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The increasing tendency toward process-
ing agricultural products at or near the
site of origin requires methods to iden-
tify the species of plant or animal used
for the respective product. One of the
major forms of conservation and pro-
cessing of animal meat, particularly fish
meat, relies on extensive cooking and
subsequent canning procedures. The
identification of the species from such
preparations by conventional methods
presents several difficulties. Classic
methods used to identify species origins
of meat usually depend on the stability
of soluble proteins. Species-specific pro-
tein patterns can be obtained by gel elec-
trophoresis. Immunological methods
may be applied whenever intact proteins
can be isolated. These methods, how-
ever, fail with highly processed samples
such as cooked and canned meat. A pro-
tocol for species identification of pro-
cessed meat by sequence analysis of the
mitochondrially encoded gene for cy-
tochrome b has been published.” This
protocol was used successfully to am-
plify a 307-bp fragment of the cy-
tochrome b gene and to identify the spe-
cies origin of various slightly processed
tissue samples, including canned salmon
meat. Although not detailed in this re-
port, canned salmon is usually not
cooked and autoclaved as is canned tuna
meat but, rather, is smoked and canned
in plant oil without extensive heat treat-
ment. In our hands, however, this
method failed to identify the species or-
igin of canned tuna meat, as no amplifi-
cation was observed. To expand the
range of this application to identify the
sources of processed meat, we have in-
vestigated the potential of the cy-
tochrome b gene for species identifica-
tion of highly processed meat. Although
more stable than the native configura-
tion of proteins, DNA is also degraded by
the action of radicals and heat. Progres-
sive treatment and increased processing
of meat products will thus increase the
degradation of DNA and intensify the
difficulties of recovering analyzable
DNA. We now present an alternative pro-
cedure that allows the identification of
tuna fish species even after extensive
processing. In addition, we have intro-
duced a cloning step before sequence
analysis that enables us to analyze mix-
tures of more than one species. We
chose the cytochrome b gene as a molec-
ular marker for several reasons. First, be-
cause of the maternal inheritance of mi-
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tochondria, normally only one allele
exists in an individual and thus no se-
quence ambiguities are to be expected
from the presence of more than one al-
lele. Second, the high abundance of mi-
tochondrial DNA in total cellular nucleic
acid preparations allows more effective
PCR amplifications in comparison to nu-
clear-encoded, single-copy genes. Third,
in vertebrates the mutation rate of mito-
chondrial genes is ~10-fold higher com-
pared to nuclear genes. Thus, point mu-
tations accumulate quickly enough to
allow (in most cases) the discrimination
of even closely related species. Finally,
cytochrome b gene sequences have
been, and are, extensively used in inves-
tigations of phylogenetic relationships
within vertebrates. As a result, sequence
data of many vertebrates are already
available for comparisons.®”> We have
explored the potential of using mito-
chondrial cytochrome b sequences for
the identification of cooked and canned
tuna fish species in commercial prepara-
tions. Here, we report the succesful iden-
tification of five different tuna species in
a total of 30 commercially distributed
cans.

MATERIALS AND METHODS

Canned tuna was purchased from local
supermarkets or provided by the Ger-
man customs authorities. Reference spe-
cies were obtained as frozen samples by
the German customs authorities.

DNA Isolation

Canned or frozen tissue (~2 grams) was
washed with sterile water and cut into
small pieces. The material was ground to
a fine powder in liquid nitrogen, trans-
ferred to a centrifuge tube, and incu-
bated at 60°C for 30 min in 5 ml of a
solution containing 4% N-cetyl-N,N,N-
trimethyl-ammonium bromide (CTAB),
1.4 M NaCl, 20 mm EDTA, 100 mm Tris-
HCl (pH 8), and 100 mm B-mercaptoeth-
anol. After incubation the suspension
was extracted once with chloroform/
isoamylalcohol (24:1), and nucleic acids
were precipitated by adding two-thirds
volume of isopropanol. Following cen-
trifugation the pellet was washed once
with 70% ethanol and dried under vac-
uum. Pellets were dissolved in an appro-
priate volume of TE [10 mwm Tris-HCI, 1
mM EDTA (pH 8.0)] and stored frozen.
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Amplification

PCR reactions were performed in 100 ul
in 10 muM Tris-HCI (pH 8.3) at 20°C, 1.5
mMm MgCl,, and 50 mMm KCl, with 100
pmoles of each primer, and 2.5 units of
Taq polymerase (Boehringer Mann-
heim). The reaction mix was overlayered
with 100 pl of paraffin and 1 to 2 pg of
template DNA was added. The cycling
conditions were 1 min at 94°C, 1 min at
50°C, and 30 sec at 72°C for 40 cycles in
a Perkin-Elmer Cetus DNA thermal cy-
cler. For amplification of the 402-bp
fragment the elongation time was ex-
tended to 2 min. PCR primers for the
402-bp fragment were 5’ primer, 5'-
CGAAGCTTGATATGAAAAACCATCGT-
TG-3'; and 3’ primer, 5'-AAACTGCAG-
CCCCTCAGAATGATATTTGTCCTCA-3'.
For the 59-bp fragment, the 5’ primer
was replaced by 5'-GCTGGTACCTCTA-
CAAAGAAACATGAAACA-3'. PCR prod-
ucts were purified by standard proce-
dures® and ligated into pBluescript
vectors using the Hindlll or the Kpnl
sites introduced into the 5' primers and
the PstI site in the 3’ primer. Sequence
analyses were carried out on a nonradio-
active fluorescent on-line sequencer us-
ing the fluorescent sequencing kit from
Pharmacia. Homology searches were
done with the GCG package, version 7.

RESULTS AND DISCUSSION
DNA Isolation

The isolation protocol with CTAB
adapted here was originally designed for
green plant tissue.” We have succes-
fully applied this method to a wide range
of biological specimens such as green
plants (fresh and dried material), dried
mushrooms, coagulated blood, fresh
and frozen animal tissue, as well as dif-
ferent processing forms of animal prod-
ucts (B. Beyermann and R. Hiesel, un-
publ.). We have now extended the range
of this application to canned fish meat
and investigated the properties of the
DNA isolated from canned tuna fish
preparations. The DNA extracted from
canned tuna meat was degraded to an
average size of ~100 bp with only occa-
sional faint traces of DNA molecules <2
kb being visible on agarose gels. Such
larger, less degraded DNAs are observed
particularly in samples in which the tis-
sue was canned in water rather than in
plant oil. We have succesfully isolated
DNA from 30 commercially available
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cans of different brands, including prep-
arations in water, plant oil, and tomato
sauces mixed with vegetables. All of
these DNA preparations proved to be ac-
cessible to amplification by PCR with
primer pairs specific for the mitochon-
drially encoded cytochrome b gene.

PCR Amplification

A “universal” primer pair has been
shown to amplify a 402-bp (464 bp with
primers) segment of the cytochrome b
gene within a wide range of vertebrate
species.®!? These primers proved suit-
able with high-molecular-weight DNA
isolated from freshly frozen tissue of five
tuna and tuna-related species (Fig. 1).
Damaged DNA isolated from canned
samples offered as templates, however,
could not be amplified between this
primer pair. To rule out the possibility
that some inhibitory substances copuri-
fied with the DNA, mixing experiments
were performed by adding increasing
amounts of the damaged DNA to PCR
reactions set up with high-molecular-
weight DNA as templates. No inhibition
was observed even when ~10 ug of dam-
aged DNA was added (not shown). Thus,
the lack of amplification products for
the 402-bp segment is not attributable to
inhibitory contaminants but, rather, is
intrinsic to the DNA. These results con-
firm agarose gel analysis and suggest that
no amplifiable molecules of the appro-
priate size are left in these highly de-
graded DNA preparations. We therefore
reduced the size of the expected product
to 59 bp (123 bp with primers) by design-
ing a 5’ primer in a conserved region
closer to the 3’ primer. PCR reactions
with this new primer successfully
yielded products of the expected sizes in
all samples.

Sequence Analyses

Using the universal primer pair to am-
plify the 402-bp fragments of the cy-
tochrome b gene, we established the ref-
erence data for five tuna species with
template DNA isolated from freshly fro-
zen tissue. These sequences and addi-
tional data from seven other species in-
vestigated previously (Fig. 1)©, now
allow the identification of 9 of 11 tuna
species in canned material using the de-
scribed procedures also from the 59-bp
fragment selected for this highly dam-
aged DNA. Of 11 species, 2 (Thunnus
thynnus and Thunnus albacares) are in-
distinguishable because of complete se-
quence identity within the respective
fragment. This observation reflects the
close phylogenetic relationship within
the genus Thunnus.® If members of this
genus are to be distinguished from each
other, specialized PCR amplifying an-
other part of the mitochondrial genome
has to be used. More variable sequence
regions such as the mitochondrial con-
trol region will yield the desired resolu-
tion on this level.

Identification of Tuna Species

By sequencing =4 independent clones
from the PCR products obtained from
each of a total of 30 commercial prepa-
rations, the origins of the fish meat
could be assigned unambiguosly. T.
thynnus or T. albacares, the two indistin-
guishible species, were identified five
times. Four cans contained meat of Eu-
thynnus affinis. Katsuwonus pelamis was
found seven times, and Sarda chiliensis
was identified in two samples. Sequences
obtained from four cans were identical
to the reference sequence from Auxis
thazard except for a single T — C transi-

1. TCGGAGTAGTACTCCTACTCCTAGTTATGATGACCGCCTTCGTTGGCTACGTCCTTCCC

2' ____________________________
3. e
4, mmmmm e
5. =Te==m———v I T--N-----
6. ———=T-—=-——=m A---—- T----- G
7. ~T--C-==—m C--A--C-—-————= A
8. -T--C----- T--T---—- G-—--- o
R C--A--T-~--——-- A
10. -T-==--——- C-mmmmmm= TT----A
11. =T=-C-===-C--T-=--~-TT--=-A

_______________ C..______________
—_——A———— e —— T ______
———A--T----==-- e A--C---
—=-RA-mmmmmmmoo C--G----- A--C-—-
—————— T--A-----C--—-----A-----A
—————— T==Y=m===Cm=Y~m=——A~————m
————————— T--===C-=======Y==m——-
————————— T-====C-~T-====T=——=~~

FIGURE 1 Nucleotide sequence alignment of the 59-bp cytochrome b gene fragment from 11
tuna and tuna-related species. Asterisks (*) indicate sequences taken from the literature.® 1.
Thunnus thynnus; 2. Thunnus albacares; 3. * Thunnus obesus; 4. * Thunnus maccoyii; 5. * Thunnus
alalunga; 6. Euthynnus affinis; 7. Euthynnus alleteratus; 8. *Auxis thazard; 9. *Katsuwonus pelamis;

10. *Sarda sarda; 11. Sarda chiliensis.
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tion in the second position of the se-
quence (Fig. 1). This may be attributable
to intraspecific, possibly geographic vari-
ability, or to two previously unrecog-
nized, closely related species within the
same genus. Further reference data will
be necessary to answer this question. In
eight canned tuna meat samples, mix-
tures of two species were identified. One
meat was identical to the reference se-
quence of E. affinis, whereas the other
indicates A. thazard with the single
T — C transition difference in seven of
the eight samples. In a single can again
E. affinis was identified in adition to A.
thazard meat, whose cytochrome b gene
sequence in this instance was com-
pletely identical to the reference se-
quence.

Future Aspects

We have shown here the applicability of
PCR, in conjunction with cloning and
subsequent sequence analysis, to species
identification of highly processed bio-
logical material. Besides the identifica-
tion of tuna species in canned samples,
various other applications will be possi-
ble with the system described here. The
specificity of the PCR primers used for
the amplification of degraded tuna DNA
is not restricted to fish sequences but can
also amplify human DNA isolated from
hair roots and pork DNA isolated from
cooked sausages (R. Hiesel, unpubl.).
The complete taxonomic range of verte-
brate species that can be amplified with
this primer pair is still open but includes
species as diverse as fish and mammals.
The rapidly growing data base of cy-
tochrome b gene sequences from verte-
brate and nonvertebrate species will al-
low the design of alternative primers for
species that may be not amplifiable with
the primers used here. Species identifica-
tion of highly processed preparations
can now be done with confidence even if
mixtures of more than one species are to
be analyzed, thus resolving problems re-
lated to the increasing trend toward local
and even on-site processing of meat. It is
now feasible to determine the fish meat
sources of cans processed on mother
ships and to clarify problems regarding
quotas, protected species, customs decla-
rations, and import/export restrictions.
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