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ABSTRACT. – A paralytic shellfi sh poisoning caused by meat from an unknown scallop occurred in South 
Taiwan. Scallop meat residue retained by the victim was assayed for toxicity and mitochondrial DNA. The 
scallop meat toxin was of low concentration and identifi ed by HPLC-FLD as saxitoxin. The 16S rRNA 
gene sequence of the unknown scallop meat was determined and PCR-RFLP analyses of the meat were 
completed. When compared with the well-known scallop species Atrina pectinata, Amusium pleuronectes 
and Mizuhopecten yessoensis, the 16S rRNA gene sequence and PCR-RFLP analyses showed a match with 
Atrina pectinata. This is the fi rst report in which the scallop Atrina pectinata has been found to contain 
saxitoxin and to have caused a food poisoning incident.
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INTRODUCTION

Paralytic shellfi sh poisons (PSP) are responsible for the most 
severe human seafood poisoning worldwide (Sierra-Beltran et 
al., 1998; Anderson et al., 1996; Lehane et al., 2001; Hwang 
et al., 2003; Garcia et al., 2004; Asakawa et al., 2005; Wu 
et al., 2005; Jen et al., 2007). It is well known that PSP is 
produced by toxic marine dinofl agellates, including three 
morphologically distinct genera of saltwater dinofl agellates: 
Alexandrium spp. (Hashimoto et al., 2002), Pyrodinium spp. 
(Harada et al., 1982) and Gymnodinium spp. (Anderson et 
al., 1989). The paralytic shellfi sh poisoning caused by eating 
toxin-contaminated bivalves (scallops, mussels, oysters and 
clams) has been reported (Hallegraeff, 1993; Hwang et al., 
1995; Hashimoto et al., 2002; Hwang et al., 2003; Jiang et al., 
2003; Yen et al., 2004; Jiang et al., 2006). The contaminated 
bivalves are commonly sold live and can be identifi ed by 
morphologically (Garland & Zimmer, 2002) However, it is 
diffi cult to identify the bivalve species when they are sold as 
processed products. Once food poisoning has occurred, high 
performance liquid chromatography (HPLC) (Hwang et al., 
1999; Jen et al., 2007) may be used to detect PSP toxins. 
In order to prevent further cases of poisoning, the species 
and source of the toxic bivalves should be determined as 
soon as possible. 

Recently, techniques for the identifi cation of mitochondrial 
DNA (mtDNA) have proved successful in differentiating 
species of bivalves for evolutionary investigations. The 
high number of copies, simplicity of isolation, lack of 
recombinant events, conservation of sequences and structures 
across metazoan as well as mutational rates in other regions 
have all contributed to this success (Fernandez et al., 2000; 
Smith & Snyder, 2007).  Several papers describing RAPD 
(random amplifi ed polymorphic DNA) (Heipel et al., 1998), 
PCR (polymerase chain reaction) (Aranishi & Okimoto et 
al., 2003) and PCR-RFLP (PCR with restriction fragment 
length polymorphisms) (Lapegue et al., 2002; Zhang et al., 
2005) have indicated that the 16S rRNA genes are useful 
identifi cation tools for bivalve species. 

A case of paralytic shellfi sh poisoning caused by unidentifi ed 
scallop meat occurred in South Taiwan in Aug.2007. Two 
victims (a couple, both 59 years old) purchased scallop 
meat from a traditional market in Tainan City. One and a 
half hours after consumption of the scallop meat, the couple 
exhibited symptoms of paralytic shellfi sh poisoning which 
included paresthesia of the lips and tongue, temporary 
dizziness, nausea, vomiting and blurred vision. The victims 
were discharged from the hospital after one day of treatment 
and are now healthy. 
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This study was undertaken to identify toxin components in 
fresh scallop meats that might be responsible for such a PSP 
event. Application of PCR amplifi cation and analyses of 
mtDNA sequence by use of restriction enzyme were used to 
identify unknown scallop meat implicated in food poisoning 
with comparison to live scallop specimens. 

MATERIALS AND METHODS

Materials. – Eight samples (5.7 ± 0.3 g, mean ± SD) 
of causative scallop raw meat were obtained from the 
food poisoning victims in Tainan City, South Taiwan in 
Aug.2007. To identify the species, 6 specimens each of 
three scallop species, Atrina pectinata (comb pen shell), 
Amusium pleuronectes (Asia moon scallop) and Mizuhopecten 
yessoensis (giant ezo scallop), were purchased from seafood 
markets in North Taiwan in the summer of 2007. All of 
three species were morphologically identifi ed based on their 

Fig. 1. HPLC chromatography of STX from: A, causative scallop meat; B, authentic STX and neo-STX (B).

external characteristics by Dr. Wen-Lung Wu (Research 
Center for Biodiversity, Academia Sinica, Taipei). All 
samples were stored at –20°C until use. Authentic TTX, 4-epi 
TTX and anhydrotetrodotoxin (anh-TTX) were obtained from 
Wako Pure Chemical Industry (Tokyo, Japan). Authentic PSP 
components GTX1-4 isolated and purifi ed from the purple 
clam, Soletellina diphos, in Taiwan were used (Hwang et 
al., 1987). Authentic saxitoxin (STX) and neoSTX obtained 
from the crab Zosimus aeneus in Japan (Daigo et al., 1988) 
were kindly provided by Professor O. Arakawa, Nagasaki 
University, Japan. These authentic toxins have their identity 
verifi ed and purity checked according to the method proposed 
by Sullivan & Iwaoka (1983). The calibration curves of these 
toxins have been checked by NRC CRM-STXdiAc agent 
(National Research Council Canada, Nova Scotia, Canada). 
The toxins were kept separately in several small black tubes 
as stock solutions (180 µg/ml), freeze-dried and stored at 
–70°C. Among them, one stock toxin was dissolved in 1 ml 
of 0.03 M acetic acid and kept at –20°C until use.
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Fig. 2. The partial 16S rRNA of consensus fragment in causatives scallop meat and 3 scallop species amplifi ed with primer set 16SL22/
R21. Samples in lane are as follows: CSM, causative scallop meat; AP, Atrina pectinata; APU, Amusium pleuronectes; MY, Mizuhopecten 
yessoensis; M, 100 bp ladder. Restriction sites of Bsp1286 I (5’–GTGCC▼C–3’), Stu I (5’–AGG▼CCT–3’) and Hae III (5’–GG▼CC–3’) 
are labeled as a box, and grey background, respectively.
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Extraction and purifi cation of toxin. – Scallop meat samples 
were each mixed and homogenized for 5 min with 3 volumes 
of 1% acetic acid in methanol and centrifuged (20,000 
g, 20 min). The operation was repeated twice again. The 
supernatants were combined, concentrated under reduced 
pressure at 45°C and examined for toxin as follows: samples 
were immediately centrifuged at 10,000 g for 10 min and 
the supernatant passed through a cartridge column (C18 Sep-
Pack cartridges, Millipore, Waters, MA, USA), previously 
regenerated with 10 ml methanol and equilibrated with 10 
ml water. Toxin absorbed in the column was eluted using 
10 ml methanol, resulting in pigments being retained in the 
column. The eluate was freeze-dried, dissolved in 2 ml of 
0.5% acetic acid and fi ltered through a 3,000 MW cut-off 
Ultrafree microcentrifuge fi lters (Micron YM-3, Millipore, 
Waters, MA, USA). The fi ltrate was freeze-dried, made to 
the volume of 1 ml and submitted for subsequent analysis 
(Andrinolo et al., 1999).

HPLC-FLD analysis for PSP and TTX. – All chemicals and 
solvents used were HPLC or analytical grade. Reversed phase 
HPLC (L-2100, Hitachi Ltd., Tokyo, Japan) was performed 
on a reversed-phase column (Merck Lichromsper 100 RP-18, 
4 mm I.D. × 20 cm; E. Merck, Darmstadt, Germany) with a 
fl uorescence detector (F-1000, Hitachi Ltd., Tokyo, Japan). 
For PSP analysis, the mobile phase consisted of sodium 1-
heptanesulfonate (2 mM) as an ion-pairing reagent, with 10 
mM ammonium phosphate (pH 7.1) for GTXs group and 
sodium 1-heptanesulfonate (2 mM) in 30 mM phosphoric 
acid (pH 7.1) containing 5% of acetonitrile for STXs group, 
pumped at a fl ow rate of 0.6 ml/min. In all cases the eluate 
from the column was continuously oxidized with periodic acid 
(7 mM) in 50 mM potassium phosphate buffer (pH 9.0) while 

Fig. 3. PCR products from causative scallop meat and three scallop species using the 16SL22/R21 primers. Electrophoresis was performed 
on 1.2% agarose gels and stained with ethidium bromide. Samples in lane are as follows: 1, causative scallop meat; 2, Atrina pectinata; 
3, Amusium pleuronectes; 4, M. yessoensis; M, 100 bp ladder.

passing through tefl on tubing followed by heating at 90°C for 
0.5 min and then mixed with an equal volume of acidifying 
reagent (0.5 M acetic acid) before entering a fl uorescence 
detector. The intensity of fl uorescence was measured at 330 
nm with 390 nm excitation (Oshima, 1995). The mobile phase 
for TTX analysis was sodium 1-heptane sulfonate (2 mM) 
in methanol (1%)-potassium phosphate buffer (0.05 M, pH 
7.0). The TTX was detected by mixing the eluate with 3 M 
NaOH at a ratio of 1:1, followed by heating at 99°C for 0.4 
min and monitoring of the fl uorescence at 505 nm with 381 
nm excitation (Noguchi et al., 1981). Toxin concentration in 
the scallop extract was determined by comparing the peak 
area of each of the individual toxins.

DNA extraction. – Total DNA was extracted by using the 
magnetic bead technique with the Chemagic DNA Tissue 
10 Kit (Chemagen, Baesweiler, Germany) according to the 
manufacturer’s recommendations. About 100 g of sample 
meat was incubated with protease K and lysis buffer at 56°C 
until lysis was completed, then magnetic beads were added. 
After incubation, magnetic beads binding DNA was separated 
by a magnetic separator. The mixture was washed twice with 
different washing buffer. The magnetic beads were removed 
from the solution and the genomic DNA was eluted in 50 µl 
of elution buffer. The concentration of DNA was estimated 
by absorbance at 260 nm (Lin & Hwang, 2008).

Partial mitochondrial 16S rRNA gene fragment amplifi cation. 
– The universal primers used were shown as complementary 
to conserved regions of mitochondrial 16S rRNA gene in 
molluscs (Jiang et al., 1997). The primer sequences used 
were as follows: 16SL22 (5’–TTA ATC CAA CAT CGA 
GGT CGC–3’) and 16SR21 (5’–CGC CTG TTT AGC 

12_Jen_Pg 115-122.indd   11812_Jen_Pg 115-122.indd   118 12/11/08   2:21:10 PM12/11/08   2:21:10 PM



119

THE RAFFLES BULLETIN OF ZOOLOGY 2008

Fig. 4. Electrophoretic analysis of PCR products of the 16S rRNA gene digested with BSP1286 I on 2% agarose gel. Samples in lane are 
as follows: 1, causative scallop meat; 2, Atrina pectinata; 3, Amusium pleuronectes; 4, M. yessoensis; M, 100 bp ladder.

AAA AAC AT–3’). The PCR amplifi cation reactions were 
performed in a total volume of 100 ml. Each reaction mixture 
contained 100 ng of extracted template DNA, 0.2 mM of 
each primer, 200 mM of each dNTP and 2.5 U of Pro Taq 
DNA polymerase (Amresco, Solon, Ohio, USA) in a reaction 
buffer containing 20 mM Tris–HCl, pH 8.0, 1.5 mM MgCl2, 
1% Triton X-100 and 0.1 mM dithiothreitol (DTT). PCR 
reaction was carried out in a Gene-Amp PCR system 2400 
(Perkin Elmer, Foster City, Calif., U.S.A.) programmed to 
perform a denaturation step of 95°C for 10 min, followed 
by 30 cycles consisting of 1 min at 95°C, 1 min at 50°C 
and 2 min at 72°C. The last extension step was extended 
by an additional 10 min.

DNA purifi cation and sequencing. – Six microliters of PCR 
product and 1µl of loading dye were mixed and loading dye 
were mixed and loaded onto a 2% agarose gel containing 
1µg/ml ethidium bromide, then electrophoresis was run in 
TBE buffer (0.089 M Tris; 0.089 M boric acid; 0.002 M 
EDTA, pH 8.0) at 100 V for 40 min. The DNA bands were 
observed under ultraviolet light and photographed by Image 
Master VDS (Pharmacia Biotech, Piscataway, NJ, USA). 
Purifi ed PCR products were sequenced at Mission Biotech 
(Taipei, Taiwan) using the above primers and the ABI Prism 
BigDye Terminator Cycle Sequencing Ready Reaction Kit 
(Perkin-Elmer/Applied Biosystems Div., Foster City, CA, 
USA) in an ABI PRISM 377-96 DNA sequencer (Perkin-
Elmer/ Applied Biosystems Div.). Two complementary DNA 
sequences obtained from each species were compared with 
the database and aligned to establish complete cytochrome 
b gene by Genetics Computer Group Wisconsin Package, 
Version 11.1 (GCG system; Genetics Computer Group, 
2006) (Lin & Hwang, 2008).

Endonuclease digestion and restriction fragment length 
analysis. – After analyzing consensus sequences of partial 

mitochondrial 16S rRNA gene of three scallop species, 
restriction maps were constructed in GCG system (Lin & 
Hwang, 2008). The restriction endonuclease enzyme Bsp1286 
I, Stu I and Hae III (Promega, Madison, WI, USA) were 
searched with the GCG system by inputting out sequences and 
tested by restriction analysis of the amplifi ed PCR products 
as determined for this study. Each digestion was performed 
in 10µl of mixture that contains 100 ng PCR Product, 5 
U restriction endonuclease, 1:10 dilution of bovine serum 
albumin and 10X digestive buffer. Digestive reactions were 
incubated at optimal assay temperature (37°C) for 2 hr. The 
resulting fragments were separated by electrophoresis in a 
2.0% agarose gel containing 10 µg/ml ethidium bromide for 1 
hr at 100 V. The sizes of the resulting DNA fragments were 
estimated by comparison with a commercial 100 bp ladder 
(Protech Technology Enterprise Co., Taipei, Taiwan). 

RESULTS

Toxin identifi cation. – The remaining samples of scallop 
meat were assayed for toxin by HPLC-FLD. The intensity of 
fl uorescence of the toxic sample in HPLC chromatography 
was substituted by the amount of toxin according to the 
method of Sullivan & Iwaoka (1983). Using the mole 
concentration percentage conversion method to calculate the 
toxin equivalents, calibration curves of saxitoxin (STX) were 
used to calculate the respective toxin concentrations in the 
sample extracts. The chromatography profi les of standard 
STX and its analogues neo-STX are shown in Fig. 1A. 
Sample detection limits of STX toxin was determined from 
calibration data and sample extract volumes from post-column 
derivation liquid chromatographic method by Oshima (1995), 
provided the higher sensitivity of detection. The detection 
limit of STX was 0.02 µg/ml and the calibration curve was 
linear in the range of 0.2–100.0 µg/ml (Y = 7.38X + 11.24, 
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Fig. 5. Restriction profi les of the 16S rRNA gene PCR products from two scallop species digested with Stu I and Hae III on 2% agarose 
gel. Samples in lane are as follows:1 & 3, Amusium pleuronectes; 2 & 4, Mizuhopecten yessoensis; M, 100 bp ladder.

r = 0.999). The toxin content of the causative scallop meat 
from the food poisoning incident was 21.0 ± 1.2 µg STX/g 
meat. The retention time of one peak coincided with that of 
STX (8.8 min) (Fig. 1B). The extracted and purifi ed toxin 
has specifi c toxicity of 152 µg STX/mg crude toxin. The 
major toxic compound was identifi ed as STX. Tetrodotoxin 
and its related compounds were not found. 

Species identifi cation and sequencing analysis. – For all 
Archaeogastropoda, Jiang et al. (1997) found that the pair 
of primers 16SL22/16SR21 yielded amplicon fragments 
ranging from 400–600 bp. Approximately 400–600 bp 
fragments were obtained from the DNA extracts obtained 
from the meat samples of causative scallop meat and other 
scallop species (Atrina pectinata, Amusium pleuronectes and 
Mizuhopecten yessoensis). The sequences were analyzed and 
submitted to Genebank for accession number DQ873919 
(Amusium pleuronectes) and AB103394 (Mizuhopecten 
yessoensis). Compared with data from Gene Bank (Natl. 
Center for Biotechnology Information, NCBI), the obtained 
fragments were encoded on 16S rRNA gene mtDNA (Fig. 
2). However, the sequence of the 450 bp region of the 16S 
rRNA gene in Atrina pectinata in this study is the fi rst 
report for this species. The Atrina pectinata gene was more 

similar to the Amusium pleuronectes gene (identity = 62.4%) 
than to Mizuhopecten yessoensis gene (identity = 34.3%). 
Electrophoretic analysis of the PCR products from causative 
scallop meat and the scallop species of Atrina pectinata, 
Amusium pleuronectes and Mizuhopecten yessoensis had 
450, 496 and 545 bp fragments, respectively (Fig. 3). The 
species of causative scallop meat was, according to the 
size and sequence of PCR product fragments, identifi ed as 
Atrina pectinata.

PCR-RFLP analysis. – After digestion of the PCR products 
by using three restriction endonucleases, different band 
sizes were obtained from these well-known scallop species. 
A single restriction site for endonuclease Bsp1286 I was 
found in the sequences of PCR products of Atrina pectinata, 
resulting in 2 fragments of 57 and 393 bp (Fig. 4). However, 
this enzyme did not cleave Amusium pleuronectes and 
Mizuhopecten yessoensis amplicons. Restriction enzyme Stu 
I could cleave 496 bp fragment of Amusium pleuronectes 
into 258 and 238 bp, and there was no cutting site in Atrina 
pectinata and Mizuhopecten yessoensis. Finally, the Hae III 
could cleave the 496 bp fragment of Amusium pleuronectes 
into 237, 147 and 112 bp, and the 545 bp fragment from 
Mizuhopecten yessoensis into 433, 112 bp (Fig. 5). There 

Table 1. Lengths of restriction fragments obtained the PCR products of causative scallop meat and three scallop species by using the 
Bsp1286 I, Stu I and Hae III restriction enzymes.

 Species Bsp1286 I  Stu I  Hae III

Atrina pectinata  57+393 bp 450 bp 450 bp

Amusium pleuronectes 496 bp 258+238 bp 237+147+112 bp

Mizuhopecten yessoensis 545 bp 545 bp 433+112 bp

Causative scallop meat 57+393 bp 450 bp 450 bp
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was no cutting site in Atrina pectinata (data not shown). 
The sizes of fragment lengths cleaved by each restriction 
enzyme are compiled in Table 1 and the cutting sites of 
restriction enzymes in the sequences for each species are 
labeled in Fig. 2. The results of the PCR-RFLP analysis 
indicated that the causative scallop meat was from the 
species Atrina pectinata.

DISCUSSION

The fi rst foodborne case of PSP which aroused Taiwanese 
attention was caused by the purple clam Soletellina diphos 
in Pingtung County in Jan.1986 (Hwang et al., 1987). One 
hundred sixteen people were intoxicated and there were two 
deaths. Later, a bloom of the PSP-producing dinofl agellate 
Alexandrium minutum was found in the inland aquaculture 
ponds (Hwang et al., 1999). Another food poisoning incident 
due to ingestion of the same purple clam species, S. diphos, 
occurred in Chaiyi County in Feb.1991. There were 7 patients 
but no deaths were reported (Hwang et al., 1992). 

STX is one of the most potent neurotoxins. The amount 
of STX (21.0 ± 1.2 µg STX/g meat) in causative scallop 
meat was detected by HPLC-FLD. The intoxication dose in 
humans ranges from 200 to 1,000 µg of STX and the lethal 
dose is at 600–6,000 µg of STX (Morse et al., 1977). In most 
countries the regulatory limit for the safe consumption of 
shellfi sh required is set at 80 µg STX /100 g tissue (Lehane, 
2001). Saxitoxin was found to block the action potential of 
sodium channels in nerve and muscle, resulting in nervous 
signals that could not be transmitted (Yu & Catterall, 2003). 
The patients ate more than 10 g scallop meat, immediately 
appeared the paralytic symptoms in mouth lips and stop to 
eat. These causative scallops were all collected from southern 
Taiwan where toxic dinofl agellate has been found. However, 
toxicity of those live specimens collected from North Taiwan 
was not detected. Hence, these causative scallops might 
accumulate STX from toxic dinofl agellate.

Wilding et al. (1997) has applied the PCR-RFLP method of 
mtDNA variation to the identifi cation of the scallop Pecten 
maximus. The mtDNA has been intensively examined by 
use of sequencing analysis of the entire mtDNA genomes, 
but this is a time-consuming process and is currently not 
practical for evolutionary studies (Fernandez et al., 2000). 
Hosoi et al. (2004) reported that PCR-RFLP could be used 
to differentiate 14 bivalve mollusks using one restriction 
endonuclease. Fernandez et al. (2000) also applied PCR-
RFLP analysis to the identifi cation of three clam species 
and used two restriction endonucleases. In this study, PCR-
RFLP analysis using Bsp1286 I, Stu I and Hae III restriction 
enzymes easily and effectively allowed identifi cation of 
three species of scallop without any need for sequencing or 
phylogenetic analysis. In addition, due to its larger size and 
better conserved structure, 16S rRNA has been demonstrated 
to be suitable for genomic studies and is optimal for 
interspecifi c analysis in the molluscs investigated (Hosoi 
et al., 2004; Smith & Snyder, 2007). The 16S rRNA gene 
sequence and PCR-RFLP analyses as applied here have 

provided reliable identifi cation of Atrina pectinata as the 
species of scallop involved in the above-mentioned case of 
paralytic shellfi sh poisoning .

ACKNOWLEDGEMENTS

This study was partly supported by the Center for Marine 
Bioscience and Biotechnology (Grant No. 97529002I2), 
National Taiwan Ocean University, Taiwan.

LITERATURE CITED

Anderson, D. M., J. J. Sullivan & B. Reguera, 1989. Paralytic shellfi sh 
poison in northwest Spain: The toxicity of the dinofl agellate 
Gymnodinium catenatum. Toxicon, 27: 665–674.

Anderson, D. M., D. M. Kulis, Y. Z. Qi, L. Zheng, S. Lu & Y. 
T. Lin, 1996. Paralytic shellfi sh poisoning in southern China. 
Toxicon, 34: 579–90.

Andrinolo, D., L. F. Michea & N. Lagos, 1999. Toxic effects, 
pharmacokinetic and clearance of saxitoxin, a component 
of paralytic shellfish poison (PSP), in cat. Toxicon, 37: 
447–464.

Aranishi, F. & T. A. Okimoto, 2003. Simple and reliable method 
for DNA extraction from bivalve mantle. Journal of Applied 
Genetics, 47: 251–254.

Asakawa, M., H. Takayama, R. Beppu & K. Miyazawa, 2005. 
Occurrence of paralytic shellfish poison (PSP)-producing 
dinoflagellate Alexandrium tamarense in Hiroshima Bay, 
Hiroshima Prefecture, Japan, during 1993-2004 and its PSP 
profi les. Shokuhin Eiseigaku Zasshi, 46: 246–250.

Fernandez, A., T. Garcýa, L. Asensio, M. A. Rodrýguez, I. Gonzalez, 
A. Cespedes, P. E. Hernandez & R. Martýn, 2000. Identifi cation 
of the clam species Ruditapes decussatus (grooved carpet 
shell), Venerupis pullastra (pullet carpet shell), and Ruditapes 
philippinarum (Japanese carpet shell) by PCR-RFLP. Journal 
of Agricultural and Food Chemistry, 48: 3336–3341.

Garland, E. D. & C. A. Zimmer, 2002. Techniques for the 
identification of bivalve larvae. Marine Ecology Progress 
Series, 225: 299–310.

Garcia, C., D. Carmen, M. Bravo, M. Lagos & N. Lagos, 2004. 
Paralytic shellfi sh poisoning: post-mortem analysis of tissue 
and body fl uid samples from human victims in the Patagonia 
fjords. Toxicon, 43: 149–158.

Hallegraeff, G. M., 1993. A review of harmful algal blooms and 
their apparent global increase. Phycologia, 32: 79–99.

Harada, Y., Y. Oshima., H. Kamiya & Y. Yasumoto, 1982. 
Confi rmation of paralytic shellfi sh toxins in the dinofl agellate 
Pyrodinium bahamense var. compressa and bivalves in Palau. 
Nippon Suisan Gakkaishi, 48: 821–825.

Hashimoto, T., S. Matsuoka, S. A. Yoshimatsu, K. Miki, N. 
Nishibori, S. Nishio & T. Noguchi, 2002. First paralytic shellfi sh 
poison (PSP) infestation of bivalves due to toxic dinofl agellate 
Alexandrium tamiyavanichii, in the southeast coasts of the Seto 
Inland Sea, Japan. Shokuhin Eiseigaku Zasshu, 43: 1–5.

Heipel, D. A., J. D. D. Bishop, A. R. Brand & J. P. Thorpe, 
1998. Population genetic differentiation of the great scallop 
Pecten maximus in western Britain investigated by randomly 
amplifi ed polymorphic DNA. Marine Ecology Progress Series, 
162: 163–171.

12_Jen_Pg 115-122.indd   12112_Jen_Pg 115-122.indd   121 12/11/08   2:21:11 PM12/11/08   2:21:11 PM



122

 Jen et al.: Species identifi cation of scallop

Hosoi, M., S. Hosoi-Tanabe, H. Sawada, M. Ueno, H. Toyohara 
& I. Hayashi, 2004. Sequence and polymerase chain reaction 
– restriction fragment length polymorphism analysis of the large 
subunit rRNA gene of bivalve: simple and widely applicable 
technique for multiple species identifi cation of bivalve larva. 
Fisheries Science, 70: 629–637.

Hwang, D. F., T. Noguchi, Y. Nagashima, I. C. Li & K. Hashimoto, 
1987. Occurrence of paralytic shellfi sh poison in the purple 
clam Soletellina diphos (bivalve). Nippon Suisan Gakkaishi, 
53: 623–626.

Hwang, D. F., Y. H. Tsai, C. A. Cheng & S. S. Jeng, 1992. 
Comparison of paralytic toxins in aquaculture of purple clam 
in Taiwan. Toxicon, 30: 669–672.

Hwang, D. F., C. A. Cheng, H. T. Tsai, Y. C. Shih, H. C. Ko, 
R. Z. Yang & S. S. Jeng, 1995. Identifi cation of tetrodotoxin 
and paralytic shellfi sh toxins in marine gastropods implicated 
in food poisoning. Fisheries Science, 61: 675–679.

Hwang, D. F., Y. H. Tsai, H. J. Liao, K. Matsuoka, T. Noguchi & 
S. S. Jeng, 1999. Toxins of Alexandrium minutum Halim from 
the coastal waters and aquaculture ponds in southern Taiwan. 
Fisheries Science, 64: 171–172.

Hwang, P. A., Y. H. Tsai., Y. H. Lu & D. F. Hwang, 2003. Paralytic 
toxins in three new gastropod (Olividae) species implicated in 
food poisoning in southern Taiwan. Toxicon, 41: 529–533.

Jen, H. C., S. J. Lin, S. Y. Lin, Y. W. Huang, I. C. Liao, O. 
Arakawa & D. F. Hwang, 2007. Occurrence of tetrodotoxin 
and paralytic shellfish poisons in a gastropod implicated 
in food poisoning in southern Taiwan. Food Additives and 
Contaminants, 24: 902–909.

Jiang, L., W. L. Wu & Y. S. Lin, 1997. Effi cient methods for 
isolating mitochondrial DNAs from molluscan specimens of 
different conditions. Zoological Studies, 36: 74–78.

Jiang, T., J. Chen, Y. Zou, J. Liu & W.Yang, 2003. Paralytic shellfi sh 
toxins in shellfi sh from the coast of high frequent harmful algae 
blooms occurrence areas in East China Sea and South China 
Sea. Ying Yong Sheng Tai Xue Bao, 14: 1156–1160.

Jiang, T. J., T. Niu & Y. X. Xu, 2006. Transfer and metabolism 
of paralytic shellfi sh poisoning from scallop (Chlamys nobilis) 
to spiny lobster (Panulirus stimpsoni). Toxicon, 48: 988–994.

Lapegue, S., I. Boutet, A. Leitao, S. Heurtebise, P. Garcia, 
C. Thiriot-Quievreux & P. Boudry, 2002. Trans-atlantic 
distribution of a mangrove oyster species revealed by 16S 
mtDNA and karyological analyses. The Biological bulletin, 
202: 232–242.

Lehane, L., 2001. Paralytic shellfish poisoning: A potential 
public health problem. The Medical Journal of Australia, 
175: 29–31.

Lin, W. F. & D. F. Hwang, 2008. Application of species specifi c 
PCR for the identifi cation of dried bonito product (katsuobushi). 
Food Chemistry, 106: 390–396.

M o r s e ,  E .  V . ,  1977. Paralytic shellfi sh poisoning: A review. 
Journal of the American Veterinary Medical Association, 171: 
1178–1180.

Noguchi, T., J. Maruyama, Y. Ueda, K. Hashimoto & T. Harada, 
1981. Occurrence of tetrodotoxin in the Japanese ivory shell 
Babylonia japonica. Nippon Suisan Gakkaishi, 47: 909–914.

Oshima, Y., 1995. Post column derivatization liquid chromatographic 
method for paralytic shellfish toxins. Journal of AOAC 
International, 78: 528–532.

Sierra-Beltran, A. P., A. Cruz, E. Nunez, L. M. Del–Villar, J. 
Cerecero & J. L. Ochoa, 1998. An overview of the marine 
food poisoning in Mexico. Toxicon, 36: 1493–1502.

Smith, D. R. & M. Snyder, 2007. Complete mitochondrial DNA 
sequence of the scallop Placopecten magellanicus: Evidence 
of transposition leading to an uncharacteristically large 
mitochondrial genome. Journal of Molecular Evolution, 65: 
380–391.

Sullivan, J. & W. Iwaoka, 1983. High pressure liquid chromatographic 
determination of toxins associated with paralytic shellfish 
poisoning. Journal of the Association of Offi cial Analytical 
Chemistry, 66: 297–303.

Wilding, C. S., A. R. Beaumont & J. W. Latchford, 1997.
Mitochondrial DNA variation in the scallop Pecten maximus 
assessed by a PCR-RFLP method. Heredity, 79: 178–189.

Wu, J. Y., L. Zheng & J. H. Wang, 2005. Contamination of 
shellfi sh from Shanghai seafood markets with paralytic shellfi sh 
poisoning and diarrhetic shellfi sh poisoning toxins determined by 
mouse bioassay and HPLC. Food Additives and Contaminants, 
22: 647–651.

Yen, I. C., L. R. De-Astudillo, J. F. Soler & A. La Barbera-Sanchez, 
2004. Paralytic shellfi sh poisoning toxins in green mussels 
(Perna viridis) from the Gulf of Paria, Trinidad. Toxicon, 44: 
743–747.

Yu, F. H. & W. A. Catterall, 2003. Overview of the voltage-gated 
sodium channel family. Genome Biology, 4: 207.1–207.7.

Zhang, Q., S. K. Jr. Allen & K. S. Reece, 2005. Genetic variation 
in wild and hatchery stocks of Suminoe Oyster (Crassostrea 
ariakensis) assessed by PCR-RFLP and microsatellite markers. 
Marine Biotechnology, 7: 588–599.

12_Jen_Pg 115-122.indd   12212_Jen_Pg 115-122.indd   122 12/11/08   2:21:11 PM12/11/08   2:21:11 PM



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


