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tojotntolF 2% 52| mtDNAE4Y
Bloj% - AGT* - LAY

Astchstm olther B A *Fdcisn A Y e

st it BHolFel A0E, gololni(Leuciscinae) O/ 2% 552 HEXH RAUMUANE
THL7| 215104 MIDNARAIE AAISHCE 6 baseE QIXISHE 10742l MEELAE X2
5t04 AO{Z mtDNASl =7l= 16.5-17.5 KbA2od Be/ |, Bgl |, Bgl I, Hin dlll,
Pvu ll, Xba | &8 &2 Ao|7t FHACt. ZE9| Aozt mIDNARSNE = e &
A2t p=1% ©olgt) M. oxycephaluse| LFFctat HFECI2 o2¥oz Z X0l &
Ach(p=5.3%). Moroco%2| ZE7t EIXMTE vl Za M. oxycephalust M.
lagowskii AlO|7} W p=7.2%2 ZAMA7} HY 77191 M. keumkang?t M.
semotiluse EIZED} ZHUA7L MY HUCt. Moroco 2l Phoxinusiziel M §3
X ESHIE p=13.7%2 #X3 X0l EYCl Brown £(1979)2 24 0|23}0
O|E #olotnt 2% 559 EAI7|E FHSH A o|§2 %2 MAUM(Pliocene)?t X
Hl(Pleistocene) Atololl 23tE Hoe=z FYEHYSH o HAE SHED 7ol 2o

Zl #3t(Yang and Min, 1989)2 & Ax|sict,
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HAFFETH i 13 WHol 2 ATH
TAE Al At HZ BAFEoA 9
A7t Beol MYPHm o Ed] fFHAe
289l isozyme®A# RAMEE FHEAQ
mtDNAEA o] &3 A7 %3] P a Q)
th(Avise et al.. 1979: Yang and Patton,
1981: Avise and Lansman, 1983: Kessler
and Avise, 1985: Gyllensten and Wilson.
1987: Baker et al.. 1989: Lee et al.,
1989: Yang and Min, 1989. 1990:. Lee
and Park, 1991: Park and Lee. 1991:
Hong et al.. 1993: Lee and Jung. 1993).
MtDNAE= H¥ARFHEAZ YDNAEY w2
AEEE /M3 1o, AdaAA ] 93
g 402 doA e AVIANEE (pA)S
M2 AEISH Ao Bo] ol &Ha AUt
(Ferris et al.. 1981. 1983. Yonekawa et
al.. 1981: Bermingham and Avise, 1986:
Moritz et al.. 1987: Palmer, 1987: Lee
et al.. 1989: Paik et al.. 1992).
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ot FolFeol tidt mtDNAEM L Lee
5(1988)ll 9% Zaccod 1R Wy B
Alz=23le, ¥ gtvlol?(Danioninae)(Lee et
al., 1989)¢} 71&E /W= (Cobitidae) (Park
and Lee, 1991, Lee et al., 1994) ¥ W%
o]#(Anguillidae)(Min and Yang, 1993)
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ool (Leuciscinae) ol {HE 3%, 4,
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ah ik,

£ dF = FolotFol F(Leuciscinae)
Moroco%9l M. lagowskii, M. oxycephalus.
M. keumkang, M. semotilus 2 Phoxinuss
9] P. phoxinus & % 2% 5%l oz 0,
% 2 £39 AEH FEBAE mtDNAEA
HHE B3l AR : 71Ed 2 E™
isozyme A A7e} vl watA )

E W e
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MtDNAE %43 mitochondria®] kel =
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W 484 % miDNAZZIE ZAetdn A9
7t ¥oli Upholt(1977)¢] &4l we} 353
A WS (ERH GNHNEERFE(pI)E T
sho] W B FhAlol S Mt

Azt

gojolgol 7 24 5Fo I mtDNAENZ
7} 229 mtDNA size= 16.5 - 17.5 KbA}o]
How (Moroco keumkang: 16.5+0.35, M.
lagowskii: 16.8+0.48, M. oxycephalus:
16.8+0.63. M. semotilus: 17.01+0.64,
Phoxinus phoxinus: 17.5+0.89) P.
phoxinus?l mtDNA size’} 7V ZA el
o 10708 AFELE A F Ar]FFAA
Aoz AHSFE T Ao]7t UNen 53
Bel 1, Bgl 1, Bgl II. Hin dIlIl, Pvu II,
Xba 1 9 671 AgELe TEIHYE EAY
(Fig. 1). zt E4&AMeF dojx FAHY &
Table 29 2t} M. semotilus® FHASFE
2202 7V A& WvhA | M. oxycephalus9 A
FHGL 33 MY Be dU4E B
(Table 2). 7} ¥ 2 I FEHHUFLE 78
ZA3= Table 38 2t} M. lagowskii 3703

Table 1. Collection localities, dates and number of specimens of the genera Moroco and Phoxinus in Korea.

Collection Locality

No. of Specimen Collection Date

M. keumkang

1. Chinbu: Chinbu-myon, Pyongchang-gun, Kangwon-do

2. Muju: Solchon-myon, Muju-gun, Chollabuk-do

3. Chongson: Dong-myon, Chongson-gun, Kangwon-do
M. lagowskii

4. Songsan: Songsan-myon, Myongju-gun, Kangwon-do

5. Kosong: Kangsong-up, Kosong-gun, Kangwon-do

6. Kuchon: Hyonnae-myon, Kosong-gun, Kangwon-do
M. oxycephalus

7. Muju: Solchon-myon, Muju-gun, Chollabuk-do

8. Cheju: Kangjong-dong, Sogwipo-shi, Cheju-do
M. semotilus

9. Kuchon: Hyonnae-myon, Kosong-gun, Kangwon-do
P phoxinus

10. Chongson: Dong-myon, Chongson-gun, Kangwondo

20 Apr. 14, 1992
20 June 16, 1992
25 July 15, 1992
15 Apr. 14, 1992
25 July 14, 1992
30 July 15, 1992
25 June 16, 1992
30 July 30, 1992
50 July 15, 1992
25 July 16, 1992




January 1995 Min et al. —mtDNA Analysis of 5 Species of the Genera Moroco and Phoxinus 89

@& BE JAdD 26.708) FHUF oM B
T 25.370(25-26)°] TEHIFE Zan AU

M. keumkang 3/M{GL #HF 26.3/M9
AUFZAM FEEHESTE H 21.374(20-24)
dom M. oxycephalus 2N &Alel= H#
29.5709] FAAFFANN THAEHFE 12709
E3elad HHz7tdd & AHolE B, =7
Moroco&W &3kl % M. lagowskii®t M.

Bel 1
23456 789 10

oxycephalus®] B¢ FEAHAF7E 872 7
2L TEHHESE M e M.
lagowskii®t M. semotilus. M. oxycephalus
9} M. keumkangel 1 B&o= HT ZZ
671t 5.87Me FTEAHSFE VEIIAZL, M.
oxycephalus®} M. semotiluse 3.57k, M.
lagowskii®t M. keumkang& 37093 M.
semotilus$t M. keumkange B 2.7M=

Xba 1
M123456 7829 10
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Fig. 1. mtDNA variation of the genera Moroco and Phoxinus digested with Bc! I and Xba 1. Numbers refer to sample

localities listed in Table 1.

Table 2. Comparative analysis and estimated number of mtDNA fragments among populations of 5 species of the

genera Moroco and Phoxinus.

Restriction Enzymes

Population
Bgll Pstl BamHl Xbal BstEl Bglll Hindlll Poull Bell EcoRl Total

M. keumkang

1. Chinbu 5 3 2 3 1 2 4 3 2 4 29

2. Muju 2 3 2 3 1 2 4 3 3 1 24

3. Chongson 2 3 2 3 3 2 4 3 2 2 26
M. lagowskii

4. Songsan 2 2 1 3 2 3 5 3 3 1 25

5. Kosong 2 2 1 4 3 4 5 3 3 1 28

6. Kuchon 2 2 1 3 3 3 5 4 3 1 27
M. oxycephalus

7. Muju 3 2 1 4 1 4 5 3 1 2 26

8. Cheju 3 3 2 3 1 3 6 3 2 7 33
M. semotilus

9. Kuchon 3 2 1 2 3 0 4 3 3 1 22
P. phoxinus

10. Chongson 5 2 2 2 2 4 5 2 6 2 32
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Table 3. Shared restriction fragments among populations of 5 species of the genera Moroco and Phoxinus.

Population numbers refer to sample localities listed in Table 1.

Restriction Enzymes

Population

Pst] BamHI Xbal BstEIl Bglll Hindll Poull Bell  EcoRI  Total

Bgll

20
24

1/2
1/3
1/4
1/5
1/6
1/7
1/8
1/9

0

1/10
2/3
2/4
2/5
2/6
2/7
2/8
2/9

20

0

2/10
3/4
3/5
3/6
3/7
3/8
3/9

0

3/10
4/5
4/6
4/7

25
25

1

4/8
4/9

0

4/10
5/6
5/7
5/8
5/9

26
11

1

0
1
1

5/10
6/7

10

6/8
6/9

0

6/10

12

7/8
7/9

0

7/10
8/9

0
0

8/10

9/10
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Table 4. Estimates of genetic divergence of mtDNA of the genera Moroco and Phoxinus. Proportion of shared
restriction fragments (F){above diagonal) and nucleotide sequence divergence (p)(below diagonal).

Population 1 2 3 4 5 6 7 8 9 10
M. keumkang
1. Chinbu 0.755 0.873 0.074 0.105 0.107 0.218 0.097 0.078 0.066
2. Muju 0.016 0.800 0.122 0.154 0.157 0.280 0.175 0.174 0.105
3. Chongson 0.008 0.013 0.078 0.111 0.113 0.308 0.203 0.083 0.103
M. lagowskii
4. Songsan 0.161 0.129 0.157 0.943 0962 0.353 0.207 0255 0.105
5. Kosong 0.139 0.114 0.135 0.003 0.945 0407 0.295 0.240 0.100
6. Kuchon 0.137 0.113 0.134 0.002 0.003 0.377 0.233 0.245 0.102
M. oxycephalus
7. Muju 0.092 0.076 0.070 0.062 0.053 0.058 0.407 0.167 0.138
8. Cheju 0.144 0.106 0.097 0.095 0.073 0.088 0.053 0.109 0.123
M. semotilus
9. Kuchon 0.157 0.106 0.153 0.082 0.086 0.085 0.109 0.121 0.185
P. phoxinus
10. Chongson 0.168 0.139 0.140 0.139 0.142 0.140 0.136 0.128 0.102
keumkang 3899 A$ ARGy FHAFG
1o 10 > e o] F=0.873(p=0.008)2 7}% 7IAfn 2%
9} REFHdo] F=0.755(p=0.016)2 33 =
17”'1\‘/"",5’5‘4’”"1“3 Hlma 24 Jvebddt. M. lagowskil 3732
. uju = -
— _ & Cheu A% i F=0.950(p=0.003)02 HAv
M. lagowski g FABAE EBEYY. 28y M
E_ g iﬁ'gﬁi‘? oxycephalus®] F#9 AFHe ALEs F=
— 5. Kosong 0.407(p=0.053) 2.2 FW Jd {FARA
g”-ée"}':’t”“s A}t Morocod ©1FFA M. lagowskii
. Auchon
M. keumkang } M. oxycephalus® ¥3t f#98A7t 72
— 1. Chinbu ANAR(F=0.312, p=0.072). oA M.
— 3. Chongson keumkang® M. semotilusiltele B@ F=
2. Muju ~
P, phoxinus 0.112, p=0.1242A o5 2%7tel SJHA 7}

10. Chongson

Fig. 2. Dendrogram of the genera Moroco and
Phoxinus based on analysis of mtDNA nucleotide
sequence divergence.

7V AL FX FAMIE HYY. Phoxinus®
9l P. phoxinust Moroco%2 4% % M.
keumkang® Hi 2.7/ FFHAHAFE gt
ol 7bg B2 F3te] KA BT

olg1gt FEAHFE EZ Upholt(1977)9
Tl 9% TEHEHE] v (FHFH FrA &
&(pagh)S 738 Az Table 49 2t M.

Ad dAd. Morocod 4% Phoxinus%
1379 H33 471288 p=0.137(F=
0.114)Ht}.

Table 42 971212 &4 Bz 3o o594
FAHRAE dendrograme & A% Aite
Fig. 29 2t}

ngt
g4t 3lojolul(Leuciscinae) o1 F 2%

5%
o H¥ mtDNA® A71= 16.9 KbEA ¥
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®o AFFES mtDNAZY] ¥ (15.7-23.0
Kb)Wel %39z, &= vtz
(Danioninae) &% 71 &% 712 (Cobitidae)
ofEe 2719 fAletAth(Lee et al.. 1989:
Park and Lee, 1991). S A9 =fold
= M. keumkang® 7%, 53¢ gyd¢t
Aol (R FAZH R ofztel AElA zlo] &
Kol flovt M. lagowskiiddED vpzrbz]
2 9 Hol¥=E Ueliln glo(Table 4)
R QL ol Feo AW Holg RHoln,
isozyme® #4437 (Yang and Min, 1989)
9= fFAEA Y. 22 M. oxycephalus®)
T+ BEADIH AFHTALele] o]zt 5% o]
3 vehd Hgte] & Aol Rolx glen, o
#2 =4 F/NHY] Nemacheilus toni(p=
5.6%)(Park and Lee, 1991)9 A%
Lepomis%9 L. punctatus(6.1%), L.
microlophus(8.7%) (Bermingham and
Avise, 1986)°14 JERd Fgt 2ol Falst
Aok, 28y Yang® Min(1989) <3
isozyme®M A== M. oxycephalus? AF2
SENEZ 2 XA Aoyl gleRer Ha
ok glo], et 33 2ol & B mtDNA
Aot Aolg Holm YUY dwrHowm
mtDNAS EMZAz2 dojxy PYBFE &
HAA TAFE=E isozyme datad dAZ v
st 1 o2 A% FHeFel N. toni
(Park and Lee. 19914 &% 3te] H.
leechii(Lee and Jung, 1993) %9 A%
mtDNA®4 Yefves Hat 2847 z0)
T isozymeEAdME EY3A E F217 2o
& Jebdd(Yang et al., 1982, 1991),
Avise S(1987)2 209F9 E/FTE
2 Y3 A9 mtDNAEA S A8t
=79 AgAd RE(ZE 4% 0w A
B3AAE 57149 categoryE EHle A
M. oxycephalus® 7ZAS$E
category Il &3te A2 x4 At &
AA AelE KEddvtn Bu isozymet
mtDNAS] Aol = A F3 o] REH G
Ae)d A F FHA s8glcl SHE Aoz

}

o

ool 2 ot [0

Q

rN
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fFAE D, T founder effecti}t genetic
drift@7del ot fHz o] AA LA
T A1, 5% ZAFA(haploid) & 3l &4
Holgo] & mtDNAL A% eld st 474
ztel g AA FEE £ e v, AF Ao A
E9 isozymed] A= - 59 AR A
of #ostnz Y9zt Aeolrt mtDNAKRTH 4o
Aoz AHA ved 4 e Aoz 28 £
oy oz Het | 477 g

MtDNA®AA 4Ed 97149 753
Fre ddH oz v {2418 Moroco%d
M. lagowskii®t M. oxycephalus*}e]l7t 7}4
7AW gH (p=7.15%) M. semotilus,
M. keumkang €22 °|% 2% & &
AHAAE 23 Uyt (Table 4, Fig. 2). ol&
isozymeolX €& ZA(Yang and Min,
1989) ¢ & dX &tk Morocod HAS 23t
Ho pEel 10.8% 2 =4t Zaccod o F(Lee
et al.. 1989 Misgurunus % 2% (Lee et
al., 1994), Merluccius% 2%9 3 %
(Becker et al., 1988)% Salmo% ©l& 4%
o P p#t(Gyllensten and Wilson, 1984)
I FAME 2E el T ey, f31A Wo)
et & Lepomis% 9% 3+ g(p=
20.1)(Avise and Saunders, 1984)c)\} &=
A FMFEA BE HE BEF =7 vag
e e Rana% 4%9 3% (p=19.9)(Lee and
Park, 199D Ett= 2}t }¥H Morocos o
Phoxinus%7te] 3o pite 13.7%%4 H&
vl o}# (Danioninae)®l Zaccod Z. temmincki
2% Opsariichthys%el O. bidens$tel 47t
B pak(12.2%)# FAelETH Lee et al.,
1989). z2vt oA F FJA =& F £
o By e= 2+ BRTvid Alejg Hola 9
of 4T AFHZ FE2Ie ¥R A=
At

MtDNA®A ojg £3pdd) #%3-& Brown
F(1979)°] ERFFEE 3o 2%9 47144
o B3E 1Uhdd e s SAR1Y R, Vawter®
Brown(1986)% t& HFFEAM FA v &

2 o] gol FAHE A4 Hl AT}, o]Zs] F
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& 3P Moroco%2l M. lagowskiish
M. oxycephalusy <F 3509bddo) 23} =

Moroco%3 Phoxinus%-& oF 70097hd = o
slel Aoz FAHEAN (Table 4). o]dd £3t
& Yang® Min(1989)e] Morocod &
gt isozyme B8-S o T, T E &
el #AAH ZAdEAE FEF A Kim 5
(1985). Yang¥® Min(unpublished)e°]
Moroco%3 Phoxinus% o Fol dig AZH
FABAZ B3 isozymeBM AT 2 UX
sla 9lom . ole E it daiuold o) F
3% 555 gz 3 £ &30e] EIFEe
AZH FATBAE 98 mtDNAG T (Lee et
al.. 1989)% isozyme¥+A3(Yang and
Min, 19897t M2 dAstn U=AH FAI8E
Atk & pgtol 97 o]E9 F31A17](Brown
et al.. 1979 AMAA ZAA] HA B
gt AlEEN R T4 FFolF
o] ¥z} Al7| ¢ At Ut
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mtDNA Analysis of 5 Species of the Genera Moroco and Phoxinus (Pisces,
Leuciscinae)
Mi Sook Minl, Yung Jin Kim2, and Suh Yung Yang! (1Dept. of Biclogy, Inha University Inchon
402-751, Korea, 2Dept. of Biology, Chungnam National University Daejeon 302-764, Korea)

mtDNA analysis was performed to investigate the phyletic relationships of 4 species of the
genus Moroco and one species of the genus Phoxinus (Subfamily Leuciscinae) inhabiting in
Korea. The genome size of mtDNA ranges between 16.5Kb (M. keumkang) and 17.5Kb (P
phoxinus). The species specific fragment patterns were observed in the digestion with the
restriction enzymes of Bcl I, Bgl I, Bg! Il, Hin dlll, Pvu ll, and Xba I. The average nucleotide
sequence divergence (p) among populations within each species was more or less constant (less
than 1% difference) except the Cheju and Muju population of M. oxycephalus (p=5.3%). In the
congeneric species comparison, the average value of nucleotide sequence divergence between M.
oxycephalus and M. lagowskii was the least (p=7.2%) whereas the value between M. keumkang
and M. semotilus was the most (5=12.4%). Intergeneric difference between the genera Moroco
and Phoxinus was p=13.7%. Based on the estimated divergent time (Brown et al., 1979) of
these species it is assumed that they are speciated during late Pliocene to Pleistocene epoch. The
results of this study are fairly concordant with those of the isozyme study (Yang and Min, 1989).



