
The identi®cation of ®sh species becomes a problem when
the usual identifying characteristics are removed on pro-
cessing and only a portion of ¯esh is available. When the
¯esh is raw or cooked under normal conditions, the species
is readily established by electrophoresis of the muscle pro-
teins. The procedure cannot be used for heat-sterilised
canned ®sh as the proteins are severely denatured. DNA is
also degraded but techniques are now available for target-
ing and amplifying species-speci®c fragments. The ampli®ed
products can then be analysed by a range of techniques
some of which are suitable for food control laboratories.
# 1999 Elsevier Science Ltd. All rights reserved.

Authenticity testing
Identifying the species of a plant or animal can be

uncertain whenever the usual species characteristics
such as shape, size, appearance, etc. (the morphological
characters) are removed on processing and only a portion

of ¯esh is available. It is then necessary to use methods
of species identi®cation which depend upon the analysis
of species-speci®c components of the ¯esh such as pro-
teins or DNA, itself. As the morphological characters
are themselves a re¯ection of genetic di�erences and are
the basis of systematics [1] it is evident that analytical
techniques which can reveal those genetic di�erences at
the molecular level will be suitable means of identifying
species.

As far as proteins are concerned, physico-chemical
di�erences in size or charge are revealed as di�erences in
electrophoretic mobility, isoelectric points or chroma-
tographic elution times. Thus when water-soluble pro-
teins of tissue such as muscle are separated by
electrophoresis, isoelectric focusing or by liquid chro-
matography, separation pro®les unique to each species
are obtained [2±7]. By comparing a pro®le with those of
authentic species the identity of the species can then be
established.

The speci®city of interaction between antibodies and
antigens, as utilised in the immunoassay analysis, o�ers
an alternative means of di�erentiating proteins and
thereby of identifying the species [3]. Antibodies raised
against a particular protein or group of proteins can
then be used to identify the species in a standard
immunoassay procedure. The assay, however, gives no
indication of the presence or absence of other species as
it is speci®cally an analysis for a pre-selected species for
which an antibody has been produced. As far as ®sh are
concerned, it is largely impractical because of the
potentially large number of species that might be
involved.

When the ¯esh is cooked, the proteins become irre-
versibly denatured and can no longer be examined by
techniques suitable for their native states. It is, however,
possible to solubilise heat-denatured proteins in dena-
turing solvents such as 2% sodium dodecylsulphate or
8 M urea and to obtain species-speci®c pro®les on elec-
trophoresis [3]. Immunoassay systems are not generally
of value for cooked ¯esh products as the antibodies are
normally raised against undenatured proteins [3].

While electrophoresis in SDS or urea solvents is sui-
table for the identi®cation of species which have been
cooked under normal conditions, it is of no value for
heat-sterilised products because of the severe denatura-
tion su�ered by the proteins. Protein zones on electro-
phorograms become indistinct and strong background
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staining develops depending upon the degree of dena-
turation, making reliable identi®cation of species
impossible. An alternative procedure is to digest the
canned ¯esh with a protein-splitting agent cyanogen
bromide which cleaves proteins at methionine residues [8].
The water-soluble protein residues released can then be
analysed by isoelectric focusing and the protein pro®les
obtained used to identify the species. However, as protein
pro®les of closely related species cannot be di�er-
entiated, the method is of no value for identifying species
within such families as those of sardine, salmon and tuna.

In principle, the most direct method of identifying
species is by analysis of the DNA, which is more ther-
mostable. Prior to method development, it is necessary
to identify DNA fragments that show di�erences in
sequence of the nucleotides among closely related spe-
cies. Fragments can be selected for di�erent levels of
di�erentiation either of individuals or of populations,
species or families [9, 10]. It is therefore important that
the fragment shows the greatest di�erence between spe-
cies and the least di�erence among individuals and
populations of a species. Once the complete nucleotide
sequence of the selected fragment is determined it can
then be used to identify the species directly or to devise
faster, simpler secondary methods of DNA analysis
more suitable for use in food control laboratories.

DNA from canned ®sh
Although DNA is also degraded during the heat-

sterilisation step of the canning process, it is still possi-
ble to obtain small fragments with su�cient di�erences
in sequence to enable even closely related species to be
di�erentiated and identi®ed. Basic to the identi®cation
procedure is the polymerase chain reaction (PCR) in
which selected primers with complimentary sequences to
the opposing ends of the two single strands of a species-
speci®c fragment of DNA, enable the fragment to be
targeted and the double strand DNA to be enzymati-
cally synthesised. The enzyme DNA polymerase is
required for the initial synthesis and for the subsequent
chain reaction by means of which millions of copies of the
desired DNA fragment are synthesised to give su�cient
product (amplicon) for sequencing or other DNA analysis.

In a cell, both nuclear and mitochondrial DNA are
potentially available for species identi®cation purposes
but of the two forms, mitochondrial DNA is preferred
for the following reasons:

(1) Mitochondrial DNA generally evolves much fas-
ter than nuclear DNA.

(2) Mitochondrial DNA is much smaller than
nuclear DNA.

(3) There are several copies of mitochondrial DNA
inside a cell.

(4) The complete sequence of mitochondrial DNA is
known for several aquatic organisms.

(5) Large non-coding stretches of DNA (introns) are
absent.

One of the most used fragments is the gene for cyto-
chrome b which shows considerable inter- and intra-
species variation in nucleotide sequence. The amount of
variation within a species, however, is less than between
species which makes analysis of fragments of this gene
suitable for the identi®cation of species of di�erent
organisms [11, 12].

As far as the identi®cation of canned ®sh is con-
cerned, it is, ®rst of all, necessary by means of PCR to
produce amplicons of species-speci®c regions of the
cytochrome b gene or other potential species-di�er-
entiating part of mitochondrial DNA. These fragments
of DNA can then be analysed by sequencing and by
secondary DNA analysis techniques such as single
strand conformation polymorphism (SSCP) or restric-
tion fragment length polymorphism (RFLP). The sec-
ondary DNA analysis technique or techniques selected
for routine use will depend upon the speci®city of the
selected sequence for the species in question. In some
cases more than one secondary technique will be
required to establish the species unequivocally.

Fig. 1. Strategies for development of tuna species identi®cation
techniques. FINS: Forensically informative nucleotide sequencing,
SSCP: Single strand conformation polymorphism, RFLP: Restriction

fragment length polymorphism.
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A case study with tunas and bonitos
The tuna and bonito species are of great commercial

importance worldwide accounting for more than 4.0%
of the total world catch [13]. Their perceived eating
qualities and hence commercial values vary con-
siderably, ranging from Blue®n tuna (T. thynnus), the
most expensive species which is much in demand for the
sushi and sashimi outlets in Japan, to the cheaper spe-
cies of Skipjack tuna, Frigate tuna and bonitos. In all,
as many as 17 species (Table 1) are of commercial
importance and as the ¯esh of some is similar in
appearance and texture, particularly when canned, there
is inevitably the possibility of cheaper species being
mixed with or substituted for more expensive species.
For example, Skipjack tuna or bonito species could be
substituted for the true Thunnus species. Bonito, in par-
ticular, has a lower import tari� into the EU than tuna
and not surprisingly it is believed that some of the can-
ned species entering the EU are more likely to be bonito
than tuna. For commercial reasons there is also a need
to di�erentiate some of the true Thunnus speciesÐYel-
low®n tuna, and Albacore for example are sold by name
as canned products in Spain, France, Germany, the
UK, and Japan. Although regulations on labelling of
canned tunas and bonitos exist in many countries [3, 14]
there has been no reliable means of identifying the spe-
cies and thus of enabling regulations to be enforced.
Following recent work by ourselves [15±18] and others
[19, 20] it is now possible to do so.

Previous relevant work
It had been shown by Bartlett and Davidson [12] for

raw samples of four commercially important speciesÐ
Blue®n tuna, Bigeye tuna, Yellow®n tuna and Albacore,
that sequence analysis of a 358 base pairs (bp) amplicon
of the PCR reaction could be used to di�erentiate them.
When this procedure was applied by ourselves to can-
ned tuna and bonito species, inconsistent results were

obtained primarily because the bulk of the DNA had
been reduced, on heating, to residues of less than 300
bp. Unseld et al. [19] dealt with the problem by ampli-
fying a much shorter 59 bp fragment and were able to
identify nine out of 11 species of tuna and bonito by
sequence analysis. Two species of great commercial
importance, Yellow®n tuna and Blue®n tuna could not
be di�erentiated because of complete sequence identity
within the respective fragments of DNA. To identify all
tuna and bonito species longer segments of the cyto-
chrome b gene or other species-variable sequence have
to be ampli®ed using alternative sets of primers.

Recent developments
The main objective of our recent studies was to

develop DNA-based techniques for routine identi®ca-
tion of all species of commercially canned tunas and
bonitos. Our approach was to amplify DNA segments
of di�erent length from within the cytochrome b gene
and to determine their sequences. The aim of this
research was to ®nd sequences which had su�cient spe-
cies information to enable all tuna and bonito species to
be clearly di�erentiated. It was also important that the
fragments were of a size that could be ampli®ed in good
yield from the degraded DNA of a canned product.

From studies on DNA isolated from eight species of
tuna (raw and canned), it was possible to identify four
segments of cytochrome b which met the requirements.

Table 1. Names of tuna and bonito species

Scienti®c name English name Spanish name

Auxis thazard Frigate tuna Melva
Euthynnus a�nis Kawakawa Bonito del Paci®co
Euthynnus alletteratus Little tunny Bacoreta
Euthynnus lineatus Black skipjack tuna Bonito negra
Euthynnus (Katsuwonus) pelamis Skipjack tuna Listado
Sarda australis Australian bonito Bonito Austral
Sarda chiliensis Paci®c bonito Bonito Chileno
Sarda orientalis Oriental bonito Bonito del Paci®co
Sarda sarda Atlantic bonito Sarda
Thunnus albacares Yellow®n tuna Rabil
Thunnus alalunga (Thunnus germo) Albacore Albacora
Thunnus atlanticus Black®n tuna Atun de Aleta Negra
Thunnus maccoyii Southern Blue®n tuna Atun rojo del Sur
Thunnus obesus Bigeye tuna Patudo
Thunnus thynnus orientalis Paci®c Blue®n tuna Atun (Rojo) del Paci®co
Thunnus thynnus thynnus Atlantic Blue®n tuna Atun (Rojo)
Thunnus tonggol Long tail tuna Atun tongol

Fig. 2. Cytochrome b fragments selected for studying the identi®-
cation of tuna and bonito species.
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Depending upon the species they could be used either
singly or in combination to identify all the species. Their
fragment sizes ranged from 123 to 187 bp. A compar-
ison of the sequences obtained for the eight species
enabled genetic di�erences as well as the levels of intra-
speci®c and inter-speci®c variability to be established,
thereby con®rming the diagnostic value of the selected
fragments. The possible existence of polymorphisms due
to geographic variation must be taken into considera-
tion when selecting DNA fragments. Comparison of
sequences of a limited number of tuna and bonito spe-
cies from the Atlantic, Paci®c and Indian oceans
showed that there is little of any geographic variation.
However there is some degree of introgression among
Paci®c Blue®n tuna and Albacore. This means that
mitochondrial sequences from Albacore might be found
in some specimens of the oriental sub-species of Blue®n
tuna and that misidenti®cation problems might arise
when using cytochrome b-based, DNA techniques.

Once the intra-speci®c and inter-speci®c levels of
variability were established for the selected DNA frag-
ments the next step was to develop alternative second-
ary analysis techniques. These included SSCP, RFLP,
random ampli®ed DNA pro®les (RAPDs) and micro-
satellites. Only SSCP and RFLP were found to be sui-
table for the identi®cation of canned tunas and bonitos.
These techniques are less time-consuming and cheaper
than sequencing and are therefore more convenient for
routine use in species identi®cation.

PCR±SSCP
In this procedure, single strands (SSs) of DNA are

formed from the double strand (DS) amplicon usually
by heating in a denaturing solvent, such as formamide
[18]. The SS DNA obtained moves in an electric ®eld
adopting a sequence-dependent secondary conforma-

tion which, in turn, a�ects its electrophoretic mobility:
small di�erences in nucleotide sequence produce a
di�erent SS migration. SSs are then ®xed in their posi-
tions and visualised by silver staining. Comparison of
the pro®les obtained with those of authentic species
enables the identities to be established. Once denaturation
and separation conditions are optimised this can be a very
sensitive method of di�erentiating closely related species.

Although SSCP analysis of the 59-3/59-5 amplicon
could not di�erentiate Yellow®n tuna from Blue®n
tuna, it was possible to di�erentiate them by analysis of
the amplicons of the primer sets for BMID and BDR
regions of cytochrome b. The validity of PCR±SSCP
analysis using the 59-3/59-5 primers was tested in a col-
laborative trial among European laboratories [17]. It
was con®rmed that the method was a reliable and
robust means of identifying tuna and bonito species and
that it was particularly useful for detecting mixed species
products. As some intra-speci®c variability had been
detected in the selected sequences some small di�erences
in the SSCP pattern was observed for some species. This
problem should be resolved by studying the sequence of
a signi®cant number of authentic individuals to enable
SSCP intra-speci®c variability to be established.

PCR±RFLP
PCR±RFLP is a more robust but also a more time-

consuming procedure. Sets of enzymes (endo-nucleases)
are chosen on the basis of their ability to recognise and
cut stretches of nucleotide sequences within a particular
DNA fragment. These stretches of DNA are then sepa-
rated by size on gel electrophoresis rendering species-
speci®c pro®les. In our study once the sequences of the
cytochrome b amplicons were obtained and analysed,
fragments with a high number of inter-speci®c sites were
selected. Using the sequences of those fragments (BDR
or BMID) from the di�erent tuna species, it was possi-
ble to generate theoretical restriction sites by computer
software (DNASIS from Hitachi Software Engineering
Co. Ltd.; Gene Jockey from Biosoft). In this way
enzymes generating speci®c fragments were identi®ed,
the number of enzymes required to produce species-dif-
ferentiating pro®les, depending upon the intra-speci®c
variability of the particular fragment. Three enzymes
are required to di�erentiate eight tuna species using
BMID [16] whereas ®ve are needed using BDR [21].
With the latter, however, it was not possible to di�er-
entiate Blue®n and Bigeye tunas because of the high
level of similarity in their sequences. Figure 4 shows a
typical RFLP analysis of tuna samples using the BMID
fragment in which the fragments of di�erent size indi-
cate the di�erent cutting positions. As with PCR±SSCP
an advantage of the technique is that it allows the
detection of mixed species samples (Fig. 5).

Analysis of short amplicons such as the 59-3/59-5, is
often useful for di�erentiating tuna from bonito species,

Fig. 3. SSCP of canned tuna, commercial cans from the German
market and references. Lane 1: Sarda sarda; lane 2: Euthynnus a�-
nis; lane 3: Auxis thazard; lane 4: Sarda chiliensis; lane 5: Thunnus
albacares; lane 6: Katsuwonus pelamis; lane 7: Commercial can
identi®ed as A. thazard Lane 8: Commercial can identi®ed as A.
thazard; lane 9: Commercial can, identi®ed as K. pelamis; lane 10:
Commercial can, identi®ed as K. pelamis; lane 11: Commercial can,
identi®ed as A. thazard; lane 12: Commercial can, identi®ed as A.

thazard; lane 13: 100 bp ladder.

12 I.M. Mackie et al. / Trends in Food Science & Technology 10 (1999) 9±14



sometimes all that is required to satisfy some labelling
requirements (e.g. import distinctions for tari� purposes).

One of the main drawbacks of this technique relates
to the existence of intra-speci®c variability which means
that the same species can present di�erent nucleotide
patterns at a particular restriction target site. This pro-
blem was resolved by studying a signi®cant number of
authentic species and selecting a target site with no
polymorphism. Until more information is built up on
the sequence variability of species, RFLP analysis
should be used with caution.

It is therefore recommended that the identi®cation of
species be done by two independent DNA analysis
techniques, e.g. RFLP of BDR and RFLP of BMID or
RFLP and SSCP of either amplicon as it gives greater
con®dence in the results.

RFLP was shown to be a useful and rapid tool to
identify accurately not only tuna species but also species
which can present an appearance and texture similar to
canned tuna muscle. Such species could be the phylo-
genetically related mackerels which present very di�er-
ent pro®les from those of the tuna and bonito species.

In extreme situations, where it is not possible to
identify a species using fragments of the cytochome b
gene, recourse can be made to sequence analysis of part
of the Control region (D1 fragment) [21]. As the num-
ber of variable positions is higher than in the cyto-
chrome b gene, closely related species such as Long tail
tuna, Black®n tuna, Yellow®n tuna and Blue®n tuna
can be di�erentiated unequivocally. However, because
of high sequence variability, amplicons of this region
are not suitable for SSCP or RFLP analysis.

Fig. 4. Computer simulated RFLP analysis of tuna samples using the BMID amplicon.

Fig. 5. RFLP gel showing restriction fragments of the BDR amplicon
after digesting with Eco NI. Lanes 1 and 2 show a digestion pattern
of a mixed species sample (Thunnus alalunga+Thunnus albacares);
lanes 3 and 4 show the uncut amplicon for Thunnus alalunga

which is not digested by Eco NI.
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Commercial samples
Analysis of a small number of commercial samples

from the participants' countries and from other coun-
tries within and outside the EU showed that this was
evidence of direct substitution of one species by another
and of mixed species products. There is thus a strong
need for reliable methods of identifying canned tuna
and bonito species. The use of such techniques will help
to protect consumers' rights by enabling the enforce-
ment of labelling regulations in member countries and
within the framework of the EU. It will also help to
regulate imports from producer countries outside the
EU and, not least, it will assist in the protection of
endangered species such as the Blue®n tuna [22].

Future perspectives
For the ®rst time, reliable methods based on the ana-

lysis of mitochondrial DNA are available for identifying
the species of all commercially important tunas and
bonitos, when canned.

There is a need to have a complete map of diagnostic
sequences (BMID, BDR or D-loop) for a signi®cant
number of authentic specimens of di�erent species. This
will enable more accurate information to be obtained
about intra-species variation. The in¯uences of geo-
graphical location and of migrations on these sequences
also need to be studied.

There is a need to make DNA analytical techniques
available to potential users in forms that are rapid, easy
to perform and not excessively expensive. The second-
ary DNA analytical techniques used in the study (PCR±
SSCP and PCR±RFLP) meet these criteria and are
likely to be used routinely in food control laboratories.

Further developments are likely in the search for
speci®c DNA fragments for constructing species-speci®c
probes. These would be used to hybridise with a target
sequence and so identify the species. This technique is
already being used for other diagnostic applications.
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