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Genetic diversity in Korean leopard cats (Prionailurus
bengalensis euptilura), based on mitochondrial DNA
cytochrome b gene sequence analysis
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Nucleotide sequences of mitochondrial DNA (mtDNA) of 19 leopard cats (Prionailurus bangalensis
euptilura) obtained from Seoul grand park zoo in South Korea were determined for analysing genetic
diversity. In the leopard cats, 3 haplotypes of the partial cytochrome b sequences (603 base-pairs, bp) were
identified. Haplotypes obtained from those genes showed existences of at least 3 maternal lineages of
leopard cats in Korea. Tamura-Nei nucleotide distance among 3 haplotypes were 0.00. Molecular phylo-
genetic tree showed the similar clustering of haplotypes for genes. Meanwhile, no individual variations
within the leopard cats in S. Korea. Genetic surveillance system of leopard cats in S. Korea is warranted for

maintaining biological conservation.
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(Nowak, 1999; Wilsoni} Reeder, 2005). o=+ | 4}
1954 dA7HA] -2utatol= AE AlFolA= &3]
= U=l 6 - 250]F ZFE3t “FekE(flatol)” Y
AAAE FARE ARERE Axf 2344 Ts =
e o] ARL(Y, 1967) oS} Altholl= w5
Ardst wizoll A AA] Thje} e eHer T T
A=7F Frreto] ARo A= 1998 E “AdRH
Hro o]o] A= “oplE - AEETR o oA EF
A71oM8 & - AlE g o= A Aske] HEskal qlrk

Mitochondrial DNA cytochrome b (mtDNA cytochro-
me b)°) BAGATHA AT 2ode FET F) A
o] BAEES BAsle UehgAstolt Bes
Ao Z=R25H o] &= QI (Avise =, 1986; Hillis
5. 1996), 97142e] W U A o] 04
clpgmel ofel & 4ze] BRstx ARd| ol
o]-2&-E th(Sunnucks, 2000). o] ©]2{3 mtDNA cyto-
chrome b2 EXAE EA(Masuda 5, 1996)2 =3
Al 319Fo](domestic cats)7} o} g7} oA a1efo](wild
cats) X -5 opfarckolet vl WA = ok
T RTERlT Eal, i 2Ajuke] opuToFolT}
ORI EE21 48 mtDNA cyfochrome b 3R} £-42
T WO R 41O 7F o}F2l 2AAmE $H(P. bengalen-
sis euptilurus) 0.2 B323t H 17} Qth(Masuda2}
Yoshida, 1995).

A 2 alol et AR oe 2
Holul, 207 Thebd ZARY ohzt Ay
Ae] Foll tigh w2 A7 Bagh AAolrt o]
= o= Y 4} 199 t)gt mtDNA cyrochrome b gene
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Azthsdol A A= ST 4i(leopard cat, P. beng-
alensis euptilurus) 197 A} G- 54N (wildcat, Felis silve-
stris) 17§45t/ = 3FIch(Table 1). 41 1970 A(Z
< 870, @ 117]) @ F=et IIAIES 7)Y A=
oF A A EEE 5 Al 7= deep-freezer(-70°C)
of Yt & dljEsto] Ao o]-&-skitt 197

A(FZA 9ute], =71 100t 12vfe]= oA 22
g AR, SIS EDAA =dE 19k, F
A AT A SollA 22l 6ute, FE FHA A
A 28 3ute], ASAl A5HolA 23 H 1k,
5 YAl AibollA 28 1upg]olt) Y] 7up
gl= AEdEd FEHollA HAlE Aol 7 4t
I7iAl= Lol A =de Aotk o4 5 E &

SIAE 9i3) EDTAC] Yol g wah

Shck BIEAS 95kl v FYYE
Z B AIE](NCBI, The National Center for Biotechnology
Information) GenBank©¢]] 5=%|0] 9= 4} 2 Dome-
stic cat (Felis catus)2] 97|14 gL 21819t

DNA =

DNeasy Tissue kit (Qiagen, Cat. No. 69506, Germany)
2 Abgdte] @ololut T80]4 DNAZ FE5t0
44 3 BT -20°Co] WE BpTh

Mitochondrial DNA cytochrome b QM X} EA

cytochrome b FMA} S= : 4} mtDNA cytochrome b
gene-S 1,140bp 2] A7|E 1AW, o|& ZE35}7] ¢35}
o] Kao 52 HH(1998)9] wfz} 22| L52} H5 primer
= A8l tH(Table 2). =% genomic DNA+ L5,

Table 1. The individual properties of leopard cats subjected to
this study

Localities captured

No Sample ID Sex* Age® (year)

and breeding
1 SGP4 Chunbuk Namwoun city F 13
2 SGP5 Gyeongbuk Yeongcheon F 13
3 SGP6 Gyeongbuk Yeongcheon F 13
4 SGP7 Gyeongbuk Yeongcheon M 13
5 SGP8 North Korea Pyongyang M 8
6  SGPI10 Kangwon Province Inje F 5
7 SGP11 Kangwon Province Inje F 7
8 SGP12 Breeding in the zoo M 6
9  SGPI15 Kangwon Province Inje M 5
10 SGP17 Breeding in the zoo F 3
11 SGP18 Breeding in the zoo M 5
12 SGP23 Breeding in the zoo M 2
13 SGP24 Breeding in the zoo M 2
14 SGP25 Breeding in the zoo F 2
15 SGP27 Kangwon Province Inje M 6
16  SGP28 Kangwon Province Inje M 8
17 SGP38 Breeding in the zoo F 2
18 SGP39 Kangwon Gangneung city M 2
19  SGP41 Kangwon Province Inje F 2
20 SGP3  Wildcat; Income from Japan F 8

“Sex: F, femalec. M, male
°It was age at sample collection time
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H5 primerE ©]-8-3}¢] polymerase chain reaction ma-
chine(ABI, 2720 PCR, USA)S A}g38lo] ZZa1¢ich

U2 AL 94°C 55, 18]al 94°C 45%, 55°C 45%,
72°C 9004 & 350ycles u}x] “}RE 72°C 55L& Al
A5+ tH(Table 3, Table 4). SZAHE2 0.8% agarose
gelo]| A 20871 #17]19% =, ethidium bromide (EtBr)
(SIGMA, Germany)= ¢A3}o] UV(BioDoc-It, USA)
(260nm) Zof A 2HQl5}3 Tt

FoNg 24

Qe T AL 2 mtDNA cyrochrome b gene2 Ul
oF 2% 3 QIAGEN QIAquick gel extraction kit (QIA-
GEN, Cat No. 28706, Germany)< Al8-5lo] G7]4<E
w490 HgelA) POR AHES AAIslolT) et 4o
mtDNA cytochrome b gene Q7|4 FEAS 2J5}o] Sac-
chi 5(2002)9] ¥rH o] wab 229 280L9} 981R
2712 A}45}9 cKTable 2). LS, H59} 280L,
981R 5 471 9] primer& AM8-5}9] mtDNA cyfochrome b

primer=

Table 2. The primers and sequences for mtDNA cytochrome b
gene amplification and sequence analysis

Primers Sequence

Ls 5" AGG CGT CGA AGC TTG ACA TGA AAA GCC
ATC GTT 3’
H5 5" CGG AAT TCC ATT TTT GGT TTA CAA GAC 3’
280L 5" TTT ATC TGT CTA TAC ATG CA 3’
981R 5" TGT TCT ACT GGT TGG CCT CCA ATT CA 3’

Table 3. The PCR condition for mtDNA cytochrome b gene am-

plification
o Time
Step Temp ('C) (min. or sec.) Cycles

Denaturation 94 5 min. 1

Denaturation 94 45 sec.
Annealing 55 45 sec. 35

Extention 72 90 sec.
Extention 72 5 min. 1

Table 4. The PCR contents for mtDNA cyrochrome b gene

amplification
PCR contents Concentration Used volume  Note
Template DNA 10-100ng 2ul
Primer (L5) 10ng/ul 1wl
Primer (HS) 10ng/ul 1ul MgCl,
DNA polymerase Sunits/ul 0.2ul (10 X20mM)
10X buffer 10X 2ul inclusion
dNTP 2.5mM each 1.6ul
ddH,0 - 12.2ul
Total content 7.8ul

gene®] W7|MAS AL U7IHARAE PCR
Hh2- A 4l HE-g-ol Zﬁ/‘é% Table 53} Table 63} 7T},
G711 GEAE PCR AHE2 QIAGEN DyeEx 2.0 spin
kit(QIAGEN, Cat No. 63206, Germany)2 AR8-5lo] %k
5+ BigDye (ABI, BigDye Terminator V3.1 Cycle Sequen-
cing kit, USA)E A7 % evaporator (Eyela centrifugal
evaporator CVE-3100, Japan)©ol| 4] 74 2(> 1hr)3}al HiDi
Foramide (ABI, HiDi Foramide, USA)S 20ul & 7}5}¢]
95°Col| 4] 3min 7t HF-3- & genetic analyzer (Applied Bio-
systems, 310 Genetic Analyzer, USA) AF&-5Fo] 7] A
SCERETEY

Phylogenetic tree Al

A7 GEA A= clustal X (v.1.83)8 Al-8-3}]
(Chenna -5, 2003) multiple alignmentE 43§ 5}al H] 1l
AL Q5] NCBIQ] GenBankof A(Benson %, 2007)
Leopard cats (P. bengalensis euptilurus)Z} domestic cat
(Felis catus)2] 97144 #H(Table 7)& o] v]u s}

Table 5. The PCR conditions for mtDNA cytochrome b gene sequ-
ence analysis

N Time
Step Temp (C) (min. or sec.) Cycles
Denaturation 96 1 min. 1
Denaturation 96 10 sec.
Annealing 50 5 sec. 25
Extention 60 4 min.

Table 6. The PCR contents for mtDNA cytochrome b gene sequ-
ence analysis

PCR . Used

Concentration Note
contents volume
Template Gel extraction
DNA 10-100ng 2ul production
Primer 1.6pM 2ul L5, HS, 280L, 981R
Big Dye v.3.1 2ul
5X buffer 2ul
ddH,0 2ul
Total content 8ul

Table 7. Haplotypes of the Prionailurus bangalensis euptilura
(pbe) and domestic cat (dc) in the NCBI GenBank nu-
cleotide database

Haplotypes Samples GenBank Localities
number and source
Prionailurus
pbe bangalensis AB194818 Japan
euptilura
dc Felis catus AB194817 Japan
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Ak ZF WA o] F44 F-A¥A = Mega 3 program= £ 2Askack
(Kumar 5, 2004) A}-8-3}0] 24 3 Neighbor-joining

JIn:3

HFH(Saitou?} Nei, 1987)-2 Al8-31¢ phylogenetic tree

Table 8. Nucleotide sequences (603bp) of the mtDNA cyro-
chrome b for 19 leopard cats and a Felis silvestris of the
Seoul grand park. A Prionailurus bengalensis eupti-
lurus was obtained from GenBank

Nucleotide site®
253 262 374 379 460 477
C A T T G T

Sample ID

7 130 251
A C C

SGP 23
SGP 24
SGP 5
SGP 17
SGP 38
SGP 39
SGP 12
SGP 7
SGP 15
SGP 11
SGP 6
SGP 41
SGP 4
SGP 18
SGP 28
SGP 10
SGP 25
SGP 8
SGP 27
pbe®
SGP3* G T T G

*PDots indicate the same nucleotides as SGP 23,

T
A
C cC A

“Nuceotide sites where

substitution were found among haplotypes, °pbe: pbe (Prionailurus

bengalensis euptilurus) was obtained from GenBank, “SGP 3: SGP 3 (Felis
silvestris) was obtained from Seoul grand park

Table 9. Four haplotypes (603bp) of the leopard cats in Seoul
grand park zoo

Sample ID
SGP5,17,38,39,12,7,

Haplotypes Localities and source

LCl1 15,11,6,41,4,18,28, South Korea
10,25,24,23

LC2 SGP 8 Pyongyang in North Korea

LC3 SGP 27 Kangwon Province Inje

LC4 SGP 3 Wildcat; Income from Japan

af

B, A, A, A8 50| 7oA walE gt
W 4 197 A 2] mitochondrial DNA cytochrome b2} &
Al 47144 1140bp =, 603bp ¥ 7| 1‘5% A5k
(Table 8). NCBI GenBankof SAj= 419 gt o}%2] P.
bangalensis euptilurus (Sample ID; pbe)Q} H|3}o] 3t
=W 4t 19704 5 1770Aloll A 25107 H71AE 9
HoJ(Ao A Cz)7F EIE ATt EFF 27]A| of| A (Sam-
ples ID; SGP 8, SGP 27) 251 HAJ (A A T=Z)e} 477H
A F7IAE(TAA G=)ofl ®o]7} Ba= Tk gt 7Y
AF g 5] A7IAdel ¥olrt ERlEo] AT
A71 L9 A}Fo]= 0.16% (1/603 sites) ©| W FTh v
iAo 2 B3 84 17§ (Sample ID; SGP 3)+=
= Wi 2o A7IA E3 v aLsl F 7 sitesoll A WOl E
Uehpglon] S shake] @714 Fol 116%
(7/603)0] 2 THTable 8). 24 #7412 222 haplo-
typeS ZrAISE Ax} 41 197 Aol A 37112] haplotype
219 2 H(Table 9), -5-H4} 1714 9] haplotypeX} NCBI
GenBanko]] SA % 419] 3t o}22l P. bangalensis eup-
tilura®] 17l haplotype™} domestic cat (Felis catus)2] 1
7l haplotype 5 % 6712 haplotype 2 nucleotide
Tamura-Nei distanceS 243t A3} 413} P. banga-
lensis euptilura®] nucleotide Tamura-Nei distance+=
0.00=2 YEFF 1, domestic cat (Felis catus)I} 4} 71o]
= 0.129.0m, -Pr?j@(wﬂdcat)ﬂr AF 7holl= 0012 U
El vkt (Table 10). 67§19 haplotype &2 ZFAJ 3t
Neighbor-joining tree || A 41T} P. bangalensis euptilura
L ozro 2o FAIPoLr 98 Mt 2 j1oko|

E3lo] AR tE 152 A HFig. ).

1.

Table 10. Nucleotide Tamura-Nei distance* among six cytochrome b haplotypes in three species of Felis. Haplotypes pbe and dc are from
NCBI GenBank nucleotide database, whereas LC1 to LC4 are from Seoul grand park zoo in this study

Haplotypes® pbe LCI LC2 LC3 LC4 de
pbe
LC1 0.00
LC2 0.00 0.00
LC3 0.00 0.00 0.00
LC4 0.01 0.01 0.01 0.01
dc 0.11 0.12 0.12 0.12 0.11

*The distance were calculated from the sequence data given in Fig. 1

“The six haplotypes are : LC1 to LC3, three haplotype of Korea leopard cat in Korea, LC4, one haplotype of Felis silvestris, pbe, one haplotype of Prionailurus
bengalensis euptilurus (pbe) in NCBI GenBank nucleotide database, dc, one haplotype of domestic cat (dc) in GenBank
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LC2
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pbe

L 1c4

dc

e
0.01

Fig. 1. Neighbor-joining tree for 6 haplotypes make out the mito-
chondrial DNA cyfochrome b of leopard cats in korea, dome-
stic cat and prionailurus bangalensis euptilura in GenBank.
which based on Tamura-Nei nucleotide distance (LCI,
LC2 and LC3; Korea leopard cat, LC4; Felis silvestris,
pbe; prionailurus bangalensis euptilura, dc; domestic cat).

Aedlesd A Addod= A=42oA =
e e ZEely 29 5 FAAeE skl 9l
o B AT o7l BuE 4o fuALE AR
a}ol l

Al 1994 HE] 20079 Atolofl ARSEISIE 197441 =
A, R QA4 22 oute], A& oA 2
S5 3ute], A AEAlelA 22 E 1ute, BYdEE
AolA = Tufe], A% WA A T2 Ioje)
AetEe MA TekeR A% 7k A4 %3
= A olt) o]& A ZEE mtDNA cytochtome b2]
F7IME F 603bpE AR Ax}, 4 19704 5 371
AolA @d7] ®ol7F Yekskom 4 1970A= 3719
haplotype &2 5% %137 37l haplotype 7+2] nucleo-
tide Tamura-Nei distance+= 0.002 UE}} Neighbor-
joining treeo| Al A= £ T15S 45kl 1Sl &
Q1= AT

St W) 4t 1970419 mtDNA cytochrome b2] A
F7IAE & Tofstr] Qa4 Kao 5(1998) 2] it
Sacchi 5(2002)9] H¥o] wzt @S sklent
1,140bp 5 603bp ¥7] A GNto] F& O 2 o=l
1,140bp 2] Z71E 7}A]= 419l mtDNA cytochrome b
genc® H8] Tets}y] SNl % o cheke A
WHE Ndstojor & Aom AZEIT H7IAE
A4 1970A oA F 3 sitesof] HolE HEHSS
| (Table 8), 197HA] 7t A71A G2 Ao]= 0.16%
(3/603 sites) o]t o2t AMALL o5 JAI7L &
AHo g vfe 77k 324 thefdo] Wk A&
oJmjgtth vl thFo = A% {4t I70Al= T
W 2ol 71 G} BlaLs) F Tsitesol| Al HolE YEL

s O

ol gh=r Wi 41ke] |74 E Zfol= 1.16%(7/603) -
24 A2 o) 7} Qg BRIAIA =3 THTable 8).

245 4714 E A== haplotypes A%t A3
2 197071014 3711 2] haplotype= ¥ 3lem, A&tz
Ao A HAE JHA= mE shte] haplotypeo] 23}
of BF FUT TUS SRIAA FIcKTable 9). &
= Ul 4+9] 37} haplotype} - 4H(wildcat) 2] 17]<]
haplotype, NCBI GenBank®l| G % P. bangalensis
euptilura®] 17} haplotype, GenBank¢]] 5% domes-
tic cat (Felis catus)2] 17} haplotype 5 & 67112] haplo-
type &2 nucleotide Tamura-Nei distanceS £4]3t 2
T} 4Ya1t P. bangalensis euptiluraZF2] nucleotide Tamura-
Nei distance+= 0.002 UYEFII(Table 10), Neighbor-
joining treeo| A= A2 e I15LS A} tH(Fig.
1). o]2]gt A2 o= 7HA| Ftoll= 7424 A7 A
o) glaz, fAA o m wfe 77k, Ut U W
Ehdich 2eju g 3 W 419 ofFg(subspecies
name)-> P. bangalensis euptilura® 2 7= th E
3}, domestic cat (Felis catus)@t 4T-& nucleotide Ta-
mura-Nei distance”} 0.122 UEFGE S ™, Neighbor-join-
ing treeo| e T80 &2 OE I15FS AU
(Fig. 1). o= Hargfole} =t W 412 73 &
(genus)o] ZHzh SebA e Az 2gE Ao
(Nowak, 1999). &3 4H(wildcat)a} $F= | 4}
nucleotide Tamura-Nei distance~= 0.012 U}E}FO
Neighbor-joining treeo| A% A2 T2 122 A3
Aog Hol 3=t A= thE o}E(subspecies) O 2
FAEGOHY Y A RE IO 2 RAME ] ¥ W
2 A7 ez o8 Helr

Tamada 5(2005)°] w2, X|2jF oz 1PE &
2AE A o] BRI A oA wFALE HARE
4}t 87§A1= 1709 haplotypeE UEFY o] mtDNA cyro-
chrome b 4714 20] ZFol7k Qeirka sholed), of
QAo A 2t 19704014 37| haplotype LFERY
o ARG} L= AA A 17A] o= nF
22 haplotypeo] &3tg o= Hol Hahl 442 £+
F/dol i Re Ao FAHEUT o]t A
SREE O} Zho] X g A o 7 F2 2| ool A A A]s}
of 44 tpFde A YA Al St whet

o 30
= 1o
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oA Aoz Holrh 4t §HA EA(genetic fea-

tures) & ¢ ol

DNA Hol|& Al dsh= A

olafi5l7] Yl = YO =2 neclear
o] Qs Aoz Ap7LE T

Are Rqoko|ot wEko] 753k Ao F dHF O
(McOrist 5, 1991) A 110ko]&} A+ Alo]o]| A& Aol w

ZF X 11 (Menotti-Raymond 5, 1999) 2 53 opAJ1oF
o|e} Hargfo] Afolof o yhgH Hil Fo] Sl
(Randi 7, 2001). fFH A= Hareko|e} opAl
of szto opeol Ate] SHA BAL 9HsH
Ue Ao= A Flth(Pierpaoli 5, 2003). AFA A 4]
Ao A 4Fat ] arekol o) gell A= oF2l TEE A
ooy o1} m]@ o] nuclear Y chromosome markere} &+
7 BHE W) ato] MR EXS Adsle] 2AFS Wa
7F Qutt ERL, A3k FHargfo] Afo]o) i
AA 2ol 7Hed& AATEL Th= W 419 AFAA]
K2 B85 ko] 519 Bspecies) B0 e
27F ek 2 Atoll T E XY AR ThA|NHe]
48] giek THlo] Ql71o] ghoz charg Ajofe] T
of RS ehste] $HH hepde Blsl Aol
2 @ 5jet.

°

"roolzo]

a

;(1-_9_ Es]—

=
=]
fL

&

Aaxtsdol A A= AT 1970 A & 4ol Al
mtDNA cytochtome b2] J7|A 8 = 603bpE FA}SH
23}, 41 1971415 370 Aol A @71 ®lol7} yebgt e

F 19705 37]2] haplotype &2 FEE 1 37)
haplotype 7+2] nucleotide Tamura-Nei distance+= 0.00
2 e Neighbor-joining treeol| A A2 242 152
BT 1971AIZF A71 - E 9] Aol 0.16%
(3/603 sites) o| et o7t AHEE o]F ZHAI7E
AR uhe k9o 244 chepiol drks AL
oful gy,

HIEEHAC}—Q‘E £ TE
Q71T vl ms) % Tsitesol 4 Mol S Lhepo] o
=i 4o °ﬂ7W°é 210 1.16%(7/603) 0.2 A &
A4 Aol

Rl

L

z:;_]— H Ak

AR @ 0 4k

_I

AP, 1967, F=EA=E3 ATH F=H(ERT), Tk
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