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Abstract

The species identification is a key problem throughout the life cycle of fishes: from eggs and larvae to adults in
ecosystem and fisheries research and control, as well as processed fish products labelling in consumer protection.
Here, we report a rapid blue biotechnological method applied for egg and fish species discrimination. The
amplification of a region of the mitochondrial genome, the cytochrome b, by using the Polymerase Chain Reaction
(PCR) permits marine aquatic species identification. The obtained PCR-products were cut with different restriction
endonucleases resulting in species-specific Restriction Fragment Length Polymorphisms (RFLP), which allowed to
discriminate, in one step, between different types of caviar substitute species. The following analysis of
mitochondrial DNA to control the labelling between caviar substitute species of Cyclopterus lumpus, Mallotus
villosus, Trisopterus minutus minutus and the caviar, Acipenser baerii and their monitoring and surveillance is
suitable with only one restriction enzyme, MboII. This blue method, applied to a very significant number of samples,
retrieved online, allowed a rapid and economic identification of the species, with high percentage of correct
identification for fish caviar substitute.

Keywords: Blue biotechnology; Monitoring and surveillance; Marine
aquatic products; Caviar substitute

Introduction
The species discrimination is important in various fields, including

food safety management and ecosystem research. After the removal of
morphological characters, in fish roe or sturgeon as in any other fish, is
necessary to add a correct product label, for traceability and allergens
check [1-3]. Historically, the identification in the trade was based on a
comparison of the size and color of the eggs [4]. However, these
characteristics are highly unreliable. Usually, i.e., sturgeon spawn more
times during their life cycle; further the size of the eggs can depend on
the age of the females, or on the sturgeon species. The overfishing
occurring in the last decades carried out to a decrease of the number of
oldest females, used for the production of caviar. Consequently, the
size of the eggs is decreasing [5,6]. Most of legally recognized methods
of species identification are developed on the base of the analyses of
specific proteins patterns, such as isoelectric focusing and
immunoreactions [1]. However, these analyses are, in most cases, not
applicable to thermally processed products as a result of severe protein
denaturation. Alternatively, species identification using DNA, as
nucleotide sequencing, Restriction Fragment Length Polymorphism
(RFLP) and single-strand conformation polymorphism, are more
useful and applicable even on processed products [see for review, 7-9]
The analysis of nucleic acids, such as mitochondrial and nuclear DNAs,
has advantages over protein-based analyses, as the method does not
dependent on tissues and the age of the individuals. Furthermore,
mitochondrial DNA (mtDNA) has several advantages over nuclear
DNA in the diagnosis of fish products [10,11]. Mitochondrial DNA

markers are frequently used in species identification, because they are
not influenced by recombination and usually evolve faster than nuclear
DNA, so it results a best marker of diagnostic substitutions. Anyway,
since their uniparental inheritance in all vertebrates, they only record
the genetic variability of the maternal lineages. This could lead to
misinterpretations, for instance in the identification of hybrids and/or
ancient introgression events [12]. However, the hybridization in the
sturgeon occurs naturally at a low frequency [13]. In the last decades,
the development of molecular DNA methods, including the PCR
technique, has offered new opportunities for eggs identification too
[10,14]. Previously published analytical DNA approaches were based
on species-specific PCR amplifications and on the PCR-restriction
fragment length polymorphism, or PCR-RFLP. Application on
sturgeons in general, and on caviar in particular, began with Wolf et al.,
[15] for few species and then widely extended by Ludwig et al., [5] to
22 species of Acipenseridae [16]. This method is based on the
amplification of a specific region from the mitochondrial genome,
which is subsequently digested with restriction endonucleases resulting
in species-specific restriction patterns, which allow to discriminate
between the analyzed species with high specificity and sensitivity, as
well as rapid processing time and low cost [17].

Our project investigates the fish egg species retrieved online in
different websites by PCR sequencing and detects the restriction
enzymes to utilize with a simple and less expensive experimental and
diagnostic PCR-RFLP method for the specie Cyclopterus lumpus,
Mallotus villous, Trisopterus minutus minutus and Acipenser baerii.
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Materials and Methods

DNA extraction
Samples listed as caviar substitute Cyclopterus lumpus, Mallotus

villosus, Trisopterus minutus minutus (n=20 each labeled species), and
as caviar, Acipenser baerii (n=9), were bought online in Italian and
Egyptian websites and analyzed by a molecular approach. The genomic
DNA was extracted (100 mg /sample) as reported in Di Finizio et al.,
[17]. The DNA concentration and quality were assessed using
spectrophotometry at 260/280 nm.

PCR amplification
One set of primers was used (forward primers F5’-

CCATCCAACATCTCAGCATGATGAAA-3’ and reverse primers R5’-
GCCCCTCAGAATGATATTTGTCCTCA-3’) [18] to amplify a
fragment from rRNA/cytochrome b (cytb) gene in ten aliquots of each
sample. PCR reaction was performed in Techgene Thermal Cycler
(Thecne Ltd. Cambridge, UK). Thirty-five cycles of amplification were
carried out in a reaction buffer containing 50 mM KCl, 10 mM Tris/
HCl, pH 9.0; 10 mM NaCl; 0.01 mM EDTA; 2.5 mM of each dNTP;
1 μM of each primer; 20 ng of template DNA; 0.5 unit of Taq DNA
polymerase (Invitrogen, Milan, Italy). PCR amplification conditions
were as follows: denaturation at 94°C for 45s, annealing at 52°C for
55s, and extension at 72°C for 90s. At the end of the incubation, 5 μl of
PCR products were separated by electrophoresis through 2% agarose
gel and visualized under UV light. A 100 bp ladder (Fermentas, M-
Medical srl, Milan, Italy) was used to estimate the fragment size of the
amplicons generated.

Sequencing of the PCR products
Amplified DNA was desalted with Microcon 100 spin columns

(Millipore-Amicon, Belford, MA, USA) according to the
manufacturer's instructions and sequenced using Big Dye TM
Terminator Cycle Sequencing Chemistry (Applied Biosystems, Foster
City, CA, USA) in an automatic capillarity sequencer (model ABI 310
Genetic Analizer; Applied Biosystems). Primers for sequencing were
the same used for PCR amplification. Resulted sequences were aligned
and analyzed using BioEdit (Tom Hall Ibis Therapeutics, Rutherford
Road Carlsbad, CA), Chromas 1.45 vs (Technelysium Pty, Tewantin,
Australia) and Lasergene vs 4.00 (DNASTAR Inc., Madison, WI, USA)
software. The fragments of cytb tRNA were than compared for control
with GenBank and Bold sequences data for cytb rRNA belonging to
those species examined using FASTA [19] and the percentage of
similarity detected.

Phylogenetic analysis
Phylogenetic analyses were carried out using the software Mega 6

(Kumar et al., 1993). The genetic distances among the obtained
sequences were estimated using the Neighbor joining method [20].

PCR–RFLP analysis
PCR products, derived from amplification of cytb mt-rRNA gene,

were subjected to restriction digestion without previous purification.

All the restriction enzyme used, were by Fermentas (M-Medical srl,
Milan, Italy). Virtual restriction maps of cytb mt-rRNA gene sequences
were obtained using restriction mapper3 tool [21] and a set of enzymes
was chosen on the bases of the virtual pattern predicted by the
program. Reaction mixtures included: 1μg of amplified DNA in a total
volume of 50 μl, for a time of 1 hr at 37°C, in a shaking bath. At the
end of the reactions, 10 μl were separated on 2% agarose gel containing
ethidium bromide (1 μg/ml) and electrophoresed for 2.5 h at 100V. The
sizes of resulting fragments were estimated by comparison with a
commercial available 100bp ladder (Fermentas).

Results

PCR-sequencing and phylogenetic distances analysis
In samples labeled as Cyclopterus lumpus, Mallotus villosus,

Trisopterus minutus minutus and Acipenser baerii, and bought online
in different websites we successfully amplified a fragment of 389 bp
length from the cytb mt-rRNA gene (data not shown). In Figure 1 is
reported the natural bio-distribution map of the examined labeled
species. The direct method used permitted to obtain sequences for all
the samples. Results of species identification are show in Table 1. The
sequences were subjected to BLAST searches against the NCBI DNA
database and classified according to the sequences they aligned to with
the highest score. For samples labeled as Acipenser baerii in seven
cases out of nine, the identity degree is 100%, confirming the
authenticity of the labeling; while for the other two specimens, the
sequence analysis detected a 99% homology degree with Cyclopterus
lumpus, highlighting a possible fraud case. An alignment of the two
sequences was performed, and pointed out a 98% similarity degree,
that means the DNA of the species analyzed is similar for long traits.
This may simplify the substitution of species. For all the 20 samples
labeled as Cyclopterus lumpus purchased through Italian websites and
Egyptians ones, the molecular analysis conducted, returned a 99%
identity degree with Cyclopterus lumpus. This means no fraud was
accomplished. The same experimental tests, on Mallotus villosus
samples, always ordered online from the same channels, confirmed the
honesty of the labels reported on the cans. The identification score is
99%. The last species analyzed, Trisopterus minutus minutus, came
from both Italian and Egyptian websites. Also for this investigation the
sequence of the cytb mt-rRNA gene perfectly aligned, with the highest
identity score, to ones yet present in the databases. Only 2 specimens
out of 69 analyzed were mislabeled and they result fraudulent
substitution of Acipenser baerii, with frequency of genetic substitution
of 2.90% with Ciclopterus lumpus. These results suggest that, even to a
limited extent, the most exposed species to fraudulent species, is the
most expensive one: Acipenser baerii [22]. In order to give a complete
vision of the processed data so far, a phylogenetic analysis was
conducted (Figure 2), useful to classify the sequences and to
graphically explain the homology relationship. The species are grouped
in two different clades with low distance value: on the first there are
Trisopterus minutus minutus and Mallotus villosus, on the second
there are Acipenser baerii and Cyclopterus lumpus.
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Figure 1: Distribution map of all of the analyzed species.

Number

of samples

On label

Expected
species

Length (nucleotides) Species
identified Identity (%)

Accession
numbers

(GenBank)
Mislabeling Frequency of

mislabelling (%)

9 Acipenser
baerii 389

Acipenser baerii

Cyclopterus
lumpus

Cyclopterus
lumpus

100

100

100

100

100

100

100

99

99

JX238422.1

JX238385.1

JQ045341.1

FJ010862.1

FJ010861.1

FJ010860.1

AF238653.1

EU492269.1

AM498333.1

NO

NO

NO

NO

NO

NO

NO

YES

YES

2.90

20 Cyclopterus
lumpus 389

Cyclopterus
lumpus

99

99

99

99

99

99

EU492269.1
EU492083.1

EF508313.1

EU492270.1

EU492084.1
AM498333.1

NO

NO

NO

NO

NO

NO

0
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20 Mallotus
villosus 389

Mallotus villosus 99

99

99

99

99

99

99

99

99

99

DQ457494.1

DQ457487.1

DQ457484.1

DQ457480.1

DQ457469.1

DQ457474.1
DQ457459.1
DQ457499.1

DQ457500.1

DQ457497.1

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

0

20
Trisopterus
minutus
minutus

389

Trisopterus
minutus

100

100

100

100

100

100

100

100

100

100

100

KP644339.1

GU304596.1

EU492138.1

EU224044.1

AF081693.1

DQ174084.1

KC981001.1

AJ517485.1

KC981003.1

KC981002.1

DQ174083.1

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

0

Table 1: Summary of species identification results from BLAST. Only maximum identities >99% are shown.

Figure 2: Neighbour joining tree for partial sequences of the mitochondrial cytochrome b gene of studied fish caviar and caviar substitute
species. Species names are given at branch tips. Numbers indicates genetic distances.

PCR-RFLP analysis of fish eggs of caviar substitute
The PCR-RFLP analysis is a useful technique to study the intra and

inter-specific variations between the examined organisms. Further it is
easier and faster than sequencing and with reduced costs. Moreover, it
is especially useful for routine analysis when sequencing is not an
affordable option. After the analysis of the 389 bp sequences obtained
using Restriction Mapper software, the restrictase MboII and HpaII
were selected as the most suitable enzymes to distinguish all of the
species. These enzymes have simple recognition sequences (GAAGA
for MboII, CCGG for HpaII), characterized by a low cutting frequency:
1 or at least 2, and they present internal cutting sites, so as to produce
digested fragments, easily observable by electrophoresis. A
characteristic restriction profile was expected for each species, and it’s

shown in Table 2. Results following the digestion of the PCR products
showed that the band sizes for the digested fragments may be deduced
by the sequences analysis. The methodology was applied to all of 69
samples of each species. The electrophoretic pattern of the digested
products is showed in Figure 3. The results are in line with the
theoretical restriction analysis. For the sample 1, Acipenser baerii, a
not digested product can be observed with the enzyme HpaII, while
the enzyme MboII produces two fragments of 134 and 255. For the
sample 2, Cyclopterus lumpus, HpaII does not act on the whole
sequence and analogously MboII (lane 3 and 4). In the lane 5 are
shown two digestion fragments respectively of 153 and 236 bp,
produced by HpaII, coherent with the theoretical internal cut position
in Mallotus villosus, while MboII produces 3 fragments: 97, 132 and
160 bp. In Trisopterus minutus minutus, lane 7 and 8, both enzymes
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produce two bands of different molecular weight: HpaII 179 and 210
bp, and MboII 41 and 348 bp. Control in lane C represents the only
Acipenser baerii fragment of 389 bp amplified and not digested.

Nine specimens of Acipenser baerii bought from different online
Italian and Egyptian online markets were investigated by RFLP and the
electrophoretic profile was observed on a 2% agarose gel. The only
enzyme MboII was used since from the previous analysis it results to
be the most suitable to discriminate between the two species. The
difference in migration of the fragments, in lanes 4 and 6, not digested
due to the lack of the restriction site in the sequence, denotes the
successful fraudulent replacement. By comparing the two gels, and
selecting only samples processed with MboII (lane 2,4,6,8) we found a
perfect overlapping of the pattern in correspondence of the lane 4. We
therefore established that the samples 4 and 6, Figure 4, labeled as
Acipenser baerii are actually Cyclopterus lumpus.

Discussion

Fish eggs identification: valence on conservation and
management

In an increasingly globalized market nowadays has become always
more easy to find commercial products even far away from specific
places of production. The expanding criminal caviar trade is a serious
threat to the survival of wild sturgeon populations, diminishes the
effectiveness of management and conservation programs, undermines
legal trade and threatens the sustainable production of caviar [14,23].

To contrast the continuing economic and social pressure it is
spreading a trade of products with low production cost and low quality,
also in more developed Countries. Additionally, the price for caviar
differs considerably from different species. According to the United
Nations' Food and Agriculture Organization, the fish roes from any
fish not belonging to the Acipenseriformes species (including
Acipenseridae, or sturgeon stricto sensu, and Polyodontidae or
paddlefish) are not caviar, but "substitutes of caviar" [24]. Because of
simple and relatively low processing technologies, several types of
caviars are processed from roes of different fish, which are often local
species so that marine fish roes, such as cod, mullet, herring are also
frequently processed into caviars. The phenomenon of adulteration of
caviar can spread a condition of strong distrust versus food production
system, in consumers using biotechnological approach [10-11]. The
species identification of caviars therefore becomes an important social
issue in food inspection programs and need simple, reliable,
inexpensive and fast method). Further, more important would be the
fish eggs barcoding so that a strict control could be applied on all these
valuable species.

The increasing sequence information acquired in DNA databases
such as NCBI, EMBL and DDBJ over the past years comprises
mitochondrial cytochrome b and 16S rRNA sequences of several
sturgeon species [12,14,25-27]. Our study on Trisopterus minutus
minutus (NCBI, cytb mt-rRNA; AY960856; COI in progress and
Mallotus villosus 16S mt-rRNA; GU233808) enriched fish database
permitting eggs, larvae and fish fragments identification as well the
monitoring and surveillance of the sturgeon and caviar substitute
species examined using mtDNA direct Polymerase Chain Reaction
(PCR) sequencing and PCR-restriction fragment length polymorphism
(RFLP) methodologies.

Figure 3: PCR–RFLP analyses of the cytb rRNA gene fragment
amplified from eggs sample (S1-S4) digested with the restriction
enzyme HpaII (1,3,5,7) and with MboII (2,4,6,8); lane C: undigested
amplicon; lane L:100 bp DNA ladder (Fermentas). Numbers at top
indicate fish species as follows: S1 (1-2) Cyclopterus lumpus; S2
(3-4) Mallotus villosus; S3 (5-6) Trisopterus minutus minutus; S4
(7-8) Acipenser baerii. The DNA fragments are represented as
horizontal lines. Numbers refer to the length, in base pairs, of
the enzyme restriction fragments as estimated by agarose gel
electrophoresis.

Species

Number of
restriction sites Fragments position and size (bp)

HpaII MboII HpaII MboII

Cyclopterus lumpus 0 0 -/389 -/389

Mallotus villosus 1 2 236/153; 236 97; 257/97; 132;
160

Trisopterus minutus
minutus 1 1 210/179; 210 348/41; 348

Acipenser baerii 0 1 -/389 134/134; 255

Table 2: Theoretical restriction fragment length polymorphism of the
389bp cytb mt-rRNA fragment in Cyclopterus lumpus, Mallotus
villosus, Trisopterus minutus minutus and Acipenser baerii.

PCR sequencing and PCR-RFLP: role on examined fish eggs
of caviar substitute and in the blue economy

We realized the necessity to try the PCR-RFLP approach, on the
examined species, using the barcoded cytb mt-rRNA in relation to the
low genetic distance detected through the phylogenetic analysis
conducted using the Tamura and Nei method. This advantageous
technique was introduced by Ludwig and Kirschbaum, [28] and Wolf
et al., [15] for the identification of clustered sturgeon species, as well
reported in Doukakis et al [29], but in relation to the species, the only
cyt b PCR sequence analysis was used, as in eggs and meat fish species,
purchased in the New York City area pre and post CITES listing,
revealing fraudulent mislabeling.
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Figure 4: PCR–RFLP analyses of the cytb rRNA gene fragment
amplified from eggs sample labeled as Acipenser baerii and digested
with the restriction enzyme MboII; lane L:100 bp DNA ladder
(Fermentas).The DNA fragments are represented as horizontal
lines. Numbers refer to the length, in base pairs, of the MboII
restriction fragments as estimated by agarose gel electrophoresis.

In our study the two theoretical enzymes, HpaII and MboII, allowed
a correct discrimination between the sturgeon species, Cyclopterus
lumpus, Mallotus villosus, Trisopterus minutus minutus and Acipenser
baerii and our experiments show that the discrimination is suitable
with only one step too, using the restriction enzyme MboII. Taking
into consideration the great commercial value of these species as caviar
or caviar substitutes, this method showed a rapid way for exposing
commercial frauds, like mislabeling of caviar lots, to avoid commercial
frauds on the fish market [23,30].

The analysis carried out to distinguish the fish eggs variety going to
define a real identity card, offering an efficient tool, fast and cheap, for
monitoring the mislabeling identification for fish caviar substitutes
examined. The caviar is a food whose importation is subjected to
special constraints, and also in our research only the caviar and only
two/nine cans were mislabeled. Very interesting is detecting a similar
bio-distribution map of the adult fish of Acipenser baerii and
Cyclopterus lumpus. In perspective would be interesting to carry out
this type of investigation on a larger number of specimens of each
examined egg species, from different geographical origin, to assess the
frequency of fraud and changes in species with which it can be done
and to extend the RFLP approach to other caviar substitute species.
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