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Table 1. Collection localities, dates and number of
specimens of Misgurnus anguillicaudatus and M.
mizolepis.

Locality Collection No. of
date Specimens
M. anguillicaudatus
1. Hadong Apr. 10, 1991 20
2. Haenam Apr. 21, 1991 16
3. Sanchong Oct. 27, 1991 15
4. Yungduk Apr. 24, 1991 20
5. Wando Apr. 21, 1991 9
6. Kapyong Sep. 8, 1991 13
7. Yungchon Jul. 30, 1992 12
M. mizolepis
8. Kangkyeong Nov. 10, 1991 20
9. Hadong Apr. 20, 1991 8
10. Soonchon dJun. 23, 1992 20
11. Maekdori Jun. 25, 1992 16
12. Puyo Apr. 21, 1992 13

Vol. 37, No. 3
< A %3 & Bernatchez ¢ Dodson(1990)%]
Ui o2 mtDNAE & 2 B4 s, n#

2]} melxe] Fzt vlwole e o
AAE & groupl R 41014 ALt £ 4
ol ALEH ATFELE 6709 F7)wHe 914,
AAdst= Pst 1, Bel 1. Bgl 1. Hind III,
Bam HI. Sma l. Xba 1l ¥ 77V A@ELE
ALE slen, 7t BAgAdEe AP LZoA
mtDNAE 24717 B3jA17l g #7199 %S
Arsder. A7IEF F geld ethidium
bromide® @4, 2L FF718tA ARG
(ASA 12, microfilm)dte] ZFe olE o
ue 7z Ao 2 e FEHAFF Y @
71218 & (P#h) 24 #33 =(Upholt. 1977)5
Fated Aty 2dAx 2 wEslFdE B4d

et

dAo o3t AFY A Ay wRaie ¢
= 2n=50. v|FIA & 2n=48= 5T
2 zbelE el vt @4 (AN=arm
number)¥ AN=64% FY<3l9ti(Table 2).
olx AAMA FAA bi-arm¥ mono-arm F 4
Ae] %A zpold ot AFEAM (Fig. 1)AT
o #eA Al G e FEFEAA
(metacentric chromosome)® 7bg¢ 2 4
Aeld whated mReje] 18 HAH =
A Al (submetacentric chromosome) & zfe] 7}
Attt EZ el s T4 FRAMAZ LA
o] slon} v el = 8o FRIAMAE
2 ew nges A3, ojreRls A4 o
Az cheke] kR 9o 14e] 2a FEFo] B

}TT =4

Table 2. Summary of karyotype analysis of the genus Misgurnus.

. Number of Position of
Species 2N AN Ag-NORs Ag-NORs
M. anguillicaudatus 50 2 3p (terminal)
M. mizolepis 48 2 4p (terminal)
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Fig. 1. Conventional stained chromosomes of Misgurnus anguilicaudatus (A, B) and M. mizolepis (C, D). Arrows

and underlines indicate nucleolus organizer regions (NORs).
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Fig. 2. C-banded-chromosomes of Misgurnus angulicaudatus (A, B) and M. mizolepis (C, D). Arrows and underlines
indicate nucleolus organizer regions (NORs).
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Fig. 3. N-banded-chromosomes of Misgurnus angulicaudatus (A, B) and M. mizolepis (C, D). Arrows and underlines

indicate nucleolus organizer regions (NORs).
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Fig. 4. N-banded-metaphase plates of Misgurnus angulicaudatus (A, B} and M. mizolepis (C, D). NORs (Arrows)
distributed in one pair of chromosome in two species were homomorphic (A, C) or heteromorphic (B, D) in their sizes.
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Table 3. Total fragment numbers of mtDNA of Misgurus anguillicaudatus and M. mizolepis.

Species Bam HI Bel 1 Bgl 1 Hind Il Pst 1 Smal Xho | Total
M. anguillicaudatus
1. Hadong 0 1 3 2 3 1 2 12
2. Haenam 0 1 3 2 3 1 2 12
3. Sanchong 0 1 3 2 3 1 2 12
4. Yungduk 0 2 3 2 2 1 2 12
5. Wando 0 2 3 2 2 1 2 12
6. Kapyong 0 1 3 2 2 1 2 11
7. Yungchon 1 2 4 2 2 1 2 14
M. mizolepis
8. Kangkyeong 2 1 3 3 3 1 0 13
9. Hadong 2 1 3 3 3 1 0 13
10. Soonchon 2 1 3 3 3 1 0 13
11. Maekdori 2 1 3 3 3 1 0 13
12. Puyo 2 1 3 3 3 1 0 13
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Table 4. The number of shared mtDNA fragments among the populations of Misgurunus anguillicaudatus.

Population Bam HI Bell Bgl1 Hind 1l Pst ] Small Xho | Total

HD/HN
HD/SC
HD/YD
HD/WD
HD/KP
HD/YC
HN/SC
HN/YD
HN/WD
HN/KP
HN/YC
SC/YD
SC/WD
SC/KP
SC/YC
YD/WD
YD/KP
YD/YC
WD/KP
WD/YC
KP/YC
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Abbreviations; HD: Hadong, HN: Haenam, SC: Sanchong, YD: Yungduk, WD: Wando, KP: Kapyong, YC: Yungchon

Table 5. The number of shared mtDNA fragments among the populations of Misgrunus mizolepis.

Population Bam Hl Bel 1 Bgl1 ) Hind It Pst 1 Smal Xhol Total
KK/HD 2 1 3 3 3 1 0 13
KK/SC 2 1 2 3 3 1 0 12
KK/MD 2 1 2 3 3 1 0 12
KK/PY 2 1 3 3 3 1 0 13
HD/SC 2 1 2 3 3 1 0 12
HD/MD 2 1 2 3 3 1 0 12
HD/BY 2 1 3 3 3 1 0 13
SC/MD 2 1 3 3 3 1 0 13
SC/PY 2 1 2 3 3 1 0 12
MD/PY 2 1 2 3 3 1 0 12

Abbreviations; KK: Kangkyeong, HD: Hadong, SC: Soonchon, MD: Maekdori, PY: Puyo.
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Table 6. The number of shared mtDNA fragments between Misgurunus anguillicaudatus and M. mizolepis.
Population Bam HI Bell Bgl | Hind 1l Pst 1 Smal Xhol Total
HD/KK 0 1 0 0 0 1 0 2
HD/HD 0 1 0 0 0 1 0 2
HD/SC 0 1 0 0 0 1 0 2
HD/MD 0 1 0 0 0 1 0 2
HD/PY 0 1 0 0 0 1 0 2
HN/KK 0 1 0 0 0 1 0 2
HN/HD 0 1 0 0 0 1 0 2
HN/SC 0 1 0 0 0 1 0 2
HN/MD 0 1 0 0 0 1 0 2
HN/PY 0 1 0 0 0 1 0 2
SC/KK 0 1 0 0 0 1 0 2
SC/HD 0 1 0 0 0 1 0 2
SC/sC 0 1 0 ] 0 1 0 2
SC/MD 0 1 0 0 0 1 0 2
SC/PY 0 1 0 0 0 1 0 2
YD/KK 0 0 3 0 0 1 0 4
YD/HD 0 0 3 0 0 1 0 4
YD/SC 0 0 3 0 0 1 0 4
YD/MD 0 0 3 0 0 1 0 4
YD/PY 0 0 3 0 0 1 0 4
WD/KK 0 1 0 0 0 1 0 2
WD/HD 0 1 0 0 0 1 0 2
WD/SC 0 1 0 0 0 1 0 2
WD/MD 0 1 0 0 0 1 0 2
WD/PY 0 1 0 0 0 1 0 2
KP/KK 0 1 3 0 0 1 0 5
KP/HD 0 1 3 0 0 1 0 5
KP/SC 0 1 3 0 0 1 0 5
KP/MD 0 1 3 0 0 1 0 5
KP/PY 0 1 3 0 0 1 0 5
YC/KK 0 0 0 0 0 1 0 1
YC/HD 0 0 0 0 0 1 0 1
YC/SC 0 0 0 0 0 1 0 1
YC/MD 0 0 0 0 0 1 0 1
YC/PY 0 0 0 0 0 1 0 1
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Table 7. Estimates of mtDNA sequence divergence within and between Misgurunus anguillicaudatus and M.
mizolepis. Collection localities are represented as abbreviations listed in Table 4 and 5.

HD HN SC YD WD KP YC KK HD SC MD PY
HD 0.075 1.000 0500 0667 0.609 0615 0.160 0.160 0.160 0.160 0.160
HN 0.016 0.750 0.667 0.833 0.783 0.769 0.160 0.160 0.160 0.160 0.160
sC 0.000 0.016 0.500 0.667 0.609 0.615 0.160 0.160 0.160 0.160 0.160
YD 0.040 0.023 0.040 0.583 0.696 0923 0.320 0320 0.320 0.320 0.320
WD 0.023 0010 0.023 0.031 0.696 0.629 0.160 0.160 0.160 0.160 0.160
KP 0.029 0.014 0.029 0021 0021 0.960 0417 0417 0417 0417 0417
YC 0.028 0015 0.028 0.004 0.021 0.002 0.074 0.074 0.074 0074 0.074
KK 0.112 0.112 0.112 0068 0.112 0051 0.161 1.000 0.923 0.000 0.923
HD 0.112 0.112 0.112 0.068 0.112 0051 0.161 0.000 0.923 0923 1.000
e 0.112 0112 0112 0068 0.112 0.051 0.161 0.004 0.004 1.000 0.923
MD 0.112 0.112 0.112 0.068 0.112 0051 0.161 0.004 0.004 0.000 0.923
PY 0.112 0.112 0.112 0.068 0.112 0051 0.161 0.000 0.000 0.004 0.004

Data above the diagonal are total proportions of shared restriction fragments (F), those below the diagonal are

nucleotide sequence divergence (p).
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Fig. 5. Phenogram constructed by UPGMA method of
nucleoyide sequence divergence (p) estimates in
Misgurnus anguillicaudatus and M. mizolepis.
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Misgurnus angulicaudatus and M. mizolepis. Ma: M.
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ANBELS p=0.0212 ojF2 dFYA Clupea
harengus® mtDNA @FdM 23" g71H
BE(p=0.029)7 o ¥=d A vEeH
(Kornfield and Bogdanowicz. 1987) F# &
% % EFA(Limulus polyphemus)o X =
p=0.02022 HAIZ FU Holgtg& 2
(Saunders et al.. 1986). Z1&jv} vlFekA] <
AL FU FH@ d71A8Eo] p=0.0022
]l Fglo] ws] vie @& XEE KA ole
3 f4 olFe WA Anguilla®g e FE
ME 1% oo HT @7IXgEe] End ut
Ao (Avise et al.. 1986) dvt<l g 7
o W& vlmA Fe IrABEIG.
MtDNA® ¥4 2 Pst 1. Hind 1lI., ¥ Xho
[ 59 AA FoM AolE Ho v|Fe& 255
THE 4+ 9+ genetic marker2 AzZtHE}
Spolsky$ Uzzel(1984)& Ranad 2%
mtDNA ¥ Mo M Rana ridibunda®
genetic marker bandel 93l mtDNA
2 typed HFEigtA 78I ol 2 type
% 817l R. lessonaest FAMGE 2AR F
AZEAE MdA9stn dd. 22 mtDNA 97
Az FA1E BHT 7tel mtDNA sequence
Aol &=
transposition. deletion ®¥& addition %4
Eddie] BEode 7 e AAQd FHA
Edol (point mutation)7} F+A&A =&
£ & AAs}A(Avise et al.. 1979:
Lansman et al.. 1981: Carr et al.. 1987:
Lee et al.. 1988). v!3rej9} nmpatA A
Faxxe A9 FRHSAA Aol7t YRLH ol
FAA EdWe] & AU EHHoZ LAY
AnY Aoz AlgEHT. £ AT ALEE A%
F4E 2% 6-base cutting E4E2A4 1 A
AF7b 11-14(0)F8]) 2 139 FaA) 224
i AHA Vet Sunfishe dF<A
Lepomis macrochirus(Avise et al.. 1984)
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large fragment® inversion.
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(1871 &4 A3 )(Gonzalez-Villasenor et
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FEHG.
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Systematic Study on the Fishes of the Family Cobitidae (Pisces, Cypriniformes) 4.
The Analyses of Karyotype and Mitochondrial DNA between the Two Species of the
Genus Misgurnus from Korea.

Hei Yung Lee, Suh Yung Yang, Chang Shin Park, Eun Kyung Jung and Jae Heup Kim
{Department of Biology, Inha University, Inchon 402-751, Korea)

Chromosomal and mitochondrial DNA variations were investigated to clarify the genetic
differences between Misgurnus anguillicaudatus and M. mizolepis. The somatic chromosomes
were analysed by using conventional Giemsa, C-baning and NORs staining methods. The diploid
chromosome number of M. anguillicaudatus and M. mizolepis were 2n=50 and 2n=48,
respectively, and the position of NORs were different. The wide distribution of constitutive
heterochromatin was observed at centromeric region on the 1lst chromosome pair of M.
mizolepis. The mtDNA genome size was 16.0 Kb in both species, but the site variation was
detected. The patterns of mtDNA restriction fragment were homogeneous (F value) among the
populations of each species as F=0.674(M. anguillicaudatus) and F=0.862 (M. mizolepis), but
the intraspecific fragment homology was relatively low as F=0.207. M. anguillicaudatus showed
higher level of nucleotide sequence divergence (p=0.021) than M. mizolepis (p=0.002). The
mean value of nucleotide sequence divergence between two species of the genus Misgurnus was
p=0.104. Based on the results of karyotype and mtDNA analyses, we assumed that M. mizolepis
was speciated from M. anguillicaudatus to the direction of decrease in a chromosome number by
Robertsonian translocation.



