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In order to estimate the degree of genetic divergence between the two types of
finespotted flounder, Pleuronichthys cornutus which is important commercially in Japan,
isozyme analysis was carried out by starch gel electrophoresis.

Twenty two loci coding for fourteen enzymes were scored in two types of finespotted
flounder and three completely divergent loci (Acp, Idh-2 and Mdh-2), with no common
alleles, were observed between these two types.

Nei's genetic distance between two types was 0.46592. However, the expected average
heterozygosity was 0.120 in type A (Hon meitagarei) and 0.095 in type B (Bake
meitagarei). These results mean that the existence of two types of finespotted flounder
was established in this study which may have had genetic divergence and the divergence

time of these two types may have been about 2.3X10¢ years ago.
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& a7 A8 =92 (Plewronichthys cornu-
tus)= 3AAAA 5 lot7h A AYew HE gel
FA719%F B0 A48 2A 94380 R A2
B2AE E1d verlidd,

Isozyme &4 HAMIHLS Fujio(1984) 9 Ki-
jima 5(1988)9] WHE& AFse] Agsgon,
¥ isozyme H7|YEFO2RE 1A 3
F4 2 dEF3Ae] FEEL Park 5(1990)0
ot £ 289 fAF BAEE Yegge
24 Ag9 A-e Nei (1972)9 HH<, 74 A
A7 FAH F4 A4S e E fdd=

Table 1.

(dendrogram)= #3323 A& & 7lx8 3o 42
8= Sokal and Sneath (1963)¢] FZEFatx
"ol 34l UPGMA(unweighted pair-group me-
thod using arithmetic averages) & ©| &3t}

Z o}

Aol AMgE =uig 2804 FEHoE 24
234X 6, T=AM 107, BEEHNA 17)
5, % 1419 isozyme EA7F AEHAL) 1479
4% 109 zonel® U} 1749 SARAZ
#4¥ &4% ACP, CK, ODH, 6PGD, PGM, SDH
S} SOD9 7EoIem 2709 zonel® EHo
209 FAAAZ 49 &4 AAT, oGPD, GPI,
IDH 2 LAP9| 5%o|it} oiF 2709 fAxz=z
F4% IDHv APAY 2 A7) g2t 5284
o & Aozl el 2719 frARARE 248 8
Hovt B @AFoMe A A4er|e 23
3tz W&ol Idh-2 §-AAFNS A= s
$H RBRF4A AEE LDHE 319 zonel®
U 379 §xARE 2 Ec)

A" 14FY 34FAM 1709 subunit7t S3}
Aoz A4S Jehle 171 &2 2719 bandB
el = w34 423 Z(monomeric enzyme st-
ructure) 24 Wo]lE HO AL PGM Hio|Ye.

List of examined enzymes, tissues and electrophoretic buffer

Enzyme(abbreviation) Used tissue Buffer*
Aspartate aminotransferase (AAT) muscle, liver T-C
Acid phosphatase (ACP) liver T-C
Creatine kinase (CK) liver T-C
a-Glycerophate dehydrogenase (aGPD) muscle, liver T-C
Glucophosphate isomerase (GPI) muscle, liver T-C
Isocitrate dehydrogenase (IDH) liver T-C
Leucine aminopeptidase (LAP) muscle T-C
Lactate dehydrogenase (LDH) eye T-C
Malate dehydrogenase (MDH) muscle T-C
Octanol dehydrogenase (ODH) liver T-C
6-Phosphogluconate dehydrogenase (6PGD) liver T-C
Phosphoglucomutase (PGM) muscle T-C
Sorbitol dehydrogenase (SDH) liver T-C
Superoxide dismutase (SOD) liver T-C

*0.135M tris-0.043M citrate buffer (pH 7.0)
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Table 2. Aliele frequencies in each sample batches of finespotted flounder, Pleuronichthys cornutus

Locus Hachinohe Haragama- I Haragama-1I Haragama-1ll Hyogo
N 70 50 27 23 45
Aat-1 A 0.036 0 0.037 0 0.011
B 0.957 1.000 0.963 1.000 0.978
C 0.007 0 0 0 0.011
Aat-2 A 1.000 1.000 0.981 0.022 0.044
B 0 0 0.019 0.978 0.956
Acp A 0 0 0 0.130 0
B 0 0 0 0.870 0.800
C 0 0 0 0 0.200
D 0.950 0.960 0.944 0 0
E 0.050 0.040 0.056 0 0
Ck A 1.000 1.000 1.000 1.000 1.000
aGpd-1 A 0.007 0.010 0 0 0
B 0.993 0.990 1.000 0.100 0.011
C 0 0 0 0.867 0.867
D 0 0 0 0.033 0.122
aGpd-2 A 0.515 0.570 0.519 0.174 0.133
B 0471 0410 0.444 0.826 0.867
c 0.014 0.020 0.037 0 0
Gpi-1 A 0.007 0.025 0 0 0
B 0.899 0.900 0.889 0 0
C 0.094 0.075 0.111 0.848 0.856
D 0 0 0 0.152 0.133
E 0 0 0 0 0.011
Gpi-2 A 0.807 0.890 0.778 0.957 1.000
B 0.193 0.110 0.222 0.043 0
Idh-2 A 0 0 0 1.000 1.000
B 1.000 1.000 1.000 0 0
Lap-1 A 1.000 1.000 1.000 1.000 1.000
Lap-2 A 1.000 1.000 1.000 1.000 1.000
Ldh-1 A 0 0 0 0.022 0
B 1.000 1.000 1.000 0.978 0.989
C 0 0 0 0 0.011
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Table 2. continued

Locus Hachinohe Haragama- I Haragama-1I Haragama-1II Hyogo
N 70 50 27 23 45
Ldh-2 A 0.193 0.256 0.389 0.848 0.955
B 0.800 0.732 0611 0.152 0.034
c 0.007 0.012 0 0 0.011
Ldh-3 A 0.993 1.000 1.000 1.000 1.000
B 0.007 0 0 0 0
Mdh-1 A 1.000 1.000 0.981 1.000 1.000
B 0 0 0.019 0 0
Mdr-2 A 0 0 0 1.000 1.000
B 1.000 1.000 1.000 0 0
Mdh-3 A 1.000 1.000 1.000 1.000 1.000
Odh A 0.007 0.030 0.021 0 0
B 0.993 0.960 0.916 1.000 1.000
C 0 0.010 0.063 0 0
6PGd A 0 0 0.037 0.022 0.044
B 0 0.010 0 0.978 0.956
C 0.609 0.590 0.666 0 ]
D 0.087 0.050 0 0 0
E 0.297 0.300 0.278 0 0
F 0.007 0.020 0.019 0 0
Pgm A 0 0 0 0 0.011
B 0 0 0 0 0.011
C 0 0 0 0.304 0.256
D 0.029 0.020 0.019 0.696 0.722
E 0.964 0.960 0.962 0 0
F 0.007 0.020 0.019 0 0
Sdh A 0.235 0.214 0.185 0.023 0.033
B 0.765 0.786 0.815 0.795 0.923
c 0 0 0 0.182 0.044
Sod A 0.993 0.960 0.962 1.000 1.000
B 0 0.020 0.019 0 0
C 0.007 0.020 0.019 0 0

Yetd Zojth & 2/ AxH 5 280 dojM F
WHEFAR7 G2 B33 (divergent loc) &
Aat-2, Acp, Gpi-1, aGpd-1, Idh-2, Ldh-2, Mdh-2,
6Pgd ¥ Pgmo 973 AH oo, ol F 3%
HARF(Acp, Idn-2, B Mdh-2)€ %9 g
A5 7HAA g SAE NP A (complete di-

vergent loci) 2 WEFRETEH
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o]y 286 YEld f13 WelE Table
3] BEAEAT A¥ 9 373G B 23 GedA
veld dHol g (P, F dEAHAY Wmst
095 ol4)e ®&e HdE 0.273(0.227-0.318) %
0.205(0.182-0227) 2 A¥A, Wl fHAAH
(P, & WEFAAY FH1R ¥x7F 095 ©lsh =
B 0.288(0.273-0.318) 2 0.295(0.273-0.318) £ B
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Table 3. Genetic variability in each sample batches of the finespotted flounder, Pleuronichthys cornutus

Hachinohe  Haragama- 1 Haragama-1II Haragama-1li Hyogo
p? 0.318 0.227 0.273 0.182 0.227
Mean 0.273 0.205
p® 0.273 0.273 0.318 0.318 0.273
Mean 0.288 0.295

P+P* 0.591 0.500 0.591 0.500 0.500

Mean 0.561 0.500
Het 0.115 0.113 0.131 0.102 0.087
Mean 0.120 0.095
A/Lf 19 19 19 1.6 1.8
Mean 19 1.7

2 Proportion of variant loci.

® Prorportion of polymorphic loci.

¢ Proportion of variant loci including polymorphic loci.

4 Average heterozygosity.

¢ Average number of alleles per locus.

ANAx & £AE U Ut £F o]F 2FFY
HolFAARE T2 F/HA Wol(P+P)E AT
o] F# 0561(0.500-0.591), B& ] Hi 0.5000] A
o HAHA vizzRE I FE o)FHFAE
(average heterozygosity) 9} 71tixlE 242k 0.120
(0.213-0.131) 7 0.095(0.087-0.102) 2 R} %) 3
22 A¥o] BEEY w2 WoldS YEhL A&
< ¢ 5 JdAdrh

280 M {FH7F i A=E W7 9
o] 22 AAEY WPHFAA MEE o] 83Ho
Zk Jotztel F AR W1zl o] A (ttest) T Nei
ol FHAARE T3t (Table 4). T-teste] 23

Aol slojMe A%l 7} lotzbe] B 1744
2, B 2 lotzto] B 379} FauAtatel A %
g% A& YehiH(95% FrAFE). $E, 2

Aele Fd 1258230 fo 27t LPEJM
TEFY FRel vehd ojrrt HA s
=& AS YEAT. ol AEe 233k 9
o1 #AH Fol7k EAE W ohe FU
Aol N 22 539 WNT2E 450
&g gment =3 A¥ucH: BYo] mr} o
Al ;tg‘:}?_zf—_ TAstD Yok A
F AAT Neie] #R3HAZYE AR X
Ax FH 000202, BE AF ?J';U}O?} 1%

Table 4. Genetic distance (below diagonal) and number of loci(above diagonal) revealing significant differences
of allele frequency at the 22 loci between each pair of sample batches in the two types of finespotted

flounder
Hachinohe Haragama- I Haragama-1II Haragama-1IlI Hyogo
Hachinohe - 1 2 12 12
Haragama- I 0.00105 - 0 11 12
Haragama-II 0.00278 0.00222 - 12 13
Haragama-Ill 0.46874 0.46304 0.45479 - 3
Hyogo 047746 0.47160 0.46121 0.00381 -
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Fig. 1. Genetic relationship and divergence time in five

sampling groups of two types of finespotted
flounder.
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BEETY A7iAivel EX7lRboolM g
047940, ZBREQ E7HA0 9} Bzt A
049049 HUStHA RBEFETIY 43 At
FEBRETS FAE S Jeldide o259 W
HFage) Aol M E BHo) ZA BEsn
O3 ZEARen fH7F Azt 0532 A
E %9 #9998 Raustgr. ojzg Axns
ATM e =02 287ty $44 Age 2
et vmate] B 287e] §AAH Aedst 0463
942 FA}H BHoz Hel & B TROT
ERstdx FibetEer A4, 218y dgaty
)l Apol7b Aol EA3tA &=the Nozawast
Kato(1981) 9] dzts} Fgste] s12s) B9 e
TL FEFOZ HAFSE Ax EHs glodgddy
Tas o)A,

9 #34 23 Ixe 43 Az(D)EAN
&3t JeElZ AT FAF Ade Ade
7 Fdel gl B HEn 573, WA
A 9 AA 2-d o3 F43 o o8 =
A #FA=He A4t UhH(Park ef al, 1990; Park
and Kijima, 1990). o]e] £9] #3}2 1Z50] 7}A
I Qe E7RARH] EAGEEA B 98
A FEESF Aok RaH o) Q)01 (Fidhiany ef
al., 1988; Park et al., 1990; Park and Kijima, 1990;
Ikeda et al., 1991; Park, 1992), 53] Park (1992)&
isozyme fr@Atel 23t FHE A9} Eo5HR
9] ¥ &S 20y KR 2dE o) gdto TH
AFHE By F9 38 A 209
BAgode FAK MLy Ao g A, 279 B
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Bastgeh 13 2o #a 87 £12 #H=2
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S o]Fd A rAIvS BAA AR A 344
A4z, ol o] EQl ZA7tA ) 9 ErbAbu] o A 36
Z#7E SAE QA B 05 oH(Park ef al., 1990;
Park and kijima, 1990). 39, A F 2= ==
AP DGE AN Y F HNE 2 B
& 3u e dFALFY Ruzs oy
&< Palaemon paucidens®) 28 7H(A 2 B type)ol
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