (mtDNA)E ulEZcgole] Azbd g
ol #edst= 13 749 polypeptidest 22 71¢]
tRNA., 2 79 vlEZcgol FER4E RNA
(rRNA)E <t33lsin Qo Alz2dse 4
E2 ArEAEE nEZCdole Uy AlX
ol £AdlA ®AlE & 7t Exdd &
3], o DNAoI w3 7123l 3 A3Ex
7F 5-10 iR = w2 x, F el A4 ¥
o[ 7} veldch= HollA X3}t 9 EA{FAHE £
ofe} ATl il o] &3 Ut} EF & DNA
7} Mendel® #3¥WA4E @z Aze 9,
mtDNA+E ZAIRAE Yo 54 Bis|o
UFE v B THEE Ao o] &3
2 Y (Brown et al. 1979: Brown, 1980:
Anderson et al, 1981. Cann and Wilson.
1983). mtDNA %ollA cytochrome b (CytB)
#A2E= olEgeeol genomes tRNA-Glu
# tRNA-Thr Alelol $12stx, E§FollAl
1,140 bp2 Yvebl F 389709 otm| k4t %7)
2 o|FojZ polypeptide®E ¢E3sn gch
Cytochrome b u|EZcgols ZE ZE A
Boll EA3s], mEH M99 EAz U=
At (George, 1982: Howell and Gilvert,

1988: Finnerty and Block., 1995). =%
mtDNA CytBell i3t A3 FHFFENA
15 ZHF7A FHGSHA A7l F7 F
WollA o] §A21 kA (gene diversity) & ol
£3o] o] 59 fdIA o XE FESHE F
2 Z82 o]&5x rt (Brown et al, 1982:
Palma and Spotorno, 1999: Lee et al, 2000).
Aty oz AFAMHul= FEvE Yoz
e Aoz FFsHgAx dd. FA
Hayashida (1958)& €32 Q29 zjziu}ESo]
F Y =24%E Y, AlFoE dE 98
o £%olg} fAgG T MuEc) HE, 24
€ A3 A dogFzdl FAZAEY
dHAFE F3 AFuirl FHoll &3 H
3 "2 AAokEs} ole FAEGE 94
5= AAS4 2 (Nozawa and Kondo. 1970).
AP L H=2 AAG ATl Equus 4l
A F& odvulel E. przewalskii$t 7} 2
olgtx ®xadct (Nozawa, 1971).

Al efobol] N3 B2FAE 9 Astell A
A¥e HHEL BAT e globin §H A £
4, mtDNA genomeel i3 RFLP% mtDNA
D-loop 4ol widt SSCP, CytBol wi#k
PCR-RFLP, DNA sequencing % ch¥HolA
Baso] gk (Oh et al, 1994, 1997: Ishida
et al, 1996: Kim, 1996: Oh and Jung, 2001).
Kim (1996)2 ¢ -globin 71494 44 A
FAAuls FFokdvl (E przewalski)®t F
T fFeAdANcig fAsgr 2asdd
MtDNA RFLPellA4 Oh ¥ (1994, 1997)2 A
FaAHel7t FZoklul (E przewalskii)$t 7}
A ZdolwA ¥ 712 mtDNA 3oz &
5o, AF 2 A9 ZFEAHY P o|F
9 7HsA4E AAFE Yok =3 D-loopol
3 SSCP £4ol4E A olalainle}l A FA)
Mol 7zt & £ Hlog FREY, £ Ak
ol 4 7ha s vehteE §YES A2 7
#Hckn 833t (Oh and Jung, 2001). &
H, mtDNA CytBe] Y% & PCRZ %Zsido
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PCR-RFLPOI 2|8t XiZFXH2H0t 0]EZ 2|0t cytochrome b FEAL| FTA CHYEHY

RFLP &4% Az 3 71x Adas QAR
Ao cdA4E THEZ mtDNA £A4E 4
fPoz FEIAAT, 474 AFAHAet JD
9} 1 7HAoll-7E &} (thoroughbred horse),
Y Aaol 3 A, FF ot FolAE U
ehtal ¢k Sold mtDNA #3¥oz i3
715 &t} (1shida et al, 1956).

29k olA7AE AFAAvte] RS HA
A 4FE & Ue £AFAY AFE V2
Aol W& e HAHeln, Aot VEAY
ol a3 §FAR £59 AU oA vHs]
A ek3 Qleh tfo], HA| ofxo} o z Aol
oA A& Aol Ak Abolol FZpRAELH
of zel] tHyk Aol Hodt AAHo|x FHAH
B eREAE Ao gle AA el

upzbd B odtE mtDNA cytochrome b &
Hafoll ik AFas HH Zolo AL
BEAE St AFAolddl HF 8- ®2A
AaE 2, ol 7lHte 2 AlFAdrnle] FA
ok4el Acksl H7HA g ='e] A& <
2 e AFAAuie AR{AT AT 2z
saAl AP Ehed ok

Az g B

ool A3 2 total genomic DNA9 ¥
ATl A8" AMEE 2A FABAHE E £
= NAEE FASIHe s dAsy PN

A HAE Yo AgEAdch

Total genomic DNA+¥E Standard method

(Sambrook et al, 1989)% c°|&3le buffy

coat2 €] chromosomal DNA$ mtDNAE

A 2elsdcl. DNA 55+ 20 ~ 80 ng/u |

A 83, AA DNAE A /42 10

W 3]Asld 1 F 1 418§ PCR WH&$ 9%

FHoz2 A8345

PCR& o| &3 CytBe %
Total genomic DNAE #3c2 PCR %4

€ ¥3%9 mtDNA CytBE $%31%ct CytB
AA d7149E¢ PCRébS22 FEZ37] S8
A E. caballus |22 o} genomed AA
97144 (Xu and Arnason, 1994. GenBank
Accession NC_001640)& ulgte g 3o %
79 oligonucleotide primer Cyt-H (5°
-CATCGTTGTATTTCAACTATAAG-3 " )&}
Cyt-L(5  -GGTTTACAAGACCAGGGTAAT
GTG-3' )& 1osid. PCR whsie wH#F
# 3&4 FF4 305 #1, 5 419 10XPCR
reaction buffer, 4 x 1 ANTP &3 (HF 5=
200 # M)oll 2.5 units®] Tag DNA polymerase
(Promega, USA), %4 3 p 19 primer (100
nM)$%} total genomic DNAE 2 # | #7134
w33l £Z& GeneAmp PCR system
9600 thermal cycler (Perkin-Elmer, USA)&
o] &5tgth WTCollA 287 Hx WHAAY F,
94C-30x, 55C-30%, 72C-90zx2 olojAlE
cycleg 353 uwte =832, HF cycledll A=
primer A& $isl opA gl 72CelA 10 #7F
fA8Ht FE2H AER 4 4E ethidium
bromide (EtBr)7} X#% 12% agarose gel
Aol A7ldE st 8Us PCR A4HEL
low-melting point agarose (Sigma, USA)
gel& A8t sy $&3 Jde9g FAH A
& AA a3t

AgaL A

MtDNA CytBe]l ¥4 & 7] s Aga
&9 QA E vlEdct FE3 PCR 4EE
4 47149¢ QA= Haell, Mspl, Rsal,
Taql 53 6 I71A9E QA& AgaL
BamH 1, Hindll, Pst1 &, % 7 $9 Algtas
£ Agsge. 7o AdaL e FFA
o] ShHAME wted, M4 16417HY HHSAIR
o}, Algtasz Hokgk DNAE 2% SeaKem
agarose (Sigma, USA) gel 4dl4 A7ldF
g ¥, UV-transilluminator Aoll4 Eelsx
AR 33
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CATCGTTGTATTTCAACT, ATAAGMCACCAi‘IBACAMC ATCOGGAAATCTCACCCACTAATTAAAATCATCAATCACTCTTTTATTGACCTACCAGCCC
primer Cyt-H Mspl

CCTCAAACATTTCATCATGATGAAACTTCGGCTCCCTCCTAGGAATCTGCCTAATCCTCCAAATCTTAACAGGCCTATTCCTAGCCATACACTACACATC
Haelll

AGACACGACAACTGCCTTCTCATCCGTCACTCACATCTGCCGAGACGTTAACTACGGATGAATTATTCGCTACCTCCATGCCAACGGAGCATCAATATTT
HindIl :

TTTATCTGCCTCTTCATTCACGTAGGACGCOGGCCTCTACTACGGCTCTTACACATTCCTAGAGACATGAAACATTGGAATCATCCTACTTTTCACAGTTA
Haelll

TAGCTACAGCATTCATGGGCTATGTCCTACCATGAGGCCARATATCCTTTTGAGGAGCAACAGTCATCACGAACCTCCTATCAGCAATTCCCTACATCGG
Haelll

TACTACCCTOGTCGAGTGAATCTGAGGTGGATTCTCAGTAGACAAAGCCACCCTTACCCGATTTTTTGCTTTCCACTTCATCCTACCCTTCATCATCACA
Rsal Tagl

GCCCTGGTAGTCGTACATTTACTATTTCTTCACGAAACAGGATCTAATAACCCCTCAGGAATCCCATCCGATATGGACAAAATCCCATTCCACCCATATT
Rsel

ATACAATTAAAGACATCCTAGGACTCCTCCTCCTGATCTTGCTCCTACTAACTCTAGTATTATTCTCCOCCGACCTCCTAGGAGACCCAGACAACTACAC

CCCAGCTAACCCTCTCAGCACTCCCOCTCATATTAAACCAGAATGGTACTTCCTGTTTGCCTACGCCATCCTACGCTCCATTCCCAACAAACTAGGCGGC
Rsal

100

700

800

900

GTATTAGCCCTAATCCTCTCCATCCTGATCCTAGCACTCATCCCCACCCT CCACATATCAAAACAACGAAGCATMTATTCCGGCCI.‘CTCAGCCMTGCG 1000

Mipl Haelll
Haelll Haelll

Taql primer Cyt-L

1001 TATTCTGACTCTTAGTGGCAGACTTACTGACACTAACATGAATCGGCGGACAGCCAGTGGAACACCCATACGTAATTATOGGCCAACTGGCCTCAATCCT 1100

1101 CTACTTCTCCCTAATTCTCATTTTTATACCACT! CGCAAGCACCATCGAMACMTCI'I‘CIAMATGW CCCTGTAGTATATCGCACATTACCCTGG 1200

1201 TCTTGTAAACC

Figure 1. Nucleotide sequences of the mtDNA ()18 and each partial sequences of tRNA-Glu and tRNA-Thr gene
of E. caballus (NC_001640). Restriction sites of five enzymes and PCR primers indicate as under-lined
sequences, respectively. The gray-boxed sequences are boundaries of the Cy8. The nucleotide

sequences were displayed from §' to 3.

AL Ax 44 9 RFLP ¥4

MtDNA CytBell g AgaL A x9 4L
PCR A&l oi® Alfas AHe Az dAy
AE ZE Aoz YUAs: APALES o] f
3lo] 7]&ell 22X thoroughbred horsed ®l
EZcdol genomed CytB 471449 (Xu
and Arnason, 1994)%& 71§20z A3
(Fig. 1). =% mtDNA (ytBll di%
PCR-RFLP <ol tigt £4€& 9% morph
type A <A thoroughbred horseel CytB
of et APEA HE YAL 7|E22 483
et kel AlgELoll BH F4ollA morph
type [ & 71F d71- Dol i@ A F4a
€ Aoz AAEHT, o9 k2 YYE Ho)
yog 7HEEK .

A 9 %

A F=AAole total genomic DNAE F3 o
2 miDNA CytBE PCRE 2Z§ Azt <F 1.2
kb PCR A4E% & 4 stk AaLE

E. caballusell oH¥ dFw oA cPHAE
VEPH AEL FAoz oy, oy F

primers & ol MFsE= tRNA-Glugt
tRNA-Thr A& Ad4ol4 AARHAE 7
A %t AEZ 4AAsAct dFed o] &3 A
$aL 7% % Haell, Mspl. Rsal. Taql,
Hindll& QAR & Z+& ud, BamHI$
Pstle A R971 gle Aoz #el=Yde A
ARYE e APALE FollA 63718 UA
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PCR-RFLPOIl o/3t MiZFXx§eiot 0|ERE2|0t cytochrome b FHAIL] FIH CIE Y

3 AFaLoAE Aol WAHA g
w4 G71E AAHE AMPALES 2F A
AR AT ded, Mspl (C/CGG)H
Rsal (GT/AC)E2 A<y ZelH HH Zo
o o3 o] A} (Table 1, Fig. 2).

Msplol 93 AA" AL & 7149 {32
2 RSk of & Mspl-type L& AA
95%0ll A 42, 230, 939 bpe] W& YellS L,
Msp1-typell & 5%2] MAlA 42, 129, 230,
810 bpe #Mcg Jehlgict (Fig 2a, Table
2). Rsal-typel-& 88.2%0°lA u] 7] W}
Vel Rsal-typell® Al e We=sl 3
2=k Mspl morphel 2% 939 bpel SR
o] oAl 129 bpe AH= 810 bpe EHez

b0l AHelov], Rsal morphe Z$+ 597
bpe) AH o] UAXNRAE A &%t F¢+s
AH ol AARYE Z7] wFoll 233 bpst
364 bpE APAGH Aoz USHUG (Fig.
2b, Table 2). AAAHeg wH, 74 7N A
ZaH ot Fkoll Al mtDNA CytBol Wit Msp
I3 Rsal QXA 3o f3L dii
¥ thoroughbred horsest Z& <4<l typel
o] REolgln, wWel¥E el A
8.9%N HF=Uct & AL 5ol o oy
AL Jehll = AxdEe B3sRA skt (Table
2). ol24 AMFAvl PFE £ ATl o] f
H ARRLNE AFog FEY Ae, 4749
Aol g o)y F Aol d 2F W

Table 1. The number and the length of fragments of miDNA O/18 in two populations of Jeju native horses

Restriction Morph Fragments Length of digested fragment® Recognized
enzymes number (bp) sequences
HindlII I° 2 249, 962 gty/rac
Haelll I 7 8, 98, 105, 121, 159, 173, 547 gg/ce

Mspl I 3 42, 230, 939 c/cgg
i 4 42, 129, 230, 810

Rsal I 4 113, 233, 364, 501 gt/ac
I 3 113, 501, 597

Tagl I 3 66, 512, 623 t/cga

2 Calcutated using NC_001640, ° momh | is detenmined by restriction pattems of NC_001640.

A M II T M

1,353=
§72=
603w

=501

234m «242

1190

603 =

234 =

B M 1 1II M

«= 501
=331

Figure 2. Two polymorphic band pattems found in PCR-RFLP in mtDNA Cy8 of Cheju native
horses. RFLP pattems digested with Msp | (A} and with Asa | (B). White amows
indicate the heteroplsmic bands. M1 and M2 are DNA size marker, @X174/Haelll digest

and pUC19/Msp! digest, respectively.
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ol uJehiAl gL Al JHA R¥oz FEY
4 A& Aol =, AlFHMol F A& v
e o, Msplol it wol¥ L At 204
10%2 ¥ ¥ vl&2 Jelgy, RsaldAe
Ak 1olA o #A Jehlid el (Table 2).

Mspl3 Rsalol gt o}y 4o] 22 H g2
[ AL o] £ mA9 AA Y e
AL Wellde d7X%e £x71 A9 #
Astetn & 4 Qlch =&, 72t Algas ¢
AR A shte] Aol iy Gl xge] ¢
oy & £ Ux, APgHLo] o HH9
Wic oA heteroplasmic %42 A= #q
=it ol ¥ Anee AFANAvt H W
NAE Hal AAE £FA Hstel] 2T AxE
H mtDNA £2-E5e] A2 ol dr4de »
F32 UASE AAg & AdE Axe g9
HE wiste] B3¢ AXT ddx & 4 Yok
Ishida & (1996)& Y&e] AAv} 3 AHcts}
A Fx, &%, thoroughbred horse Zghel] o
8 CytB %A= 590 bp hHoll oigh 240
A Acil, BamH1, Rsalol i3 o
B A T, 4714 AFAAor Hke]l mtDNA
CytBg 3 7tA 2 F&3%ch A, & d3
o] zA Azt A AlFA vty F FHuio]
BamH1 #fizoll 23 AR A4 gA=A &
et v &, AlFf ol FHeke] Al 7}A morph
typee 2 FEX e AH4o] Ishida § (199)
o] ZAztet fAEIARE Ho|¥o] F¥EE A

B AR} I 8 vl &l A A
Hog HAY AHo|E Holx Slth Rsal &4
of g AL £ Ao AE 89%9 ulE
2 Jepd wbd, Ishida § (1996)9 39, 24
H OAA 140 AMAAA AFAMal e 1 A
Aot FZMevh Ao 3 AAAT A
t} ojs} o] & AF B YA g
AL 24 dAA CytBYl $E3 Zojs} 18
A9 Aol 7|A% Aoz A= v
A olgt e AFxH3e Ho|E T3] Y8
A, 2ot 33 s B A4 Bz £F6
A dBRAHQ ¥ E JFog st APsAY
A A7t Hadgs AAstn Yo 4,
mtDNA D-loopell tigt SSCP 48 A3
#Hute] D-loopel 3 7HAl f¥ oz FRYEE B

23k, SSCPelld  ®Welyoz sl
D-loop %99 H7INEEL =EF 5999

heavy strand replication sitedld si%3sl=
Boll A d7)218ke] HAH3 Aoz #s|glo
= (Oh and Jung, 2000), morph type& 7tz
90. 6.7, 3.3%2] vl&&2 Jehd, B AT} Ho]
Bl ulgo] FAFE HA3A )

¥ d7& F84 mtDNA CytBe PCR-RFLP
Bl A 7ol B AFAAEFHE i

Ge Wgs oRde VUYL =Y FE
A€ o4 heteroplasmy ¥4te] #91=c}

°l+ mtDNA #a47F fAdH oz ArAe4=
7b ¥ DNAol dls dihs] sl2cie iz dx

Table 2. The polymorphic patterns and their frequencies found in the mIDNA OB in two populations of

Jeju native horses

Population 1

Population 2 Population1+Population2

Enzyme  Morphs

No.° Frequency” (%) No. Frequency (%) No. Frequency (%)
I 38 95 30 88.2 68 91.9
Msp 1
I 2 5 4 11.8 6 8.1
I 36 90 32 94.1 68 91.9
Rsa 1
o 4 10 2 5.9 6 8.1
total 40 34 74

¢ Number of individuals, a percentage to total individuals in each populations.
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PCR-RFLPO|l 2|3 MZ240t 0| E2S2|0t cytochrome & REAtS] FHH CIY#y

sckn ¥ 4 o A o9k T A
heteroplasmy %4& &3 #5337 AfA
, ol & WA 4 Y+ mtDNA CytBel o
A71Ad BAF Ba U9 o|yAS WY
el SSCP, heteroduplex analysis ¢
oA 712 dFEo] Wesojol & Aoz 4
2102
A7 AFAAvkll i dFRTA B
jgZceol AA genomed % 15% A=l &
Fats Aot FHHA A7} o] FojHct =
8 8 DNAS 7Z$, ¢ -globing HIEY 442
FA Aol g adFto] o] FojH glon, ojut
g2 Age Ao Hdzte wzdFe AFE
ARolct, w&, dAFollA A" vl Azt
old ABY LAMERH Aust AFH 42A
o Zo] AEo WP 2y BE AFNAY o
FRIE HE FFHQ @ EAo] o] FojFr}
o A FHAote] 7Y} &4 Aok BF FH
of A ojutAl & 4 g Helch A&dA, of
Aot Q1o o2 Aol FFE T NEE
ulgto 2 ¥ v a4 o] o|RojAcil FExAL
28E "ol o2 ofAo} feHuloll e A3}
o dAg T 4+ UAg Aoz AgHdt
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