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Abstract  Genetic diversity and differentiation in 4 kinds of economic abalones were investigated using the assay of vertical
slab polyacrylamide gel electrophoresis. Low level of genetic diversity in 4 kinds of economic abalones was found Mean
number of alleles per locus percentage of polymorphic loci observed heterozygosities and expected heterozygosities were
1.2 16.67 0.109 and 0.061 in Haliotis discus discus respectively 1.10 11.11 0.093 and 0.056 in H. discus hannai
respectively 1.44 33.33 0.106 and 0.118 in H. diversicolor diversicolor respectively 1.50 33.33 0.135 and 0.128 in
H. diversicolor supertexta respectively. The genetypic distribution at Mdh-1 was found to be agreement with that expect-
ed from the Hardy-Weinberg equilibrium P >0.05 and there were heterozygote excess in Est-3 F= —0.753 and
Sod-1 F= —1.000 in H. discus discus. The genetypic distribution at Est-3 was found to be agreement with that expected
from the Hardy-Weinberg equilibrium P >0.05 there were heterozygote excess in Est-3 F = —0.371 and Sod-1

F=—-1.000 in H.discus hannai . The genetypic distribution at Est-3 Mdh-1 and Amy-1 was found to be agreement
with that expected from the Hardy-Weinberg equilibrium P >0.05 there were heterozygote deficiency in Est-2 F =
0.597 Amy1l F=0.330 and Me-1 F=1.000 and heterozygote excess in Aat-1 F= —0.4806 and Mdh-1 F=
—0.210 in H. diversicolor diversicolor . The genetypic distribution at Est-3 Sdh-2 Amy-1 and Mdh-1 was found to be
agreement with that expected from the Hardy-Weinberg equilibrium P >0.05 there were heterozygote deficiency in
Est-2 F=0.540 and heterozygote excess in Aat-1 F= —0.477 and Amy 1 F= —0.149 in H. diversicolor super-
texta . The results showed that genetic distance was 0.0550 between H. discus discus and H. discus hannai and that was
0.016 between H. diversicolor diversicolor and H. diversicolor supertexta .
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2002 2 36 3~5em
36 3~5cm 32 4~8cm 1
3 32 128 4~8cm
0.5¢g 2~3 Tris-HCI 0.01lmol L pH=7.0
4C1.2 r min 15min
PAGE 16 SOD
E.C.1.15.1.1 SDH E.C.1.1.1.14 LDH E.C.1.1.1.27
AAT E.C.2.6.1.1 IDH E.C.1.1.1.42 EST E.C.3.1.1- ME
E.C.1.1.1.40 MDH E.C.1.1.1.37 ADH E.C.1.1.1.1 AMY
1 4 E.C.3.2.1.1
Tab.1 Allele frequencies in 4 kinds of abalone Taniguchi N. 19 7 8
Shaklee J.B.
Loci Alleles H.discus H.discus H.diversicolor H .diversicolor 20 3 ~
discus hannai diversicolor supertexta 4 Hdrdy
Adel A : : : : Weinberg
Ldh-1 A 1 1 1 1 A P%
Sod-1 A 0.500 0.500 1 1
B 0.500 0.500 0 0 He Ho
Sed2 A 1 1 1 1 0.99
Sod-3 A 0 0 1 1 o
Est-1 A 1 1 1 1 Py g9% BIOSYS-1
Est2 A 1 1 0.292 0.531 21
B 0 0 0.708 0.469
Est-3 A 0.479 0.583 0.938 0.807 2
B 0.521 0.417 0.063 0.172
C 0 0 0 0.021 2.1 4 Hardy-
Mdh-1 A 0.043 1 0.292 0.182 Weinberg XZ
B 0.957 0 0.708 0.818
Mdh-2 A 1 1 1 1 4 1 18
Me-1 A 1 1 0.167 0
B 0 0 0.833 1 .
-1 A 1 1 1 1 3
Sdh-1 A 1 1 1 1 Mdh-1
Sdh-2 A 0 0 1 0.955
B 0 0 0 0.005 Mdh-1B
Aat-1 A 1 1 0.083 0.068
B 0 0 0.354 0.193
C 0 0 0.146 0.307
D 0 0 0.417 0.432 _
Aat2 A 1 1 0 0 Est-3C
Aat-3 A 1 1 0 0 Sdh-2B 2
Amrl o h : o 0o Me-1A Sod-1 Sdh2 Aar2
Amy2 A 1 1 1 1 Aat-3 4
A 1 1 1 1

Amy3
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Hardy-Weinberg 2 4 H-W
X2 Tab.2 Observed heterozygosities expected heterozygosities coefficients
2 for heterozygote deficiency or excess F and test results of Hardy-
Mdh-1 Weinberg equilibrium P in 4 kinds of abalone
H-W P>0.05 Sod-1 P
Species Loci Ho He F X 2 Freedom
Est-3 H-W degree
P<0.01 Est-3 Sod-1 1.000 0.511  —1.000  23.000 0.000"
F<0 F=-0.753 Est3 0.875 0.510 -0.753  12.859 1 0.000 "
Sod-1 F= Mdh-1 0.087 0.085 —0.045 0.023 1 0.879 ’
Sod-1 1.000 0.511 —1.000 23.00 1 0.000 "
—1.000 F<0 Est-3 0.667 0.496 -0.371 2.951 1 0.086
Est3 H-W Est2 0.167 0.422 0.597 9.342 1 0.002%
P>0.05 Sod-1 Est-3 0.125 0.120 -0.067 0.070 1 0.792
H-W P<0.01 Aat-1 1.000 0.687 —0.486 26.871 1 0.000 "
Amy1 0.125 0.191 0.330 3.487 1 0.062
Est-3 F< e ,
Me-1 0.000 0.284 1.000 26.960 1 0.000 "
0 F=-0.371" Sod-1 Mdh-1 0.500 0.422 -0.210 0.872 1 0.350
F=-1.000 F<O0 Est-2 0.229 0.501 0.540 28529 1 0.000"
Est3 Est-3 0.302 0.320 0.051  1.572 3 0.666
Mdh-1 A 1 H-W Sdh-2 0.010 0.010 —0.005 0.000 1 1.000
! my Aar-1 1.000 0.681  —0.477  142.703 6 0.000"
P>0.05 Est-2 Aat-l Amy1 0.573 0.501  —0.149 1.983 1 0.15
Me-1 H-W Mdh-1 0.323 0.300 -0.083 0.592 1 0.442
P<0.01 Aaz-1 Mdh-1 xx P<0.01
F<0 F=-0.480 F=-0.210 Est2 Amyl F>0 F=
0.597 F=0.330 Me-1 F>0 F=1.000
Est-3 Sdh-2 Amy1  Mdh-1 H-W P>0.05 Est-2 Aat-l H-
W P<0.01 Aat-1 Amy-1 F<0 F=-0.477 F=-0.149 Est-2
F>0 F=0.540
2
15 16 12 2 43
H.iris Pgm Sod
23 H. tuberculata 3  Gpi Pgm  Mdh3
24 Wahlund
25
9 10
3 4 x 2.2 4
Tab.3 Indices of genetic diversity in 4 kinds of abalone
4 3 3
Indices of H. discus H. discus H. diversicolor H. diversicolor
genetic diversity discus hannai diversicolor supertexta 4
1.20 0.100 1.10 0.100 1.44 0.180 1.50 0.200 1.10 1.50
A 11.11
16.67 1. 11 33.33 33.33 33.33
IJUA‘)S' 0/0
Ho 0.109 0.071 0.093 0.065 0.106 0.060 0.135 0.064 ] 3
He 0.061 0.039 0.056 0.038 0.118 0.048 0.128 0.053 Pinctada martensii Dunker
46.1% ! Crassostrea
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4 4 plicatula Gmelin C. gigas Thurberg
Tab.4  Genetic distance between 4 kinds of abalone 55% ~60% 559 12 Argopecten irradians
Species Genetic distance Lamarck 27.27% —36.36% 13
48 P =

H.discus H.discus H. diversicolor H. diversicolor
discus hannai supertexta diversicolor 0.4711£0.159 %

_ 27 4
0.0550 -
0.2144  0.2638 -

0.1716  0.2006  0.0160 -

0.109 0.093 0.106  0.135 3

Ho=0.1122 !
Ho=0.139~0.216 Ho=0.195 2 Ho=0.064~0.075

13 48 Ho=0.147 % H.rubra ® Ho=0.136

H. fulgens '* Ho=0.119 H. laevigata '* Ho=0.195
28
» 0.056 0.128
0.0550 0.0160 4
3
Mdh-1 Est-3 Est-3 Mdh-1 Amy-1
Est-3 Sdh-2 Amy-1  Mdh-1 H-W P>0.05 1
Ho He H-W Sod-1  Est-3
Sod-1 Amy-1 Est2 Aat-1  Me-1 Est-2  Aat-1
H-W P<0.01
H-W
Sod-1 Est-3

Mdh-1 Sod-1 Est-3 Est-2 Est-3 Mdh-1 Me1 Aat-1 Amy-1

Est-2 Est-3 Mdh-1 Aat-1  Amy-1
Sod-1 Sdh-2 Aat-2

Aar-3 4 Nei D 0~0.01
0.01~0.1 0.10~1 30 1 2
1 2 Naganuma T. '  18S rDNA
1 2 Lopata A.L. %
2 mt DNA
4

2000.4~23
. 2004 12 2 61—~064
—I1L. . 2003 11 3 9~12
2004 28 2 27~31
. 2004 28 4 43—49
RAPD . 2004 12 4 60~63

[ N R e T S



4 4 19
1998.269 ~282
1996.77~119

9 . 1993 90 9 18~21

10 Sheila . . 1999 30 4 381389

11 2001 8 2 17~22

12 2000 24 2 130~133

13 2002 24 2 107~113

14 Brown L.D. Murray N. D. Population genetics gene flow and stock structure in Haliotis rubra and Haliotis laevigata . Abalone of the world
biology fisheries and culture. Oxford Blackwell Scienctific 1992.24 ~33

15 Brown L. D. Genetic variation and population structure in the blacklip abalone Haliotis rubra. Aust.].Mar. Freshwater Res. 1991 42
77~90

16 Ziniga G. Guzmdn S. A. Del Préo. et al . Population genetic analysis of the abalone Haliotis fulgens mollusca Gastropoda in Baja California Mexico.
J Shellfish Res. 2000 19 853~859

17 Hancock B. Genetic subdivision of Roe’ s abalone Haliotis roei Grey mollusca Gastropoda in south-western Australia. Mar. Freshwater Res.
2000 51 679~687

18 Li Z.B. Chen C.S. Genetic structure of cultured H. diversicolor supertexta Reeve populations. Journal of Shellfish Research 2004 23 4
1135~1138

19 Taniguchi N. Sugama K. Genetic variation and population structure of red sea bream in the coastal waters of Japan and the East China Sea.
Nippon Suisan Gakkaishi 1990 56 7 1069~1077

20 Shaklee J. B. Allendorf F. W. Morizot D. C. et al . Genetic nomenclature for protein-coding loci in fish. Trans. Amer. Fish Soci. 1990 119
2~15

21 Swofford D. L. Selander P. K. A computer program for the analysis of allelic variation in population genetics and biochemical systematics. J.
Hered. 1989 72 281~283

22 Barrett S.C. H. Kohn J. K. Genetic and evolutionary consequences of small population size in plants implications for conservation. Genetics and
Conservation of Rare Plants. New York Oxford Oxford Univ. Press 1991.3~30

23 Smith P.]J. Conray A. M. Loss of genetic variation in hatchery-produced abalone Haliotis iris. N Z ] Mar. Freshwat Res. 1992 26 1 81

24 Mgaya L. D. Genetic variation at three polymorphic loci in wild and hatchery stocks of the abalone Haliotis tuberculata Linnaeus. Aquacul-
ture 1995 136 1 71~80

25 Zouros E. Foltz D. W. Possible explanations of heterozygote deficiency in bivalave mollusks. Malacologia 1984 25 2 583~591

26 Singh S. M. Green R. H. Excess of allozyme homozygosity in marine mollusks and its possible biological significance. Malacologica 1984
252 569~3581

27 Ketut S. Jhon H. H. Genetic charaterisation in the mud crab Scylla Brachyura Portunidae . Mud Crab Aquaculture and Biology 1999 78
43~47

28 Allendorf F. W. Utter F. M. Population genetics. Fish Physiololgy. New York Academic Press 1979.407 —454

29 McAndrew B.]J. Majumder K. C. Tilapia stock identification using electrophoretic markers. Aquaculture 1983 30 249~261

30 Nei M. Molecular evolutionary genetics . New York Columbia University Press 1987.512

31 Naganuma T. Hisadome K. Shiraishi K. ez a/. Molecular distinction of two resemblant abalone Haliotis discus discus and Haliotis discus
hannai by 18S rDNA sequences. J. Mar. Biotechnol. 1998 6 59~61

32 Lopata A.L. Luijx T. Fenemore B. et al/. Development of a monoclonal antibody detection assay for species-specific identification of abalone.

Mar. Biotechnol. 2002 4 454 ~462



