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Abstract 30 

Food control policies regarding to seafood label authenticity have become a 31 
global issue due to increased incidence of species substitution or mislabelling. 32 
Proper species-level identification in processed scallop products is hindered by 33 
the lack of morphological characters such as their valves. In order to identify four 34 
commercially important scallop species (Argopecten purpuratus, A. irradians, 35 
Mizuhopecten yessoensis, Pecten albicans) a species-specific multiplex PCR 36 
reaction is described herein. Novel reverse species-specific primers in 37 
combination with one universal forward primer designed to amplify a partial 38 
region of the mitochondrial 16S rRNA gene were assayed in fresh as well as in 39 
manufactured scallop samples. All PCR reactions showed a high specificity 40 
allowing an unambiguous species authentication.  41 
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1. Introduction 60 

Scallops are bivalve mollusks belonging to the family Pectinidae. They do 61 

not only play an important role in marine ecosystems but also have tremendous 62 

worldwide commercial importance. Scallop fisheries are distributed globally 63 

(Tracey and Lyle, 2011), being Japan the world largest scallop producer, with a 64 

total production of 565,600 tons in 2009 (FAO-Globefish, 2011). In Japan, 65 

Mizuhopecten yessoensis (“hotate-gai” or “Japanese scallop”) is one of the most 66 

important fishery products (Sato et al., 2005) and is mainly cultured in Hokkaido 67 

prefecture. Another economically important scallop species in Japan is the 68 

baking scallop Pecten albicans (“itaya-gai”), which is less abundant but a 69 

substitute for the commonest M. yessoensis, especially in southern Japan 70 

(Wongso and Yamanaka, 1998). M. yessoensis naturally occurs also in the 71 

northern Korean Peninsula and the far east of Russia, and in 1982 was 72 

introduced into China to increase scallop cultivation (Hou et al., 2011). The 73 

Japanese scallop is now widely farmed in northern China, where it was accepted 74 

quickly due to its large size and high market value (He et al., 2012; Li, Xu, & Yu, 75 

2007). The bay scallop Argopecten irradians is another commercially valuable 76 

species in China where it was introduced from America in 1982 (Zhang, He, Liu, 77 

Ma, & Li, 1986), and has become one of the most important aquaculture species 78 

(Li, Liu, Hu, Bao, & Zhang, 2007).  The Peruvian scallop A. purpuratus, which is 79 

widely cultured in Peru and Chile, is a highly economically important 80 

aquaculture species and it has recently been introduced into China and 81 

hybridized with the bay scallop A. irradians (Wang et al., 2011). According to the 82 

Peruvian Association of Exporters (ADEX), during the year 2011, total 83 

exportation of A. purpuratus from Peru reached 10,409 m tons for a total value of 84 
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$ 137 million (U.S.) dollars. France, United States and Belgium were the main 85 

destinations. In 2011, the European market was dominated by France, with 86 

36,700 tons of scallops imported, followed by Spain (9,800 tons) Belgium and 87 

Germany (3,500 tons each; FAO-Globefish, 2012). 88 

Globalization of the seafood market and increasing tendencies of 89 

international seafood trade are making governments around the world to 90 

enforce strict policies and new regulations (e.g. the European Council Regulation 91 

(EC) No 104/2000) in order to ensure food safety and prevent frauds (Santaclara 92 

et al., 2006; Zhan et al., 2008). Indeed, identification of food species is now a 93 

main concern not only for government entities and companies but also for 94 

consumers due to economic, regulatory, health and religious reasons. In Japan, 95 

food labelling of processed food is regulated according to the Law on 96 

Standardization and Proper Labelling of Agricultural and Forestry Products (JAS 97 

Law), product name, production site, and country of origin are required, 98 

particularly for imported products (Namikoshi, Takashima, Iguchi, Yanagimoto, 99 

& Yamashita, 2011). Seafood mislabelling is a very common issue; for example 100 

examinations performed during a nine-year period (1988-1997) by the National 101 

Marine Fisheries Service’s National Seafood Inspection Laboratory (NSIL) 102 

showed that 37% of fish and 13% of other seafood were mislabelled (Buck, 103 

2010). Manufactured scallop products are mostly commercialized without shells 104 

or in a processed form, consequently hampering species identification. According 105 

to FAO (2011), mislabelling import products (i.e. labelling Japanese scallop as 106 

USA domestic product) has been used fraudulently to obtain higher prices or to 107 

replace the product due to lack of supply. Furthermore, substituted and/or 108 
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mislabelled seafood is considered misbranded by the FDA (Food and Drug 109 

Administration) and is a violation of Federal law (FDA, 2011).  110 

Advances in biomolecular methods have allowed the development of 111 

effective procedures for the identification of species in processed food. However, 112 

most of these procedures (e.g. FINS, PCR-RFLP, RAPD) require further secondary 113 

analyses (sequencing, endonuclease digestion, fingerprinting, phylogenetic 114 

analysis) resulting in extra time and cost. On the other hand, species-specific PCR 115 

technique has been proven to be faster, cheaper and more useful to control food 116 

authenticity and identify a large number of samples (Marshall, Johnstone, & Carr, 117 

2007; Rodriguez et al., 2003; Wen, Hu, Zhang, & Fan, 2012). So far, nuclear 118 

markers such as microsatellite, ribosomal subunits, internal transcribed spacers 119 

(Fernández-Tajes, Freire, & Mendez, 2010; Lopez-Pinon, Insua, & Mendez, 2002; 120 

Bendezu, Slater, & Carney, 2005, Santaclara et al., 2006; Zhan et al., 2008), as 121 

well as mitochondrial markers such as COI, 16S rRNA, Cyt b genes (Bendezu et al., 122 

2005; Colombo, Trezzi, Bernardi, Cantoni, & Renon, 2004; Jen, Yen, Liao, & 123 

Hwang, 2008; Marshall et al., 2007) have been used for the identification to 124 

species level in bivalve molluscs. However, it is well known that mitochondrial 125 

DNA is more abundant in cells than nuclear DNA. Moreover, intense heating with 126 

high-pressure conditions applied in food canning and drying process cause 127 

severe DNA degradation (Bellagamba, Moretti, Comincini, & Valfre, 2001; Pascoal, 128 

Prado, Calo, Cepeda, & Velasquez, 2005). These facts make mitochondrial DNA an 129 

easier and more effective target for PCR amplification, especially in case of 130 

tissues from heavily processed products, on which highly sensitive diagnostic 131 

procedures are required.  132 
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Consequently, we select a partial region of the mitochondrial 16S rRNA 133 

gene as a marker. Generally, the COI mitochondrial gene has been proposed as 134 

the more suitable marker for DNA barcoding among taxa (Hebert, Cywinska, Ball, 135 

& deWaard, 2003), due mainly to the existence of robust universal primers, and a 136 

relatively greater range of phylogenetic signal than other mitochondrial genes 137 

with an evolution rate three times greater than that of 12S or 16S rDNA (Feng, Li, 138 

& Zheng, 2011). However, it has been shown that the proposed universal 139 

primers for DNA barcoding are not applicable for species of the family Pectinidae 140 

(Feng et al., 2011). Moreover, it has been previously reported that mitochondrial 141 

16S rRNA gene can be useful for the identification of bivalve species (Bendezu et 142 

al., 2005; Feng et al., 2011; Jen et al., 2008). In this study, we designed and 143 

evaluated the utility of novel species-specific oligonucleotides for the 144 

identification of four commercially important scallop species: A. purpuratus, A. 145 

irradians, M. yessoensis and P. albicans. In order to evaluate if processed food 146 

label is correct, the new primers were assayed in canned, frozen and boiled 147 

scallop products. The efficiency of the methodology and primers applied herein 148 

was increased by the application of multiplex PCR reaction designed to amplify 149 

one species-specific fragment of the mitochondrial 16S rRNA gene for each 150 

tested scallop species. Additionally, a longer specific fragment of the 151 

mitochondrial 12S rRNA gene was amplified using novel primers and used as 152 

common positive control in all multiplex PCR reactions. 153 

 154 

2. Materials and methods 155 

2.1. Materials 156 
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Fresh samples of A. purpuratus were collected in Independencia and 157 

Sechura Bay (Peru). M. yessoensis specimens were sampled in Funka Bay 158 

(Hokkaido, Japan) and P. albicans samples were collected in Shimoda Bay and 159 

Oki Island (Shimane, Japan). Samples of A. irradians were supplied by Dr. 160 

Linsheng Song (Institute of Oceanology, China). Approximately, 200 mg of 161 

adductor muscle was dissected, preserved in 95% ethanol and stored at −20 C. 162 

In order to confirm the authenticity of the labelling of processed scallops, twelve 163 

samples were analyzed: three samples of canned A. irradians (labelled as “itaya-164 

gai”), and three samples of canned M. yessoensis (labelled as “hotate-gai”) were 165 

purchased from a Japanese supermarket; three samples of boiled A. irradians 166 

(labelled as “itaya-gai” and imported from China), and three samples of frozen A. 167 

purpuratus (labelled as “concha de abanico”) were purchased from a Peruvian 168 

local market. 169 

 170 

2.2. DNA extraction 171 

From fresh samples, total genomic DNA was extracted using the standard 172 

phenol-chloroform protocol, quantified and adjusted to a concentration of 100 173 

ng/ l for PCR reactions. DNA from processed scallop samples was extracted 174 

using the protocol described in Sokolov (2000) with minor modifications: briefly, 175 

70 mg of tissue was soaked in distilled water for 10 minutes, transferred to a 1.5 176 

ml microtube containing 400 l of TNES buffer (10 mM Tris-HCl at pH7.4, 10 mM 177 

EDTA at pH 8, 125 mM NaCl, 0.5% SDS and 4M urea) and 10 l of proteinase K 178 

(20mg/ml), mixed softly by vortexing and incubated for 2 h at 55 C. Then, 75 ml 179 

of 3M sodium acetate (pH 5.2) was added and mixed by tube inverting. All 180 

samples were incubated on ice for 10 min and centrifuged at 13,500 rpm for 15 181 
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min. The supernatant was recovered and mixed with the same volume of 182 

phenol/chloroform/isoamyl alcohol (25:24:1) by tube inverting and centrifuged 183 

at 13,500 rpm for 15 min. The clear supernatant was recovered again mixed with 184 

an equal volume of isopropanol, incubated for 10 min at room temperature, and 185 

centrifuged at 13,500 rpm for 20 min. The pellet was washed twice with 70% 186 

ethanol, dried and dissolved in 100 l of TE buffer (10mM Tris-HCl, 1mM EDTA 187 

at pH 8.0). 188 

 189 

2.3. Primer design for species-specific mitochondrial 16S rRNA gene fragment and 190 

common mitochondrial12S rRNA gene fragment amplification 191 

The full mitochondrial 16S rRNA gene sequences for M. yessoensis 192 

(accession number: FJ595959), A. irradians (accession number: DQ665851), and 193 

A. purpuratus (accession number: HQ677600) were retrieved from GenBank 194 

database. Whereas for P. albicans, we determined its complete mitochondrial 16S 195 

rRNA gene sequence by “primer walking” strategy using the primer sets reported 196 

by Marín, Fujimoto, and Arai (2012) designed for the determination of the same 197 

gene in A. purpuratus, with two additional primers designed in this study: one 198 

specific primer Palb16S 5’-CTAAGTATAGCTCTTCGGTTGATG-3’ and one 199 

degenerated primer ND1F 5’-TGTGCCGGAGCAGCttyccncgnta-3’ (Table 1). PCR 200 

products were sequenced using an ABI PRISM 3130XL Genetic Analyzer (Applied 201 

Biosystems).  202 

To design species-specific primers for each scallop species, all complete 203 

mitochondrial 16S rRNA gene sequences were multi aligned using MEGA 5.05 204 

software (Tamura et al., 2011). Genetic distances were calculated using the 205 

Kimura-2 parameter method. Based on interspecific variations, one species-206 
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specific reverse primer was designed for each scallop (Table 2) according to the 207 

following criteria: a) all primers were at least 18 bp in length; b) at least three 208 

nucleotides from the extreme 3’ of the primer end had to match perfectly with 209 

the complementary region of the target sequence; c) since the sterilization 210 

process in manufactured bivalves can fragment the DNA to sizes ranging from 211 

200 to 700 bp (Fernández-Tajes et al., 2010), all primers were designed to 212 

amplify PCR products no larger than 700 bp (see Table 2). The forward primer 213 

16S arl (Palumbi et al., 1991) was used as the common primer for all species in 214 

all PCR reactions (Table 2). Additionally, the complete mitochondrial 12S rRNA 215 

gene of M. yessoensis and A. irradians and a partial region of the same gene from 216 

A. purpuratus were multi aligned and two “universal” pectinid primers 217 

(12SpectU forward and reverse) were designed (Table 2) based on highly 218 

conserved regions. The fragments amplified by these novel primers were used as 219 

positive control in all multiplex PCR reactions.  220 

 221 

2.4 Multiplex PCR amplification 222 

Firstly, PCR amplification was standardized for each species-specific 223 

primer separately. To check the specificity of the species-specific primers, they 224 

were tested on both target and non-target species DNA. The optimum PCR 225 

conditions were the following: 100 ng of template DNA, 0.2 mM each for dNTPs, 226 

1X Ex Taq buffer (TaKaRa, Japan), 0.25 M each for species-specific reverse and 227 

common 16S arl forward primers, 0.05 M each for 12SpectU forward and 228 

reverse primers, and 0.5 U of Ex Taq polymerase (TaKaRa, Japan) in a total 229 

volume of 20 l. Thermocycling conditions were: initial denaturation for 5 min at 230 

94 ˚C, followed by 30 cycles of denaturation for 15 s at 94 ˚C, annealing  for 15 s 231 
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at 55 ˚C, and extension for 15 s at 72 ˚C, followed by a final extension for 7 min at 232 

72 ˚C.  233 

In order to set up a rapid and reliable species identification method from 234 

commercial scallop samples, a multiplex PCR reaction was performed. The 235 

common forward 16S arl primer was pooled together in a single reaction with 236 

the three species-specific reverse primers for A. irradians (AirraR3 primer), A. 237 

purpuratus (ApurpR3 primer), and M. yessoensis (MyessoR4 primer). The 238 

positive control primers 12SpectU were used in all multiplex reactions. Different 239 

combinations of primer concentrations were tested. The optimum primer 240 

concentrations were: 0.5 M for the common 16S arl forward primer, 0.25 M 241 

each for ApurpR3, AirraR3 and MyessoR4, and 0.1 M each for 12SpectU forward 242 

and reverse primers. Except for primer concentrations, PCR conditions were the 243 

same as described above. All PCR products were electrophoresed for 35 min in a 244 

1.5 % agarose gel, stained with ethidium bromide and visualized under UV light.  245 

 246 

3. Results and discussion 247 

After the alignment of the complete mitochondrial 16S rRNA gene from 248 

the scallop species studied herein, the lowest sequence divergence was found 249 

between A. purpuratus and A. irradians (14 %, 167 variable sites, data not 250 

shown). Nevertheless, this divergence allowed us to design a specific primer also 251 

for these species. In this study, species-specific primers in combination with one 252 

universal primer designed to amplify a partial fragment of the mitochondrial 16S 253 

rRNA gene were successfully assessed for a reliable identification at species level 254 

of fresh and processed scallop food samples.  In the respective target species the 255 

pool consisting of the reverse species-specific primer in combination with the 256 
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forward common 16S arl primer and the universal 12SpectU forward and 257 

reverse control primers, gave one species-specific product (the mitochondrial 258 

16S rRNA fragment) and one higher size band (the mitochondrial 12S rRNA gene 259 

fragment) amplified by the positive control primers (Fig. 1), as expected. Instead, 260 

PCR reactions containing non-target species DNA amplified only the positive 261 

control amplicon, as expected too. 262 

The positive control fragment from mitochondrial 12S rRNA gene ranged 263 

from 616 to 660 bp, depending on species, (Fig. 1 and 2). It showed whether a 264 

failure in the amplification with species-specific primers in the absence of target 265 

DNA was truly due to the primer species-specificity or to a failure in the overall 266 

PCR reaction. Overall, the co-amplification of the positive control fragment was 267 

very consistent in all multiplex reactions that included target and non-target 268 

DNA.  269 

No cross amplification (false positive) was observed when the species-270 

specific primers were assayed with non-target species DNA (Fig. 1). Different 271 

PCR products were consistently amplified in fresh and processed samples of A. 272 

irradians (272 bp), A. purpuratus (344 bp) and M. yessoensis (425 bp) as reported 273 

in Fig. 2. All species-specific primers were successfully amplified in 29 fresh 274 

samples of A. purpuratus, 30 samples of M. yessoensis, 16 samples of A. irradians, 275 

and 9 samples of P. albicans, as well as in processed food (canned, boiled, frozen) 276 

samples of A. purpuratus, A. irradians and M. yessoensis. As for P. albicans. the 277 

complete nucleotide sequence of the mitochondrial 16S rRNA gene (1423 bp) 278 

was deposited in GenBank/DDBJ/EMBL DNA databases under the accession 279 

number JN896624. The species-specific primer designed for P. abicans (PalbiR2) 280 

in combination with the universal 16S arl primer produced a 270 bp size 281 
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amplicon. By using our species-specific primers, all commercial food samples 282 

labelled as “concha de abanico” (A. purpuratus, frozen) and “hotategai” (M. 283 

yessoensis, canned) were found to contain the species declared in their labels. 284 

Regarding to the product labelled as “itayagai”, three canned and three boiled 285 

samples (from Japan and China, respectively) were identified as A. irradians (bay 286 

scallop). The use of the same common name for different species is a frequent 287 

issue in marine processed food, especially when referred to products obtained 288 

from foreign species. In fact, the same vernacular name can be referred to 289 

different species or a single species may be diversely labelled depending on the 290 

region or country (Barbuto et al., 2010). For example, the baking scallop P. 291 

albicans is widely known as “itayagai” in Japan, but the bay scallop A. irradians is 292 

also known by the same vernacular name and sometimes referred as “America-293 

itayagai” (Takahashi and Muroga, 2008). Our results thus suggested that Chinese 294 

bay scallop exported to Japan are sometimes labelled as “itayagai” due to 295 

unintended misconception, which may cause confusion among consumers. The 296 

use of similar names for different products introduced from one country to 297 

another where a market niche already exists makes it difficult to enforce rules, 298 

even if national food legislations indicate that the label must not mislead 299 

consumers (FAO-Globefish, 2012). However, it must be specified that a real 300 

misleading can be considered when there is a difference of quality traits among 301 

different species. Thus, some species can have the same commercial name if 302 

there are no reasons for giving them different names. Moreover, FDA generally 303 

recommends use of common name as the market name unless a common or 304 

usual name has been established by regulation or law. 305 
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This study highlights the importance of an accurate labelling of seafood 306 

products and the results demonstrated the specificity of the novel species-307 

specific primers used and multiplex PCR technique for the forensic identification 308 

of scallop food products. This simple, inexpensive, timesaving, and powerful 309 

single step method can be reproduced easily by any basic molecular genetics 310 

laboratory. Progress in the area of authentication of traded seafood products 311 

requires the use of molecular tools to ensure a proper species identification, thus 312 

enhancing the application of effective food control regulations and consumer 313 

protection. 314 

 315 

Acknowledgements  316 

We would like to thank Dr. Elmer Ramos (National University of San Marcos, 317 

Peru), Dr. Kazuo Inaba (University of Tsukuba, Japan), Dr. Kenta Suda (Okabe Co. 318 

Ltd., Japan), and Dr. Linsheng Song (Institute of Oceanology, China) for providing 319 

scallop samples. Two anonymous reviewers greatly helped to improve the 320 

quality of this paper. 321 

 322 

 323 

 324 

 325 

 326 

 327 

 328 

 329 

 330 



 14

References 331 

Barbuto, M., Galimberti, A., Ferri, E., Labra, M., Malandra, R., Galli, P., & Casiraghi, 332 

M. (2010). DNA barcoding reveals fraudulent substitutions in shark seafood 333 

products: the Italian case of “palombo” (Mustelus spp.). Food Research 334 

International, 43, 376–81. 335 

Bellagamba, F., Moretti, V. M., Comincini, S., & Valfre, F. (2001). Identification of 336 

species in animal feedstuffs by polymerase chain reaction-restriction fragment 337 

length polymorphism analysis of mitochondrial DNA. Journal of Agricultural and 338 

Food Chemistry, 39, 3775–3781. 339 

Bendezu, I. F., Slater, J. W., & Carney, B. F. (2005). Identification of Mytilus spp. 340 

and Pecten maximus in Irish waters by standard PCR of the 18S rDNA gene and 341 

multiplex PCR of the 16S rDNA gene. Marine Biotechnology, 7, 687−696. 342 

Buck, E. (2010). Seafood marketing: Combating Fraud and Deception. 343 

Washington D.C: Congressional Research Service. 344 

www.nationalaglawcenter.org/assets/crs/RL34124.pdf 345 

Colombo, F., Trezzi, I., Bernardi, C., Cantoni, C., & Renon P. (2004). A case of 346 

identification of pectinid scallop (Pecten jacobaeus, Pecten maximus) in a frozen 347 

and seasoned food product with PCR technique. Food Control, 15, 527−529. 348 

Council Regulation (EC) No 104/2000 of 17 December 1999 on the common 349 

organization of the markets in fishery and aquaculture products. (2000). Official 350 

Journal of European Community, L17, 22-52. 351 

FAO-Globefish. (2011). Bivalves. FAO-Globefish, August 2011. 352 

http://www.globefish.org/bivalves-february-2011.html 353 



 15

FAO-Globefish. (2012). Bivalves. FAO-Globefish, June 2012. 354 

http://www.globefish.org/bivalves-june-2012.html 355 

FDA. (2011). DNA-based Seafood Identification. 356 

http://www.fda.gov/Food/FoodSafety/Product-357 

SpecificInformation/Seafood/DNAspeciation/default.htm 358 

Feng, Y., Li, Q., & Zheng, X. (2011). DNA barcoding and phylogenetic analysis of 359 

Pectinidae (Mollusca: Bivalvia) based on mitochondrial COI and 16S rRNA genes. 360 

Molecular Biology Reports, 38, 291–299. 361 

Fernández-Tajes, J., Freire, R., & Mendez, J. (2010). A simple one-step PCR 362 

method for the identification between European and American razor clams 363 

species. Food Chemistry, 118, 995−998.  364 

He, Ch., Yu, H., Liu, W., Su, H., Shan, Z., Bao, X., Li, Y., Fu, L., & Gao, X. (2012). A 365 

goose-type lysozyme gene in Japanese scallop (Mizuhopecten yessoensis): cDNA 366 

cloning, mRNA expression and promoter sequence analysis. Comparative 367 

Biochemistry and Physiology, Part B, 162, 34−43. 368 

Hebert, P., Cywinska, A., Ball, S., & deWaard, J. (2003). Biological identifications 369 

through DNA barcodes. Proceedings of the Royal Society of London B, 270, 313–370 

321.  371 

Hou, R., Bao, Z., Wang, S., Su, H., Li, Y., Du, H., Hu, J., Wang, S., & Hu, X. (2011). 372 

Transcriptome sequencing and de novo analysis for Yesso scallop (Patinopecten 373 

yessoensis) using 454 GS FLX. PLoS One, 6, e21560.                                                       374 

doi: 10.1371/journal.pone.0021560. 375 



 16

Jen, H. C, Yen, J. Y., Liao, I. C., & Hwang, D. F. (2008). Identification of species and 376 

paralytic shellfish poisons in an unknown scallop meat implicated in food 377 

poisoning in Taiwan. The Raffles Bulletin of Zoology Supplement, 19, 115–122. 378 

Li, Q., Xu, K., & Yu, R. (2007). Genetic variation in Chinese hatchery populations of 379 

the Japanese scallop (Patinopecten yessoensis) inferred from microsatellite data. 380 

Aquaculture, 269, 211–219. 381 

Li, H., Liu, X., Hu, J., Bao, Z. & Zhang, G. (2007). A set of polymorphic microsatellite 382 

loci for the bay scallop, Argopecten irradians. Molecular Ecology Notes, 7, 422–383 

424. 384 

Lopez-Pinon, M. J., Insua, A., & Mendez, J. (2002). Identification of four scallop 385 

species using PCR and restriction analysis of the ribosomal DNA internal 386 

transcribed spacer region. Marine Biotechnology, 4, 495-502. 387 

Marín, A., Fujimoto, T., & Arai, K. (2012). Genetic structure of the Peruvian 388 

scallop Argopecten purpuratus inferred from mitochondrial and nuclear DNA 389 

variation. Marine Genomics, doi: 10.1016/j.margen.2012.04.007.  390 

Marshall, H. D., Johnstone, K. A., & Carr, S. M. (2007). Species-specific 391 

oligonucleotides and multiplex PCR for forensic discrimination of two species of 392 

scallops, Placopecten magellanicus and Chlamys islandica. Forensic Science 393 

International, 167, 1–7. 394 

Namikoshi, A., Takashima, Y., Iguchi, J., Yanagimoto, T., & Yamashita, M. (2011). 395 

Species identification of Alaska pollock, Gadus spp., and Micromesistius spp. in 396 

cod roe products using a PCR-based method. Fisheries Science, 77, 671–678. 397 



 17

Palumbi, S. R., Martin, A. P., Romano, S., McMillan, W. O., Stice, L., & Grabowski, G. 398 

(1991). The simple fool’s guide to PCR. Department of Zoology Special 399 

Publication, University of Hawaii, Honolulu, HI.  400 

Pascoal, A., Prado, M., Calo, P., Cepeda, A., & Velasquez, J. B. (2005). Detection of 401 

bovine DNA in raw and heat-processed foodstuffs, comercial foods and specific 402 

risk materials by a novel specific polymerase chain reaction method. European 403 

Food Research and Technology, 220, 444-450.  404 

Puslednik, L., & Serb, J. M., (2008). Molecular phylogenetics of the Pectinidae 405 

(Mollusca: Bivalvia) and effect of increased taxon sampling and outgroup 406 

selection on tree topology. Molecular Phylogenetics and Evolution, 48, 1178–1188.  407 

Rodriguez, M. A., Garcia, T., Gonzalez, I., Asensio, L., Mayoral, B., Lopez-Calleja, I., 408 

Hernandez P. E., & Martin R. (2003). Identification of goose, mule duck, chicken, 409 

turkey, and swine in Foie Gras by species-specific polymerase chain reaction. 410 

Journal of Agricultural and Food Chemistry, 51, 1524-1529.  411 

Santaclara, F. J., Espineira, M., Cabado, A. G., Aldasoro, A., Gonzalez-Lavin, N., & 412 

Vieites, J. M. (2006). Development of a method for the genetic identification of 413 

mussel species belonging to Mytilus, Perna, Aulacomya, and other genera. Journal 414 

of Agricultural and Food Chemistry, 54, 8461-8470. 415 

Sato, M., Kawamata, K., Zaslavskaya, N., Nakamura, A., Ohta, T., Nishikiori, T., 416 

Brykov, V., & Nagashima, K. (2005). Development of microsatellite markers for 417 

Japanese scallop (Mizuhopecten yessoensis) and their application to a population 418 

genetic study. Marine Biotechnology, 7, 713–728. 419 



 18

Sokolov, E. P. (2000). An improved method for DNA isolation from 420 

mucopolysaccharide-rich molluscan tissues. Journal of Molluscan Studies, 66, 421 

573–575. 422 

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., & Kumar, S. (2011). 423 

MEGA5: Molecular evolutionary genetics analysis using maximum likelihood, 424 

evolutionary distance, and maximum parsimony methods. Molecular Biology and 425 

Evolution, 28, 2731–2739. 426 

Takahashi, K., & Muroga, K. (2008). Cellular defense mechanisms in bivalve 427 

molluscs. Fish Pathology, 43, 1-17. 428 

Tracey, S. R., & Lyle, J. M. (2011). Linking scallop distribution and abundance 429 

with fisher behaviour: implication for management to avoid repeated stock 430 

collapse in a recreational fishery. Fisheries Management and Ecology, 18, 221–431 

232. 432 

Wang, C., Liu, B., Li, J., Liu S., Li, J., Hu, L., Fan, X., Du, H., & Fang, H. (2011). 433 

Introduction of the Peruvian scallop and its hybridization with the bay scallop in 434 

China. Aquaculture, 310, 380–387. 435 

Wen, J., Hu, Ch., Zhang, L., & Fan, S. (2012). Identification of 11 sea cucumber 436 

species by species-specific PCR method. Food Control, 27, 380-384. 437 

Wongso, S., & Yamanaka, H. (1998). Extractive components of the adductor 438 

muscle of Japanese baking scallop and changes during refrigerated storage. 439 

Journal of Food Science, 63, 772–776. 440 



 19

Zhan, A., Hu, J., Hu, X., Lu, W., Wang, M., Peng, W., Hui, M., & Bao, Z. (2008). Fast 441 

identification of scallop adductor muscles using species-specific microsatellite 442 

markers. European Food Research and Technology, 227, 353-359. 443 

Zhang, F., He, Y., Liu, X., Ma, J., & Li, S. (1986). A report on the introduction, spat-444 

rearing and experimental culture of bay scallop, Argopecten irradians Lamarck. 445 

Oceanologia et Limnologia Sinica, 17, 367-374. 446 

 447 

Fig 1. Agarose gel electrophoresis of PCR products amplified using species-specific 448 
primers in fresh scallop samples. Lanes 1a to 4a: 16Sarl/AirraR3. Lanes 1b to 4b: 449 
16Sarl/ApurpR3. Lanes 1c to 4c: 16Sarl/MyessoR4. Lanes 1d to 4d: 450 
16Sarl/PalbiR2. Lanes 1a, 1b, 1c, 1d: A. irradians DNA template. Lanes 2a, 2b, 2c, 451 
2d: A. purpuratus DNA template. Lanes 3a, 3b, 3c, 3d: M. yessoensis DNA template. 452 
Lanes 4a, 4b, 4c, 4d: P. albicans DNA template. M: 100 bp ladder, C-: negative 453 
control. 454 

 455 

Fig 2. Agarose gel electrophoresis of multiplex PCR products amplified using 456 
species-specific primers in fresh and processed scallop samples. All species-457 
specific primers were included in every single reaction. Lanes 1 to 4: A. irradians 458 
DNA templates (lanes 1 and 2: fresh, lanes 3 and 4: boiled). Lanes 5 to 8: A. 459 
purpuratus DNA templates (lanes 5 and 6: fresh, lanes 7 and 8: frozen). Lanes 9 to 460 
12: M. yessoensis DNA templates (lanes 9 and 10: fresh, lanes 11 and 12: canned). 461 
A partial fragment of the mt 12S rRNA gene (616-660 bp) was used in all 462 
multiplex PCR reactions as a positive control. M: 100 bp ladder, C-: negative 463 
control. 464 

 465 



500	  bp	  

100	  bp	  
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344	  bp	  272	  bp	   425	  bp	  
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270	  bp	  
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Table 1. Primers used to determine the complete mitochondrial 16S rRNA gene sequence in 
P. albicans. 

Primer name Direction Sequence (5’-3’) Source 

16S arl Forward CGCCTGTTTAACAAAAACAT Palumbi et al. (1991) 

16S R Reverse CCGRTYTGAACTCAGCTCACG Puslednik and Serb (2008) 

ND1F Forward TGTGCCGGAGCAGCttyccncgnta This study 

CO1AB Reverse GGTGCTGGGCAGCcayatnccngg Marín et al. (2012) 

Palb16S Forward CTAAGTATAGCTCTTCGGTTGATG This study 

16SCC Forward GCGTAATCCGTCTTGACAGT Marín et al. (2012) 
 
 



Table 2. Species-specific, common and universal primers used in multiplex PCR. 

Species Primer name Sequence Fragment 
size (bp) 

A. irradians AirraR3 5’-AAAGTAGCCTCCCACTATTCT-3’ 272 

A. purpuratus  ApurpR3 5’-GCTCACCAGCACTTAGAA-3’ 344 

M. yessoensis MyessoR4 5’-CGTATCCGTTTAGTGATTA-3’ 425 

P. albicans PalbiR2 5’-GCCTTGGAACTTCCCAATAACT-3’ 270 

Forward common  16S arl 5’-CGCCTGTTTAACAAAAACAT-3’ _ 

 12SpectUF 
forward 

5’-AGTCCAACCAGGTGCCAGCA-3’ _ 

 12SpectUR 
reverse 

5’-GAGAGCGACGGGCAGTTTGT-3’ _ 

 

 


