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Table 1. Collection localities, dates and sampling numbers between two alleloty-

pes of Zacco temmincki.

Types* No. of specimens Localities(dates)

MS 100 Mogdong, Kapyung-Gun, Kyonggi-Do (87°,11)
MS 116 Tongchon, Namhae-Gun, Kyongnam (88', 2)
MM 45 Sosang, Namhae-Gun, Kyongnam (88, 2}
MM 120 Sogwang, Uljin-Gun, Kyongnam (88’, 5)
Total 381

*:Mdh allelotypes

B mpkEY ] o3t o Tol el o] &5
3 QeHFerris et al, 1981, 1983; Lansman et

al., 1981; Chapman et al, 1982).

34E gk BF o o] s3H(Cyprinidae)el] &3h=
AV (Zacco temmincki)E isozyme it A3
supernatant malate dehydrogenase(s-Mdh )|
2type(MM3} MS type)o] Z4isht HERIS) 5
fbe Ads AT + oo, ALLTE 4¥
A3z} 2type Apolol| AFEAMRAET A&
Z9eolcH($x B, 1987 # 5 1987). F §
(1986), ZF2} F(1988)+= 2type o) #Elo = o]
7t & wavk ek
A A7 ZA 2type2] mtDNAL F%3l4
43t #ol BAEAS R i B2 e
ARITAE oy 0:17] wl] od <= 4 2] Z}o)
2 el fragment®] 7] zhe]lE o] &, 7

A clfg] fragment

) =3
R=pes al 4l

homology(F)2} nucleotide
o] 52| i

X E.2}9)

sequence divergence(p)g AFEs}o
FRARE LMol BN GEMET @R
43 BAE kLAl skl

MR H HA

HE

€ Tl 48R Ad HE 10874 1Y
B 1988W 5l AA 5 (1987)9]
F0 8 Mdh MM typerto] HAldl= T+ Frupol
A 16570 A 9} MS typento] A4 dh= F Al
A 216025 Fubab of 3-8 AREske] A AsH
om a &G AH S ALAE o] Aoty 4F
e APz Pukdte] Ao AhEshoict

(Table 1),

Mt DNA =&

mtDNAFE 8% ol $3le 2 ko)
, OB 2 EBEE YAl 2 A
%3le] Lansman 5 (1981)3 Gonzalez-Vil-
lasendr 5 (1986)2] wi¥l-&- c}4 W3 shed 44
shaleh. &, £AE uhlske]  K3E(X 700g)
differential F.077 83 % sucrose-step gra-
dient E.L55 %Ei mitochondria -4 Xz]3s}4d
t}. EDTAE 43} (&gl mltochondrla =
3 sAda ¥ mz SELAEE(X 20,000g)0l 2] o)
dAdx 3AE-E 3435l non-charged deter-
gent¢] nonidet P-40© & mitochondria &S 2
& x| Z t}. Sequential phenol-chloroform 2] z]
2 whil RS A A s)el om 95% ethanolo
A7 mDNAS qlo] —20°Cel | 2shaiel.

we 24 B

A=

FIERE¥E X2

£ Adedl 83 FIREER- 612
leotides ¢l 4] H.2] 2 s}z = type 1124 Ava I,
Bam HI, Bel 1, Bgl 1, Bgl 11, Bst EIl, Cla 1,
Eco RI, Hind 111, Pst I, Xba lo|gl o 2+ &4
zHg.0l A2 25 o4 mitocondrial DNAE 244]
7+ digestion#] # ¢},

nuc-

Agarose ERXE
AEE AR H2|gr A & gel loading dye(B-
Hzkgl F Aeol4] 0.8%
o]-& 60Voltel] 4] 34]
%(ﬂ(ﬁ)o}-,\,_ﬂﬁ Ethidium bromide(EtBR)
i=a %étﬂ— % UV transilluminator2 band& %+

romophenol blue)E-

agarose horizontal gel&-



238

6.5 1

44>

Fig. 1. Agarose-gel electrophoresis separation of un-
digested mtDNA(left) and one digested with Bam HI
enzyme(right); M: molecular standard marker phage
A DNA digested with Hind IIl, a: nicked circular, b:
supercoiling, c: linear state.
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Table 2. Restriction fragment patterns in the mtDNA
of Z. temmincki.

Enzymes MS(1) MS(2) MM(3) MM(4)
BamH]I 8,500 12,500 16,700 16,700

4,350 2,450

2,300 1,300

1,300

Bgl 1 11,500 8,300 12,000 12,000
4,500 4,500 4,500 4,500

4,000
Bgl 1l 13,000 13,000 13,000 13,000
3,400 3,400 3,400 3,400
Eco RI 12,500 12,500 8,700 8,700
4,050 4,050 4,100 4,100
3,700 3,700
Hind 1l 11,000 6,900 6,900 6,900
2,350 4,100 4,100 4,100
1,800 2,350 2,350 2,350
1,400 1,800 1,800 1,800
1,400 1,400 1,400
Pst | 11,200 11,200 14,200 14,200
3,000 3,000 2,450 2,450

2,450 2,450
Xba 1 7,000 7,000 7,000 7,000
6,400 5,000 5,600 5,900
3,600 4,750 2,250 3,800

1,850

1: Kapyung, 2: Tongchon, 3: Sosang, 4: Uljin.
Unit: bp
= MM&EHEAN A FLs el b
MS& @A A = =5 24 aabsglc
(Table 2, Fig. 3). 3% Hind Il fragments
2.3 kbo|}2] A2 fragment= 47 EE 25T =
Yekok 71 gslel nk o 11.0kbela 2 frag:
mentr} Vel (Figo 2,3). Eco RlIs} Pst 1
L Aeslgl & fragmentES MR o]
o] Ztypeol| wiel SfER Awke] Asbel A5
9t (Fig. 2,3). =3 Bgl 118 2}z = fragment
40 Ak Fel Bl om Xba L 7 type
= HEAY HFEo whel fragment okato] =
vb2 A Jepytel (Fig. 3).
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Fig. 2. Electrophoretic patterns of typical mtDNA between MS and MM allelotypes; M: size
marker, 1: Kapyung, 2: Tongchon, 3: Sosang.
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Fig. 3. Diagram of digestion patterns of mtDNA in 381 specimens; the molecular weight marker(M) is the
fragments generated by a Hind IIl digestion of phage A DNA. 1: Kapyung, 2: Tongchon, 3: Sosang, 4: Uljin
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Table 3. Comparative analysis and estimated numbers of mtDNA fragments among four

populations of Z. temmincki.

Enzymes MS(1) MS(2) MM@3) MM@4 1-2 1-3 14 2-3 24 34

Bam HI 4 3 1 1 1 0 0 0 0 1

Bgl 1 2 3 2 2 1 2 1 1 2

Bgl 1l 2 2 2 2 2 2 2 2 2 2

Eco RI 2 2 3 3 2 0 0 0 0 3

Hind I 4 5 5 5 3 3 3 5 5 5

Pst 1 3 3 2 2 3 1 1 1 1 2

Xba | 3 3 4 3 1 1 1 1 1 1

Total 20 21 19 18 13 8 9 10 10 16

1: Kapyung, 2: Tongchon, 3: Sosang, 4: Uljin
Table 4. Estimates of mtDNA differentiation among (1987)-2 =}od Aeto] EfEp &R YT Aok
four populations o 27, 27 2Ael = EaEe dAy, o

Populations
1 2 3 4
(types)
MS(1) — 0464 0258 0310
MS(2) 0.128 — 0333 0345
MM(3} 0226 0.183 — 0.762
MM(4) 0.195 0.177 0.045 —

Results are based on restriction fragments from 7 six-
base endonucleases. Above diagonal: fraction of
shared fragments(F) over all digests. Below diagonal:
estimates of mtDNA nucleotide sequence
divergence(p ) from approach of Brown et. al. (1979).
1: Kapyung, 2: Tongchon, 3: Sosang, 4: Uljin.
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A Study on the Speciation of a Fresh Water Fish Zacco temmincki. VII. Variation of
Mitochondrial DNA between 2 Types of Zacco temmincki
Hei Yung Lee, Suh Yung Yang, Sang Gi Paik*, Chang Shin Park, Sung Lim Yu,
and Sung Keun Lee (Dept. of Biology, Inha University, Inchon 402-751; *Dept. of Biology,
Chungnam National University, Taején 302-764, Korea)

Mitochondrial DNAs of two Mdh allelotypes of the dark chub, Z. temmincki inhabiting in

Korean fresh water, were analysed.

Samples of each type were collected from four populations, and the fragment patterns for

mtDNA of each type were explained from 7 of the eleven restriction enzymes with hexanuc-

leotide recognition site.

Genome size was approximately 16.7 kilobases. The highly typical mtDNA fragments of each

type were discovered in digestion profiles produced by Eco RI and Pst 1 enzymes. The compari-

sons of restriction fragment patterns and relative digestion maps permitted the estimation of

fragment homology (F) and nucleotide sequence divergence(p ). Between the two identical types,
sequence divergence(p ) was 0.128(MS), and 0.045(MM),; between the two different types, 0.195

(range 0.177-0.226).

These result may provide a distinct difference more than the value derived from allozyme

analysis, and a powerful new molecular approach for assessing genetic-evolutionary relationship

among fishes.



