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Abstract

Fish play an essential role in food security
and are regarded as one of Egypt's primary
food resourcesand, therefore, significantly im-
pact the national economy. The three main
sources of fish production in Egypt: marine
(Red and Mediterranean seas), lakes and the
River Nile, due to the elevated incidence of
species substitution at the global level, precise
identification of seafood species on the mar-
kets considered a solution for food safety con-
trol institutions and human consumer protec-
tion. Mislabeling occurs when one species is
substituted foranother. Different species of red
sea marine fish were collected from the Egyp-
tian market. According to the Arabic name in
the fish market, Samples searched for English
and Latin family names in (www.fishdata-
base.org). Commercial sampleswere success-
fully extracted and confirmed with 1.5% aga-
rose gel electrophoresis. The result showed
that the mtDNA gene cytochrome c oxidase
subunit I (COI) amplification was successful
for all samples with high concentration, it was
purified and sequenced for both directions and
blasted using the NCBI database. Resulting in
the identification of three commercially essen-
tial and expensive fish samples, Baghbaghan
(parrotfish), Hamour (Greasy Grouper) and
kahaya (Spiny squirrelfish). One of them cor-
rectly identified according to the market name,

while the other two are recorded mistakenly
under another name.
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1 Introduction

The Red Sea is one of the most interesting
seas to study its aqua biotic diversity due to its
distinctive oceanographic and biological char-
acteristics. It is also considered an important
source of consumed seafood for a long time by
humans who live along its coasts. Egypt is one
of the seven countries that considered the Red
Sea an important fishing source, especially
coral reef studies of aqua biotic diversity and a
hot spot of tourism attraction. Its shoreline is
crowded, creating stress on marine habitats
(Tesfamichael and Pauly 2016). Fish diversity
in the red sea is very high, the fishes current
diversity exceeds 1,400 species recorded by
Fish Base. Usingmorphology asatool for spe-
cies identification is hit with several limita-
tions, including the inability to uncover hybrid
and cryptic species diversity, the identification
becomesdifficult or even impossible when it
comes to the identification of early life stages
(egg and larvae), the time-consuming, and the
high level of expertise needed to species iden-
tification (Strauss and Bond 1990).
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The authentication of fish and seafood spe-
cies and species substitution detection has be-
come an essential topic in the food industry.
There is an increasing need for rapid, reliable,
and reproducibletests to verify species in com-
mercial fish and seafood products. Increases in
international trade and global consumption of
seafood, along with fluctuations in the supply
and demand of different fish and seafood spe-
cies, have resulted in the products mislabeled.
The effects of species substitution are far-
reaching and include economic fraud, health
hazards, and illegal trade of protected species
(Galal-Khallaf et al 2014). Various DNA-
based techniques have been developed to im-
prove seafood fraud detection, including Mul-
tiplex PCR, PCR-RFLP, PCR-RAPD, PCR-
AFLP, and PCR-SSCP are all based on poly-
morphisms in the genetic codes of different
species (Rasmussen and Morrissey 2008).
Hebert et al (2003) proposed establishing a
DNA barcoding system for all living organ-
isms, based on the sequencing of a~650bp re-
gion of the mitochondrial Cytochrome Oxi-
dase I gene (COI). For a barcoding method to
define species to be successful, within a spe-
cies DNA sequences need to be more similar
to sequences in different species. Recent stud-
ies show that this is generally the case, the
DNA barcoding identification technique has
been proven effectively discriminate fish spe-
cies (Ward et al 2005). The international pro-
gram "Barcode of Life Initiative" has beencre-
ated for studies and molecular cataloging of
species diversity of all animals and plants on
the planet (http://www.barcoding.si.edu/). The
main aim was to provide molecular identifica-
tion of organisms usinga standard DNA region
(DNA barcode) and to create a more taxonom-
ically accurate species identification database.
The DNA barcoding is not a substitute for tax-
onomy, itdoes providesapowerful tool to help
identify species and focus future taxonomic re-
search efforts (Ahmed et al 2016). This study
aimed to identify three expensive red sea fish
species sampled from the Egyptian market
based on COI sequences using NCBI-BLAST
and phylogenetic analysis.

2 Material and Methods

Different species of red sea marine fish
were collected from the Egyptian market
Samples were named according to Arabic
names in the fish marketandsearched for Eng-
lish and Latin family names in
www.fishbase.org (Table 1).

A piece of 1 cm?ofdorsal finsand tail from
each sample was stored individually in 96%
ethanol at —20°C until DNA extraction. Data
were recorded, including the market name, the
anticipated family name, and morphological
measurement. DNA was isolated from finfish,
according to Younas (2016). Initially, 50mg of
fin tissue of each fish species were cut into
small pieces with sterilized scissors and dried
on filter paper. Fin tissues were incubated in
15ml tube containing 1.94 ml lysis buffer (200
mM Tris-HCI pH 8.0, 100 mM EDTA, 250
mM NaCl, 10ul Proteinase K (20 mg/ml) and
60 pul of 20% SDS. The tube's contents were
incubated at 48°C for 2-3 h in a water bath.
The DNA was isolated by adding 2 ml of phe-
nol: chloroform: isoamyl alcohol (25:24:1) in
the tubes after incubation. The tube contents
were mixed manually by gentle mixing for 10-
15min and then centrifuged at 13000 rpm for
15min.The top aqueouslayer was removed and
transferred in a new tube, leaving the inter-
phase and lower phase. An equal volume of
chloroform was added to the tube's contents,
mixed by inverting the tubes, and centrifuged
at 13000 rpm for 15min. Again, the top trans-
parent layer was removed, leaving the inter-
phase and lower phase. After this, anequal vol-
ume of isopropanol and 0.2 volume of ammo-
nium acetate (10 mM) were added in the tube
containing the aqueous phase and incubated
for 30 min at -20°C for good precipitation of
DNA. The pellet of DNA was formed by cen-
trifugation of tubes again at 12000 rpm for 5
minutes. The DNA pelletwas washed twice by
cold 70% ethanol, dried, and dissolved in the
appropriate injection water volume.
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Table 1. Recorded Data including Arabic Market name addition to its English match
name, Latin order, family,and genus name offered by Fishbase.org

Species S1 S2 S3
Arabic marketname Baghbaghan NaJgil Kahaya
English name Parrot Fish Nagil soldierfish
Proposed Order Perciformes Perciformes Beryciforms
Proposed Family Scaridae Serranidae Holocentridae
Proposed Genus Scarus Plectropomus Myripristis

COl partial sequence was amplified using
the following primers. Forward primer (FF2d
1) with sequence (5’-TTCTCCACCAAC-
CACAARGAYAT-YGG-3) and Reverse pri-
mer (FR1d 1) with sequence (5’-CAC-
CTCAGGGTGTCCGAARAAYCARAA-3)
PCR hadatotal volumeof 25 uL and included:
1 pL of Go Tag®Felxi buffer, 4 mM MgCI2, 1
pL of each primer, 0.25 mM of each dNTP, 2
pL of DNA sample, 1.25 of Go TaqTM and up
to 25 pL (dd.H,0) total volume. The thermo-
cycler profile for COI-1consisted of 94°C/ 2
min, 35 cycles 0f 94°C /30 s, 52°C/ 40 s, and
72°C/ 1 min, with a final extensionat 72 °C
for 10 min. PCR products were visualized on a
2% agarose gel contains 2l of EthBr using an
Agarose Electrophoresis System.

PCR purified products have been labeled
using the BigDye terminator V.3.1 Cycle Se-
quencing kit (Applied Biosystems, Inc.) and
bidirectionally sequenced using ABI 3730 au-
tomated Sanger sequencer (Macrogene, Inc.).
The sequence has been assessed, assembled,
and aligned with Geneious V8.1 software and
submitted to the database of GenBank. Using
DNA associated database (BLASTN) refined
sequence was used to identify the species.

3 Result and Discussion

DNA barcoding is one of the most im-
portant studies in the taxonomic, evolutionary,
environmental, and phylogeographic analysis.
To avoid the limitations of the traditional mor-
phological methods of species identification,
the DNA barcoding identification technique
was used as it proved to be more accurate

(Hebert and Gregory 2005). Despite the im-
portance of DNA barcoding technique but its
necessary to emphasize that DNA barcoding is
not intended to define species but rather uses
sequence diversity to identify groups with sim-
ilar and related sequencesand thatcanbe iden-
tified as species. Ebach and Carvalho (2010)
also noted that DNA barcoding could not re-
place the traditional molecular definition of
species forspecies taxonomy. It remains an ad-
ditional tool for companies and governments
to make species identification more accurate
and more manageable for non-taxonomists to
use, for example, for fish market quality con-
trol and for consumer safety purposes.

In most cases, universal fish primers for the
COl fish gene have been successfully ampli-
fied using the proposed extraction protocols
from finfish and muscle tissue (lvanova et al
2007). The total of the three commercial spe-
cies of marine fish genetic material was suc-
cessfullyextractedin triplicates and confirmed
using 1.5% agarose gel electro phrases, as
shown in (Fig 1). The COI amplification was
successful for all samples with sufficient qual-
ity and quantity for sequencing at the expected
molecular weight (~650 bp). One sample of
each species was further processed for PCR
purification and DNA sequencing.

The observation in the present study
showed that these three red sea species under
study plays an essential role in the Egyptian
market, so Hamour is one of the tasty and
pricey fish one that can be obtained from the
red sea fish market, parrotfish isalso one of the
pricey fish, and Kahaya is one of the delicious
fish that most restaurants use in seafood soup.
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Fig 1. PCR amplification of COI region of ~ 650 bp
length fortriplicates of the three species understudy

For species 1 (Baghbaghan), the retrieved in-
formationfromthe Egyptian market confirmed
its local common name as Baghbaghan. Based
onthe Arabiccommonname, itwas easy to re-
trieve its genus as Scarus and family name
Scaridae. Itis widely distributed in the West-
ern Indian Ocean and Red Sea (Fig 2). There-
fore, it was possible to know the expected spe-
ciesand recorded as the parrotfish (Scaruscol-
lana). The DNA barcoding analysis based on
NCBI-BLAST matched the proposed genus
and species successfully with a similarity of
99.2% (Table 2).

Price in market: 140 LE\Kg

Length:30cm Weight: S00 gm

Parrotfisheshave extremevariationincolor

Fig 2. A photo of the Parrotfish (Baghbaghan)
Scarus collana (Above). The native distribution
map for Scarus collana according to www.ag-
uamaps.org, version of Aug. 2016 (Below).

For species 2 (Nagil), the retrieved infor-
mation fromthe Egyptian market confirmed its
local commonname as Nagil. This specieswas
found similar to another grouper known as
"Hamour", and proposed to belongto the ge-
nus Plectropomus and family Serranidae. Itis
distributed in the Indo-Pacific, The Red Seato
South Africaand eastward to Ducie in the Pit-
cairn Group, north to Japan, south to New
South Wales and Lord Howe Island as shown
in (Fig 3). The DNA barcoding analysis based
on NCBI-BLAST did not match the proposed
genus and species, however, the Arabian
grouper knownas greasy grouper, Epinephelus
tauvina successfully with matched 99.8% sim-
ilarity (Table 2).

Price in market: 180 L.E \Kg

Length: 50cm Weight: 1000 gm

Color of head and body pale greenish grey or brown
with round dark spots that vary from dull orange-red
to dark brown. canters darker than the edges.
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Fig 3. A photo of the Greasy Grouper (Hamour)
Epinephelus tauvina (Above).The native distribu-
tion map for Epinephelus tauvina according to
www.agquamaps.org, version of Aug. 2016 (Below)
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For species 3 (Kahaya), the information re-
trieved for the Egyptian market confirmed its
local common name as Kahaya, however, no
significant search resultswere found to deter-
mine its taxonomical identity. The proposed
name as Soldier fish was not correct, and nei-
ther was the proposed genus. The DNA bar-
coding analysis based on NCBI-BLAST
matched it to 96% similarity of spiny squir-
relfish, Sargocentron spiniferum of the same
proposed family (Table 2). The fish is distrib-
uted through the Indo-Pacific to the Red Sea
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and East Africa to the Hawaiian and Ducie is-
lands, north to southern Japan, south to Aus-
traliathroughout Micronesia (Fig 4). The Gen-
Bank accession number forthe sequences for
samples is MW872754, MW872755 and
MW872756 Scarus collana, Epinephelus
tauvina and Sargocentron spiniferum respec-
tively. (Table 2).

Table 2. Blast results of the three samples

Sample Pairwise Oraanism Accession
P % g number
Species_1| 99.2% (Scarus collana|MW872754
Species_ 2| 99.89% | EPINEPNEIUS 1y, a05755
tauvina
. Sargocentron
Species_2| 96% g . MW872756
spiniferum

Price in market: 60 L.E\Kg

Length:35.0 cm Weight: 600 gm

Head and body red, scale edges silverywhite, fins
orange-yellow

Fig 4. A photo of theSpiny squirrelfish (kahaya)
Sargocentronspiniferum (Above). The native dis-
tribution map for Spiny squirrelfish according to
www.agquamaps.org, version of Aug. 2016 (Below

We applied phylogenetic analysis on the
currently studied species comparing each
sequenced species with its closest related five
accessions from the database and studying the
relationships between those three economical

fish. For parrotfish. The sample was clustered
correctly with bootstrap value 1.00. In con-
trast, species Nagil and Kahaya were clustered
with bootstrap values of 0.95and 0.76, respec-
tively, as shown in (Fig 5).

The above results indicate that Hamour and
Nagil are members of the same family. Some
of their species are very common in morphol-
ogy, and most fish sellers may mislabel them
in name tags on the market. Clustering analysis
results based on Maximum likelihood of the
barcoded samples were performed using COI
sequences and GenBank similar accessions.
Indicated that sample no.l parrotfish was
Scarus collana so there are no mislabel was
found. Bottero and Dalmasso (2011) con-
firmed that although morphological character-
istics are the firstand most noticeable line for
fish identification, accurate fish species recog-
nition has become more vital for identification
and resistance to market mislabeling.

Onthe other hand, the diagnosticcharacter-
istics are missing, customers are unable to de-
fine fish species. Alternative tools are required
for food surveillance in these cases. For this
reason, DNA-based methodologies are benefi-
cial because DNA can be obtained success-
fully from finfish, fish tissue, and even from
highly processed food (Teletchea et al 2005).
The results of multiple phylogenetic trees con-
firmed that samples no.2 and 3 were found re-
lated to Hamour fish (Epinephelus tauvina)
and spiny fish (Sargocentron spiniferum).
These results cleared that mislabeling was dis-
tributed mistakenly under other names, namely
Nagil fish and Soldier fish. Hamour and Spiny
fish did not match the expected genus and
commonArabicname. Therefore, itis strongly
suggested that the COI barcode be used to
identify fish in the Egyptian market as a high-
resolution tool for fish species identification.
Finally, we recommend that the Egyptian state
agencies monitor the fish markets, especially
the red sea fish markets, and eliminate the lack
of awareness of these species and tighter con-
trols on product substitution.
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Epinephelus tauvina

Epinephelus tauvina

Scarus forsteni

1: ParrotFish

0.26

Scarus rubrovialaceus

0.99

Scarus ghobban

Parrot Fish Sample

Scarus collana

Scarus schlegeli

Fig 5. Maximum likelihood phylogenetic tree based on COIl sequences, including the three studied species
along with the top closest accessionsretrieved with NCBI-BLAST analysis

4 Conclusion

We have applied the DNA barcoding tech-
nique to some Egyptian markets of marine fish
from the red sea classifiedaccordingto the fish
market as Baghbaghan, Nagil and Kahaya
compared the sampled species using COI se-
quences of evolution and estimation of the ge-
netic distance. According to the fish market la-
beling, the results showed that Baghbaghan
has been correctly identified, while Nagil and
Kahaya are mistakenly distributed under other
names. The new sequences were recorded in

the Barcode database and GenBank database
(http://www.ncbi.nlm. nih.gov/ Blast) to en-
sure correct identification of this species in the
future. Future studies should be carried out to
include more species with significant interest
in the Egyptian fish market.
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