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ARTICLE INFO ABSTRACT

Avrticle History: This work used small (12S rRNA) mitochondrial rRNA gene to
Received: June 9, 2024 assess the evolutionary connections of some species of the cardinal fishes
Accepted: June 29, 2024 belonging to order Kurtiformes. Small mitochondrial rRNA sequences
Online: July 11, 2024 varied in length from 920 to 944 base pairs. Of the 947 characters in the

aligned 12S rRNA data set, 834 were consistent sites, 19 were parsimony

informative, and 111 were variable. Small mitochondrial rRNA sequences'

ﬁeg:vFE)Nris: nucleotides were uploaded to GenBank with accession numbers (PP830791-
Apogonidée PP830794). The P-distances among the understudied cardinalfish species,

expanded from 0.0060 to 0.0130. The highest value (0.0130) was found
between Cheilodipterus novemstriatus and Ostorhinchus fasciatus. While,
the lowest P-distance (0.0060) was found between Cheilodipterus
quinquelineatus and Cheilodipterus macrodon. Our results demonstrated the
utility of 12S rRNA in the phylogenetic analysis of the cardinalfish species.

INTRODUCTION

Cardinalfishes,
Cheilodipterus,
Ostorhinchus

Worldwide, cardinalfishes (Apogonidae) are found on coral reefs and can
represent the most numerous families of fish in a community (Bellwood, 1996). Paternal
mouthbrooders, cardinalfishes are active nighttime feeders and seek protection during the
day, sometimes in large groups with other reef structures, including reef-dwelling
invertebrates (Vagelli, 2011; Marnane & Bellwood, 2002; Gardiner & Jones, 2005,
2010). Cardinalfishes are small bodied, highly numerous fish that frequently show loyalty
to a reef site, they likely have a significant role in the food chain as prey for larger,
predatory fish and as planktivores that aid in the recycling of nutrients within the reef
community (Marnane, 2000; Marnane & Bellwood, 2002).

Cardinalfishes are diverse and important to the ecosystem, but our understanding
of their life histories is still incomplete, the life-history characteristics that are vital to the
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survival of a population, such growth and reproduction rates, are also poorly documented
(Gould et al., 2016).

The family has traditionally been divided into two subfamilies: Pseudamiinae,
which contains only 21 species, and Apogoninae, which includes the majority of the
species (327 species) (Eschmeyer & Fong, 2014). Within the Pseudamiinae subfamily,
Baldwin and Johnson (1999) recognized four genera: Pseudamia Bleeker 1865,
Gymnapogon Regan 1905, Pseudamiops Smith 1954, and Gymnapogon Paxton Baldwin
and Johnson 1999. However, according to two recent molecular studies, the genus
Gymnapogon is nested inside the Apogoninae clade (Thacker & Roje, 2009; Cowman
& Bellwood, 2011).

Determining and classifying the various species is thought to be one of the first
fundamental stages in the monitoring and protection of biodiversity (Dayrat, 2005).
Morphological characteristics are the conventional basis for fish identification. However,
fish and their many developmental phases are frequently difficult to identify by utilizing
physical traits alone due to considerable diversity and morphological plasticity
(Rasmussen et al., 2009). The identification techniques based upon DNA have been
progressed and proven to be analytically powerful (Zhang et al., 2004; Comi et al.,
2005; Teletchea, 2009).

Molecular phylogenies were based on information from one or a few genes for
several years. These data were usually obtained using Sanger sequencing and PCR
amplification (Field et al., 1988; Aguinaldo et al., 1997). The advent of novel
sequencing technology has led to the creation of enormous databases with orders of
magnitude more genes (Telford et al., 2015). The number of taxa that can be taken into
consideration is also greatly increasing due to the simplicity and low cost of genome and
transcriptome sequencing, as evidenced by recent proposals for sequencing the genomes
of every species on Earth (Lewin et al., 2018). Although there is a growing amount of
material available, accurately rebuilding the tree of life is not always simple (Kapli et al.,
2020).

In almost all eukaryotes, the mitochondrial (mt) genome is necessary for living.
Vertebrates have compact mt genomes with a highly conserved repertoire of encoded
genes. For 37 genes and two noncoding regions, the mt genome's gene order also tends to
be preserved among vertebrates; these are essentially ordered in the same order from
hagfish to eutherian mammals (Anderson et al., 1981; Roe et al., 1985; Tzeng et al.,
1992; Chang et al., 1994).0ne of the most often targeted genes for the phylogenetic
study of various taxa, such as genera, is the mtDNA 12S rRNA gene (Murphy & Collier,
1996; Gatesy et al., 1997).
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The main goal of this study was to understand the phylogenetic relationship of
family Apogonidae using partial sequence of 12S rRNA gene.

MATERIALS AND METHODS

Sample preparation and DNA extraction

The fish were caught from the Red Sea and classified according to Randall
(1982) and Akel and Karachle (2017). The muscle tissues were taken from the caudal
peduncle and stored at -20°C. 15-25 milligrams of muscle tissue were used to extract
DNA using the QlAamp DNA Mini kit (Qiagen, Germany).

Polymerase chain reaction (PCR) amplification

We utilized primers in accordance with Jin et al. (2013) to amplify the small
mitochondrial rRNA (12S rRNA) gene in the four cardinalfish species. The PCR reactions
comprised of a final reaction volume of 50, 1uL of genomic DNA, 1uL of each forward
and reverse primers, and 25uL of PCR master mix. The settings for the PCR cycling were
as follows: a five-minute initial denaturation at 94°C; thirty cycles of denaturation for
sixty seconds at 94°C, annealing for sixty seconds at 50°C, and an extension at 72°C for
sixty seconds, with a post-cycling extension at 72°C for five minutes. The PCR products
were separated using a 1.5% agarose gel that had been stained with ethidium bromide.

The sequencing of PCR products and phylogenetic tree construction

Macrogen (Seoul, South Korea) performed the DNA sequencing. The 12S rRNA
gene sequences were uploaded to GenBank/NCBI in order to receive accession numbers.
MUSCLE (Edgar, 2004) was used for sequence alignment, with the default settings. We
used molecular evolutionary genetics analysis (MEGA) version 11.0.11 (Tamura et al.,
2021) to execute the phylogenetic trees analyses by the two phylogenetic methods:
neighbor joining (NJ) and UPGMA. Bootstrap analysis was determined with 1000
replicates (Felsenstein, 1985). The sequence divergences were computed using Kimura
2-parameter distances in order to produce a graphical depiction of the divergence
between cardinalfish species (Kimura, 1980).

RESULTS AND DISCUSSION

Small mitochondrial rRNA sequences’ nucleotide were uploaded to GenBank with
accession numbers (PP830791 - PP830794). Small mitochondrial rRNA sequences varied
in length, with Cheilodipterus quinquelineatus having 920bp and Cheilodipterus
novemstriatus having 944bp. Of the 947 characters in the aligned 12S rRNA data set, 834
were consistent sites, 19 were parsimony informative, and 111 were variable.
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The A+T ratio of the 12S rRNA is more concentrated than the C+G. Additional
information regarding the averages of the 12S rRNA sequences in cardinalfish, as well as
the nucleotide frequencies, A+T contents, and pyrimidine contents found in Table (1).

Table 1. Nucleotide frequencies, A+T contents, pyrimidines contents and their averages
of 12S rRNA sequence in cardinalfish

No. | Species Length | A T C G A+T | Pyrimidines
C+T
1 Cheilodipterusquinquelineatus 920 31.20 | 19.89 | 27.28 | 21.63 | 51.09 47.17
2 Cheilodipterusmacrodon 941 31.88 | 19.66 | 26.99 | 21.47 | 51.54 46.65
3 Cheilodipterusnovemstriatus 944 30.72 | 20.87 | 26.06 | 22.35 | 51.59 46.93
4 Ostorhinchusfasciatus 939 30.14 | 21.30 | 26.41 | 22.15 | 51.44 47.71
Avg. 936 30.98 | 20.44 | 26.68 | 21.90 | 51.42 47.12

The P-distances among the understudied cardinalfish, expanded from 0.0060 to
0.0130. The highest value (0.0130) was found between Cheilodipterus novemstriatus and
Ostorhinchus fasciatus. While the lowest P-distance (0.0060) was found between
Cheilodipterus quinquelineatus and Cheilodipterus macrodon (Table 2). Additionally,
Cheilodipterus macrodon revealed low P-distance (0.0108) to Ostorhinchus fasciatus
compared to other understudied two species;C. quinquelineatus, and C. novemstriatus,
which reflect a closely genetic relationship between Cheilodipterus macrodon and
Ostorhinchus fasciatus (Table 2).

Phylogenetic analysis

Cardinalfish sequencing was submitted for study together with 23 similar
cardinalfishesin addition, three outgroup species (order, Scorpaeniformes)from
GenBank/NCBI in order to perform phylogenetic analysis utilizing the 12S rRNA
gene.Using 12S rRNA data for the phylogenetic tree analysisrevealed species of the
outgroup formed a separate cluster. Cheilodipterus quinguelineatus, Cheilodipterus
macrodon and Cheilodipterus novemstriatus formed sister clad with their related
GenBank cardinalfish species, while Ostorhinchus fasciatus was found near to
Ostorhinchus fasciatusNC 058293.1 from GenBank (Fig.1a, b).
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In all understudied species, our analysis of the 12S rRNA gene indicated a higher
A+T composition than the C+G. This is consistent with several studies. Norazila and
Ismail (2002) applied the 12S rRNA/tRNA-Val gene on three varieties (normal, green,
and yellow) of the tiger barb (Puntius tetrazona). Sivaraman et al. (2009) characterized
the 12S rRNA gene in four Cyprinid species. Widayanti et al. (2021) studied the genetic
variation and phylogenetic analysis of the Indonesian indigenous catfish (baung fish)
based on the mitochondrial 12S rRNA gene. Similarly, Mahrous and Allam (2022)
found similar findings during their study on eleven catfish species using the 12S rRNA
gene.

Low P-distance between Cheilodipterus quinguelineatus and Cheilodipterus
macrodon indicated a close relation between them. Additionally, Cheilodipterus
macrodon revealed low P-distance to Ostorhinchus fasciatus compared to other under
studied two species of genus Cheilodipterus, which reflect a closely genetic relationship
between Cheilodipterus macrodon and Ostorhinchus fasciatus. This is in line with the
findings of Kaleshkumar et al. (2015), who found that closely related species have low
genetic distance values, but situations with a significant genetic divergence are caused by
the maximum genetic distance.

CONCLUSION

Using small rRNA sequences, this study was able to assess the phylogenetic
connections of cardinalfish. The 12S rRNA gene appear to be helpful in revealing the
phylogenetic relationship of Apogonidae family.
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