
Introduction

There is a growing need for innovative techniques

that enable authentication of ingredients

of seafood products (Mackie 1996; Bossier 1999;

Hastein et al. 2001; Martinez and Friis 2004).

Although morphological features are generally

sufficient to identify fresh and unprocessed fish

and shellfish, commercial processed seafood

products usually do not retain enough

characteristic morphological features for species

identification of their ingredients. Identification

of the species origin of processed as well as fresh

and unprocessed fish and shellfish secures

the rights of the customer to be informed about

the identity of purchased products.

Species identification based on protein analy-

sis had been formerly widely used and regarded as

a reliable method (Rehbein et al. 1995; Hsieh et al.

1997). However, protein-based identification

techniques are less reliable with processed fish

and shellfish than unprocessed ones. As an alter-

native to protein analysis, DNA-based techniques

for species identification have recently started to

be applied towards a wide variety of fish, includ-

ing closely related species belonging to the same

family or genus (Davidson 1998; Bossier 1999;

Lockley and Bardsley 2000). Genomic DNA,

present in all cell types, allows identification of

the species origin from fish scales (Yue and Orban

2001), fins (Wasko et al. 2003) and eggs (Cary

1996). In addition, DNA is less affected by food

processing technologies than proteins are (Ram et

al. 1996; Quinteiro et al. 1998).

Segments of mitochondrial genome have

proved to be useful for authentication of seafood

products (Bossier 1999). Mitochondrial genome

has several advantages over nuclear genome for

diagnostic studies of animals, because of a greater

abundance in sample extracts and a higher copy
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number (Albert et al. 1994). In addition, mito-

chondrial genome is maternally inherited,

and then sequence ambiguities from heterozygous

genotypes are theoretically avoided. The mito-

chondrial cytochrome b gene is indicated to be of

ancient origin (Esposti et al. 1993) and shows

a relatively high mutation rate and sufficient point

mutations to enable discrimination of a wide vari-

ety of fish, even closely related species belonging

to the same families and genera (Chow et al. 1993,

Ram et al. 1996, Quinteiro et al. 1998, Lindstrom

1999, Russell et al. 2000, Jerome et al. 2003).

Among DNA-based analytical methods, a sim-

ple, inexpensive and promising technique is RFLP

analysis of polymorphic markers that are gener-

ated by PCR amplification, because of its easy ap-

plication and robustness in routine surveys.

In this study, we developed a technique based on

PCR-RFLP analysis of the 558-bp fragment en-

coding the mitochondrial cytochrome b gene,

which enabled identification of 3 closely related

gadoid species: Alaska pollack, Pacific cod

and Atlantic cod. All these species are commer-

cially important in countries of the Northern hemi-

sphere. This technique requires neither expensive

equipments nor costly nucleotide sequencing, and

therefore can be routinely applied to discover

fraudulent mislabelling of commercial codfish

products in food inspection laboratories.

Materials and methods

Gadoid samples

Samples were taken from frozen specimens

of Alaska pollack (Theragra chalcogramma)

and Pacific cod (Gadus macrocephalus) collected

by fishery catch in Alaska, and of Atlantic cod

(G.morhua) caught in Iceland. They were im-

ported by a seafood company (Kanefuku Co., Ltd.,

Fukuoka, Japan) for processing commercial sea-

food products. All samples were stored at –40°C

until DNA preparation.

DNA preparation

Total genomic DNA was prepared from frozen
samples by the urea-SDS-Proteinase K method
(Aranishi and Okimoto 2004). Samples were im-
mersed in extraction buffer (10 mM Tris-HCl, pH
8.0, 20 mM EDTA, pH 8.0, 2% sodium dodecyl

sulphate, 4 M urea, 25 �g Proteinase K), and incu-
bated at 55°C for 1 h with shaking. One-tenth vol-

ume of 5 M NaCl was added and mixed, then an
equal volume of phenol-chloroform-isoamyl alco-
hol was added and mixed. Following centri-
fugation at 10,000 g for 5 min, the upper aqueous
phase containing DNA was collected and sub-
jected to ethanol precipitation. DNA pellet was
washed twice with 70% ethanol, dried, and resus-
pended in 10T0.1E (10 mM Tris-HCl, pH 8.0, 0.1
mM EDTA, pH 8.0).

PCR-RFLP analysis

PCR amplification of the partial mitochondrial

cytochrome b gene was carried out in 10 �l of PCR

buffer (Sigma) containing 200 �M of each dNTP,

0.5 unit of Taq polymerase (Sigma), 0.5 �M
of each primer, and 10 ng of template DNA.
Gadoid universal primers used were TR-14F
(5’-GGAAAACCCATCCAATCCTA-3’) and
TR-571R (5’-CAGCAACAACAAAGGGGAAT
-3’). PCR reaction was performed in a Techgene
thermal cycler (Techne) programmed as follows:
2 min at 94°C, 30 cycles of 10 s at 94°C, 10 s at
58°C and 30 s at 72°C, and finally 5 min at 72°C.

RFLP analysis was carried out in 10 �l of buffer

G+ (Fermentas) containing 5 �l of PCR product
and 5 units each of restriction enzymes Eco32I
(Fermentas) and Eco105I (Fermentas) at 37°C for

1 h. A 10 �l portion of the reactant was run on
3.0% agarose gel and visualized under UV illumi-
nation in an EDAS290 Gel Documentation Sys-
tem (Invitrogen).

DNA sequencing

PCR products were purified by ethanol precipita-
tion, and DNA pellet was washed twice with 70%

ethanol, dried, and then resuspended in 5 �l of li-
gation mixture containing 1 unit T4 DNA ligase
(Invitrogen), ligation buffer (Promega) and 10 ng
pGEM-T (Promega). After TA-cloning, 5-min
transformation was performed with EC100 com-
petent cells (Epicentre) (Pope and Kent 1996).
Colony-direct PCR was performed on randomly
chosen white colonies using M13 universal prim-
ers, and DNA sequencing of colony-direct PCR
products comprising the expected size of insert
was accomplished using a CEQ2000XL DNA
Analysis System (Beckman Coulter).

Results and discussion

Alignment of the sequences of the mitochondrial

cytochrome b gene from Alaska pollack

(GenBank accession AB094061), Pacific cod
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(GenBank accession AB078152), and Atlantic

cod (GenBank accession X99772) allowed us to

prepare a set of gadoid universal primers, such as

TR-14F and TR-571R, on the conserved regions.

With the use of these primers, single PCR

products of 558 bp in size were successfully

amplified from 3 gadoid species. A comparison of

these sequences showed unique sites of restriction

enzymes, so PCR-RFLP analysis enabled

the identification of 3 gadoid species, as expected

(Figure 1). The restriction enzyme Eco105I

produced 2 fragments of 106 bp and 452 bp from

the PCR products of Alaska pollack and Pacific

cod, whereas its restriction site was not present in

Atlantic cod. The other restriction enzyme Eco32I

divided the 452-bp Eco105I-generated fragment

from Alaska pollack into 2 fragments of 161 bp

and 291 bp in size, but did not cleave

the fragments from Pacific cod and Atlantic cod.

With both Eco32I and Eco105I restriction

enzymes applied together, 3, 2 and 1 fragments

were theoretically generated in case of Alaska

pollack, Pacific cod and Atlantic cod,

respectively. From 5 to 10 specimens per species

were used to verify the sequence polymorphism

of the mitochondrial cytochrome b gene, and no

nucleotide mutation was found at the recognized

sites of both restriction enzymes.

According to the universal buffer system rec-

ommended by the manufacturer, the restriction en-

zymes Eco32I and Eco105I are active in buffer G+

(Fermentas). Direct double digestion of the PCR

products with both enzymes generated reproduc-

ible species-specific restriction patterns

(Figure 2). They corresponded to the expected

profiles as described above, and 2 fragments

of around 170 bp and 300 bp, 1 fragment of around

450 bp, and 1 fragment of around 550 bp were

found in Alaska pollack, Pacific cod and Atlantic

cod, respectively. The short fragment of 106 bp,

which was theoretically generated from Alaska

pollack and Pacific cod with Eco105I digestion,

was not visualized due to the limited resolution

of electrophoresis in 3.0 % agarose gel. So as to

demonstrate the usefulness of this PCR-RFLP

analysis, 7 different seafood products were pre-

pared by the seafood company and discriminated

by numbers. All the products were unfailingly

made by either Pacific cod or Atlantic cod but

morphologically unidentifiable. Among them,
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Figure 1. Alignment of DNA sequences of the mitochondrial cytochrome b gene amplified with gadoid universal primers

from Alaska pollack, Pacific cod and Atlantic cod. Eco32I and Eco105I restriction sites are underlined and shadowed.

80
Alaska pollack GGAAAACCCATCCAATCCTAAAAATTGCTAATAGCGCATTAGTTGATCTCCCCGCCCCCTCCAATATTTCAGTATGATGA

Pacific cod ................................................................................

Atlantic cod ...................................................................C............

160
Alaska pollack AATTTCGGCTCTCTTCTAGGCCTTTGCTTAATTACTCAACTTCTAACAGGACTATTTCTAGCCATACACTATACCTCAGA

Pacific cod .....T........................................................T........C........

Atlantic cod .....T..........................................................................

�Eco32I 240
Alaska pollack TATCGAAACGGCCTTCTCATCCGTAGTTCACATCTGTCGTGATGTAAATTACGGCTGACTAATTCGGAATATACATGCTA

Pacific cod C.....G..A.................C..........................T.....C...................

Atlantic cod C.....G..A.................C....................C...............................

320
Alaska pollack ATGGTGCCTCTTTCTTTTTCATTTGTCTTTACATGCATATTGCCCGAGGTCTCTATTACGGCTCTTATCTTTTTGTAGAG

Pacific cod .C.................T........C..T..A.......................T....................A

Atlantic cod ...............................T.....C....................T..T..C...............

400
Alaska pollack ACATGAAACATCGGAGTTGTTCTTTTCCTTTTAGTAATAATGACCTCTTTCGTAGGTTACGTTCTTCCCTGAGGACAAAT

Pacific cod ....................C....................A....................C.................

Atlantic cod ..............G.....C....................A.................T..C..C..............

�Eco105I 480
Alaska pollack ATCATTCTGAGGAGCTACCGTGATTACAAATTTAATATCTACTGTCCCTTACGTAGGTGATGCCTTAGTTCAATGAATCT

Pacific cod .........G..G...................................................................

Atlantic cod .....................A.....G.................T.....T.......................G....

560
Alaska pollack GAGGGGGCTTCTCAGTAGATAATGCTACCTTAACTCGATTTTTTGCATTTCATTTCTTATTCCCCTTTGTTGTTGCTG

Pacific cod .........................C.....G.....G...........C............................

Atlantic cod ....A..T.....................C.......G...........C............................



4 unmarked specimens were randomly selected,

and after direct double digestion of the PCR prod-

ucts with both Eco32I and Eco105I restriction en-

zymes, 2 specimens were identified as Pacific cod

and 2 as Atlantic cod (Figure 3). This result was

consistent with the ingredients of the selected

products.

The PCR-based technique developed in this

study allowed the correct identification of 3 eco-

nomically important gadoid species: Alaska pol-

lack, Pacific cod and Atlantic cod. RFLP analysis

by direct double enzyme digestion of the un-

purified PCR products proved to be a simple, reli-

able and rapid method, requiring only minimum

experimental procedures. In routine surveys of

large numbers of samples during food inspection,

analytical methods saving time and cost are of ma-

jor importance. The method described in this arti-

cle can be routinely performed to discover

fraudulent mislabelling of marketed codfish prod-

ucts in food inspection laboratories.
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Atlantic cod (AC). PCR amplification and RFLP analysis
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Figure 3. PCR-RFLP analysis of the mitochondrial
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amplification and RFLP analysis indicate the PCR

products and those after Eco32I and Eco105I double

digestion, respectively.
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