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Abstract

Background: The family Sparidae includes about 115 species divided into 33 genera that inhabits tropical and temperate coastal waters
of the Pacific, Indian and Atlantic oceans. Herein, fish of family Sparidae were molecularly barcoded using the mitochondrial gene,
cytochrome oxidase subunit | (CO)). Materials and Methods: Fish samples from 22 fish species of the family Sparidae were collected from
Abo Qir Bay, West of the Mediterranean sea and the Gulf of Suez, North of the Red Sea. Genomic DNA was extracted from fish muscles
of these species and partial coding region of the CO/ gene was amplified then sequenced and their sequences were deposited into the
GenBank database. Results: The results of the phylogenetic tree showed that monophyly of Sparidae species. The tree was divided into
two distinct clades and some sub-clades. The two major clades are including all the species under the study except Crenidens crenidens
in a separate branch. Conclusion: Our results confirm the phylogenetic relationship of these Sparidae species in Egyptian Mediterranean
and Red Sea and support the previous finding which concluded that the Sparidae is composed by two major lineages.
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INTRODUCTION

The family Sparidae has historically been classified into six
subfamilies, primarily on the basis of dentition'2. This family
includes about 115 species divided into 33 genera3. Fishes
from this family are carnivorous, feeding on benthic
invertebrates and inhabit tropical and temperate coastal
waters of the Pacific, Indian and Atlantic oceans?*. They swim
near the shore in shallow inlet and bays at moderate depth®
and can be used in mariculture and cultivated in cages®. In the
Mediterranean countries Sparus aurata is so far, the most
extensively cultured species’. Cultivation of other species such
as Pagrus pagrus, Diplodus sargusand Diplodus puntazzo are
envisaged?®.

Thirty three Sparidae species were recorded in the
Egyptian coasts®, most of them are economically important
and commonly used as a food due to their good taste and rich
flesh. Twenty one out of these 33 species found in the
Egyptian Mediterranean water'®. Twelve out of these 21
species are most frequentin the landed catch from Alexandria
water on the Northern coast of Egypt. Seabreams represent
about 15% of these landed catch fishes'. On the other hand,
only 14 species of this family exist in the Red Sea'?, but they
are less economically importance than those of the
Mediterranean Sea.

The determination and identification of the different
species are considered as the initial basic steps for biodiversity
monitoring and conservation™. Fish identification is
traditionally based on morphological features. However, due
to high diversity and morphological plasticity, in many cases,
fish and their diverse developmental stages are difficult to
identify by using morphological characteristics alone'. The
DNA-based identification techniques have been developed
and proven to be analytically powerful'™ . For ensuring rapid
and accurate identification of a broad range of biological
specimens'®proposed “DNA barcoding” technique, using the
COI gene, because its mutation rate is often fast enough to
distinguish closely related species and also its sequence is
conserved among conspecifics. For many animal taxa,
nucleotides sequence divergences within the CO/ gene are
generally much greater between species than within species.
However, changes in its amino acid sequence occur more
slowly than those in any other mitochondrial gene'™.
Therefore, this gene is conserved and less subjected to
external forces. Many studies have shown that intraspecific
variation of CO/ barcodes is generally pretty small and clearly
discriminable from interspecific variation?*?2, Consequently,
many researchers have investigated the use of DNA barcoding
to enforce traceability regulations and to fight illegal fishing
and frauds?'24,

From the available literature, it was found that some
studies have been published on the phylogeny of Sparid fishes
using mitochondrial genes??>2%, In addition, genetic variations
between five Sparid species from the Northern coastal waters
of Egypt were analyzed using sodium dodecyl sulphate
polyacrylamide gel electrophoresis  (SDS-PAGE)  of
sarcoplasmic proteins and Random Amplified Polymorphic
DNA (RAPD) analyses?. In the present study, DNA barcoding
technique based on mitochondrial CO/ gene was adopted to
identify 22 fish species of family Sparidae inhabiting the
Egyptian costs of Mediterranean and Red Seas.

MATERIALS AND METHODS

Sample collection: Fish samples were collected from two
locations from Abo Qir Bay, West of the Mediterranean Sea
and from the Gulf of Suez, North of the Red Sea in Egypt
(Fig. 1). Samples were transferred to National Institute of
Oceanography and Fisheries (NIOF) Alexandria Branch, in ice
box. Twenty two fish species from family Sparidae were
analyzed (Table 1). Fish samples were photographed and
identified /n situ by visual inspection and taxonomically
classified employing standard taxonomic guides following the
FAO fish identification sheets®. For DNA samples, pieces of
flesh muscle were sliced and preserved in 99% ethanol.

DNA samples and analysis: Total genomic DNA was extracted
from fish muscles using conventional phenol-chloroform
procedures described by Ward et a/®. In brief, tissues
were first homogenized in the DNA isolation buffer TES
[10 mM tris-HCI (Wako, Japan), 140 mM NaCl (Wako, Japan),
25 mM EDTA (Bio-Rad), pH 7.8] containing 1% SDS-Wako,
Japan and 0.5 mg mL~" proteinase K (Biolabs, New England)
and the reaction mixtures were incubated for 1h at 50°C.
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Fig. 1: Location map showing the sampling areas
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Following application of phenol and chloroform, genomic
DNA was then recovered by standard precipitation with
ethanol and the resulting DNA was dissolved in TE buffer
(100 mM tris-HCl, 10 mM EDTA, pH 8). The concentration of
the extracted DNA was spectrophotometrically assessed
(Eppendorf, Hamburg, Germany) and DNA stored at 4°C till
use.

The partial coding regions of the CO/ gene was
then amplified by PCR using the following primers:
FishF1-5TCAACCAACCACAAAGACATTGGCAC3' and FishR1-
5TAGACTTCTGGGTGGCCAAAGAATCA3?. The PCRwas carried
out in a GeneAmp PCR system 9700 (Applied Biosystems,
California, USA) with a reaction volume of 25 L, containing
2.0 uL DNA template (approximately 20 ng), 1.0 uL 10 umol L™
forward primer, 1.0 yL 10 pumol L=' reverse primer and
21 uL1 X RBCSensiZyme®HotstartTag Premix (RBC Bioscience,
Taipei, Taiwan). The following thermal cycling conditions were
used: Initial denaturation at 94°C for 5 min, 35 cycles of
amplification (94°C for 30 sec for DNA denaturation, 55°C
annealing temperatures for 30 sec, extension at 72°C for
2 min) and final extension at 72°C for 7 min. The products
were then purified using Hi-Yield Gel/PCR DNA fragments
extraction kit (RBC Bioscience, Taipei, Taiwan). The purified
DNA fragments were sequenced using the BigDye Terminator
version 3.1 cycle sequencing kit (Applied Biosystems,
California, USA) and ABI3730 sequencer (Applied Biosystems,
California, USA). The sequencing PCR reaction was performed
at 96°C for 2 min, followed by 25 cycles of 10sec at 96°C,
5 secat 50°Cand 4 min at 60°C*.

The raw sequence data of CO/ was edited by a free
software Chromas Lite version 2.1 (Technelysium Pty Ltd.,
available from the URL http://technelysium.com.au/). The
partial coding sequences of CO/ for 22 fish species of
family Sparidae were deposited in GenBank/EMBL/DDBJ
International databases with accession numbers are shown
with asterisks in Table 1. Eighty six CO/ sequences belonging
to the same family retrieved from the databases are given
the similarities with the Egyptian Sparidae species (Table 1).
Best fitting model were applied for the CO/ datasets of
nucleotide composition and divergence values depending
on Kimura 2-parameter model®" with gamma distribution
among invariant sites (G+l) with a tool from MEGA7 software2,
Phylogenetic tree was constructed by MEGA7 using Maximum
Likelihood (ML) method with 1000 replicates of bootstrapping.

RESULTS AND DISCUSSION

The DNA barcoding considered to be a tool to identify,
invent and study specimens in order to understand the
diversity of species within an ecosystem and also to evaluate
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the genetic variability within species®. In the present study,
the universal DNA primers, FishF1 and FishR1,amplified about
a 650 bp region of the CO/gene from 22 fish species of the
family Sparidae without stop codons, insertions or deletions.
Multiple alignments resulted in a consensus length of 612
positions (base-pair sand gaps). While performing BLAST, the
sequences of Dentex dentex, Dentex gibbosus, Diplodus
annularis, Lithognathus mormyrus, Oblada melanura, Pagellus
acarne, Pagrus pagrus, Sarpa salpa, Spondyliosoma cantharus,
Argyrops spinifer and Diplodus noct showed 100% similarity
with the existing data in the GenBank databases. However,
Boops boops, Diplodus cervinus, Diplodus sargus, Diplodus
vulgaris, Pagellus erythrinus, Pagrus Auriga, Pagrus
caeruleostictus, Sparus aurata, Crenidens crenidens and
Rhabdosargus haffara resulted in 99% identity with their
counterparts in the GenBank databases. Acanthopagrus
bifasciatus, however, showed 97% sequence similarity.
Accession numbers for Dentex gibbosus (LC152206) and
Acanthopagrus bifasciatus (LC150892) in the current study
considered to be the second one for the same species in the
GenBank. The GenBank accession numbers of all Sparidae
species under the study and other related species retrieved
are presented in Table 1. These accession numbers were
retrieved depend on the similarity and haplotype sequences.
The maximum likelihood analysis of the concatenated
sequence of the 22 species resulted in the phylogenetic tree
shown in Fig. 2. The ML tree showed monophyly of Sparidae
species. This matches with a previous report of molecular
analysis for some Sparidae species®4. The tree was divided into
two distinct clades and some sub-clades. The two major
clades, that include all the species under the study except
Crenidens crenidens in a separate branch were supported by
53 and 98 bootstraps. The clade one was divided into some
subclades, first one that has genus Djp/odus was clustered
with the two different species Oblada melanura and
Acanthopagrus bifasciatus, the second one for Lithognathus
mormyrus and Sparus aurata was clustered in another
subclade and the third one for Spondyliosoma cantharus,
Sarpa salpa and Boops boops were clustered together. Both
Rhabdosargus haffara and Pagellus acarne were paraphyletic
and placed in the first major clade. The clade two was divided
into two clades, first one that was for Argyrops spiniferas a
paraphyletic species, while the second was for three species
from genus Pagrus, two species from genus Dentex and
Pagellus erythrinus. Pagrus pagrus and Pagellus erythrinus
were clustered in one sub-clade and the other two species
from genus Pagrus and the two species of genus Dentex
were clustered togetherin the second sub-clade. These results
are in agreement with the results of De la Herran et a/3* that
their phylogenetic analysis suggested that the Sparidae can be
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Fig. 2: Maximum Likelihood (ML) phylogenetic tree for the CO/ gene sequences for the common Egyptian Sparidae fish species

assigned into two major lineages: Lineage one, composed of
the species of the genera Sparus, Diplodus, Lithognathus,
Spondyliosoma, Boops and Sarpa and lineage two composed
of the genera Pagrusand Dentex, plus Pagellus erythrinus.
The phylogenetic relationship of the family Sparidae is also
supported by previous data obtained from the analysis of
using satellite DNA found within the genome of some
Sparidae species®3%. Their study with the different
phylogenetic inferences methods provisions the existence of
two monophyletic groups within the family Sparidae. On the
other hand, our data contradict the results that have
considered the family Sparidae as non-monophyletic on
the basis of mitochondrial cytochrome b (Cyt-6) gene and
16S ribosomal RNA data*®?¥. The species of Diplodus
appeared as a monophyletic group as also presented by
De la Herran et a/3*. The more closely related species within
this genus were D. noct that was collected from the Red Sea
and D. sargus from the Mediterranean Sea. Special
consideration should be given to the species Oblada
melanura, which appeared in our results clustered with the
genus Dijplodus in a sub-clade and this results are in the
agreement with Orrell et a/2 and Chiba et a/*’. Our results
showed that the genus Pagrus, Dentexare closely related with
Pagellus erythrinus* while Pagellus acarne separated in the
other group and associates with species of Boops, Sarpa and
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Spondyliosoma. This means that the two species from genus
Pagellus are monophyletic and appeared in our study as
highly divergent species. Spondyliosoma cantharus, Sarpa
salpa and Boops boops separated in a sub-clade. Another
phylogenetic analysis based on mitochondrial DNA3®
suggested that the existence of a third lineage within the
Sparidae composed of last three species. As considered
traditionally, S. sajpaand B. boops are closely related species
(the common synonym of S. sajpawas Boops salpa®® and the
genetic distance between these two species is 0.11.
Acanthopagrus bifasciatus is clustered with genus Diplodus
in one sub-clade and the genetic distance between this
species and the species from genus Djplodus is ranged from
0.119-0.139. Therefore, our molecular results suggested
that A bifasciatus is closely related Diplodus spp.
Lithognathus mormyrus and Sparus aurata are clustered in
another sub-clade and the genetic distance between them is
0.125. Our results also showed genetic relationship between
Rhabdosargus haffara and the latter two species, but no
support for this finding.

For CO/ gene-based pairwise distances among all 22
Sparidae species showed the highest genetic distance (0.210)
between Djplodus cervinus and Argyrops spinifer and the
lowest genetic distance (0.010) between Dijplodus noct and
Diplodus sargus (Table 2). Taking into consideration that
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Orrell et a/? and Hanel et a/*® found that subfamilies of
Sparidae are defined mostly by trophic levels. The
interpretation of the agreement between our results and
De la Harran et a/** that might be due to they investigated
the family under study in the same water body, Mediterranean
Seawith quite similar surrounding ecological factors including
the available food items.

CONCLUSION

So far, this is the first study to report the molecular
identification and DNA barcoding of the available and
commercial fish of family Sparidae in Egyptian Mediterranean
and Red Sea using CO/ gene as a genetic marker. This will
provide a complete vision of the phylogenetic, evolutionary
relationships of the Egyptian Sparidae and will enrich all the
genetic database with the sequences from the Egyptian fauna
for their biodiversity and conservation.
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