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ABSTRACT

Isozyme analysis, morphometric comparison, and artificial hybridization test
wereperformed to elucidate the patterns of genic variation, morphological differ-
enti:tion, genetic incompatibility, and a probable path in speciation between two
MDH allelotypes (MM type and MS type) of the Dark Chub Zacco temmincki,
a fresh water fish inhabiting in Korean waters.

The degree of genic variation of MS type(Hp=. 023, Hg=. 021) was twofold
higher than that of MM type (Hp=.013, Hg=.014) but both allelotypes were
far less than the average genic variation of fresh water fish in general.

The average genetic similarities among 7 populations of MM type and 6
populations of MS type were S=, 947 and S=. 966 respectively, whereas the
value between two allelotypes was S=.853.

Presumed divergent time of two allelotypes was estimated to be about 700
thousand years ago.

Discriminant function analysis based on 18 morphometric characters of 302
specimens representing 12 populations revealed no morphological difference be-
tween two allelotypes.

Artificial hybridization test indicates that there is an obvious genetic incom-
patibility between two allelotypes and therefore it is assumed that isolating

mechanism is completed.
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RS 613‘] 7bAl B-gracle] g AAR o #ifEoe] fEol web thksht dubA
o F HEE) M S A el AA BARES AR EEN Aol Tl oat MK
{E(isolating mechanism)o] & A=) & b7t doldelz 2 4 9t} (Dobzhanski, 1940,
1941; Mayr, 1963).

 HHHIES TR A4S R Fol @ AHG FLHoE AR elok Gk 7
A AAAAL ele] FTel NG FLRI F2 OEMEA 3 FHgAe oEa

o -
St whebA] gl A o 2 AL Uigkfl (sibling species)oll @t FEiriE dH o] = o] sk
Sulell o] 2] BRESHIE ol o]l AL 2 BWRKEE I EEL Sirel T
A liligkAEe] ) gF A7) ) A= 2 ¢l ok (Johnson et al., 1972; # %, 1981).
At 1aF 2ol 2 o) o) B (Cyprinidae) ol <31+ 24A Y (Zacco temmincki) = 5
e A -dsit B FAE FAHE A =AA e el FEstke st diuk §
Aol & FxBE Folvh(NH, 1939; EH 5, 1976; @, 1977; ¥ 5, 1984).
® 5980 AV el e ¥ ehe] Gif(Danionidae) 9] FRN FHKkEIR 2 SEEM
o tebel Moargl vl Qlvh S B F987)-2 date] 2AY AwE BRKEELE
LrHTer A ol FEEE#H S A] supernatant malate dehydrogenase(S-MDH)e 2 type
(MM type, MS type)o] ZA|&tr] Mdheo} Peptidase(Pept) o] adstAol- sl =ofstg i o
% Mdh typeo] HHIRY S 2 FHIK R st 2w w9k
o] 5(1986)% ZAY 2 typed ML FAZ A3 o] & Alole] FE G Holst &
tal sh gl
B AT 42 AAY MM typest MS typed] 2 allelotypezte] de|# o] %% A
HEA st BEAEES ALTEERS 33 uREW #E 2 FEHERE w2z 2
allelotyped] fE4ft. A o stzat 3tgvh

HEHT

=) o]
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Bl ol A3 A A Bz 19851 490 ~1987%1 6 Alolel [I(1980), hE-(1984), ¥
(198N B g J|Fo R dto] EMA FolAEE AL, AT 177 A YA E 52470
AE At o F 137 A 222744 = BRIKENS BT EET S, 127 1Y
30270 Al = FRERIE AR&stgieh. ARAAY, AL 2 At =74 Table 1, Fig. 13
7t

1. BET A

EBET o0& %51' HRKB AL ASE AA FA dry ice(—70°Chell 2hwHiA A
AgAZ kgt & HiRE A E3ld 4°CA A HAF FFT) v &L 1:0.8(V/VHR 3
o] glass homogenizer(Braun Co.)2 MEFEEE & Sorvall RC-5B (@O BEMSS o] -8 49, 000g
(20, 000rpm) . 30:%7+ {EHEELIHE S 4530 & A3 o] A5 E EEAD ABL AL
3} =}
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Fig. 1. Map of the sample localities.
@® MS type 1. Pongpydng, 2. Marydng, 3: Kochang, 4: Yangsan, 5: Naksu-ri,
6: Tongchdén-ri, 7: Miryang, 8. Chechdn, 9: Kapyong
® MM type 10: Ulchin, 11: Kéchang, 12: Obok-ri, 13: Songgwangsa,
14: Sésang-ri, 15° Haenam, 16: Tongchén-ri, 17: Yongdok.

EHIKE) > Selander et al., (1971) 2 & %(1984)9] w4 ol wha} horizontal starch gel
electrophoresisg 4 4 819l v}, o]«] starch¥ Sigma starch S-4501)%& Ah-4-3t4 12% S x9]
gl A-&-sbelel. BEKE Wy ¥ 2712 Table 29 ok

BRIKET 27 24 BHR 4 BOHES pattern$ o] $-31o} HEETF HE (allele frequency),
¥ B 5B (% polymorphism) 9 B4 A TR (heterozygosity) 3¢ F3te] 2+ Ao}
7k RIER BR Y52 24819 5L (Selander, 1976), ETF EEES =d2sld EER F
#{E(S) (Rogers, 1972), &fHRY £RMD) (Nei, 1972) & T332 S3t& o) &34 dendrogram

o

& A4stgon) Nei(1975)9) wlel web SL4ERE HEsHE o
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Table 1. Sample size and collection localities between two allelotypes of Zacco temmincki.

Sample . No. of specimens for ]
code Localities Morpho- _Electro- Collection date
metry phoresis

MS type
1. Pongpydng, Pydngchang-gun, Kangwond-do 15 18 July 31, 1986
2. Maryong, Chinan-gun, Chéllabuk-do 28 19 July 29, 1986
3. Koéchang, Koéchang-gun Kydngsangnam-do 35 19 July 30, 1986
4. Sangbuk, Yangsan-gun, Kyongsangnam-do — 20 July 27, 1986
5. Naksu-ri, Sungju-gun, Choéllanam-do 25 15 July 29, 1986
6. Tongchon-ri, Namhae-gun, Kyongsangnam-do — 13 July 28, 1986
7. Puk, Kapyong-gun, Kyonggi-do 23 - July 27, 1986
8. Songge, Chechon-shi, Chungchdngbuk-do 34 — Aug. 5, 1986
9. Sannae, Miryang-gun, Kyongsangnam-do 23 — July 30, 1986

MM type
10. Ulchin, Ulchin-gun, Kyongsangbuk-do 21 20 Sep. 12, 1986
11. Ungyang, Kochang-gun, Kydngsangnam-do 15 19 July 25, 1986
12. Obok-ri, Ulchu-gun, Kydngsangnam-do — 15 Apr. 23, 1985
13. Songkwangsa, Sungju-gun, Choéllanam-do 29 18 July 30, 1986
14. Sosang-ri, Namhae-gun, Kyongsangnam-do 32 20 Aug. 3, 1986
15. Samsan, Haenam-gun, Chdéllanam-do — 15 July 25, 1986
16. Tongchon-ri, Namhae-gun, Kyongsangnam-do — 11 July 28, 1986
17. Yongddk, Yongddk-gun, Kydngsangbuk-do 22 — July 31, 1986

Table 2. Buffer systems and stains for electrophoresis.

Buffer Isozyme Volt & Time
Continuous tris citrate I aGlycerophosphate dehydrogenase(a Gpd) 100V 3 hrs
(T.C. 1), pH: 8.0 Isocitrate dehydrogenase(Idh)
Lactate dehydrogenase(Ldh)
Malate dehydrogenase(Mdh)
Mannose phosphate isomerase(Mpi)
Phosphoglucomutase (Pgm)
Discontinuous tris citrate Aconitase(Aco) 200 V 3 hrs
(Poulik), pH: 8.2 Alcohol dehydrogenase(Adh)
Indophenol oxydase(Ipo)
Xanthine dehydrogenase(Xdh)
Lithium hydroxide General protein(Gp) 300 V 3 hrs
(LiOH), pH: 8.1 Glutamic oxaloacetate transaminase(Got-1)
Peptidase(Pept)
Phosphoglucose isomerase(Pgi)
Tris maleic EDTA Esterase (Est) 100 V 4 hrs
(T.M.), pH: 7.4 Fumerase (Fum)

Glutamic oxaloacetate transaminase(Got-2)
6-Phosphogluconate dehydrogenase(6Pgd)
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Fig. 2. Schematic drawing showing the main parts of the body measured. Abbreviations are as

follows. BD: body depth, CPD: caudal peduncle depth, CPL: caudal peduncle length, DPL: length

from origin of dorsal fin to base of caudal fin, ED: eye diameter, EDL: length from origin of

dorsal fin to hind part of eye, HL: head length, IOW: inter orbital width, OA: origin of anal fin

length, OV: origin of ventral fin length, SL: standard length, SnL: snout length.

2. WRESIT

Zb AA o] g #d 332 Hubbs and Lagler(1964)2] w4 w8 sle] Fig 2. 9} 7o
fufBe] 1270# ¥-91% 0. imm 9] 9] dial caliperd A}-&, Z43}¢gi 3 anal fin ray (AF),
dorsal fin ray(DF), ventral fin ray(VF)9 4% Zalslg st {i#f (lateral line: LL)-& & 3
Wil 44 ol 43l Fhwsigl e

2+ 242 & o] 83le SL/HL, SL/BD, SL/CPD, SL/CPL, CPL/CPD, HL/ED, DPL/EDL,
SL/OA, SL/OV, BD/CPD, CPL/HL, CPD/HL, HL/IOW, HL/SnL¢] u] % L.L. DF, AF,
VEY 4= 5 187}4 A g ol & 7 Awkzk Jel A Aol & AR 2 WHWLEE °
£-3}o] discriminant function analysis(Sneath and Sokal, 1973)& SPSS-X program-g- o] -&
EEERE 39t

3. AIZ¥

AT 2 gt AAEe A el Ade] A=MM type), F4= 3 (MM type,
MS type) 2l FUx 539 A FMS type)el A A5kl A E 34 e

AR AAES AR A} R L), BAREEHstIA AL M - gL K
BEEE xo]y] $3+9 human gonadotropin (I 659, Japan)g A A¢ A 1g% 0.1 LU.&
B FAbskg ek dE-e AEHE A5E G HEel sh . e shste REIR
& wed UL PYSE FANA AL MTE DAL HE o & RIS T
T ZhRA F JmEAF L

ATZH A4d AAE 15% ol 2 dryiced] ZdAA 442 4k, Mdh type
< B3gin

# g

1. BRMF SR
2 AV (Zacco temmincki) supernatant MDH isozyme®] MS types} MM type #}o] 9] &f&
By R D EHEGRE 9sl7] 913k MS type 671 3 104703 & MM type 770 A=t 118
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Table 3. Allele frequencies between two allelotypes among 13 populations of Zacco temmincki.

MS type MM type
LOCIIS . e [ - T T e —
1 2 3 4 5 6 10 11 12 13 14 15 16

Aco a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adh a 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Est-1 a — 0.60 — — 1.00 — 1.00 0.68 0.37 0.97 100 0.97 1.00
b 1.00 1.40 1.00 1.00 — 1,00 — 0.32 0.63 0.03 — 0.03 —

Est-2 a 1.00 1,00 1.00 1.00 1.00 1.00 1..00 1,00 1.00 1.00 1.00 1.00 1.00
Fum a — — — - - — 100 1.00 1.00 1.00 1.00 1.00 1.00
b 1,60 1.00 0.95 1.00 1.00 1.00 — — — — — — -

c — - 0.05 — — - — — — — — — —

Got-1 a 0.03 0.05 — — - e - — - — — — -
b 0.97 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Got-2  a - = 005 - - - _ = = = = = =
b 1.00 0.92 0.95 100 0.97 1.00 1.00 1.00 1.00 0.94 0.25 1.00 1.00

c — 0.08 — — 0.03 — — — — 0.06 0.75 — —

Gp-1 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Gp-2 a 1.00 1.00 1L00 1.00 1.00 1.00 1,00 1.00 1.00 1.00 1.00 1.00 1.00
Gp-3 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1,00 1.00 1.00 1.00 1.00 1.00
aGpd a 1.00 1.00 1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 1.00 1.00 1.00
b — — — - — — 0.05 — — - — — —

Idh a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.97 1.00 1.00 1.00 1.00 1.00
b — — — — — — — 0.03 — — — — —

Ipo a 1.60 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ldh-1 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ldh-2 a 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Mdh-1 a 1.00 1.00 1,00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Mdh-2 a — — — — — — 1..00 100 1.00 1.00 1.00 1.00 1.00
b 1.00 0.79 0.92 1.00 0.57 1.00 — — -— — — — —

c — 0.21 0.08 — 0.43 — — - — — — — —

Mdh-3 a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 L.00 1.00 1.00 1.00
Mpi a - — 0.08 — 0.03 — — 0.03 0.03 — — — —
b 1.00 1.00 0.92 1.00 0.97 1.00 1.00 0.97 0.97 1.00 1.00 1.00 1.00

Pept-1 a 0. 03 — — — — ~ — — - — — — —
b 0.97 1.00 1.00 1.00 1.00 1.00 — — 0.53 — — 1.00 —

c — — — — — — 1.00 1.00 0.47 1.00 1.00 — L00

Pept-2  a 0.03 0.03 — — 0.03 — — — — — — — —
b 0.97 0.97 1.00 1.00 0.97 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

6Pgd-1 a 1.00 0.97 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
b — 0.03 — — — — — — — — — — —

6Pgd-2 a — 0.05 0.08 0.15 — - — — — — — — —
b 1.00 0.95 0.92 0.8 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Pgi-1 a — — — — — — — — — 0.06 — — 1.00
b 1.00 1.00 1.00 1.00 1.00 1.00 0.83 1.00 — 0.94 1.00 1.00 —

c - — — — — — 0.17 — 1..00 — — — —

Pgi-2 a — — — — 0.07 - — — - — — — —
b 1.00 1.00 1.00 1.00 1.93 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Pgm a — - — — 0.07 — — — — — — — —
b 1.00 1.00 1.00 1.00 0.93 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Xdh a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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AANE 4oz BRABE A 1857 BHFE 2 BEHEIA & 2749 EETE
BT A 2 EET A EET EEE Tste o (Table 3).

SBET BES Mdhol 7% 27 Yang and Min(1987)-& supernatant MDHoel| & T
#i(gene duplication) 348 ¥ 3 v} Qli=d] o]o] ulz} Mdh-1, Mdh-23 supernatant
MDHoe] v Mdh-3% mitochodrial MDHo] &},

2770 T2 Aco, Adh, Est-2, Gp-1, Gp-2, Gp-3, Ipo, Ldh-1, Ldh-2, Mdh-1,
Mdh-3 5 Xdhe] 1270 $ET(44%)= 2 allelotypezto] A& o]} g¢lo] monomorphic 3}
St el ] 1678 EET (66%) = A wtzkel &R BRsL sl

BREZ el 157 T35 Mdh-29} Fum’= 2 allelotype Abo]oll 5238 o] 7h gLt
Z MS type® Mdh-2°, Mdh-2°9 HFE ztx 91 wlv] MM type 25 Mdh-2¢ H¥E
monomorphicsl ¢ v}, = MM typed Fum® HFE, MS typed Fum® [N7-% zta glor
A% A5t MS typed Fum®s} Fum PRF-7} 8 w75 Qdvt, Pept-19] -5 2] MS type
A3 64 A kol Pepr-1* WFE 23 93 %% MS 5@ 174 we] Pept-1¢ PAT-% hetero
A2 AAZ 99k, MM typed Pept-1° T2 771 A k%E 57 % ghol A monomorphic
St ot 258 Awk Pept-1°9} Pept-1° [Nf7) FA ol HARG g At Pept-1°
HTabs defFste Zle® et MM type A4V ¢ sbo] & vreh 2 918l

el 2] SEET5 Got-1, Pept-2, 6Pgd-1, 6Pgd-2, Pgm % Pgi-2+= MS typec] A t,
a Gpd, Idh, Pgi-]> MM type 7 gho] A ul <bzke] #RAE vhehv glch

ZAAY 2 allelotypezte] sy MRA XS 452 Asbe Table 494 Zrh 137 3 e
2 EET S A B RTHE A=1 10095 Fi £ HiEE P=. 1002 i fOEe

Table 4. Mean number of alleles per locus, % polymorphism and heterozygosity between two
allelotypes among 13 populations of Zacco temmincki.

Number of Mean No. of % of loci Mean heterozygosity (H)
spe(cI\iIr)nen ﬁg:}less(ggr polyr(nlg)rphic Direct count By gene freq.
Hp) (He)
MS type
1. Pongpyong 18 1.1 11.1 0. 006 0. 006
2. Maryong 19 1.3 25.9 0.047 0. 048
3. Kochang(MS) 19 1.2 18.5 0.025 0.024
4. Yangsan 20 1.0 3.7 0.011 0.010
5. Naksu-ri 15 1.0 22.2 0. 049 0. 036
6. Tongchoén-ri(MS) 13 1.1 0.0 0. 000 0. 000
MM type
10. Ulchin 20 L1 7.4 0.013 0.015
11. Kéchang(MM) 19 1.1 11. 1 0.019 0. 020
12. Obok-ri 15 1.1 11.1 0. 035 0.039
13. Songgwangsa 18 1.1 11.1 0.010 0.010
14. Sosang-ri 20 1.0 3.7 0.011 0.010
15. Haenam 15 1.0 3.7 0. 002 0. 002
16. Tongchén-ri(MM) 11 1.0 0.0 0.000 0. 000
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o gkel wld] A debdeh BEEBEAT FEME AR #dd ®RAEST HEMD
BET FHEC % REEAT BAEE Mo (R, 198)EF Fdstdch A4 243145
4 46,1602 2 type o)A BRI A glglom, 2 allelotypezrs] i RAEEE
AT #HEE MS type 9] 3 Hp=.023, Ho=.0212, MM type w2 Hp=.013,
Ho=. 01424 MS type A to] MM type wcb o 2ff A= M7} %A Jebgteh

Table 39 &EF HEES o] 43-o] Rogers(1972)9 MY HEBMHEE) S Nei(1972)9] 3B
By BEN EREDO)E 73 A3 Table 594 7k

MS type 5 433t 5 At Abolsl S=.9972A4 1A SEHEERIT JPRA ez,
MS type 671 A =te] Aty JTHkfEE S=.96601 93 MM type 771 A wte] Fiy FEMEE
§=.9472 A4 suA debstou, MS typest MM tyypezts] 7y sEliy JiEE S=
.8532.8 FE e Xo]lE myrh

Table 59] 7t& o] %3¥}¢] dendrogram-& #4 &l A 5} 741 MM type=t MS typeo] 2 group
2.2 v 2 allelotypezte] o] = i} (Fig. 3).

T BER ZRELE 2 typeZke] D= 145¢ o Nei(1975)9] F4 o] w2} 2 allelotype
ZHe 1 SERE HEES AF oF 7084EA 4bE Ao FAHg

2. R oiF

ZAY 2 allelotype & 1270 Ao 3027021 & A2 2 18 WES ¥4 8 As}be Table 6
3 2 '

1871 JBEF fin ray 5 A Aol SAIAL el BHS Aol vt} Fzr9 =

Table 5. Genetic relationships between two allelotypes among 13 populations of Zacco temmincki.

Rogers’ coefficients of genetic similarity(S) were given above the diagonal, and Nei’s
distances(D) were given below.

MS type MM type
1 2 3 4 5 6 10 11 12 13 14 15 16

MS type
1. Pongpyong .962 .984 . 991 .937 .997 .842 .086 .885 .847 .823 .887 .813
2. Maryong .016  — .960 .959 .964 .961 .860 .878 .856 .870 .847 .907 .832
3. Koéchang(MS) .001 .016 ~— .988 .935 .987 .838 .858 .854 .845 .821 .885 .809
4. Yangsan .001 .016 .001 — .933 .994 .838 .856 .85l .843 .819 .885 .809
5. Naksu-ri .046 .009 .045 . 047 — .938 .877 .873 .846 .882 .860 .921 .848
6. Tongchon-ri(MS) .000 .0L6 .001 .001 .046 — .844 .862 .857 .849 .824 .890 .815

MM type
10. Ulchin .162 . 123 .160 .165 . 112 . 163 — .978 .923 .989 .964 .953 .964
11. Koéchang(MM) .138 . 116 . 136 .141 . 116 .139 .005 — .930 .983 .959 .951 .949
12. Obok-ri .135 .129 0132 . 137 .139 .136 .053 .054 — .918 .891 .922 .919
13. Songgwangsa .158 . 120 .156 .161 . 111 .159 .001 .003 .063 — .971 .959 .962
14. Sosang-ri .186 . 141 .182 .189 .133 .187 .023 .025 .089 .018 — .934 .935
15. Haenam .116 .078 . 112 . 117 .069 .1156 .039 .041 .061 .038 .060 - ,925

16. Tongchon-ri(MM) .204 .164 .202 .207 .153 .205 .033 .060 .066 .034 .060 .077 —
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CANONICAL DISCRIMINANT FUNCTION 2
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Fig. 3. Dendrogram based on Rogers’ coefficients of genetic similarity(S).
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Fig. 4. Discriminant function analysis between two allelotypes among 12 populations of Zacco

temmincki.
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Table 7. Artificial hybridization tests of two allelotypes of Zacco temmincki.

{ 3 iljlgérgifniztgeg; Mortality rate Remarks
1. MS x MS 300 15hr 40hr 48hr lost during
(a)* (a) 0(0%) 32(11%) 6(13%) experiment
2. MS x MS 360 91(25%) hatched after
(c) (e) 56 hrs at 25°C
3. MS x MM 500 7hr 24hr 48hr 73hr
(a) (b) 14(3%) 64(16%) 94(34%) all(100%)
4. MS x MM 106 15hr 39hr 48hr lost during
(a) (b) 16(15%) 37(50%) 35(83%) experiment
5 MM x MS 400 shr 53hr lost during
()] (@) 15(4%) 241(64%) experiment
6. MM x MS ? 2hr 53hr
(b) (a) 8 all(100%)
7. MS x MM 193 412(74%) hatched after 91
(a) (b) hrs and all died

after 10 days

* a. Tongchon-ri, b: Sésang-ri, c¢: Pongpyong.

ol & glglot HES Aol E ek & 4 glsith

2+ JHES HE Sneath and Sokal(1973)¢] Jjpg:o & SPSS-X program- o] £ discriminant
function analysis® T E M sle] function 13} function 2¢] 7h& plotdl A3 MS type 77
Awsh MM type 51 A%k @A SR BESel HET AE Bel ¥+ ddln

(Fig. 4).

3. ALSH

2 allelotype7t9] /R TIHEME TEE 2A18l7] 98t ATSRES AA% #AE Table 7
 zEct,

9 MS typerhe] %l 191 4% BHF 154259 IS BIEEL 0%2 ko) £2
A AAHGen] 047, 4847 AT EIAS 11%, 13%2 A Soletgh
B type ZALSl B8 A 29 ASE BHF 5647 o] FRE L3435 A Fhe] 75%9

384 (hatching rate) ¢ vbebi9leh, @8 hetero typezts] Zfilel 39 A%, BHF 747
A4 3% BOEACIA 2442k, 4847 ATl L 16%004 3M%E Farslen 724
Ol 100%9) $OEHE GRSl 459 AHE A RESAS Fadol Wy a
o} ZpE Al7re] AFharel wheh ] TA Foleha Qorl 69 49 39 A9
o ko] 10056 SOLRE elilsien el T A0 kel w1 Erp.
Qi Yshoh W9 YA 102 A 4 F b5k

% %

ZAY (Zacco temmincki) &= o) &1 Bt (Cyprinidae) 9] 13 werol 24 dits, o g F
9 oy f)llel sfiete Feolvh(NHE 1939; Ei &, 1976; &, 1977; M, 1980). g
21} 7bA )= supernatant MDHol] MS heterozygote typest MM homozygote typeql 7+7
Yt 7= 3 SS homozygote typed FAs| IAsA &3 gleh. =g MDHZE MS type 2

e
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AU Pept-114 MM homozygote A}e] 2 }elvte] MM type @AV = Pept-10] SS
homozygote® w#io] siv] A% typee A& epbz A vk ZAY 2 typed] i
Hlfel A = 2 type ubo] vrehvbe] ZFE typed vrEhvbA] obw TR 5, 1987).

o] & 2 allelotypee] o 3t {54774 3 (Table 3) WMREE Vel EETFE Mdh-29
Fums= 2 allelotype Ake] o] Sk gl o]z} ggleh. 2 typed] MEAY iR & Fd= A
8 A% Mdh-2, Fum, Pept-1, Pgi-1 % 47 SEMET 7} 2 typezlol $tAs] o+ HEET
2A hetero typeE -2 A& WSAEx & Aoz wol 2allelotype Afolo] AT HREHY W
Bt 4990 AR

A A BERN BRAEE ADd 27, @A 27d 9 AAA A4, e
Z5e BAREY A, 4% mating pattern 5 SR 2ol oo FFAeh AA 2
AW e Ty EEN BRAEE A=1 10, P=.10, Hp=.018, He=.01724 o] gt&
At AFEEo] EEW BREY G F2 glold fib (UEREY Abff) v E X 3t
o] v} (Avise and Selader, 1972; Avise and Smith, 1974; Selander, 1976; Buth and Burr,
1978; Patton and Yang, 1977; Nevo and Yang, 1979; Zimmerman ef al., 1980; Ferguson,
1980; Ayala, 1982; Sites and Greenbaum, 1982; #, 1983).

2 allelotypezte] 75 RAMEAT WHES vlas] £ of MS typed] 7% Ho=. 023, He=
02124 MM types] Hp=.013, He=.014 2t} 2{% A% 877 =4 vepydoh ol: @
(198D AAY 2 typed] il A% WA wpe} o] #AY MM type F gt F2
Tk FASE & FA] A4 se] MS typeel vldl kM (LHES SfiekE A
o2 ujFo] Bop Aol uhl Ay 2719 o] W HERZEHIS g4 ol wE Alwe
2719 #AA7F ek of A4 # (Soule, 1976) Galapagos finch(Yang and Patton, 1981)9} 1H
MR Astyanar mexicanus(Avise and Selander, 1972)¢] 73 99} 718 A z}u} A€o},

o] ol A EMAY F# (gene duplication) & Aol PGI(phosphoglucose isomerase), MDH
(malate dehydrogenase) Z-of 4 HE.xzxl v} 9l =4 (Bailey et al., 1970; Whitt, 1970; Avise
and Selander, 1972; Avise and Kitto, 1973) #-A 1] ¢] supernatant MDH (Mdh-]1, Mdh-2)
o Al = EET Bl S bl glo], supernatant MDH% Mdh-2= Mdr-19) ST
Hiel o8k Asteise ofy|e] Mdh-2¢ 9 Mdh-2" R-7 dAHgedet 2 (Yang
and Min, 1987).

ZAAY A cte RER FTHERRT MS type 671 Fxtsk MM type 7 Ao i Ik
fiirh 2+ 7t §=.996, S=.947% 7I7tAl vhebt b EREel EEW AR FEkES f4
3tg vk (Johnson et al., 19725 Avise, 1975; [ - %, 1986). 2]v} ZAY 2 allelotypezt9)
SEIEY ST#ES S=.8530.2 o] & e gtk

2 type Abole] ¥y f{#fy ERMEE D=.145( 078—.207) 24, o] #E o] &3to] Nei
(1975)¢] T2 o 93t HFENRES HEESE Ao oF T084EA A b Aok #Em= o

o] & ¥ etu it (Danioninae) o] 2] 3 etn] (Zacco platypus) o} A7} oF 100EEA S 4
R F( 5, 1984), ZAY 2 allelotypee] & Zol el Aoz Aladr}l. 538 BRI
Byfgoll A ZAY MS typeo] | 2tu]l Mdhol TUE o] FEFE ZAa o] THES T £ ¢
£ HoE wFe] Bol dzulelA ZAY MS typeo] WA b= 2 Fol Lk BE
(BE, BMEBEBFHFER, K )4 FEER MM typeo] 2RM2E ke Rolel o Azl

-
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WL IO A 187b4] THREIETS] Hesh FHEES vl ¥4 Ash, zApE 127 At
olo] #HE3F Ho}7} 9lglx discriminant function analysis A3 (Fig. 4) AA ZAY A=t
o] ekl FH= ol JRERY EIE RolA ¢sich

QAo Wikl ol MRS W fAstel 4w ¥4o] B9 ske] Lynch e
al., 1977; Mayr, 1969), whebA ol A& x#fste] 274 2 typed] A F GoF P Wi
FWEEE S o] &3 Ay F42 83,

o] £(1986)-2 ZAY 2 allelotyped] M r#iol A 2 typed] Y@ 2n=48% 7o}
et @l SRRl A= FRE Aol 7 sloha sk

AAY 2 allelotypezbel R ERE wolAl kot R AR (S=.853, D=.145
gAY MRS woli AL A& %49l Drosophila group(Ayala et al., 1970; Yang et
al., 1972), kA4l 8V 4 4 A F2] Hyla japonica$) H. suweomensis(% 5 1981), &5
ol Pseudoeurycea smithio} P. unguidentis(Lynch et al., 1977)9 7 %-9} Flstc} s+

g A 2 allelotyperte] S XR4E(D=. 145)7F %7t ol 59| % ¥ 3 (Sicliano et
al., 1973} hlitkfael ¥ T3k (Nei, 1975; Ayala, 1982; Guttman and Karlin, 1986)0l ¥| 3|
o]~ e zloz  Pleistocene Ao} ksl ZAog wzw T4 %% Hynobius
leechii(i# %, 1982)9} o] §-ql Moroco lagowskiist M. oxycephalus 259 Sr4kiRgiA(Ed-
%, 1986) Btk ZAY 2 typee] b Frlol o] Folzl Ao AEsh

Table 7] ZFd A& Az} 49} 7o) homo allelotypezte] ZEfiteE /A =3 o HILAE
o] Yowl 337} 7H5stg L, hetero allelotypezte] ZRLE 1S Fotdo]l w4 xor &
AR A A A E ot Foll BF Aud A o2 veyieh ey AAY MS
typest MM typeo] FIHERIQl AHdA st Auiol A AF type AAFol vebhAl ge A
isozymeo] U} %Mo R Eo 7 wol ZAY 2typeZtel & RN FREEHEIE (solating me-
chanism)o] A d Hon Agxvh ¥ A% A7 2 premating isolation mechanismel 7}
postmating isolation mechanismgl7bi= 1@ 4 glorv] of AL ke FR&ok & A

2 o7l e

]

B

sHF A ol Fol A AY (Zacco temmincki) €] supernatant MDHE 2 type(MM tyre, MS
type)o] ure gl om o] E7+d AF typed FAIEHA ehvh o] 2 allelotypeo] o @t # 44k
]R8 Tty ¢stel MM type 70 A5k, MS type 671 %1 g Ao R EER BR,
WEEHT B OATSR HBS A4S Ade G5 Ak

1. 2 allelotypeo] w}Z- j&fify st MS typee] Hp=. 023, He=. 0212 MM typee] H
=013, Ho=.014 ®v} 2{i% A= HHAY 887 Eebovt 2 typed ¥ 8 fib [0 ¥
i e vl o gkeh

2. MM types} MS type 271 ¢ Akl 44y 3T 2 2 S=.047, S=. 96622 v}
9 ZlztA byt ot 2 allelotypezt SE{E(H ST EE S=. 85322 <po] & Ho]v] 2 allelotype
2 %chf—fh# #eEe A2 oF 70EA N St Holvhn AR

. 2AY 2 allelotype 127 3=k 30270 A & o2 1809 S ERERES S48 2
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3 2 type Aololl e A Holdg AR EIH
4. 2 allelotypezt A TZk5ol 93 %A 2 isozymed] o], #Ho] o] Ho 2 Hol
2 type A}o]o] isolating mechanismo] A5 7o & A8z},
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