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INTRODUCTION  

 

Several species of snappers have a commercial importance, and they play important 

roles in artisanal fisheries across many tropical countries. Snappers are energetic 

predators; they use their strength caniniform teeth to feed on large crustaceans or fishes 

(Allen, 1985). The family Lutjanidae (Snappers) comprises medium to large- sized 

fishes, with five subfamilies distributed into 21 genera and about 135 species (Johnson 

1993; Miller & Cribb, 2007; Froese & Pauly, 2016; Eschmeyer et al., 2016). The 

subfamily Lutjaninae comprises six genera; Pinjalo, Macolor, Hoplopagrus, Ocyurus, 

Rhomboplites and Lutjanus. The most taxonomic diversity genus of Lutjaninae is 

Lutjanus, with about 71 species (Iwatsuki et al., 2015; Froese & Pauly, 2016; Veneza 

et al., 2019).  
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To conserve species and determine suitable management plans, the 

insidious and accurate identification of a species is fundamental. Despite the 

commercial importance of Lutjanidae family, the phylogeny of Lutjanidae has 

not been fully studied. Thus, this study focused on the phylogeny of this family 

using mitochondrial 16S rRNA sequences in four species; Lutjanus fulviflamma, 

Lutjanus monostigma, Lutjanus bohar and Lutjanus kasmira.The generated 

bands of 16S rRNA in the four species prolong from 561 to 575 bp. The 

sequences of 16S rRNA were displayed in GenBank/NCBI to gain the accession 

numbers (OQ803478.1 - OQ803481.1). The average frequencies of adenine (A), 

thymine (T), cytosine (C) and guanine (G) were 28.91, 21.93, 25.51 and 23.65%, 

respectively. 
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The mitochondrial DNA based methods are considered more species-specific, firm 

and credible for species identification than the nuclear DNA-based analysis (Branicki et 

al., 2003). The identification of species play an important role in the suitable 

management and preservation of threatened species (Guha et al., 2006).  The 16S rRNA 

gene is used in wide scale to describe the phylogenetic trees of exceedingly related or 

symbiotic organisms (Nakahara et al., 2004; Metallinou et al., 2012; Al-Qahtani & 

Amer, 2019). In order to restrict populations and protect marine species, genetic 

information is important for developing strategies (Souza et al., 2019). 

The basic goal of this work was to evaluate the phylogenetic linkages of some 

species of snappers belonging to family Lutjanidae by the mean of large mitochondrial 

rRNA (16S rRNA) gene. 

 

MATERIALS AND METHODS  

 

Samples collection and species identification  

The Egyptian Red Sea is the study sampling collection location where four 

species of family Lutjanidae (Lutjanus fulviflamma, Lutjanus monostigma, Lutjanus 

bohar and Lutjanus kasmira) were grouped and identified (Randall, 1982). The muscles 

of the samples were removed and conserved at -20ºC for DNA isolation. 

DNA isolation, and PCR amplification 

From the conserved muscles, total genomic DNA was extracted using the 

manufacturer’s instructions of DNA Mini kit (Qiagen, Hidden, Germany). PCR was used 

to amplify partial sequence of mitochondrial 16S rRNA with previous described primers 

(Simon et al., 1991). The PCR was completed in 46μL with 23μL of 2X master mix, 1μL 

of genomic DNA, 1μL of each primer, and 20μL of nuclease-free water. The 

amplification conditions were denaturated at 95°C for 5min, followed by 30 cycles of 

denaturation, annealing, and extension at 94, 48 and 72°C, respectively, for 60s, with an 

extension at 72°C for 7min as a last step. PCR products were electrophoresed on a 1.5% 

agarose gel comprising ethidium bromide with 100bp DNA Ladder. 

Sequences and phylogenetic analysis  

The sequences were completed by Macrogen (Seoul, South Korea). To gain the 

accession numbers, the sequences of 16S rRNA were displayed in GenBank/NCBI. 

CLUSTAL W (Thompson et al.,  1994), with the default settings, was used to align the 

sequences. For phylogenetic reconstructions, two methodologies were followed, 

including Neighbor Joining and Minimum Evolution by using MEGA software version 

7.0 18 (Kumar et al., 2016). To finalize the sequence divergences we used Kimura two-

parameter distances (Kimura, 1980), with 1000 bootstrap iterations (Felsenstein, 1985). 
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RESULTS  

 

By dint of large subunit ribosomal RNA (16S rRNA) sequences, this work 

predestined the phylogenetic lineages of four species of family Lutjanidae, viz. Lutjanus 

fulviflamma, Lutjanus monostigma, Lutjanus bohar and Lutjanus kasmira. 

The generated bands of 16S rRNA in the four species prolong from 561 to 575 bp. 

The sequences of 16S rRNA were displayed in GenBank/NCBI to gain the accession 

numbers (OQ803478.1 - OQ803481.1). The results illustrate that  Lutjanus fulviflamma 

has the longest (575 bp.) sequence, while Lutjanus monostigma has the shortest sequence 

(561 bp.). The average frequencies of adenine (A), thymine (T), cytosine (C) and guanine 

(G) were 28.91, 21.93, 25.51 and 23.65%, respectively. The average A+T attribution was 

higher than the C+G attribution (Table 1). The final alignments consisted of 575 bp. The 

conserved, Parsimony informative, and variable sites were 535, 4 and 32, respectively. 

Amidst the whole fishes, the P-distances varied from 0.0035 to 3.235%. Overall, 

the distance value was 0.25%. Amongst the Lutjanus species, the P-distances varied from 

0.0035 to 0.0116%. The biggest value (0.0116) was present between Lutjanus 

erythropterus and Lutjanus johnii, while (0.0035) value was present between Lutjanus 

griseus and Lutjanus jocu. Amidst the Lutjanus species under study, the P-distances 

varied from 0.0072 to 0.0093%. The biggest proportion (0.0093) was present between 

Lutjanus monostigma and Lutjanus bohar. While, the lowest P-distance (0.0072) was 

present between Lutjanus fulviflamma and Lutjanus monostigma (Table 2).  

To complete the phylogenetic tree investigation by the dint of 16S rRNA 

sequence, the sequences acquired from four fish of family Lutjanidae, as well as 29 

linked sequences and the out-group species from GenBank, were exercised in this work 

for widely combination phylogenetic investigation (Table 3). For widely illustrative 

phylogenetic investigation by using 16S rRNA gene, more than one phylogenetic method 

was used: Neighbor Joining and Minimum Evolution. With some variation in the support 

rate, the approaches produced findings that were basically similar and illustrate three 

basic lineaments: (1) species of the outgroup forming a separate cluster. (2) species of 

genus Lutjanus were non monophyletic. (3) species of genus Pterocaesio were non 

monophyletic (Figs. 1, 2). 

Table 1. Accession number, nucleotide frequencies, A+T contents and their averages of (16S rRNA) 

sequences in four species of genus Lutjanus 
 

No. Species 

Accession 

number 

 

Base 

pair 

length 

Nucleotide Number % A+T 

 Content 

(%) A% T% C % G% 

1 Lutjanus fulviflamma OQ803478.1 575 29.22 22.26 25.22 23.30 51.48 

2 Lutjanus monostigma  OQ803479.1 561 28.17 21.75 26.02 24.06 49.92 

3 Lutjanus bohar OQ803480.1 562 29.18 22.06 25.27 23.49 51.24 

4 Lutjanus kasmira OQ803481.1 564 29.08 21.63 25.53 23.76 50.71 

 Average % - 565.5 28.91 21.93 25.51 23.65 50.84 

https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_46948799
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Table 3. The understudied four species of genus Lutjanus and their related species in addition to the out-

group species from the GenBank/NCBI by the mean of large subunit ribosomal RNA sequences  

 

No.  Species  Accession number No.  Species 
Accession 

number 

1 Lutjanus fulviflamma OQ803478.1 19 Stereolepis_gigas AY072683.1 

2 Lutjanus_monostigma OQ803479.1 20 Lutjanus_quinquelineatus DQ784736.1 

3 Lutjanus_bohar OQ803480.1 21 Lutjanus_russelli DQ784737.1 

4 Lutjanus_kasmira OQ803481.1 22 Lutjanus_stellatus DQ444483.1 

5 Lutjanus_analis AY857938.2 23 Lutjanus_synagris AY857939.2 

6 Lutjanus_apodus JQ741057.1 24 Lutjanus_vivanus KX354248.1 

7 Lutjanus_argentimaculatus NC_016661.1 25 Caesio_caerulaurea DQ784724.1 

8 Lutjanus_buccanella KX354282.1 26 Caesio_cuning DQ784725.1 

9 Lutjanus_campechanus KX354240.1 27 Macolor_niger DQ784740.1 

10 Lutjanus_carponotatus DQ784730.1 28 Ocyurus_chrysurus AY857942.2 

11 Lutjanus_decussatus AF247445.1 29 Pterocaesio_digramma LC549803.1 

12 Lutjanus_erythropterus NC_031331.1 30 Pterocaesio_marri DQ784742.1 

13 Lutjanus_fulvus MK335865.1 31 Pterocaesio_pisang DQ784743.1 

14 Lutjanus_griseus AY857944.2 32 Pterocaesio_tile NC_004408.1 

15 Lutjanus_guttatus KT724723.1 33 Rhomboplites_aurorubens AY857941.2 

16 Lutjanus_jocu AY857943.2 
Out-

group 

Trachinotus_blochii MT102364.1 

17 Lutjanus_johnii MW888468.1 Trachinotus_baillonii LC646890.1 

18 Lutjanus_ophuysenii NC_056806.1 Trachinotus_rhodopus HM778174.1 

 

 

DISCUSSION 

 

Phylogenetic parentage amongst Western Atlantic lutjanines are not well 

confirmed due to the similarities of morphological and behavioral features within the 

group, as well as the occurrence of both interspecific and intergeneric hybrids (Domeier 

& Clarke, 1992; Sarver et al., 1996; Gold et al., 2011). 

For samples’ identification, the molecular ways should be credible, affordable, 

and attainable methods to differentiate amongst distinct genera and the species 

composing those genera. These advantages are preserved by the identifying mechanism 

(16S rRNA). Therefore, it is recommended for the reconstruction of beneficial 

phylogenetic linkages and suitable identification methods to investigate the evolution of 

fish (Saad, 2019). 
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     Fig.1. Neighbor  Joining phylogenetic tree amongst  

four species of genus Lutjanus and their related 

species, with  the outgroup  utilizing (16S rRNA) 

gene. 

    Fig.2. Minimum Evolution phylogenetic tree amongst  

four species of genus Lutjanus and their related 

species, with the outgroup  utilizing (16S rRNA) 

gene. 
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This work determined that the understudied fishes have (A+T) an average bigger, 

compared to C+G value. This finding coincides with consistent with several previous 

studies. Bo et al. (2013) reported that the entire 16S rRNA gene exhibits A+T affluence, 

compared to C+G. Basheer et al. (2015) observed small C+G value of 16S rRNA, 

compared to A+T through the study on Rastrelliger species. Moreover, Mar'ie and 

Allam (2019) found in two puffer fishes a bigger A+T ratio compared to C+G. Our 

results of the 16S rRNA gene displayed C+G content ranging from 48.52 to 50.08. The 

GC diversity among the four species of family Lutjanidae may be considered as a 

notation of adaptation (Ali et al., 2021). 

The final alignments of incomplete 16S rRNA sequences in the four species of 

family Lutjanidae illustrated highly conserved sites. Basheer et al. (2015) found 575 

consistent locations of 590 bp in three Rastrelliger species by using 16S rRNA aligned 

sequences. Sokefun (2017) employing the 16S gene in cichlid phylogenetic analysis and 

found 337 conserved regions of 463. 

The low genetic distance between Caesio cuning and Macolor niger is attributed 

to the close linkage between them. This result concurs with the data reported in the study 

of Kaleshkumar et al. (2015) who stated that, strongly related species have low genetic 

distance values, whereas cases with great genetic divergence are caused by the highest 

genetic distance. 

Our finding confirms previously recorded results indicating that genus Lutjanus is 

not monophyletic (Miller & Cribb, 2007; Gold et al., 2011; Frédérich & Santini, 

2017). Additionally, Frédérich & Santini (2017) reported that phylogenetic findings 

determined many additional genera (e.g., Pristipomoides, Pinjalo, Caesio, Pterocaesio) 

that were non-monophyly and need revision.  

Heino (2014) reported that, the morphological features of a living thing can differ 

when it lives in unique and different ecological conditions. Fish display wide diversity in 

physical characteristics, both within and between groups (Brraich & Akhter, 2015). 

Morphological changes of fishes represent a type of environmental adaptation (Hossain 

et al., 2010). The physical features can be affected by ecological and genetic factors (Sala 

et al., 2022). These may reflect the non-monophyly of some genera in family Lutjanidae. 

CONCLUSION 

 

By dint of large subunit ribosomal RNA (16S rRNA) sequences, this work 

predestined the phylogenetic lineages of some species of family Lutjanidae. Our data 

support the previously results of other authors that genus Lutjanus is not monophyletic as 

well as some genera in this family were non-monophyly and need revision.   
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