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ARG vreR 67 JAdE F 157 A
253 AAE FHHE 5x5mm), F(FE 3
X3mm) 2 W71EZH7)(300V)E ol &3l s
Aot en 47l 2%9 vimg st digrat
Paramisgurnus dabryanus 17} A% 7744
E AXTYsle Aglw @ FEA ) o] g3}
%thH(Table 1).

2) REUXEY

FAZAEN S st AL A 4RFA
dry ice(=70°C)oll ¥ 5A1A d¥ds gnre
F Yang 5(1991)¢] Wl ot Ar|F 54
Agg HEstn, FHx BHE A% Y9 3L
A #7199 E2 Selander $(1971). Yang
(19919 ol uiet 3 AR AV|ded
(horizontal starch gel electrophoresis)&
AAslgek. ArdE 23 2 WY e Table 2
o 2ok HIGE F Ao 4 54 P HEzL
4 ©lzlo) H7)Yg % (electromorph) & o] &
&t 2 AAE fH8AY WX (genotype

Table 1. Collection localities, dates and number of specimens for the horizontal starch gel electrophoresis of the

genera Misgurnus and Paramisgurnus.

Population Coliection Localities Collection No‘. of
Date Specimens
M. anguillicaudatus
1. Pocheon: Kyonggido, Pochongun, Naechonmyon. Oct. 02, 1989 20
2. Kwangreung: Kyonggido, Namyangjoogun, Jinjeobmyon. Jan. 19, 1992 13
3. Paekryeong: Kyonggido, Ongjingun, Paekryeongmyon. Sep. 23, 1991 20
4. Kangkyong: Choongcheongnamdo, Nonsangun, Kangkyongeub. Nov. 10, 1991 20
5. Sanchong: Kyongsangnamdo, sanchanggun, Sicheonmyon. Oct. 27, 1991 20
6. Hadong: Kyongsangnamdo, Hadonggun, Jinkyomyon. Apr. 22. 1991 19
7. Wando: Chollanamdo, Wandogun, Wandoeub. Apr. 21, 1991 9
8. Yungduk: Kyongsangbukdo, Yungdukgun, Chooksanmyon. Apr. 24, 1991 20
9. Sockcho: Kangwondo, Sockchocity, Sorakdong. Mar. 30, 1990 10
M. mizolepis
10. Jinkyo: Kyongsangnamdo, Hadonggun, Jinkyomyon. Apr. 20, 1991 8
11. Uhnyang: Kyongsangnamdo, Woolsangun, Uhnyangmyon. Apr. 22, 1991 20
12. Nonsan: Choongcheongnamdo, Nonsangun, Kangkyeoneub. Nowv. 10, 1991 20
13. Kyongjoo: Kyongsangbukdo, Kyongjoocity, Hychuneub. Apr. 23, 1991 16
14. Kwangchon: Choongchongnamdo, chungyanggun, Kwangchon. Nov. 11, 1991 20
15. Wooljoo: Kyongsangnamdo, Wooljoogun, Woongchonmyon. Apr. 23, 1991 18
Paramisgurnus dabryanus
16. Taiwan: Taiwan, Miaory Dahu market. Feb. 20, 1990 7




454 Korean J. Zool

Vol. 37, No. 3

Table 2. Buffer systems and enzymes for the analysis of horizontal starch gel electrophoresis.

Buffer system E.C. No. Enzyme Condition
TC1 1.1.1.27 Lactate dehydrogenase (Ldh-1,2) 100V/3 hrs
(pH 8.0) 1.1.1.37 Malate dehydrogenase (Mdh-1,2,3)

1.1.1.42 Isocitrate dehydrogenase (Idh)

1.1.99.5 a-Glycerol-3-phosphate dehydrogenase (aGpd-1,2)

1.2.1.2 Glyceraldehyde-3-phosphate dehydrate (Gapdh)

26.1.2 Alanine aminotransferase (Alat-1,2)

2751 Phosphoglucomutase (Pgm)

2.74.3 Adenylate kinase (Ak)

2.7.3.2 Creatine kinase (Ck)

4.2.1.3 Aconitate hydratase (Aco-1,2)

53.18 Mannose phosphate isomerase (Mpi)
LiOH 34.11.11 Peptidase (Pept-1,2) 300V/3 hrs
(pH 8.1) Esterase (Est-1,2)
Poulik 1.1.1.1 Alcohol dehydrogenase (Adh) 250V/2.5 hrs
(pH 8.2) 53.19 Phosphoglucose isomerase (Pgi-1,2)

General protein (Gp-1,2,3,5)

™ 1.1.1.40 Malic enzyme (Me-1,2) 100V/5 hrs
(pH 7.4) 1.1.1.43 6Phosphogluconate dehydrogenase (6Pgd)

1.1.1.49 Glucose-6-phosphate dehydrogenase (G6Pdh-1,2)

2.6.1.1 Glutamate oxaloacetate isomerase (Got-1,2,3)

4.2.1.2 Fumarate dehydrogenase (Fum)

frequency)& & ¥ BIOSYS-1 program
(Swofford and Selander. 1981)& Ah&3&ko] 2zt
Z 2 g9 fAANE(allele frequency),
FAAE BTAEIRF(A), FHYUN=(%
polymorphism, P) ¥ #dxgN 2y &
HE )P HEA AFAYIE (observed hetero-
zygosity, Ho)9} FAxRIZe 2§ ol &g}
71 X ¥l % (expected heterozygosity, He)E
Tt A 2 FUY {1 ¥olg =AY
o 7 e 2 T £AF 2dBAE 53R
HNx=E ENZ 3l9 Rogers(1972)2] %474 Z
AX](S)2} Nei(1972)8] #3148 xolA(D)E +
At Ar1el 2AR(S) 2 A]A(D)E B
2 Sneath ¢ Sokal(1973)9] Widl wma}
UPGMAWRY 22 dendrogram< A3z,
Nei®] D & o] 83t Nei(1975)9 #3tddh
AEie ohe} F3te] E3AdE FF A

R

Rt v &el ujRy, ¥R 2 o
WAy Paramisgurnus dabryanus® #7313
Ho] g AolE EA3FY] 3t 3F 1670 I
260704 (Table 1)ol Wt H719FE HAs}
Aok, A7NAF5E A A 21FFY B4
H &AL dRAA 37709 325 HE3D
on olF {HA Wi FHAAE dPAdA W
ZE 73 A3 Table 33 2l AA 37709
%47 % Ldh-2. Alat-1,Gp-1& @24
Misgurnus® 2% tiwte} Paramisgurnus
dabryanus?tel B4} /FAAZ Wzt gl
o w3 T A9y AS Adh, Ldh-2
Alat-1,.Gp-1. Gp-2. Gp-5 2 Got-2 T 77}
FH2(18.9%) = e ®Weolglel mono-
morphicdtd . Yozl §AAA F Mdh-3
aGpd-1, Alat-2, Idh, Aco-1, Ck, Ak,
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Gp-3. Me-1, @ Got-3 5 YN +Hx(24.3%)
E 1-270 FAdolMut "WolAr HA= o
HolfAle] tHEdA NEE aGpd-12 HEA
Nx7t S5 0.167 ey B fAz
o] Wo] P2 W= 0.025-0.109 ¥e ¥
T2 Z¥3de. vRgA 67 Ade WA 37
N #4x F Mdh-3. Ldh-1. Ldh-2, Idh,
Aco-2, Gapdh, Alat-1, Pept-1, Est-1,
Gp-1. 2. 5, Adh, G-6-Pdh-2 5 1471 &4
ZH(37.8%)< Weol7k A& gle] monomorphic
Aoy UnA] fFHzte #els: JEhY.
Hol & Jerd 237] 1A 5 Alat-2, Aco-1,
Ak, G-6-pdh-1 T 471 FH2H10.8%)NM =
A& FH M Aco-12 9 HIEZ} 0.15001
€ ¥ B ¥o] fAHA REEs FAKIL%) Y
bt AmAwe A$ Mdh-1b, Gpd-12 o
gzl & 92 I e B ¢ g Jdnf
HHAAEC] E2RE(025%)2 2dste Aol
g 59°W aGpd-2 #AA ol Haet
AFHEe aGpd-2¢ WPAA W=t zhzt
0.875, 0.7752 2 o] aGpd-2¢ HWHEY
2ZtZ monomorphicstAl YEd Az AolE
Btk =3 Me-19 AS YA =ydd2
Me-1924 & FAGEo] Me-1¢ WdAAA R
I zolE BAY, uiwte] P. dabryanust vl
A9} ¢ {FARE FAR S stm U
o gl de] aGpd-1b, Idhd, Pgme,
Pept-12, Adha 5 5709 diwtde n{e] of
Helxrh #A=dYg. nEe g vRgxe
Idh, Ak, Gapdh, G-6-Pdh-2, Gp-2, Gp-5
5 671 fAA(16.2%)904 A F7 Aol &

A fRANAE QR AT YA F8
o] W& MEz WAHNeY Ty UE

ol7h RS wlRA Wzyvel AP
g gk AddNE BAEA gn 67

AGEAMT ¥ Mdh-1°, G-6-Pdh-1a,
G-6-Pdh-1> HYAA7L @Ak 53 Ck
9 A% MR E APl JPPGA Feiod
4 z=g.

9 P9 444 WIPEE Haw 2
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(Table 4) vFe] 9/l e HF FHAHE
£ P=34.20%. Ho=0.099. He=0.114, &
o oxeEx 6717 ©e P=35.55%. Ho=
0.141, He=0.148 °I4x P. dabryanuse
P=45.9%. Ho=0.143. He=0.12924 3%
% P. dabryanus® ®o|7} 7VF &A e
o uReE 9 He F EAJGL o|FFF{A
Hzo 9lelA Ho=0.060, He=0.0712 ¥ o]
7} 74 wten £239e Ho=0.1322 4
2271 A w#ua, AEIGE He=0.1702
2 A7t 7HE =4 Jebgd vdeRle 3
FH ol AEAe 7Igix] BF Ho=0.169%
He=0.2028 71} & ®lol& BT &4 F
o] PR HE(Table 3)E o] &34
Rogers(1972)2] #3374 ZAX¢} Nei(1972)9]
FA7 AolxE T3 Aile Table 58 2o}
u)e 97) Fwel P 4P ZIdAE S=
0.8382 ddtaEQl oFe FuU I ZAA
(8)90%) Rute= thik gk vl 67014
e JE 2dA7F S=0.858% nlFRT =
2 A A/AE = it dRkEd o
Fo FU HAR ZAAd vE i W@ektt
(Avise, 1976:. Yang et al., 1984. Min
and Yang. 1986: Yang and Min, 1987).

Table 59 Rogers(1972) S@a& EU=
UPGMA #¥el 28 dendrograme A&
A3 (Fig. 1) Misgurnus% 2% 5=0.474
A 2 groupe® uUFolzyoy oiwit P
dabryanuse v|¥2z AGED uj$ 7HEA
cluster HRed 53 Z& 3 EFIdHe
S=0.882 FU AT F14 ZdA |49
¢ Ji7be SdBAE JehlE mREEA e o
g HAuE Hux fdFeR 9 U /o
#AAE BT

Table 59 Nei(1972) D &
Nei(1975)9] F2lo] we Bl g F&d 2
= vl e} v o 35093 FE3)
7b dojid Aoz FHHUE ol I B
gole] Ao e - oA E3s o
2 el A, &8 vt P, dabryanus
= @34 o) 72X (M. mizolepis)® Fd2 2

o] § 3t

i o

N

¢
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Table 4. Genetic variations of 16 populations of three species of the genera Misgurnus and Paramisgurnus.
Mean no. Percentage Mean heterozygosity
Population Sample of alleles of loci
size per locus polymorphic* Observed Expected™
(N) (A) {%P) (Ho) (He)
M. anguillicaudatus

1. Pocheon 20 1.5 24.3 .060 071
2. Kwangreung 13 1.6 27.0 .096 .095
3. Paekryong Isl. 20 1.6 37.8 111 .130
4. Kangkyong 20 1.8 37.8 .108 119
5. Sanchong 20 1.9 45.9 125 .170
6. Hadong 19 1.7 29.7 .069 .089
7. Wando 9 16 37.8 .092 127
8. Youngduk 20 1.5 324 .095 .094
9. Sokcho 10 1.6 35.1 132 .133

M. mizolepis
10. Jinkyo 8 1.6 37.8 149 145
11. Uhnyang 20 1.8 43.2 .136 157
12. Nonsan 20 1.6 35.1 127 .123
13. Kyongjoo 16 1.8 43.2 169 .202
14. Kwangchon 20 15 243 128 .119
15. Wooljoo 18 1.6 29.7 137 .143

P. dabryanus
16. Taiwan 7 1.6 459 .143 .129

* A locus is considered polymorphic if the frequency of the most common allele does not exceed .95 ** Biased estimate

(see Nei, 1978)
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Fig. 1. Dendrogram of 16 populations of the genera Misgurnus and Paramisgurnus based on Rogers’ genetic

similarity coefficients.
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Systematic Study on the Fishes of the Family Cobitidae (Pisces, Cypriniformes). 5.
Genetic Variations of Two Species of the Genus Misgurnus from Korea.
Yang, Suh-Yung, Jong-Bum Kim and Jae-Heup Kim (Department of Biology, Inha University,
Inchon 402-751, Korea)

A survey of electrophoretic variation in isozymes and general proteins encoded by 38 loci was

conducted to estimate the degree of genic variation of Misgurnus anguillicaudatus and M.

mizolepis from Korea and Paramisgurnus dabryanus from Taiwan. The degree of genic variation
of M. anguillicaudatus_(P=34.20"/.7, Ho=0.099, He=0.114), M. mizolepis (P=35.55%,
Ho=0.141, He=0.148) and P. dabryanus (P=45.90%, Ho=0.143, He=0.129) were higher than
the average values of other fresh water fishes formerly examined. The average genetic similarities

among the populations in each species of M. anguillicaudatus and M. mizolepis were 5=0.838

and S=890, respectively. The value of genetic similarity coefficients between M. anguillicaudatus
and M. mizolepis (5=0.467), and between M. anguillicaudatus and P. dabryanus (S=0.475) were
low, but the value between M. mizolepis and P dabryanus (S=0.834) suggests that they might be
conspecific as mentioned by Cheng and Zheng (1987). Based on the estimated divergent time
(Nei, 1975) of two species of the genus Misgurnus it is assumed that they were branched off about

3.5 million years before the present time.



