
Introduction

Pacific oyster Crassostrea gigas naturally occurs

in East Asia and is now the most often consumed

bivalve worldwide (Rana and Immink 2001). Ow-

ing to its wide transplantation from East Asia to

Australia, Europe and America (Chew 1990), oys-

ter aquaculture has developed not only within its

natural range of distribution but also outside

the range for over 40 years (FAO 1997). However,

with the expansion of oyster aquaculture

and the increase in the demand for healthy wild

spats, the wild populations of Pacific oyster have

so far dramatically declined in East Asia. Al-

though endemic wild populations were distributed

along all coastal areas of East Asia in the 1950s

(Imai and Sakai 1961), only a few of them are now

found to be sustainable at the remote coasts, where

oyster aquaculture has never developed. These

findings allow us to suppose that the ancestral ge-

netic diversity of Pacific oyster might be distorted

or lost. Anyway, its earlier and current genetic

structures in populations distributed around East

Asia remain scarcely understood.

The largest noncoding region of vertebrate mi-

tochondrial DNA (mtDNA) is known as a poly-

morphic control region and has so far been a useful

genetic marker for population structure analysis

(Hoelzel 1993; Pollock et al. 2000; Bruford et al.

2003). Nevertheless, there is little information

available about the corresponding region of bi-

valve mtDNA. The mtDNA segment lying be-

tween the 16S and 12S ribosomal RNA (rRNA)

genes of Yezo scallop Patinopecten yessoensis

contained two major noncoding regions,

and the larger variable one was the putative con-

trol region used for population structure analysis

(Sato and Nagashima 2001). Our previous study
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reported the hypervariable noncoding region

of Pacific oyster mtDNA and its usefulness in as-

sessing the accurate genetic diversity among indi-

viduals, because 22 haplotypes could be identified

from 29 specimens (Aranishi and Okimoto 2005).

It was the second largest noncoding region among

three major ones of Pacific oyster mtDNA,

and the nucleotide polymorphism of the largest

noncoding region remained undetermined.

This study was undertaken to characterize the se-

quence divergence of the largest noncoding region

of Pacific oyster mtDNA, here called an intergenic

spacer (IGS).

Materials and methods

Oyster DNA

Adult oysters were cultured on ropes suspended

from long lines in Goseong Bay, Korea. Their har-

vesting was followed by air transportation in

a cooled package to Japan. Adductor muscle was

collected from fresh oyster specimens and imme-

diately stored at – 40°C until DNA extraction. To-

tal genomic DNA was prepared from frozen

adductor muscles by the modified urea-SDS-

Proteinase K method (Aranishi and Okimoto

2004). Samples were incubated in TESU4 buffer

(10 mM Tris-HCl, pH 7.5, 20 mM EDTA, pH 8.0,

1% SDS, 4 M urea, 25 µg proteinase K) at 55°C,

and then 5 M NaCl was added and mixed. DNA

was extracted with phenol-chloroform-isoamyl al-

cohol, followed by precipitation with ethanol.

DNA pellet was washed with ethanol, dried,

and resuspended in 10T0.1E (10 mM Tris-HCl,

pH 7.5, 0.1 mM EDTA, pH 8.0).

PCR amplification

A 818-bp fragment comprising the IGS segment

and adjacent tRNACys and tRNAAsn genes was am-

plified in a PCR mixture containing 2 mM MgCl2,

200 � M each dNTP, 0.25 unit Taq DNA polymer-

ase (Sigma), 0.5 mM of each primer (5’-GCCCA

AGAAA TTGGC CTTTA-3’; 5’-TGCCT

TAAGC TTGGG CTACT-3’), and template DNA

in a Techgene thermal cycler (Techne). The PCR

amplification protocol consisted of an initial dena-

turation at 94°C for 2 min, followed by 30 cycles

of 10 s at 94°C, 10 s at 58°C and 40 s at 72 °C,

and a final extension at 72°C for 5 min. PCR prod-

ucts were run on 2.0% agarose gels at 15 V/cm for

40 min and then visualized under UV illumination

in an EDAS290 Gel Documentation System

(Invitrogen).

Sequence analysis

Nucleotide sequencing of both DNA strands of

PCR products was accomplished by using a CEQ

DTCS kit in a CEQ2000XL DNA Analysis Sys-

tem (Beckman Coulter). Multiple sequence align-

ments were performed by the program CLUSTAL

W version 1.7 (Thompson et al. 1994). Genetic

distances among haplotypes were calculated from

multiple sequence substitutions based on the two-

parameter model (Kimura 1980). A phylogenetic

tree was constructed for haplotypes according to

the neighbor-joining method (Saitou and Nei

1987) by the program TREEVIEW (Page 1996),

and the reliability of the topology of the tree was

assessed by 1000 bootstrap replications.

Results

The largest 770-bp noncoding region was ex-

tracted as the IGS from the mtDNA sequence of

Pacific oyster [GenBank accession NC_001276],

and the partial nucleotide sequences of a 604-bp

portion from 129 to 732 of the IGS were compared

among 29 Goseong specimens. A total of 7 variable

sites were detected within the IGS (Figure 1), and the

relative frequency of nucleotide alteration was deter-

mined to be 1.16%. All alterations were due to a sin-

gle nucleotide substitution, and 5 transitions and

2 transversions were observed, but neither deletion

nor alteration from cytosine occurred (Table 1).

The alterations from guanine and adenine were de-

rived only from transition, and those from thymine

were from both transition and transversion.

Among 29 oyster specimens within the Goseong

population, only 8 haplotypes could be identified

from nucleotide sequence analysis, and 6 of the

haplotypes were unique to particular specimens (Ta-

ble 2). It is noteworthy that 19 specimens constitute a

single GB1-1 haplotype. Pairwise genetic diversity

of the 8 haplotypes was calculated to be 0.412 ±

0.134. Genetic distances among these haplotypes

were estimated, and the resultant neighbor-joining

tree illustrated a single cluster of linkages, which

comprised 5 haplotypes associated with 23 speci-

mens, while the other 3 haplotypes (GB1-2,

GB1-3 and GB1-7), associated with 6 specimens,

were scattered (Figure 2).

120 F. Aranishi



121

Figure 1. Nucleotide sequence of the intergenic spacer and adjacent tRNACys and tRNAAsn genes in Pacific oyster.

(Underlined and shadowed nucleotides indicate the 604-bp fragment analyzed and 7 variable sites, respectively.)

Table 1. Nucleotide divergence of the intergenic spacer of Pacific oyster

Nucleotide Variable sites Frequency (%)
Nucleotide diversity*

Ts. Tv. Ts./Tv. Tv./Del. Del. Total

G 2 0.33 2 0 0 0 0 2

A 2 0.33 2 0 0 0 0 2

T 3 0.50 1 2 0 0 0 3

C 0 0 0 0 0 0 0 0

Total 7 1.16 5 2 0 0 0 7

* Ts. = transition; Tv. = transversion; Ts./Tv. = transition and transversion; Tv./Del. = transversion and deletion; Del. = deletion

Table 2. Nucleotide substitutions for 8 haplotypes in the intergenic spacer of Pacific oyster

Haplotype Individuala Frequencyb
Substitution loci

103 279 280 329 367 409 598

GB1-1 19 65.5 A T T G G T A

GB1-2 1 3.4 A

GB1-3 1 3.4 A

GB1-4 1 3.4 C

GB1-5 1 3.4 A

GB1-6 1 3.4 A

GB1-7 4 13.8 G

GB1-8 1 3.4 G G
a Number of individuals with the given haplotype.
b Frequency (%) in the analyzed population of 29 individuals



Discussion

Goseong Bay had been a good fishery coast, with

a thriving endemic wild population of Pacific oys-

ter. However, since the hanging culture method

was first introduced in the 1960s, oyster farming

has developed rapidly, using both wild spats col-

lected from the endemic population and hatch-

ery-reared spats (Park et al. 1989). It resulted in

a mixture of wild and cultured oysters inhabiting

in Goseong Bay now, and similar situations have

been observed in many parts of East Asian coasts.

The neighbor-joining phylogenetic tree based on

multiple genetic distances among 8 haplotypes

from 29 Goseong specimens shows that 6 speci-

mens apparently have diverged from the other

23 specimens (Figure 2).
The mtDNA IGS proved to be a polymorphic

noncoding region involving 7 variable sites (Fig-
ure 1). In intraspecies phylogenetic studies on wild
and cultured populations of Pacific oyster, only 3
and 1 variable sites were detected from 547-bp
and 415-bp portions of the mtDNA cytochrome c

oxidase subunit I (COI) and 16S rRNA genes, re-
spectively (Boudry et al. 2003). The relative fre-
quency of nucleotide alteration was determined to
be 1.16% in the IGS (Table 1), in contrast
to 0.54% in the COI gene and 0.24% in the 16S
rRNA gene. These findings indicate that the IGS is
highly polymorphic and thus more suitable as
a genetic marker for population structure analysis
than the mtDNA coding regions in Pacific oyster.

In a very short 219-bp portion of the major

noncoding region, which was termed a putative

control region of scallop mtDNA, 12 variable sites

were detected, and the relative frequency of nucle-

otide alteration was calculated to be 5.48% (Sato

and Nagashima 2001). In addition, our previous

study determined the relative frequency of nucleo-

tide alteration in the second largest noncoding re-

gion of Pacific oyster mtDNA to be 4.68%

(Aranishi and Okimoto 2005). These values are

found to correspond closely to the relative fre-

quencies of nucleotide alteration in the known

control region of vertebrate animals, and to be

much higher than those in the IGS, COI, and 16S

rRNA of Pacific oyster mtDNA. Incidentally, bas-

ing on both sequence polymorphism and structural

domain characterizations, Okimoto (2006) first

identified that the second largest noncoding region

of Pacific oyster mtDNA was the authentic control

region of bivalve mtDNA.

The IGS was concluded to be a variable

noncoding region and higher polymorphic than

some coding genes but lower polymorphic than

the control region of Pacific oyster mtDNA.

The mtDNA COI gene was reported as a useful ge-

netic marker for species discrimination between

Pacific oyster and Portuguese oyster (Boudry et al.

1998). The mtDNA control region enabled alloca-

tion of 120 specimens of Pacific oyster to

91 haplotypes, indicating its conspicuously high

phylogenetic usefulness for individual discrimina-

tion (Okimoto 2006). The mtDNA IGS showing

the moderate sequence divergence between

the COI and control region may thus serve as a ge-

netic marker for population discrimination.
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Figure 2. Neighbor-joining phylogenetic tree for 8 haplotypes in the intergenic spacer of Pacific oyster, based on 1000

bootstrap replicates. (Numbers in parentheses indicate the numbers of individuals.)
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