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Evolutionary Relationship of Liobagrus mediadiposalis
(Teleostei: Amblycipitidae) Populations in Korea Inferred
from Cytochrome b DNA Sequences

Maeng Jin Kim, Song-Hun Han, Hye-Young Yang, Mi-Ran Jo,
Sang-Chul Chung and Choon Bok Song*

Faculty of Applied Marine Sciences, Cheju National University,
Jeju City 690-756, Korea

Phylogenetic relationships and DNA polymorphism among local populations of the Korean
native catfish species, Liobagrus mediadiposalis, have been investigated based on mitochon-
drial cytochrome b DNA sequences. As a result, three genetically distinct groups of local popu-
lations were recognized based on the phylogenetic tree constructed. The first group was called
“Nakdong-river group” that included the local populations from Geumho-river, Gyeongho-river,
and Deokcheon-river; the second one was “Geum-river group”; the third one was represented as
“Seomjin-river group” that included the samples from Seomjin-river, Dongjin-river and
Geokum-do. The phylogeny also implied that the ancestral group of L. mediadiposalis have
first evolved to Nakdong-river group, and later two local populations (Geum-river and Seomjin-
river group) were diverged from the other lineage. DNA polymorphisms we observed were
4.4~4.7% between Geum-river group and Seomjin-river group, 5.1~5.5% between Seomjin-
river group and Nakdong-river group, and 5.5~5.7% between Nakdong-river group and Geum-
river group. These results indicated the long period of geographic isolation due to the river
system in Korea caused such high degrees of DNA polymorphisms between local populations of
L. mediadiposalis.
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Fotrle}, Frkolalel wlm goprlete] Fxstm g
M = o} (Nelson, 1994). &Az| E7}2]3} olF+= 37129 4 (Ge-
nus)¢l Liobagrus, Amblyceps, ZZ2]31 Xiurenbagrus=

§7F213H (Family Amblycipitidae) o} = 3= TFAF e glew, o] FellA F71e]< (Genus Liobagrus)
wh dB Gy uekn) qlx, gy Aeks xdelE= = o]BL AR O Z 12F0] I (3F), 22 (65), WUl (2
) 2T RAHe FE DA Lxsim 91
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o]F= =}7}AME] (L. mediadipodalis), £7}2] (L. ander-
soni) 78] 3 SA}2] (L. obesus)EH EF S HE O
2 o8A ¢l¢}(Son and Choo, 1988; Son and Lee,
1989).

SEvel 2fF ATHAEE FedFEA FE 3
A Ao AFelvd vig7b w2 el MAsta F7,
S57k AR7F 2 Falle] el Bx 3} (Son and Choo,
1988). o] ¢ EAL ZlEFA|=#u|e] TFA] QFEe
4~6719] 22 7FAI7E Qlar shetre Abete] <zt 71
4< 7FAH (Kim et al., 2005), 93 A A F7te]
(2n=48)¢} FAlE] (2n=20)%} -5+ 2n=42F Jep)
o} (Son and Lee, 1989). 78|31 o] 52 AAF Al A] |t
137FR]= 4~6cm, 5F 299402 7~10cm, 39S 11
cm oA} Aeh= Aoz whex o (Son and Choo,
1988), Aol whebA el A A P A Ffo]Z e}
Y 7] &l FE7} 27HAe]E L. mediadiposalis 2., A
27} A7M kel L. mediadiposalis ssp. 12, 27F A7}
Al#]E= L. mediadiposalis ssp. 29] A Axto=z wyE
v} ¢} (Son, 1987).
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% 3 AAAAZE Aolol] A
Feld Apol g vhehd 4 gl 2=
Sehtel o) $E A AAZ
49l Aolo] A AFE AFAA Aol
etk ol ATE 27l F2 wd Ar)dEEe
o 43 59 H: (isozyme) ¥4 & A ol FolA g
o] E7}2]4 o|F (Yang and Son, 1986), &4 o] F
el WEx¢} ¥l (Min and Yang, 1986), 712] (Toshio
etal, 1993) 58 tAle=z 3 37l BuE uv} gk
ol9lol = 7]EF N 72 4F2el Z7H (Nemacheilus
toni)&} =LA £Ale] (Oryzias latipes)e] m|EFZ =] o}
DNAZ iAoz Agtaactsl 2 oo 4 (RFLP, res-
triction fragment length polymorphism) 248 %3} 7))
A= Azl 545 zpole] 3t A7t £ wh
At (Masaru et al., 1997). B} 2ol & 7|4 d 2A
o go|3tAl F 1 PCR(FHELAHAULZ)E o] &7
DNA F3o] duisigel] wiebx wl=Zx=gfe} cyto-
chrome b $3x}2] G7|M g 2A=2 0|43 A AL
7} 4335 v} <)o} (Perdices et al., 2004; Kim, 2004).
Cytochrome b -3 A}= BEH <l o ¥} vhREX <l o

A& Tl 23 § 448 7 S 7 9l
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7] W&ol o FAlBte] Gekgt EAIE ATstr] S8 el
2% o] gtomn (Kocher and Stepien, 1997; Song et al.,
1998), HFFEol A 7P FHELd T8 ddez 97
AMde] ezl fAzte] dFoz T A AMES T
z¢} 7% B Ao Sl A A dFd #AE
Z=29] stz odelx] glo} (Esposti et al., 1993; Johns
and Avise, 1998).

wEhA o] QA3 w|EZ=elo} DNA W] EAs:
cytochrome b 445 ez AFEFHA A+
WS ARESke] fEjubetel Rt M2 ke gl At
ARl A G7RA ] B3 JALE FAsA olE WA
Atolo] @7IM A ztolE o] &3te] H3} A=E ol F
o2x 3F o]E A A= Bep &bl Bz
B8 918 712 A=z Beal] g8 Ao

L ERT

L A3

Abarele] A Al A Ee] o bEzcelole)
cytochrome b A 2}2] G714 d 2] & dolr 7] 93

e 50 km

Fig. 1. A map showing the sampling localities of L. medi-
adiposalis.
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Table 1. Local population name and detail sampling localities of L. mediadiposalis

Group Local population Sampling locality No. on map

Geumho-river Imgo-myeon, Yeongcheon-si, Gyeongsangbuk-do 1

Nakdong-river Deokcheon-river Danseong-myeon, Sancheong-gun Gyeongsangnam-do 2

Gyeongho-river Sancheong-eup, Sancheong-gun Gyeongsangnam-do 3

Geum-river Geum-river Useong-myeon, Gongju-si, Chungcheongnam-do 4

Dongjin-river Sanoe-myeon, Jeongeup-si, Jeollabuk-do 5

L Seomjin-river Gwanchon-myeon, Imsil-gun, Jeollabuk-do 6
Seomjin-river .

Youngsan-river Hampyeong-eup, Hampyeong-gun, Jeollanam-do 7

Geogeum-do Geumsan-myeon, Goheung-gun Jeollanam-do 8

Fig. 2. External morphology and body coloration of L. mediadiposalis collected from 8 different localities including
Geumho-river (A), Deokcheon-river (B), Gyeongho-river (C), Geum-river (D), Dongjin-river (E), Seomjin-river (F),
Youngsan-river (G), and Geogeum-do (H) in Korea. Scale bars indicate one centimeter.

(AE%)Y 8ZdA AlA3}eI ) (Fig. 1 and Table 1).
zF A QellA AR A= 7sshE Aleia Alg
AR FARoH AelglE wo] zpriate] 9 el
ANe Fig 2014 weAFI STk 22T FEVFE

(outgroup).2 A}-£-3 FAbE] (L. obesus):= T3 (34
7Hel A 2=]x 7)) (L. andersoni): & (2317}
A AA sk

=

2. Total DNA 3% PCR %

AlE2HE total DNA &2 HA| A Lof 24317
WEAIAH -80°Cell EIx 30~50mge] ztelud 7]1A4
Z&22E& dAte =2 QlAamp DNA Mini Kit (Qiagen
Inc.)E AH43le] A A8t} PCR 222 cytochrome b
ARl FHE (RNA APl 7] z8le] Tx}peld for-
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ward primer (Glu-F3,5'-ACC ACC GTT GT (A/T/C) (A/T/
GIC)TT CAA CTA-3)3} reverse primer (Pro-R, 5'-TAG
AAT (T/C)(T/C)T (G/IA)GC TTT GGG AG-3)& Al£-3}
PCR %5 o=y 7} Otk 24 4] tRNA 29
£ £33 AA cytochrome b 428 5313w PCR
HF2-2 °oF 0.1~0.3 g2 genomic DNA, 10 pL; 50 uM
primers, 2tz 1 puL; 10 X reaction buffer, 5 uL; 2.5 mM
dNTP, 5 pL; ex-Taq polymerase (Takara Bio Inc.), 1~2
unitE® gL oL 3= volumeo] 50 L7} H == 3}
Programmable Themo Controller (RTC-100, MJ Resear-
ch Inc)oll A ¥ES-A]ZH e PCR ¥H-5-57]= [ %9] dena-
turing step& $]3e] 94°CellA] 2 F<t 13] HH-g-A]7)
a1, o]oJA] 94°Cel|A] 45%, primer annealingg ¢]3
43°Col|A] 1%, primer extensionS ]l 72°Collr] 132
3020 HbS zAoA % 3039 W F7)E F9lw,
FHEAH oz 72°CoA] 78 =9l wlx]9} extensionS Al
A3+ Tl PCRAFE-2- 1 X TBE buffere]| 4] 0.8% agarose
gel Aol #7]9353te] Elatdet. &4 AAE 938
PCR AF&-& low-melt gel (LMP agarose, Bothesda Re-
search Laboratories; ethidium bromide staining) A}ol] 4|
A7]193%5& 3 F, 4= DNA &S UV-lamp &lef]
Al Zed) o] GeneClean Il Kit (Bio 101 Inc.) & A}&-3}o]
A e,

3. PCR AHE-2] Cloning

PCR AHZ-9] cloning$ )8t <59} WE2A 77 o
A#2] DH5a 752} pBluescript 11 SK (—) (Stratagene
Co.)Z A}£-3}93t}. pBluescript 11 SK (—) ¥WE & Hinc 11
2 o]g-3le] Ak Zo)|, High pure PCR Product Puri-
fication Kit (Roche Molecular Biochemicals)2. A A 8}<)
o} Ligation-2 Hinc 112 A%t 1puLe] pBluescript Il
SK (=) ®¥, 2uL9] insert DNA, 1 uL2] 10 X ligation
buffer2} 1unit2] T4 DNA ligase (Promega Co.)S 437,
Z|Z volume 10 uL7} =2 3+ o] 15°Col|A] 18| 7+
<t vHSAIFH Ligation®l AFES A H3AI
DH50 7552 ampicillin, X-gal3} IPTGE 2313l LB
(Luria-Bertani) plateo]] =2&le] 37°Cel|x] 1617k wlf
Fetadch 2 5 iAol A white colonyE A3}
ampicilline] E9]g]+= LB broth wjx]e] =3} 37°C
shewul7)o| A 16A]7F ®iek3t =, High Pure Plasmid
Isolation Kit (Roche Molecular Biochemicals)-g ©]-£-3}
o] plasmid DNAZ £2]3}lglc}. 22]5 plasmid DNAX=
AlgtEa Avhs Fsted cloning®] 4 o4& #<ls}
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4. XL 24 3 A5 24

Q71N AAE clonings Fa& 92 =g plas-
mid DNAS- sequencing A& Aol 23 sle] 33l
©n sequencing primer:= T73} T3E Al&3}9it} o] &
A7IMge] AHE 9l3le] DNAssist version 2.2 (Pat-
tern and Graves, 2000) Z2 732 o]43}gon, 97|
Z4, 971213 ¥4t E codon usages or7| 9]3}e]
MEGA version 3.0 (Kumar et al., 2004) =2 7818 A}&
3telo). 2831, 7+ codon ¢4l 4] Kimura-2 parameter
el o)sle] AAFEL distance valuesel ©fjste] 37]A
9] (transition) ¥ o] 2} % 7] 3} (transversion) ¥ o] 2] 7}
$Z plottinggt e 24 Z3} % (level of saturation)S
At kst AFRsHEA Al g JRe] @7l A
Tl oo Edelr) deldozn A= 231 ¥
A2 EA &/ FEE 4 sl7] d#e]o (Nei and
Kumar, 2000).

ABFATAd EAL maximum parsimony, dis-
tance, maximum likelihood method = Al A]3}$3 o). Max-
imum parsimony method (Fitch, 1971; MP)& ©] &3 &
A3} maximum likelihood method (Felsenstein, 1985;
ML)Z E3t BA& ==z 73 PAUP version 4.0 (Swof-
ford, 1998)-2 A}8-3}9lt}. Distance treex= neighbor-
joining (Saitou and Nei, 1987; NJ)Z} minimum evolu-
tion (ME)2] tree-building algorithm o2 2HAl = 9},
NJ w3 ML ¥ S o] &3 BAMe MODELTEST
Version 3.06 (Posada and Crandall, 1998) = & 71818 A}
et ¥4 Azl b AR v Hushe
AA S 2213, ME Whgel 913 34 Aol Log
Det/paralinear distanceZ Al-g-3lth Al 542 FAL
AR A% FEEFE (utgroup) o2 A7EARE) s}
zZro] ®|7] & (Order Siluriformes), 57}2] 7} (Family
Amblycipitidae)el] 437 HejH ez 7z FHHO
= A Aol2 melt o3l FAH (L. obesus)sh
E7}2] (L. andersoni)E Al&-3lgl )k MP, ME, NJ B} &
o]-g3 A Az Agsol HAE A9 internal
nodeol] w3k 41FAE &F<lslr] 9l3ke] 100,0003]]
bootstrapping 7| 71 = (Felsenstein, 1985)2 43 3}4)
o} ML 8P o] 28 24 A] likelihood 27152 MOD-
ELTEST A3el|A] 22 2A5ES Ao 5 47]
%A) (base composition)2] 7% A=0.2766, C=0.3138,
G=0.1396, T=0.27002 A} &3} o, estimated
transition/transversion ¥]-&3} 37 HYK85+G A 3}=

We Abgate] AAsHT
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Apzpabel o] Al RA| o] fAA QL HedS delr
7] $)3led mEZx=2]o} cytochrome b 33 A gI&
AL A} o2 W 7] 5 o] Fell A9} ZEe] cytochrome
b AA fAAe] Z7|= FZ3E (stop codon) 2 M 9|
q&gg TP Aoz AqAtEE AT G7I(ME =

Eel X7t x[H7HIZ e AT S

oA 333
Falo] Lissbpglon] oiF AT oI LzrE
DNA e8] 42 Fig. 304 & 4 Ik ol o3y
9] AFo] 79| cytochrome b §H 217} 1,141 bpel A3}
HlwE u] A|ZF3E (start codon)ol| A EE] 11 A oA
13 A Afolell velst 37¢] 97144 wEelslom A
H3E ATCoR AFee] o4 FARE TAAE 74
W glolA] B Aol vhehiA ke AFA
A G7IME EAeA A 1,138bpe] 997]& 826719
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Fig. 3. The sequence alignment of mitochondrial cytochrome b genes of L. mediadiposalis. Dot ( - ) indicates identical

bases.
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Table 2. Base composition observed in the mitochondrial cytochrome b gene of L. mediadiposalis collected from 8 different

localities
Codon composition (%)
Group Sampling
(river) locality All codon 1st codon 2nd codon 3rd codon
T C A G T C A G T C A G T C A G
Geumbho-river 27.7 30.7 27.6 141 25.0 26.3 25.3 23.4 427 243 20.6 124 153 41.4 369 6.3
Nakdong Deokcheon-river 27.7 30.9 27.3 14.3 24.7 26.6 25.3 234 427 243 20.6 124 14.8 420 36.1 7.1
Gyeongho-river 27.4 30.9 27.5 14.1 25.0 26.6 25.3 23.2 422 245 20.6 12.7 15.0 41.7 36.7 6.6
Geum Geum-river 27.3 31.1 27.7 139 242 26.8 25.0 23.9 425 245 20.6 124 153 42.0 375 5.3
Dongjin-river 27.2 31.4 27.1 143 245 26.8 25.0 23.7 427 243 20.6 12.4 145 43.0 356 6.9
Seomjin-river 27.2 31.4 27.2 143 245 26.8 250 23.7 42.7 243 206 124 14.2 43.0 359 6.9
Seomjin  Youngsan-river 27.4 31.0 27.1 145 245 26.8 25.0 23.7 427 243 20.6 124 15.0 420 356 7.4
Geogeum-river  27.3 31.2 27.1 144 245 26.8 25.3 23.4 42.7 243 20.6 12.4 14.8 425 354 7.4
Mean 274 31.1 27.3 142 246 26.7 251 23.6 426 243 20.6 12.4 149 422 36.2 6.7

Table 3. Comparison of transition vs. transversion muta-
tions observed from the 10 pairs of nucleotides
between mitochondrial cytochrome b DNA se-
quences of L. mediadiposalis

Transitionsal Transversional

Codon pairs pairs
position
AG Total TA TG CA CG Total
First 4 4 8 0 0 0 0 0
Second 1 0 1 0 0 0 0 0
Third 16 15 31 0 0 1 1 2
All 21 19 40 0 0 1 1 2

HEQA (conserved site)2} 3127¢] W o] (variable
site) 0.7 FAE g, Heledd F 167712] parsimony
information siteE 3235l g1git} Table 22 A}7}A}

2e) A712AE e Aemd, ATt |72
e Aoz CRgel b ¥ 30.9%7} hehg G
3}

kol e 7hel 14205 Rolon Tl Asteke
b2t 275%E M 2 ke BTk Ty X9 A)A)
TAbololl = @7|2AC oM Z el HFEHA &
ok 2Bl AR W 97139 Weleh G713 Ho
oFA}-2- Table 3¢ YeRd nle} 2ol A HA ZESH
‘MW% 37148 Wl glo] 37]x¢] Wo|ut gy
|4 dolidom T-Ce} A=G Alo]] el 7} 2h7}
47-dol A dofubr 1:19] Bl&E MY IElw R
WA ZEAR M= G7)H8 Wo] glo] T-C Aelel

_Nn

4

=

¢

o 3

2

mO

Qolxt A5 BAWol Fzeloln Lo} 2
S S 25 A WA 2B T-Cok A<C
]

Edo|7} 27t 1629 8 1579 oA
1:19] v]&E Bylor g2 3E
H=E Hglrh vbHe| C-A Apelgt

ofuir =ZE
Rt °*717<4§P Eddol=
o= Yepgoh

A7 Ake] A GAA . Aol A WA Aol A et £
A o8& 0~1bp2HA 72| xfo]& HeolA] ¢gtor
A7 A QURAE Abelo] Al & p-dis-
tance¢} @7|A A Aoz el Z3b= Table 49} 3
ok AR, F217F, At B AF =AM A" WA
Alole] A7|AYd Aol 1~10bpg p-distance:=
0.001~0.0099ic}. G577t A F37, A7) 2 9
A7y MAL Ateld] @A7IME el 6~8bpEA p-
distance: 0.005~0.007& Xt} o]} ko] x|7| Ao
2 JPte] XS T A WA= kel $AEE
A1 AL Abel®] QA7IM G Apoleb= dE] F7F 7
FE Ate]?] 71 d Aol 53bpyli p-distance:
0.047% B3, AF=e} 57} Aleloll G7|M D Aol
= 63bpgdem p-distance:x 0.055% Rtt S=7} 4+
ARl 7337 F7F Abele] 97149 Aol 65bpil
p-distance: 0.0575 Rox] zAFRA x| A+ 7F
o o] 271 d Aol E ERSIH-

AR 3 RA ] F2ol A DU A7) B3l &

AR B Age oFE oA 4 domz AFHA

B A E3}FAE v Ete] s (Meyer, 1993). o] o
Zo| A ;g}eafg BN A}, FxERES TINAS
ASo= = o] viehtA] dsket (Fig. 4). ot

A AR ARIA AL AT ATS 2
A AA mES A4S,

AP AT 23} A 5
A4 8702] W (ingroup)sh Fz=
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Table 4. p-distance (lower-left) and nucleotide differences (upper-right) among L. mediadiposalis populations

Local population 1 2 3 4 5 6 7 8
1. Geumho-river 6 8 63 59 58 61 61
2. Deokcheon-river 0.005 6 63 59 58 61 61
3. Gyeongho-river 0.007 0.005 65 61 60 63 63
4. Geum-river 0.055 0.055 0.057 50 50 55 53
5. Dongjin-river 0.052 0.052 0.054 0.044 1 9 10
6. Seomjin-river 0.051 0.051 0.053 0.044 0.001 8 9
7. Youngsan-river 0.054 0.054 0.055 0.048 0.008 0.007 9
8. Geogeum-do 0.054 0.054 0.055 0.047 0.009 0.008 0.008
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Fig. 4. Relationships of the observed number of transitions (closed circles) and transversions (open circle) for all pairs of
sequence to the distance (Kimura 2-parameter) observed at the first (A), the second (B), the third (C), and all codon

positions (D).

< Z3 AA 1009 BHILozrE 533 cytoc-
hrome b 32 97] A 9d& "iAtez MP (Maximum
Parsimony), NJ (Neighbor-Joining), ME (Minimum Evo-
lution), 28] 32 ML (Maximum Likelihood) ¥}*j o2 A
54e A4S Wm, BAs 9, A4 FEE
722 AYYE 24 915t FEEFZ optiong
24 "v7]Fo]F A= (data not shown)E =
gt on] FAA FREFLARA TAEIG 571
7F Z7RAbE] A RAZER A3 EeEe] Fxd
Fo el &3kA] geotof v FEFE 7]
Foll I3 Aoz vehg

H7HA M2 o WS o] gdte] Y AFrE
BT EAd3t A B4 EX| kA (tree topology)S H.oiA]
Aol ¥ AFAS el =3 A" AFS
o 2™ A A7RAb] A ZAM HA F37, H

F4 gx

A= 89~100%2] bootstrapZto 2 7,
%Atk (Fig. 5).
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9w 13+sl4A (Pale-Hwang Ho) 2 Fo}F2 57
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97/85r L. mediadiposalis (Dongjin-river)

100/100|' L. mediadiposalis (Seomjin-river)

89/95 L. mediposalis (Youngsan-river)
71/75— L. mediadiposalis (Geogeum-do)
L. mediadiposalis (Geum-river) |B

100/100[ L- mediadiposalis (Geumho-river)
i L. mediadiposalis (Deokcheon-river) |C
87/33—L. mediadiposalis (Gyeongho-river)

{ L. obesus (Outgroup)

. andersoni (Outgroup)
0.01

100/100

Fig. 5. Phylogenetic tree constructed by neighbor-joning
(NJ) method. The numbers at the left side of slash
were bootstrap values based on NJ method and
the numbers at the right side were the values
based on maximum parsimony method. A, Seom-
jin-river group; B, Geum-river group; C, Nakdong-
river group.

o] f7t 7+ sbd oz RsiH 1 27| (RS 4
W 5oz 7 s e AeEe] F B3E AXHA
HAE ATolm o A7lel B BT nHEC
3El Aoz ®WyE I ¢lA7(Lindberg, 1972; Son,
1005) ob2|7hx] Foll whE AT 3k A7k} Azel
daiME B AA G = vt deel Akt
F23te] Mori (1936)= JE—X]H]—Q- A8 FA A, Amur
Ao 8 FFAGos FRAAT FFAGLS P4 A
o, Betolod, 5ol 9 Fareoez A
Balgdeh 1 2 FSo]i Bz 1A (distribution map)
% 7= Choi (1973)¢} Jeon (1980, 1983, 1986)
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S AAAA A el B AEERAD
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S} Belfel F Aol Pt His)
o] Toshio et al. (1993)2 112] (Opsarichthys uncirostris
amurensis)?] ZNAZ Zgholl F3F oA FA7} A
A7}, @7} Atko] 7gHA Bedr] 27} Aty TREG
I ¥ 33}9] 17, Masaru et al. (1997)2 4A}2] (Orizias
latipes)®] ZNAl= A M3 FIF=e] 270
Aoz FREE oz Wyt I8y Kim
(2004)2 $-=v}el a2f-3< 74 X] (Coreoperca herzi)2]
23 o] AT FHAT e WA #3} & F
ALt AR A0 Adew FEI Aoz F
Akt o] A AMA = Ao 2 FAE Foll vt
oae] Apols Hylow o] ofFHE I RIA|7|¢}
A2 A A & FEEly] WEog AzhEh

sHH, A7Pabe] o] B2 9} A=lste] Son (1987) o] &

Mo
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s 5 AL R 39 ) Ao Sylslsh
°l F53 37
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el =, BR 7 el AR Bk, 37 A
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Aol —rifs} itk B 13} t} (Son and Song, 1998).
o] A9 AelM = vt AR AR 2
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Al A WA G573 A (F374 93, A7 A
Lol FIEH e 1 F AA7G A (TR AR
QA AGE AP 34 Avow e A
oz FA =] Son(1987)] Aol fAFsFAH
Cytochrome b -3 X}& djAtoez =24 /A2 Aol
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g vt ol ol g 59 fEivee L%%‘ﬂ ARl
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21t} (Perdices et al., 2004). 28] 12 Yang and Son (1986)
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bolwy] 98 S9aaiMA 27 Ay 357
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of 37 At 457 Awk AbelelA A fHH<
apol7} & Ao vhelyke) a, AR kel %3
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