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Abstract
The Atlantic goliath grouper, Epinephelus itajara (Lichtenstein, 1822), is considered a critically endangered species. In 
Brazil, the harvesting, transportation, and sale of E. itajara or it’s by products have been prohibited, but illegal harvesting 
still occurs. This study developed a simple, sensitive and accurate procedure for the safe identification of E. itajara by poly-
merase chain reaction (PCR). A specific primer (16S-RYOP4) was designed, synthesized and grouped with universal prim-
ers. The efficiency of specific amplification of the new set of primers was proven using samples of E. itajara, four species 
of epinephelids and five other species of fish marketed in northern Brazil. This procedure can be used to inspect products 
sold in stores, supermarkets and fairs, especially in places of reduced scientific, technological and economic development, 
where there is a record of illegal fishing and selling of E. itajara.
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Technical note

The Atlantic goliath grouper, Epinephelus itajara (Lichten-
stein, 1822), is the largest grouper species found in the 
Atlantic Ocean and is listed by the International Union for 
Conservation of Nature as “critically endangered”, due to 
population decline resulting from overfishing and habitat 
degradation (Espinosa-Perez et al. 2015). In Brazil, the 
harvesting, transportation, and sale of E. itajara or it’s by 
products have been prohibited by law since 2002. How-
ever, illegal harvesting occurs, especially in northern Bra-
zil (Silva-Oliveira et al. 2008). The large coastal extension 
and the practices of mischaracterization of the specimens 
(with the removal of the head and fins) make it difficult to 
inspect and identify the illegal sale of E. itajara (ICMBio/
MMA 2018). This means that the development of low-cost 
and rapid procedures for the reliable identification of this 

species, based on samples of the typical by products sold 
in shops and markets, will provide an important tool for the 
suppression of the illegal trade in this critically endangered 
species (Horreo et al. 2013; Melo-Palmeira et al. 2013).

Modern methods, such as real-time polymerase chain 
reaction (PCR), multiplex PCR and PCR–RFLP, for the 
identification of epinephelid species are available, but they 
are complex and/or require expensive equipment and labora-
tory resources (Damasceno et al. 2016; Torres et al. 2013; 
Chen et al. 2012). In regions with low human development 
index and reduced scientific and technological development, 
as the coast of the north and northeast regions of Brazil, the 
diagnosis of the product sold illegally has also been a major 
challenge. Considering the urgent need to conserve Atlantic 
goliath grouper stocks and the importance of identifying this 
species where illegal harvesting is disguised by falsifying 
fishery products, the present study developed a simple, sen-
sitive and accurate procedure for the safe identification of 
E. itajara by PCR.

A specific primer (16S-RYOP4, 5′-AGT TCT GTT AAT 
TAG AGT TGTCA) was designed for E. itajara, using the 
FastPCR program (Kalendar et al. 2014), based on compari-
sons with the epinephelid sequences available in GenBank 
(Craig and Hastings 2007) and the use of the universal prim-
ers 16S-L1987 (5′-GCC TCG CCT GTT TAC CAA AAAC-3′) 
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and 16S-H2609 (5′-CCG GTC TGA ACT CAG ATC ACGT-
3′) (Palumbi et al. 1991) (Fig. 1). The efficiency of specific 
amplification of the new set of primers (16S-L1987/16S-
RYOP4) was assessed using grouper samples identified in 
previous studies (Silva-Oliveira et al. 2008, 2013), as well 
as samples of other epinephelids obtained from fishery 
catches (SISBIO license number 19289), which were iden-
tified using Cervigón et al. (1993). Four epinephelid species 
were included here—the coney (Cephalopholis fulva, Lin-
naeus, 1758), the dusky grouper (Mycteroperca marginata, 
Lowe, 1834), the rock grouper (Epinephelus adcensionis, 
Osbeck, 1765), and the red grouper (Epinephelus morio, 
Valenciennes, 1828). Finally, samples of other fish species 
that are marketed in northern Brazil were also evaluated, 
such as acoupa weakfish (Cynoscion acoupa, Lacepède, 
1801), the giant sea catfish (Arius luniscutis, Valenciennes, 
1840), the Spanish mackerel (Scomberomorus brasiliensis, 
Collette, Russo & Zavala-Camin, 1978), the King mack-
erel (Scomberomorus cavalla, Cuvier, 1829), and the white 
mouth croaker (Micropogonias furnieri, Desmarest, 1823) 
in order to assist in the assessment of the specificity and 
sensitivity of the approach proposed by PCR.

A total of 125 samples were used in the present study: 
five samples representing each of the fish species traded in 
northern Brazil (C. acoupa, A. luniscutis, S. brasiliensis, S. 
cavalla, and M. furnieri; n = 25), five samples represent-
ing each of the five epinephelid species (C. fulva, M. mar-
ginata, E. adcensionis, E. morio, and E. itajara; n = 25), 
and an additional 75 samples of E. itajara. The DNA was 
isolated using a Dneasy kit (Qiagen), and the samples were 
amplified by PCR. The basic reaction protocol was done 
with a total volume of 12.5 µl containing 2 µl of the dNTPs 
mix (1.25 mM), 1.25 µl of buffer (Invitrogen—Tris–HCl, 
pH 7.8), 0.5 µl of  MgCl2 (50 mM), 0.3 from each primer, 
approximately 1 µl of isolated DNA, 0.1 µl of Taq (5U/µl) 
polymerase (Invitrogen) and sterile distilled water to com-
plete the final reaction volume. The amplification conditions 
were 94 °C for 2.5 min, followed by 40 cycles of 35 s at 
94 °C, 1 min at 60 °C and 1 min at 72 °C, with a final exten-
sion of 5 min at 72 °C. The PCR products were electro-
phoresed in 1% agarose gel at 120 volts for 45 min. Finally, 
the two fragments of the E. itajara mitochondrial genome 

amplified by PCR and visualized after electrophoresis were 
isolated using the QIAquick PCR Purification Kit (Qiagen), 
subjected to nucleotide sequencing and then deposited on 
GenBank (MT538327 and MT538328).

The amplification obtained by the 16S-L1987/16S-
H2609/16S-RYOP4 primers was evaluated in samples of 
Epinephelidae fishes. The combination of the universal 
primers 16S-L1987/16S-H2609 and 16S-RYOP4 enabled 
the identification of two different patterns. In samples of E. 
itajara, two fragments were amplified and, consequently, 
two bands were visualized after electrophoresis: one band of 
621 base pairs (bp) and the other of 423 bp. In contrast, the 
other samples of Epinephelidae fishes have only one band 
(~ 621 bp) (Fig. 2). Thereafter, the remaining 75 samples of 
E. itajara were tested using the 16S-L1987/16S-H2609/16S-
RYOP4 primers. The same two-band pattern was observed 
in all E. itajara samples. Regarding the samples belonging 
to the fish families marketed in northern Brazil, all samples 
showed only a single band (~ 621 bp) after the amplification 
procedures (data not shown).

In this approach, the visualization of a 621 bp fragment 
will indicate that DNA isolation and amplification of genetic 
material have been successful. It is an indication of the qual-
ity of the test performed an internal control. The specificity 
of this experiment is clearly identified by the visualization 
of a 423 bp fragment, amplified only in E. itajara samples. 
As a limitation, there is a risk of contamination during the 
execution of the experiment. However, this risk can be mini-
mized. The appropriate physical structure, the type of stor-
age, the handling of the sample and reagents, the workflow, 
etc., all steps applied to perform the PCR must be controlled 
and turned to minimize the chances of contamination. For 
example, a commercial kit for DNA isolation was used in 
this study in order to guarantee the quality and avoid con-
tamination of the samples. This step can be adjusted by a 
DNA isolation protocol that maintains the quality and safety 
of the procedure, but at a lower cost. Good practices and 
strategies aimed at developing quality and safety PCR assays 
are recommended.

The characteristics of the procedure developed are very 
interesting and can be used to inspect products sold in stores, 
supermarkets and fairs, mainly where there is a record of 

Fig. 1  Location and length of 
the two fragments of the 16S 
rRNA gene contained in the 
mitochondrial DNA (mtDNA) 
of Epinephelus itajara, whose 
amplification by PCR was 
described in the present study
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illegal fishing and selling of E. itajara. For example, Bra-
zilian agencies for inspection, protection, preservation and 
conservation of biodiversity such as the Brazilian Institute 
for the Environment and Renewable Natural Resources 
(IBAMA), and the Chico Mendes Institute for Biodiversity 
Conservation (ICMBIO) can use the procedure described 
here or establish partnerships with universities or other 
public institutions to evaluate suspicious samples whenever 
necessary.
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