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Summary

Enzyme polymorphism of IDH, PGM, GPI, AAT, and LAP in the Pacific
oyster, Crassostrea gigas, was exhibited by starch gel electrophoresis. The wild
populations collected from 18 localities in Hokkaido, Miyagi, Fukushima, Hyogo,
Hiroshima, and Kumamoto were analysed by using as markers the genes at the
five polymorphic loci controlling the five enzymes. Any two of the 18 wild
populations showed clear differences of gene frequencies, indicating that they are
independent of each other.

The wild populations could be divided into 4 groups by dendrogram for rela-
tions among local populations. The grouping seemed to indicate a differentiation
of local races which we named Hokkaido, Miyagi, Hiroshima, and Kumamoto,
although some exceptions between Miyagi and Hiroshima were observed.

These results suggest that the population structure of the wild Pacific oyster
as a whole has a tendency to split into a number of local subpopulations in which
the effect of random genetic drift is prevailing.

There exist many species and local races of the oyster in suitable coastal
areas through Japan. The native Pacific oysters, Crassostrea gigas, of different
localities exhibit differences in their morphological characters, growth rate, spawn-
ing conditions, adaptability to environmental conditions and also in flavor. The
extensive breeding studies by Imai and Sakai (1) disclosed the four local populations,
called “Hokkaido-, Miyagi-, Hiroshima-, and Kumamoto-strains”. They observed
hereditary difference in their adaptability to environmental conditions.

Genetic variations detected by electrophoretic analysis have been reported in
the Pacific oyster (2-4). Nagaya et al. (5) reported the geographical differences of
the Pacific oyster, indicated by frequencies of the allele Lap® at the leucine
aminopeptidase locus in the areas along the coasts of Hokkaido and the northern
districts of Japan, and named “Hokkaido-northern Tohoku and southern Tohoku
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groups”. Previous paper (6) reported that genetic differentiation of wild Pacific
oyster population was demonstrated by the allelic frequencies at the phosphoglu-
comutase locus. In the present work, enzyme polymorphism in the Pacific
oyster was exhibited by starch gel electrophoresis and the population structure was

discussed.

Materials and Methods

The wild Pacific oyster, Crassostrea gigas was collected from the 18 localities in
the Pacific coasts of Hokkaido, Miyagi, Fukushima, Hyogo, Hiroshima, and
Kumamoto as shown in Fig. 1. Extracts of tissues were analysed by starch gel
electrophoresis for the five enzymes, isocitrate dehydrogenase (IDH), “phosphoglu-
comutase (PGM), glucosephosphate isomerase (GPI), asparate aminotransferase
(AAT), and leucine aminopeptidase (LAP). Tissue extraction and starch gel
electrophbresis were carried out by the methods previously reported (7). -

Gene frequencies were calculated from phenotypic frequencies for each popula-
tion. For the calculation of genetic distance, the following formula was employed.
The genetic distance between two populations (j and k), Dj,, is

l n T, 2N \2
| .D]_k=_% v /3 (Qimj—Qim2)

, m=1) i=1 -2

where g;,,; and g;.s present the frequencies of 4 allele at the m locus in population J
and k, respectively. A dendrogram expressing relative similarities among popula-
tions was drawn with an average distance between branches calculated by the
unweighted pair-group method.

Akkeshi, Hokkaido
Kesennuma, Miyagi
Onagawa-1, Miyagi.
Onagawa-2, Miyagi
Ojika, Miyagi
Ishinomaki, Miyagi
Mangokuura-1, Miyagi
Mangokuura-2, Miyagi
Watanoha, Miyagi’

10. Matsushima-1, Miyagi
11. Matsushima-2, Miyagi
12. Matsushima-3, Miyagi
13. Haragama, Fukushima
14. Akoh, Hyogo

15. Yasuura, Hiroshima
16. Ondo-1, Hiroshima

17. Ondo-2, Hiroshima

18. Amakusa, Kumamoto
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Fre. 1. Locations from which samples of the Pacific oyster were éollécted..
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Results
1. Genetic variations

Five enzymes were examined and the polymorphic gene loci were detected.
A locus was considered polymorphic if the frequencies of the most common allele
were no greater than 0.95. The five enzyme systems have been interpreted in
the following manner.

The IDH activity in the gill appeared in the two zones which were apparently
coded by two gene loci (Idh~I and Idh-2). The Idh~1 locus controlled the enzyme
located in the more anodal migrating zone and exhibited polymorphism, and the
Idh-2 determined the enzyme located in the slower migrating zone and was mono-
morphic. The digestive diverticula showed activity coded by Idh-I locus and
the adductor muscle activity coded by Idh-2 locus. In the more migrating zone,
heterozygous individuals showed three banded phenotype and homozygotes single
banded phenotype, indicating a probable dimeric structure of the enzyme. The
different phenotypes at the Idk-1 locus indicated three alleles (Fig. 2a).
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Fic. 2. The proposed phenotypic variation for five polymorphic enzymes of the

Pacific oyster.
An italic letter was used to differentiate between alleles with the most anodal allele

always designated at “A4”.-
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PGM was examined in the adductor muscle and showed the typical pattern of
a monomer. The enzyme was coded by one gene locus (Pgm). Heterozygous -
individuals expressed two banded phenotype, while homozygotes showed single
banded phenotype. The different phenotypes at this locus indicated four alleles
(Fig. 2b). _

The GPIL activity in the adductor muscle was apparent in two zones which were
coded by three gene loci (Gpi-Ia, Gpi-1b, and Gpi-2). In the more anodal migrat-
ing zone, three bands were observed from which two loci have been designated as
Gpi-1a (the more anodal) and Gpi-16. The slower migrating band coded by Gpi-1b
locus stained more intensely and developed first, and the more migrating band
coded by Gpi-Ia locus developed most slowly. The different phenotypes at the
Gpi—Ib locus indicated five alleles and showed the typical pattern of a dimer (Fig.
2¢). If allowed to stain longer, the enzyme coded by the Gpi-1Ib locus became
indistinguishable from those coded by the Gpi-Ia locus because one of them was in
the identical electrophoretical position  with ‘a band by the Gpi-1a locus. The
slower migrating zone coded by the Gpi-2 locus was also the slowest to develop and
the different phenotypes suggested at least three alleles though it had not yet been
clearly resolved. ’

The AAT activity in the adductor muscle appeared in the two zones which were
coded by two gene loci (dat~I and Aat-2). The Aat-1 locus coded for the enzyme
located in the more anodal migrating zone but had not yet been clearly resolved.
The Aat-2 locus coded for the enzyme located in the slowest migrating zone, and
exhibited polymorphism. The" different phenotypes indicated three alleles and
showed the typical pattern of a dimer (Fig. 2d). .

LAP was examined in the adductor muscle and exhibited activity in two zones
which were controlled by three gene loci (Lap-la, Lap-1b, and Lap-2). In the
more anodal migrating zone, variant enzyme forms of LAP were observed and the
polymorphic loci have been designated as Lap-Ia (the more anodal) and Lap-Ib.
Because they were almost superimposed on each other, only the Lap-1b locus was
analysed. This enzyme form stained more. intesely and developed first. The
enzymes located in the slowest migrating zone developed mostly slowly and had not
yet been clearly resolved. The different phenotypes at the Lap-Ib locus indicated
five alleles and showed the typical pattern of a. monomer (Fig. 2e).

2. Population structure

The electrophoretic data obtained from the five polymorphic loci has been
tabulated for the 18 localities sampled in Tables 1-5. A geographical cline of gene
frequencies was not clearly observed at the Idh-1, Gpi-1b, and Lap-Ib loci. The
Pgm and Aat-2 loci, however, exhibited clinial tendencies along the Pacific doast.
The frequencies of the B gene at the Pgm locus increased towards the lower latitudes
along the Pacific coast and the C gene decreased inversely. Similar tendencies were
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TABLE 1.. Gene Frequencies of IDH Variants in Wild -
Populations of the Pacific Oyster

No. of Idh-1
Populations shells

| tested qA | qB qC
Akkeshi, Hokkaido 6| 0o | - 0.500+0.088 0.50040. 088
Kesenuma, Miyagi 54 0. 028:£0. 016 0.815+0. 037 0.157=£0. 035
Onagawa-1, Miyagi 60 0. 0520. 020 0.719£0. 041 0.229+0. 038
Onagawa-2, Miyagi 50 0.0300. 017 0.780-£0. 041 0.190-£0.039
Ojika, Miyagi 50 0.0100. 010 0.7300. 044 0.2600. 044
Ishinomaki, Miyagi 50 -0: 0610, 024 +0.7554:0. 043 0.184:-0. 039
Mangokuura-1, Miyagi 170 | 0.0060.004 0.832:£0. 020 0.1620. 020
Mangokuura-2, Miyagi 125 0.036-0. 012 0. 7560, 027 0. 2080, 026
Watanoha, Miyagi ‘ 120 0.0580. 015 0.7253-0. 029 0.217+0. 027
Matsushima-1, Miyagi 50 0.04310. 012 0.787+0. 042 0.1700. 039
Matsushima-2, Miyagi " 65 0. 0320. 016 0.762:-0.038 0.206-£0. 036
Matsushima-3, Miyagi 50 | 0.020+0.014 0.780=£0. 041 0.200:0. 040
Haragama, Fukushima 60 | . 0.03.0.020 0.7830.038 0.16740. 034
Akoho, Hyogo 60 0.050%=0.021 0. 68310, 042 0.267+0. 040
Yasuura, Hiroshima 105 0.033=0. 012 0.719:0.031 0. 248-0.030
Ondo-1, Hiroshima 60 | 0.0670.023 0.683£0. 042 0.250-:0. 040
Ondo-2, Hiroshima 75| 0.087+0.023 0.6470. 039 0.266-:0. 036
Amakusa, Kumamoto 30 | 0 0. 5832-0. 063 0.41720. 063

TABLE 2. Gene Frequencies of PGM Variants in Wild
Populations of the Pacific Oyster
No. of Pgm
Populations shells :
tested q4 |  ¢B i qC qD
Akkeshi, Hokkaido 16 | 0.031=:0.031 | 0.12520.058 | 0,813£0.069 | 0.031-0.031
. Kesenuma, Miyagi 54 -1 0.009=:0.009 | 0.1110.030 | 0.8062-0.038 | 0.0740.025

Onagawa-1, Miyagi 60 | 0.0330.016 | 0.1830.035 | 0.667=0. 043 | 0.117£0. 029
Onagawa-2, Miyagi © 50 | 0.010-£0.010 | 0.230=:0.042 | 0.5600.050 | 0.200=:0.040
Ojika, Miyagi 50 | 0.090-:0.029 | 0.29020.045 | 0.4700.050 | 0.150==0. 036
Ishinomaki, Miyagi 50 | 0.010-:0.010 | 0.200-:0.040 0.77040.042 | 0.020£0.014
Mangokuura-1, Miyagi 170 | 0.056=:0.012 | 0.1770.021 | 0.626==0.026 | 0.14110.019
Mangokuura-2, Miyagi 125 | 0.008-£0.006 | 0.1122:0.020 | 0.692-£0.029 | 0.188::0.025
Watanoha, Miyagi 120 | 0.012£0.007 | 0.271-£0.028 | 0.546--0.032 0.171+0. 024
Matsushima-1, Miyagi 50 | 0.04020.020 | 0.220-£0.041 | 0.590=:0..49 | 0.150=£0.036
Matsushima-2, Miyagi 65 | 0.01520.011 | 0,146-£0.031 | 0.616=:0.043 | 0.223-:0.037
Matsushima-3, Miyagi 50 | 0.0302-0.017 | 0.270-:0.044 | 0.5700,.050 | 0.130:0.034
Haragama, Fukushima 60 | 0.066-:0.023 | 0.1670.034 | 0.592:0.045 | 0.1750.035
Akoh, Hyogo 60 | 0.03320.016 | 0.192::0,036 | 0.592-£0.045 | 0.183-=0. 035
Yasuura, Hiroshima 105 | 0.07620.018 | 0.1762£0.026 | 0.548-£0.034 | 0.200=:0. 028
Ondo-1, Hiroshima 60 | 0.13320.030 | 0.292-£0.041 | 0.44220.045 | 0.133:-0.030
Ondo-2, Hiroshima 75 | 0.00720.007 | 0.12740.027 | 0.680=:0.038 | 0.186--0. 032
Amakusa, Kumamoto 30 | 0.017=0.017 | 0.3830.063 | 0.483::0.065 | 0.1170.041

observed in the frequencies of the C and B genes at the Aat-2 locus.

A matrix presented in Table 6 gives the results of calculations of the genetic
distance under the diagonal and of the test of significant heterogeneities above
the diagonal between every pair of the localities examined. In the matrix of
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TABLE 4. Gene Frequencies of AAT Varianis in Wild
. Populations of the Pacific Oyster

Y. Fujio

No. of Aat-2
Populations shells
tested qd qB qC

Akkeshi, Hokkaido 16 0.344-0. 083 0. 6560. 083 0
Kesenuma, Miyagi 54 0.333£0. 045 0.62110. 046 0. 046--0. 020
Onagawa-1, Miyagi 60 0. 250-0. 039 0.6830. 042 0.0670.022
Op_agawa.—2, Mlyagl 50 0.170£0. 037 0.780--0. 041 0. 050:0. 021
Ojika, Mxypgl 50 0.200£0. 040 0. 770£0. 042 0.030£0.017
Ishinomaki, Miyagi 50 0. 3400, 047 0.6300. 048 0.030-£0.017
Mangokuura-1, Miyagi 170 0.2851-0. 024 0.697%0.025 0. 0180. 007
Mangokuura—-2, Miyagi 125 0. 2800. 028 0.668=+0.030 0.052+0. 014
Watano}}a, Miyagi 120 0.23740. 027 0. 696-:0. 029 0.067=0.016
Matsushima-1, Miyagi 50 0.040+0.019 0.9500. 021 0.010-:0. 009
Matsushima~2, Miyagi 65 0. 300=:0. 040 0. 6540, 041 0.046:0.018
Matsushima-3, Miyagi 50 0.450£0. 049 0.510=:0. 049 0. 0400, 019
Haragama, Fukushima 60 0.367£0.043 0.59210. 044 0.041+0.018
Akoh, Hyogo 60 | 0.1830.035 0. 675-0. 042 0.142:0. 031
Yasuura, Hiroshima 105 0.1567=0. 025 0.757=0. 030 0. 086-:0. 019
Ondo-1, Hiroshima 60 0.175+0. 034 0.717=0.041 0.1080.028
Ondo-2, Hiroshima 15 0.0870. 023 0. 85310. 029 0.0600. 019
Amakusa, Kumamoto 30 0.1000. 038 0. 7000. 059 0.20030. 051

genetic distance, if the two localities are identical in regard of gene frequencies at the
five loci, respectively, the distance between them will be zero. The larger the
difference between them, the larger will be the distance. The maximum possible
between localities would be 1.0. TFor example, the smallest distances were
obtained between Mangokuura—2 and Matsushima-2, between Onagawa—1 and Man-
gokkuura-2, and between Onagawa-2 and Yasuura, that is, the values were 0.032,
0.035, and 0.038, respectively. On the other hand, the largest distances were
obtained between Akkeshi and Matsushima-1, between Akkeshi and Ondo-1, and
between Ishinomaki and Amakusa, that is, the values were 0.209, 0.205, and 0.200,
respectively.

In the test of significant heterogeneities, significant differences were seen n
the frequency distribution of alleles at the five loci between the localities sampled.
This indicated that they were independent of each other. In other words, the
population strueture of the wild Peific oyster has a tendency to split into a number
of local subpopulations. '

To summarize the relations among subpopulations, a dendrogram was drawn
on the basis of similarity illustrated with an average of genetic distance as shown
in Fig. 3. A vertical line was drawn across the dendrogram as an attempt to
delimit a group having a distance of 0.1. Using this vertical line, the 18 subpopula-
tions are divided into four groups. - The grouping seemed to indicate the differentia-
tion of local races such as Hokkaido, Miyagi, Hiroshima, and Kumamoto. But
some exceptions between Miyagi and Hiroshima were observed, that is, Ojika and
Matsushima-1 were grouped in Hiroshima and Yasuura and Akoh were grouped In
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Miyagi. These exceptions might be interpreted by the fact that the transplantation
of the cultured oysters had been carried out between Miyagi and Hiroshima in the
past.

Onagawa-2, Miyagi
Yasuura, Hiroshima
Watanoha, Miyagi
Akoh, Hyogo
Mangokuura-2, Miyagi
Matsushima-2, Miyagi
Onagawa-1, Miyagi
Mangokuura-1, Miyagi
Haengama, Fukushima
Kes numa, Miyagi
Ishinomaki, Miyagi
Matsushima-3, Miyagi

Qjika, Miyagi - . -

Ondo-1, Hiroshima . )
Matsushima-1, Miyagi I
Ondo-2, Hiroshima ) ’

Akkeshi, Hokkaido . - gy —

Amakusa, Kumamoto

L 1

0.0 0.1 o 0.2
Genetic distance

Fre. 3. The dendrogram of relations among local subpopulations of the Pacific oyster.

Discussion

From the result of the dendrogram, four genetically distinct groups might be
identified with the four local races called Hokkaido, Miyagi, Hiroshima, and
Kumamoto. Some exceptions between Miyagi and Hiroshima might have resulted
from the transplantation of the cultured oysters between them. This problem
must be clarified by a series of extensive genetic stidies on the cultured popula-
tions. :
The analyses suggest that the population structure of the wild Pacific oyster
as a whole has a remarkable tendency to split into a number of local subpopulations,
although a question of whether each of the subpopulations sampled was truely wild
or a mixture due to gene flow from the cultured population remains. In any event,
1t is certain that the wild population has a structure capable of being influenced by
random genetic drift. Such circumstances are considered responsible for the
marked genetic differentiation between localities and the preliminary observation
of homozygote excess. Sveral studies have revealed that frequencies of
heterozygotes were often lower than those expected under Hardy-Weinberg
equilibrium in marine molluses, such as Mytilus edulis (8-11), Mytilus californianus
(12), Modiolus demissus (9, 13), and Crassostrea virginica (14).  Singh and Zouros
(14) reported that a homozygote excess was observed at the four loci (Lap-1, Pgs,
Pgm, and Est-3) in the American oyster (Crassostrea virginica).
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