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Molecular authentication of Pargo fillets Lutjanus purpureus

(Perciformes: Lutjanidae) by DNA barcoding reveals commercial fraud

Ivana Veneza!, Raimundo Silva!, Leilane Freitas!, Simia Silva!, Kely Martins!,
Iracilda Sampaio®, Horacio Schneider? and Grazielle Gomes'~

The Caribbean Red Snapper (Pargo) Lutjanus purpureus is the most economically important snapper in Brazil, which is sold, among
other forms, as frozen fillets. During the process of transformation into fillets there is the removal of the distinctive morphological
traits, being able to favor the substitution by less valued species. In addition, there is no national legislation requiring the insertion
of the specific name on the product label. However, according to a Normative Instruction (IN N © 29/2015 MAPA) that correlates
the common and specific names of the products destined to the national trade, in Brazil only L. purpureus and L. campechanus
can be denominated “Pargo”. Thus, the DNA barcode tool was used to identify the fillets sold in north of Brazil, labeled “Pargo”,
with the aid of sequences from the public and control databases. The results showed that among 142 fillets examined, 78% was
identified as L. purpureus and 22% as Rhomboplites aurorubens, a snapper with low commercial value in the country, revealing
commercial fraud. The molecular identification method successfully used in this study to authenticate fillets snappers may also be
used by surveillance authorities in the quality control of processed fish products, towards ensuring consumer rights.

Keywords: Commercial fraud, DNA barcode, Fillets, Processed fish, Snapper.

O Pargo Lutjanus purpureus, lutjanideo mais importante economicamente no Brasil, ¢ vendido, entre outras formas, como filés
congelados. Durante a transformac@o em filés, ha a remogdo das caracteristicas morfologicas distintivas, podendo favorecer a
substitui¢ao por espécies menos valorizadas. Além disso, nao ha legislagdo nacional que exija a inser¢do do nome especifico no
rétulo. Porém, de acordo com uma Instrugdo Normativa (IN N° 29 /2015 MAPA) que correlaciona os nomes comuns e especificos
dos produtos destinados ao comércio nacional, no Brasil somente L. purpureus e L. campechanus podem ser denominados
“Pargo”. Assim, a ferramenta DNA barcode foi usada para identificar os filés vendidos no norte do Brasil, rotulados como
“Pargo”, com o auxilio de sequéncias dos bancos de dados publicos e banco controle. Os resultados mostraram que entre os 142
filés examinados, 78% foi identificado como L. purpureus e 22% como Rhomboplites aurorubens, um lutjanideo com baixo
valor comercial no pais, revelando fraude comercial. O método de identificagdo molecular, utilizado com éxito neste estudo para
autenticar filés de lutjanideos, pode também ser utilizado pelas autoridades de vigilancia no controle de qualidade de produtos
processados derivados de peixes em geral, para garantir os direitos dos consumidores.

Palavras-Chave: DNA barcode, Filés, Fraude comercial, Pargo, Peixe processado.

Introduction Useful body parts for species identification are taken out

during the manipulation of fishery products, for example, in

Global fish consumption has increased remarkably, driving
the commercial sectors to offer more diversified products (FAO,
2016). Technological progress and logistical improvements
combined with changes in consumer preferences are driving
the modernization of the fishing industry, converging in
the supply of innovative products that provide convenient
handling, uniformity, and quality as exemplified by canned,
smoked, sliced, and frozen fillets (FAO, 2016).

preparation of fillets, which has led to the species replacement
practices, since the visual distinction of species becomes
unfeasible after this procedure (Ward, 2000). The removal
of these important structures is aggravated in cases of a
group of species with a wide range of similar morphological
traits, such as the Family Lutjanidae, or snappers, as they
are commonly known (Allen, 1985; Cervigoén et al., 1993;
Nelson et al., 2016). Such fish are key fishery resources
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throughout their occurrence areas, including the Brazilian
coast, wherein numerous species are targets of commercial
fisheries (MPA, 2010; 2012; 2013).

The “Pargo” (Caribbean Red Snapper), as the species
Lutjanus purpureus (Poey, 1867) is commonly known in
Brazil, has always stood out among snappers consumed
domestically, and the highest commercial value, as shown
in the official records of the country’s fish catches (MPA,
2010; 2012; 2013). Nevertheless, the evidence suggests
that the populations of “pargo” are overfished (Dias-Neto,
Dornelles, 1996; Paiva, 1997; Souza, 2002) and, thus,
species previously less targeted have gained importance in
fisheries and represent potential candidates to replace the
actual Caribbean Red Snapper, especially when this fish is
processed to prepare fillet products.

Such species may also have been processed into fillets,
sold in supermarkets only under the name “Pargo”, without
including the scientific name of the raw material in the
product label. On the other hand, in Brazil, exclusively the
species L. purpureus and L. campechanus can be called
“Pargo”, according to Normative Instruction (IN) N° 29
/2015, of Agriculture, Livestock and Food Supply Ministry
(Ministério da Agricultura, Pecuaria e Abastecimento -
MAPA), which establishes the correlation between common
and scientific names of products intended for domestic trade.

Fish sold after processing have shown high rates of
replacement of the most commercially valued species by
less valuable species. These labeling issues may result
in economic losses (Filonzi et al., 2010; Cawthorn et al.,
2012; Di Pinto et al., 2013; Cutarelli et al., 2014; de Brito
et al.,2015) and human health hazards (Guallar et al., 2002;
Cohen et al., 2009; Van Leeuwen et al., 2009; Maralit et
al., 2013). Moreover, the misidentification of species may
jeopardize the monitoring of fishery stocks, thus increasing
the vulnerability of threatened species (Ardura et al., 2010;
Palmeira et al., 2013).

The unambiguous identification of taxa is the main
requirement to prevent/control this type of activity, and
forensic molecular approaches using the cytochrome
oxidase subunit I (COI) gene have successfully addressed
this issue (Filonzi et al., 2010; Cawthorn et al., 2012;
Carvalho et al., 2017). Such an assessment is crucial to
alert the relevant authorities regarding the need for effective
measures of organization, standardization, and surveillance
of the fishery sector for combating replacement practices
and safeguarding consumer rights. Despite the issues found
throughout the supply chain involving the Caribbean Red
Snapper, which is a key fishery resource in Brazil, no
research study has been conducted to date, exclusively
aimed to assess the authenticity of labeling in fillets of this
species.

Considering the existence of numerous fraud reports
regarding snappers (Marko et al., 2004; Logan et al.,
2008; Jacquet, Pauly 2008; Wong, Hanner, 2008; Hellberg,
Morrissey 2011; Warner et al., 2013; Stiles et al., 2013)
and knowing the efficacy of COI gene as an applicable
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bioidentification tool to the authentication of Lutjanidae
species (Veneza et al., 2014); here, DNA barcode tool was
used to determine which species are being traded under
the popular designation “Pargo” and thereby verify the
occurrence of commercial fraud.

Material and Methods

Sampling. The samples were fillets labeled as “Pargo”
processed by a single supplier and marketed as frozen
fillets with skin, in supermarkets in the State of Para, North
Brazil. A single supplier was used because it is the only
one that makes the processing of this species in the region.
The sampling was conducted from March 2013 to October
2014, during this period were bought 22 packages with a
variable number of fillets, usually from five to eight units per
package, weighing 500 g or 1 Kg. In total, 142 samples from
nine different lots were obtained.

One muscle tissue sample was collected from each
fillet piece, and these samples were individually stored in
microtubes containing 90% alcohol, received a registration
code and stored at -20°C. Only products with original
packaging from the fillet supplier company were analyzed.

Ethics Statement. All the tissues used here were obtained
from fillets. During the sampling, the species were not
endangered or protected along the Brazilian Coast. Therefore,
there was no need to apply for a license for collection or
approval by the Animal Ethics Committee.

Isolation, amplification and sequencing of genetic
material. Total genomic DNA was isolated using the
Wizard Genomic® Kit (PROMEGA), according to the
manufacturer’s instructions. Following DNA isolation, the
samples were mixed on a solution of buffer and GelRed
dye “blue juice” (2 pL of the mixture and 2 uL of DNA),
then, loaded into 1% agarose gels and electrophoresed for
30 minutes/60V. After that, the samples were exposed under
ultraviolet light to assess the quality of the extracted DNA.

The COI gene fragment was amplified by the Polymerase
Chain Reaction (PCR) method with COIFishF2, and
COIFishR2 primers (Ward et al., 2005). The reactions
were conducted in a final volume of 15 pL containing 2.4
uL DNTP (1.25 mM), 1.5 pL buffer (10x), 0.6 pL MgCl,
(50 mM), 0.6 pL of each primer (50 ng/uL), approximately
100 ng total DNA, 0.1 uL Taq DNA polymerase (5 U/uL),
and ultrapure water to complete the final reaction volume.
The following amplification conditions were: an initial
denaturation at 95°C for 3 minutes; followed by 35 cycles
of 40 seconds at 94°C, 40 seconds at 55°C, and 1 minute at
72°C; and a final extension of 3 minutes at 72° C. The positive
PCRs were sequenced using the dideoxy-terminal method
(Sanger et al., 1977), with the Big Dye Kit (ABI Prism™
Dye Terminator Cycle Sequencing Reading Reaction), and
employing an ABI 3500 XL automated capillary sequencer
(Life Technologies).
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Data analysis. The sequences were edited with the BioEdit
software (Hall, 1999), and aligned using the parameter default
of ClustalW (Thompson et al., 1994) available in BioEdit.
After creating a database of fillet sequences, some corrections
were performed manually in sequence positions with errors or
doubts regarding the nucleotide present.

A list of haplotypes was generated using the DnaSP5
software (Librado, Rozas, 2009) to guide the samples
identification process. The haplotype sequences listed were
compared with barcode fragments available in GenBank
(National Center for Biotechnology Information - http://www.
ncbi.nlm.nih.gov), via the BLASTn Search Tool (Altschul et
al., 1997) and BOLD (Barcoding of Life Database - http://
www.barcodinglife.org), using the Species Level database
(Ratnasingham, Hebert, 2007). Only comparisons returning
from the GenBank/BOLD search with values of similarity >
99% were considered for further assessment.

Furthermore, the COI sequences of fillets were also
compared with a control database consisting of sequences
from several snappers, including L. purpureus and eight other
potential replacement species of Lutjanidae (L. synagris, L.
analis, L. jocu, L. buccanella, L. vivanus, L. cyanopterus,
Ocyurus  chrysurus, and Rhomboplites  aurorubens),
previously identified morphologically using specialized
literature (Cervigon et al., 1993).

The database was analyzed using the MEGA 7 software
(Kumar et al. 2016), wherein a neighbor-joining (NJ) tree
was constructed with the Kimura 2-parameter (K2P) model
of nucleotide substitution (Kimura, 1980). The significance
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of the tree clusters was estimated using a bootstrap analysis,
generated from 1,000 pseudoreplicates. Conodon nobilis
(Haemulidae-Perciformes) sequences from GenBank
(Accession codes: KF633261 and KF633260) was included in
the database to root the tree. A corrected distance matrix was
generated to assess intra and interspecific genetic distances,
using the K2P evolution model and the MEGA 7 software.
The polymorphic sites were identified, and then were used
to evaluate the mutations that differ the species in order to
corroborate the clustering pattern found in the phylogenetic
tree and which is observed in the genetic distance values.

Results

A 600-bp fragment corresponding to the barcode portion
of COI gene was sequenced from the 142 fillet samples.
The list of haplotypes created revealed three most common
haplotypes, of which, were shared by approximately
80% of fillet samples. The other samples were all unique
haplotypes (Fig. 1). The sequences data of all haplotypes
have been submitted to the GenBank databases under
accession numbers KU313734 - KU313755. Regarding the
comparisons performed against the GenBank sequences
and the control database, partitioning into two groups was
observed, being the first one group formed by the most fillet
sequences and the L. purpureus controls, and the second
one formed by the controls of the Rhomboplites aurorubens
species and remaining fillets. For L. purpureus fillets were
observed 20 haplotypes, and only two for R. aurorubens.

Lutjanus purpureus

Fig. 1. Neighbor-joining (NJ) tree constructed from a 600-bp of the COI gene, showing two clades, which indicates the
presence of two species among the fillets labeled as “Pargo”; the nucleotide divergence between the species (the value
of 8.7%) is indicated above the outermost node. Within parentheses the frequency of each haplotype is described and the
replacement rate present in the fillets is shown in plot to the right.
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Similarly, to the list generated by DNAsp, the NJ tree
clearly showed the formation of two groups, two clades
statistically well supported, one clustering most samples with
known sequences of the L. purpureus species (Haplotypes -
EU752118; KF633329) and another cluster formed by 22%
of fillets and control sequences of Rhomboplites (Haplotypes
- JQ365531; KF633264) in addition to the outgroup (Fig.
1). Most packages sampled consisted of L. purpureus
fillets, with two packages and replacement of one or two
fillet pieces, also, three of these packages with their content
completely replaced. Such replacements were observed
under two different lots.

The genetic divergence calculated based on the
comparison among and within the groups observed in the
phylogenetic tree confirmed the presence of two species
among all fillets analyzed. The mean interspecific distance
was 8.7%, which is much higher than the value found for
the mean intraspecific distance of merely 0.3%. The genetic
distance among haplotypes ranged from 0.2% to 0.8% for L.
purpureus and 0.2% for R. aurorubens. The presence of 60
variable sites, corresponded to 10% of polymorphism.

Discussion

Accidental Replacement or Commercial Fraud? The
results together show the sold fillets as “Pargo” include the
species L. purpureus, and another snapper species, namely
R. aurorubens, suggesting commercial frauds. The IN/N°
29/2015 of MAPA established common names for the main
species of fishes marketed in Brazil, in order to be inserted
in packaging labels of the processed products. According to
this governmental list, “Pargo” should be used only for two
lutjanids: L. purpureus and L. campechanus.

The analysis of de Brito ez al. (2015) about authentication
of croaker fillets (Sciaenidae) reported alarming results with
high replacement rates ranging from 76.6 - 100%. Among the
replaced species, there are some specimens from Serranidae
and Lutjanidae families, including L. purpureus.

Numerous taxa of the family Lutjanidae are known
to share morphological traits (Allen, 1985; Cervigon et
al., 1993; Moura, Lindeman, 2007), which hinders their
identification exclusively based on anatomical traits.
Several fish from that group are targeted by commercial
fisheries in the Northern and Northeastern Brazil,
including L. purpureus, L. synagris, L. analis, and Ocyurus
chrysurus (MPA, 2010; 2012; 2013). These species have
a sympatric widely distribution in the Western Atlantic
(Cervigon et al., 1993) and, therefore, are most likely to
be caught together. However, Caribbean Red Snapper, L.
purpureus is not only the most consumer-appreciated, and
the most caught snapper, but also has the highest economic
relevance in Brazil. Moreover, it may be sold fresh,
whole gutted or frozen fillets. In case of frozen fillets, it’s
impossible to recognize morphological features, leading to
be an aggravating factor to the occurrence of replacement
between species.
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Additionally, R. aurorubens comprises enough different
morphometric characteristics to build a monotypic genus,
namely eye shape, caudal fin, number of dorsal spines, and
stripes (Moura, Lindeman, 2007). All these differences
become subtle when superficially compared to L. purpureus
specimens, with both species being easily confused due
to similarities in color pattern, overlapping morphometric
traits, and habitat (Allen, 1985; Cervigon et al., 1993;
Moura, Lindeman, 2007). The species used for replacement
have small sizes and low commercial values in Brazil, and
they are usually caught accidentally with other snappers.

Other studies have already reported species replacements
among snappers. Marko et al. (2004) using a fragment of Cy¢
b gene detected that approximately 80% of the fish sold as L.
campechanus in eight US states truly correspond to another
species from the same family, all with lower commercial
importance than red snapper. Wong, Hanner (2008) found
similar results, using DNA barcode, while identifying seafood
from North American markets. These authors demonstrated
that 25% of the samples analyzed were misidentified, which
included replacements within Lutjanidae.

All sampling packages had only included vernacular
names of the species on their labels, of which, are often
confused by others. This lack of information on the labels
reflect on the great variety of common names among
regions. Beyond that, although illegal, the terms “Caribbean
Red Snapper” or “Red Snapper” are commonly used as a
category, referring to a set of similar snappers.

Vernacular names are shared by several species in the
official Brazilian fishery records. The concern is even
greater when noticing the existence of snappers listed
without confirmed taxonomy in the fish landing data, which
are therefore grouped as Lutjanus spp., a term referring
to four different common names at least, namely, Cubera
Snapper (“Caranha”) - Lutjanus griseus, Lutjanus jocu,
Mutton Snapper (“Caranha-vermelha) - Lutjanus analis,
Lutjanus vivanus, Brazilian Snapper (“Carapitanga”) -
Lutjanus alexandrei, Lutjanus cyanopterus, and Caribbean
Red Snapper (“Pargo/Vermelho”) - Lutjanus purpureus
(MPA, 2010; 2012; 2013).

Ardura et al. (2010) have discussed the issues caused by
the lack of regulation of common names of species sold in
the Amazon. Using the 12S rDNA and COI as molecular
markers, these authors identified fish purchased in local
marketplaces and concluded that the group generically
sold as “acard” encompasses seven different species, which
compromises the estimates of exploitation and conservation
of Amazonian fishery resources.

Thus, similar features between L. purpureus and R.
aurorubens, their overlapped distribution, and the fact
they are caught together may explain the replacement
cases reported herein. However, misidentifications can
easily occur considering aggravating factors (i.e., common
names without standardization, wrong statistical records or
practices of marketing), and yet, they can still suggest that
these replacements may not be intentional in all cases.
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On the other hand, some results still became quite
questionable, for example, even though the most of the
replaces were not significant (either one or two fillet pieces
from the total present in a package), other packages had their
contents substituted completely.

Furthermore, the use of the species R. aurorubens as a
substitute of L. purpureus entails high economic benefits to
the suppliers, due to this species holds lower economic value
than the species stated in the label or any species closer
related to “Caribbean Red Snapper” in Brazil.

For the last, the absence of scientific names in the labels
seems to be an attempt to camouflage the irregularity of
this practice, since the term “Pargo”, as discussed above, is
applied to innumerous snappers, including R. aurorubens.

Replacement activities had not only negative implications
for fishery management, but for the consumer as well,
resulting in economic losses. So, an alternative should be
to apply the labeling of products in accordance with legal
requirements, avoiding these problems. Nonetheless, there
is not in Brazilian any law that requires the inclusion of the
scientific names in the package of processed fish products,
except for species of Salmonidae and Gadidae.

Considering the findings of this current analysis, the
unambiguous identification of the species, should not be
limited simply to morphology, which is a requirement to
prevent possible causes of replacement practices. Thus, our
results suggest a need to include other methodologies to
identify the products at species level, and that the tools based
on DNA have proved to be useful and efficient for this type
of study, especially, the barcode region (COI gene), which
has demonstrated to be very powerful and sensitive for
authenticating and certification of processed fish products.

Concluding Remarks. Despite substantial relevance of the
species L. purpureus for economic and fishing scenarios, it
was the first study using the molecular tool (DNA barcoding)
to authenticate fish fillets marketed as “pargo” in supermarkets
along the north of Brazil. The rate of substitution was 22%,
and some factors lead us to suggest intentional substitutions or
commercial fraud, especially, when related to the R. aurorubens
- species with little relevance from the fishery standpoint.
Regarding labeling issues, companies that supply food
products in general, and the fillets sampled herein, they
must keep their informative labels handy, toward ensuring
consumer rights. Thus, the present findings are warning about
these unwanted activities, as they could justify regulatory and
surveillance measures by the competent agencies.
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