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1. Introduction

Coral reefs are one of the diverse marine habitats
and are generally recognized as biodiversity hotspots
throughout the world (Hubert et al. 2012). Among
aquatic organisms, fish are the most important and
fascinating organisms associated with coral reefs.
However, due to a number of factors, including
overfishing, habitat damage, and pollution, several
coral reef fish species have become seriously
endangered, as reported by Friedlander et al. (2018).
A consistent assessment of coral reef fish biodiversity
is essential for monitoring ecosystem habitats and
developing conservation strategies (Dawson et al.
2011; Kar et al. 2022). Coral reef fishes are dominated
by approximately 30 families, mostly from gobioids,
chaetodontoids, acanthuroids, and perciform labroids.
Many families differ ontogenetically, sexually or in
terms of general phenotypic characters, making it
difficult to identify organisms based on morphological
characteristics (Radulovici et al. 2010; Shan et al. 2021).
However, DNA barcoding is a molecular biology
method that characterizes an organism based on the
sequence of the mitochondrial cytochrome ¢ oxidase
| gene (COI gene; Hebert et al. 2003; Weigt et al.
2012). DNA taxonomy or DNA barcoding refers to the
application of DNA sequence analysis to characterize
fish species from other groups based on the COI gene
sequence (Bektas et al. 2022). This method of analysis
is simple, fast, and reliable for species identification
and uses a short DNA fragment (Hollingsworth et al.
2011; Chakraborty et al. 2014; Antil et al., 2023). It is
useful to characterize unknown species by analyzing
them with a library of reference sequences, and the
sequences show similarity within species and vary
between species (Lakra et al. 2011). This molecular
level identification is useful for identifying endangered
species and helps protect these fish species (Valentini
et al. 2009). Mitochondrial cytochrome c oxidase |
gene sequences are molecular tools for identifying
fish species based on sequences in the 5’ regions of
the COI mitochondrial gene (Tavares & Baker2008;
Schindel et al. 2011; Cermakova et al. 2023). Hipposcarus
harid (Forsskal, 1775) is one of the species of parrotfish.
Most species of fish from the genus Hipposcarus are
found in benthic habitats. The presence of parrotfish
has had a major impact on the structure of the
benthic community and they are considered the main
organisms causing bioerosion (Alwany et al. 2009).
Parrotfish are harvested using pot fishing techniques
and the gillnet method. They are the main fish stocks
in small-scale fisheries on coral reefs. The population
of parrotfish has an impact on the regeneration and
erosion of coral reefs (Lokrantz et al. 2008; Charendoff

et al. 2023). Parrotfish play a significant role in coral
reef fisheries in Saudi Arabia and account for a major
share in the annual catch. Between 2008 and 2016,
an average annual catch of 364 tons of parrotfish was
registered off the Red Sea coast of Saudi Arabia (FAO
2018). H. harid is one of the commercial parrotfish
species and contributes a major share of the wild
catch in Saudi Arabia. Based on alternating light and
dark bands in hard structures, previous research
has provided information on the growth rate of fish
species (van Rooij et al. 1995; Shellem et al. 2023). In
this study, we investigate the species Hipposcarus harid
from the Red Sea in Saudi Arabia using molecular tools
to provide insights into the availability of H. harid in
this region.

2. Materials and methods

2.1. Sample collection

Fish were collected between March 2022 and June
2022 in the central Red Sea region (about 60 km south
of Jeddah) of Saudi Arabia (21°27'22.5"N; 39°07'15.9"E),
using mostly gill and cast nets. The collected fish
were transported to the laboratory. Morphologically
distinct species of the genus Hipposcarus were
characterized based on taxonomic guides, labeled and
photographed. Approximately 2 g tissue samples were
excised from the fish and stored in ethanol (95%) at
—-80°C for further studies. All voucher specimens were
deposited at King Abdulaziz University, Jeddah, Saudi
Arabia.

2.2. DNA extraction and amplification

Total genomic DNA of the muscle sample was
extracted using the DNeasy blood and tissue kit (Cat.
No./ID: 69504, Qiagen, the Netherlands). Fragments
of DNA specific to the mitochondrial CO1 gene were
amplified using universal DNA primers: COIl-Fish-F
(5-TTCTCAACTAACCAYAAAGAYATYGG-3') and COI-Fish-R
(5-TAGA CTTCT GGGTGGCCRAARAAYCA-3’; Folmer et al.
1994). About 655 bp were amplified from the 5’ region
of the cox1 gene from the mitochondrial DNA of the
fish sample (Ward et al. 2005). PCR amplification was
performed using 25 pl of a reaction mixture consisting
of Taq polymerase (1.25 U), enzyme assay buffer (10
mM Tris-HCl, 0.1% Triton X-100, 50 mM KCl, 5 mM
MgCL), T uM reverse and forward primers, dNTPs (0.2
mM) and purified DNA (50 ng). The PCR reaction was
performed using a Thermocycler machine (MJ research
PTC-100, MJ Research Inc., USA). The PCR conditions
were as follows: 3 min of initial denaturation at 95°C,
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30 cycles of denaturation for 45 s at 94°C, 1 min of
annealing at 55°C, 45 s at 72°C for initial extension, and
final extension at 71°C for 10 min.

2.3. CO1 gene sequencing and analysis

The amplified gene products were separated using
a submarine horizontal electrophoresis system on
1.5% (w/v) agarose in Tris-acetate buffer with ethidium
bromide (Trontelj et al. 2005). They were purified using
the QIAquick PCR purification kit as instructed by the
manufacturer (Qiagen, USA). The purified product was
sequenced using the ABI Prism 310 genetic analyzer
according to the manufacturer’s instruction using the
BigDye™ terminator cycle sequencing method.

2.4. Phylogenetic relationship analysis

The COI sequences were aligned pairwise using
NCBI-BLASTN (version 2.2.5) and the PSI BLAST
search tool (Altschul et al. 1997). Multiple sequence
alignments were performed and variable site

extraction of fish COl gene sequences obtained from
Red Sea fish samples and the GenBank database were
analyzed using MUSCLE 3.6 software (Thompson
et al. 1994; Edgar2004). The COIl gene sequences
were deposited in the NCBI database and accession
numbers were assigned. Phylogenetic trees were
neighbor-joining method.

prepared using the

(0l gene sequencing of marine fish from Red Sea

Bootstrap analysis was performed with 1000 replicates
to analyze phylogenetic relationships. MEGA 6.0
software was used to analyze genetic distance, and
identification was mainly based on homologous gene
sequences obtained from the GenBank database.

3. Results and discussion

3.1. Morphological analysis of H. harid

The collected fish were morphologically identified
and, the morphological appearance of H. harid (Fig. 1)
was similar to other closely related groups. The body
was flattened, oval, and elongated. The rostrum was
very large and terminated in a short snout. On the
dorsal side, the structure of the rostrum was concave.
The maximum size of the rostrum was approximately
75 cm. The caudal fin was very prominent and slightly
protruded from the body. The color of the fish was
brownish-yellow with lighter edges. The edges of the
scales were pink, and the eyes were orange-yellow.
Moreover, the specific morphology may vary
depending on environmental conditions. Environment
is one of the important factors affecting morphological
differences between populations. The color of fish
varies depending on the environmental background
(Macali et al. 2020).

Figue 1
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H. harid sample collected from the central Red Sea for this study.
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3.2. COl sequence analysis

The COI gene sequences of the three samples were
denoted as H2C, H12 and H13 for the analysis. The
haplotype (H12) was obtained from three specimens of
commercially important parrotfish from Saudi Arabian
waters of the Red Sea. The sequence of sample H12
(haplotype) was submitted to NCBI GenBank (accession
No. 0OQ674440). DNA barcoding has been found to
be an effective method for distinguishing between
marine fish species inhibiting different geographic
locations. The COl gene sequences were edited and
the final length of the 636 bp sequence was read. No
mitochondrial pseudogenes were observed in this
study, and no deletions, insertions or stop codons were
found in the analyzed COI region. These pseudogenes
may cause misidentification of organisms, because
they were co-amplified in DNA barcoding in certain
organisms. The COIl sequences showed no differences
between the three samples collected in the Red Sea.
Characterizing organisms based on morphological
properties using conventional methods is highly
laborious, almost impossible to accomplish or may
cause ambiguity. Thus, molecular characterization
based on COI sequencing has proven to be a powerful
classification tool to better identify economically
important fish species. DNA barcoding is an accurate,
fast, and reliable tool (Lakra et al. 2011).

The mitochondrial COl gene shows an increase
level of conserved genes within genera and species,
and some levels of genetic variation between
different genera and species. The mitochondrial
COIl gene analysis was used for the identification of
Mediterranean fishes (Karahan et al. 2017), Taiwan
ray-finned fishes (Chang et al. 2017), Indian freshwater
fishes (Chakraborty & Ghosh 2014), and Japanese
marine fishes (Zhang & Hanner 2011). The selected
primers applied in the present work proved effective
in amplifying the target region without any insertions
or deletions, revealing that DNA barcoding can be
used as a gold standard method for characterizing
organisms. The length of the mitochondrial gene
sequence was about 636 bp. The sequences were
free of any stop codons and did not contain any
nuclear mitochondrial pseudogenes. In fish, the
available number of COI genes is higher than the
number of available pseudogenes. The conserved
primers amplify the mitochondrial DNA more than
nuclear mitochondrial pseudogenes, and no nuclear
mitochondrial pseudogenes were reported to be
available in fish. The nucleotide pair frequency analysis
revealed more than 300 variable and conserved sites.
The level of variation determined in the mitochondrial
DNA can lead to demographic variations in fish

species. The variation of COI bases revealed increased
GC content compared to AT content. The variation
in GC and AT content in the results of this study was
similar to that of base pairs in fish species reported
from Cuba (Lara et al. 2010), Canada (Hubert et al.
2008), and Australia (Ward et al. 2005). In this study,
the illustration of C at the first codon position was
the lowest compared to other “T” and “A” bases. In
fish, base mutations altered codon sequences in
mitochondrial genes. Species characterization of fish
using DNA barcoding is based on both intraspecific
and interspecific divergence.

DNA barcode analysis is used to identify
boundaries to delineate species, which is related
to divergence between closely related organisms
within subspecies populations (Hebert et al. 2003;
Chakraborty & Ghosh 2014). Moreover, there is still no
unique method suggested for analyzing interspecies
variation. Recently, the variation between maximum
conspecific divergence and minimum congeneric
divergence has been applied to identify the barcoding
gap. This difference was highly useful for determining
the average intra- and interspecific variations in the
COl genes (Meier et al. 2008; Bhattacharjee et al.
2012). The amount of mitochondrial DNA variation
determined in this study can lead to demographic
differences in fish populations in Saudi Arabian
waters. The present finding reveals that DNA
barcoding is useful in identifying fish species. DNA
barcoding-guided identification of fish species
is useful for analyzing fish populations, diversity,
management, conservation and monitoring of fish
species (Takahara et al. 2013).

3.3. Identification of fish species using COI
sequences

Molecular identification of fish species based on
COl sequences depends on interspecific heterogeneity
and intraspecific homogeneity of organisms
under study. DNA barcoding is a useful method for
identifying fish species and closely related organisms
that share common DNA sequences. In this study,
the amplified sequences were 626 bp long without
stop codons, insertions and deletions, revealing they
represented functional sequences. This revealed that
nuclear DNA sequences were not amplified in our
study, as in previous works (Zhang & Hewitt 1996).
Multiple sequence analysis data revealed homologous
sequences between the collected fish species and
H. harid reported from Saudi Arabian waters of the
Red Sea (Tables 1 and 2). The sequenced COI genes
were analyzed with 15 COI gene sequences of closely
related fish species. These include H. harid (MN560922),
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Table 1

COl sequence of 1-326 bp of COI gene sequences at high polymorphic position. The sequenced COIl sequences of fish

samples collected from the Red Sea in Saudi Arabia were homologous and 100% similar to H. harid.

Aecession N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
ccession No.
59 65 77 89 92 98 146 164 188 200 206 230 233 278 281 282 284 305 317 320 326
MN560922 c c a g ¢ ¢ g c t c a g c c t t a t a a t

H13
H2c clelala|e|e g c t c a g c c t t a t a a t
H12

Table 2
COl sequence of 332-626 bp of COI gene sequences at high polymorphic position. The sequenced COI sequences of

fish samples collected from the Red Sea in Saudi Arabia were homologous and 100% similar to H. harid.

Aecess. N e 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
ccess. No.
332 335 341 344 353 365 368 380 401 428 461 497 512 515 542 548 575 582 584 605 614 626

MN560922 g c t t c a c c c c c t g c t g g © © a © ©
c

g t t c a c c c c c t g c t g g c c a c c

two species of the Red Sea coral cod, four specimens of specific fish species and help identify fish eggs, carcass
Plectropomus laevis, three species of the leopard coral fragments and larvae. The DNA barcoding strategy has
grouper, two species of the squaretail coral grouper, proven to be a novel method for characterizing fish
and three specimens of Lethrinus mahsena (JF493752, species and specimens that are incomplete, damaged,

JF493750, and MF409569; Tables 3 and 4). None of the or with various morphological changes (Fiser Pe¢nikar
COI gene sequences in the variable region were similar & Buzan 2014; Bingpeng et al. 2018). DNA barcoding

except for H. harid (Tables 3 and 4). The results show is a highly complicated method that is useful for
the total number of variable sites for the Red Sea coral preparing a reference library of marine fishes. In
cod, Plectropomus laevis, the leopard coral grouper, the Red Sea, parrotfish are one of the major fishery
and the Squaretail coral grouper. This method is useful resources for fisheries and are caught by pot fishing
for further studies of fish species and preparing DNA gear and gillnets. The declining parrotfish population
barcode databases. DNA barcoding can differentiate due to overfishing can affect the dynamics of coral

Table 3

Analysis of COI gene sequences of fish species with other closely related fish species based on COIl sequences (1-320
bp). Accession number MN560922 represents H. harid and these sequences are similar to the identified fish species.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
59 65 77 8 92 98 146 164 188 200 206 230 233 278 281 282 284 305 317 320
c c a g c c g c t c a g c c t t a t a a
t t g t t a a a © t t a a t © © t © t C
t t g t t a a a (o} t t a a t (o} (o} t C t Cc
t t g t t a a a © t t a a t C © t C t ©
t t g t t a a a C t t a a t Cc C t Cc t (o}
t t g t t a a a © t t a a t © C t © t ©
t t B t t a a a c t t a a t (o} Cc t (o} t C
a t t t t a a a © t t a a t © © C © t t
a t t t t a a a ¢ t t a a t v v v o = =
a |t [ttt alalalelt tlala |t elelole =]~
t t g t a a a a C a t a a t C (o} (o} Cc + +
t t g t a a a a © a t a a t C © © © S Cod
a t t a a g a a C t C a a g C C (o} C a0 +
a t t a a g a a C t G a a g C © c C g t
a t t a a g a a c t c a a g c c c c g t
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Table 4
Analysis of COI gene sequences of fish species with other closely related fish species based on COl sequences (332-626
bp). Accession number MN560922 represents H. harid and these sequences are similar to the identified fish species.

Variable site 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
Base number 326 332 335 341 344 353 365 368 380 401 428 461 497 512 515 542 548 575 582 584 605 614 626
MN560922 t g c t t c a c c c c c t g c t g g c c a c c
Red Sea coral cod a a a c g a c t t a t t c a a c a t t a t t g
Red Sea coral cod a a a c g a c t t a t t c a a c a t t a t t g
Plectropomus laevis a a a c g a c t t a t t c a a c a t t a t t g
Plectropomus laevis a a a c g a c t t a t t c a a © a t t a t t g
Plectropomus laevis a a a c g a c t t a t t ® a a c a t t a t t g
Plectropomus laevis a a a c g a c t t a t t c a a © a t t a t t g
Leopard coral grouper a a a c g a c t t a t t c a a ® a a t a t t a
Leopard coral grouper a a a © g a © t t a t t © a a © a a t a t t a
Leopard coral grouper a a a [ g a c t t a t t c a a © a a t a t t a
Squaretail coral grouper a a a c c a c t t a t t c a a © a a t a t t g
Squaretail coral grouper a a a c c a [ t t a t t c a a c a a t a t t g

reefs. This molecular method is useful for parrot fish organisms. This method was used to identify the

stock assessment in marine ecosystems. phylogenetic relationships between marine fish (Xu et
al. 2019), bagrid catfish (Zou et al. 2020), and sea bass
3.4. Genetic divergence analysis Lateolabrax maculatus (Wang et al. 2017).
A phylogenetic tree was constructed using COI 4. Conclusions

sequences of 13 organisms (Fig. 2) belonging to two

species from the genus Hipposcarus (H. longiceps

and H. harid). The present finding showed that The present study showed that DNA barcoding

H. harid H12 sequences were clustered using H. has been useful in discriminating and identifying

longiceps  (MN870054.1, 0OK347164.1, MWO034073.1 most ichthyofauna from the marine environment.
and MWO034072.1), H. harid (MN560922.1, MT888968.1, The DNA barcoding approach has been recognized
MT888969.1), Scarus ghobban (MW630741.1), and as a potential tool for species-level identification,
Scarus rubroviolaceus (MW034094.1). The phylogenetic especially for fish samples or specimens that are
relationship revealed that the COIl sequence was similar incomplete, damaged or consisting of various
to the sequences of H. harid. DNA barcoding analysis morphologically different stages, which otherwise
has been recognized as a novel and effective method would not possible for the identification of fish species.
to understand the phylogenetic relationships between DNA barcoding can also serve as an effective tool for

M': Hipposcarus longiceps M152 MW034073.1
Hipposcarus longiceps M151 MWO034072.1
— Hipposcarus longiceps IRD BMF-651.2 MNB70054.1
T8% Hipposcarus longiceps 202056MJJ-2 OK347164.1

83% —— Hipposcarus harid F025-3 MT888968.1
82% Hipposcarus harid F025-1b MT888969.1

25% —— W Hipposcarus harid H12 0Q674440 ]

N 80% Hipposcarus harid AWCF717 MN560922.1
Hipposcarus harid CT DIX2 1 1 KY421871.1
Hipposcarus harid CT 531 KY421810.1
Hipposcarus harid JX026455.1

—— Scarus ghobban KU:T:4854 MWE30741.1 }
82%! Scarus rubroviolaceus M251 MW034094.7 | ©4taroup

82%

82%

48%

Figure 2

Neighbour-joining tree constructed from H. harid sequences (including two out-group sequences) of the COI gene.
Numbers above the branches indicate neighbour-joining bootstrap percentages. Only bootstrap values >50% are

shown in the tree below.
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species identification if morphological identification
is not possible. Thus, this kind of study helps establish
a DNA barcode reference library for the Red Sea
fish in Saudi Arabia, which could be used to identify
unknown species using the database in the near
future. Therefore, DNA barcoding research is useful in
managing and monitoring fish diversity.
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