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ABSTRACT 

Mitochondrial DNA conserved region (mtDNA CR) segment of a cross 

between GIFT tilapia and UPM red tilapia, their F1-hybrid (F1) and 

Backcross (BcF1) was used to define their genetic variability. DNA 

was extracted from 25 randomly selected specimens of each of the test 

strains and mtDNA CR primer ORMT-F ORMT-R was used. The 

MEGA software using Maximum Parsimony (MP) was conducted for 

the evolutionary analysis of the strains using Tilapia rendalli 
(AF484717.1 accession numbers from NCBI database). A total of 441 

polymorphic regions of 99 sequencing sites were observed, the sites 

with 12 alignment gaps were missing while the invariable 

monomorphic sites were 360 (81.6%) with 69 (15.6%) variable 

polymorphic sites. Parsimony informative sites were 68 with 1 

singleton variable site. The conserved regions were effective in 

discriminating between the sampled fish because they contained 

important elements that aid replication and expression of the 

mitochondria genome. The clustering of the strain in the sub-tree of 

the phylogeny verifies a monophyletic relationship although some of 

the strains showed more relatedness by their consistent overlap and 

clustering. Similarly with 0.1 genetic variability conserve region could 

be used for discrimination between the strains. 
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INTRODUCTION 

Molecular studies of fish populations and examination of macromolecules are associated with the current 

development of starch gel electrophoresis with histochemical staining. This allows the detection of enzymes and a 

simple means of identification by the use of genetic markers. These markers provide genetic variants for population 

studies in fish. Genetic markers are of two types, protein and DNA. Protein markers are relatively cheaper, easy 

to analyze, and have a large database of different species while DNA requires a single tissue that could be 

preserved in ethanol for a scaly specimen, a small quantity for PCR analysis, and can detect changes in mutation 

that is not associated with protein electrophoretic mobility (Ferguson et al. 1995). Recent studies have shown the 

increasing rate at which mitochondria DNA (mtDNA) is used compared to nuclear DNA (nDNA) because of the 

formal high rate of mutation. 

The use of mtDNA marker offers a better way for classifying related populations into strains because of its poor 

recombination ability and the inheritance through the maternal parent that allows placing into groups even after 

hybridization (Dasuki et al., 2023; Nwachi et al., 2020; Ogden 2008). Although much credit recently was given to 

the use of microsatellites for speciation, separate development per species due to the expensive and cumbersome 

transfer between species was needed when compared to the mitochondria gene that has traits that could be used 

to allocate strains to the parental population and could be transferred across species (Rastogi et al. 2007 & Esa et 

al. 2008). A report by (Brown et al. 2005 & Clayton 1982) infers that the conserved region is a parental template 

that is unique to the owner; it is used for H-strand synthesis and the monomeric mtDNA has a short H-strand 

with each conserved region attached to a molecule.  This constraint made this region evolve faster than the mtDNA 

and a better target for any form of classification as described by Karamanlidis et al. (2016).  
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Plate 1 Strains of sampled fish (a) UPM red tilapia (b) GIFT tilapia (c) Backcross (BcF1) and (d) Hybrid (F1) 

 

The sampled fish of UPM red tilapia, GIFT tilapia, F1, and BcF1 genomes (Plate 1) are the same but different at 

the level of DNA sequences and the protein-coding due to biological characteristics which largely depend on their 

amino acid content.  The task of clarifying the strains based on their related taxa is connected to markers that are 

specific in action for intraspecific relationships. In the past, phenotypic markers (a direct means) were used to take 

measurements of dimension, size, and pigmentation as a means of discriminating between species. The genetic 

diversity method on the other hand is indirect and mostly based on markers with low inheritability even though 

they were genetically inherited, and the genetic basis of these markers measures genetic diversity.  

Tilapia culture witnessed growth worldwide because of the increasing demand in local and `international markets 

and is the second most cultured fish after Carp (FAO 2009). Tilapia is also an important fish in aquaculture because 

of its useful model in population genetics (Chakrabarty 2006; Nagl et al. 2001; Nwachi & Esa 2016). The 

phylogenetic relationship among Oreochromis niloticus, Oreochromis mossambicus, and Oreochromis aureus was 

studied by Esa et al (2008) using RAPD markers with the assertion that the highest genetic similarity occurred 

between O. niloticus and O. mossambicus. A report by Nagl et al (2001) on the mtDNA control region of O. niloticus, 
O. mossambicus and O. aureus was unable to explain the differences in their phylogenetic relationship although 

there is a relationship between the ND2 gene sequences of O. Niloticus and O. mossambicus (Klett & Meyer 2002). 

Studies by Betsen et al. (2016) and Ansah et al. (2014) show that Gift exhibited more potential of being productive 

than the normal tilapia. Hence, this study will examine the complete mtDNA conserve region of UPM red tilapia, 

GIFT tilapia, their hybrid (F1), and backcross (BcF1) assessing their phylogenetic and genetic relationship. 

 

MATERIAL and METHOD  

Laboratory work 

The procedures for this experiment were considered and approved by the Board of Studies; Department of 

Aquaculture, University Putra Malaysia. 
 

Total DNA extraction. 

A total of 104 fish consisting of 26 specimens each per strain of (UPM red tilapia, GIFT tilapia, F1, and BcF1) was 
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used.  DNA samples were extracted from the muscular part of the caudal region, at a prior preservation 

workstation to avoid cross contamination. The samples were properly labeled, preserved in 95 % ethanol, and 

stored in a -20-degree freezer for further use. Total DNA extraction from the sampled tissue was obtained with the 

aid of ReliaPrepTM gDNA Tissue Miniprep System (Promega, USA) according to the manufacturer’s instructions. 

The quality and concentration of the DNA were assessed using agarose gel electrophoresis, the resulting sample 

was diluted to 100ng while the resulting genomic DNA was stored in a -20℃ until further analysis. 
 

Polymerase chain reaction (PCR) amplification of mitochondria conserve region (mtDNA) 

Polymerase chain reaction (PCR) for mitochondria conserve region (mtDNA CR) was carried out using a set of 

primers in Table 1, the total PCR reaction volume for the mtDNA CR was 25µL cocktail which includes 2× power 

Taq PCR master mix from Bioteke technology (Beijing China), dH20, primer (forward and reverse) and DNA 

template (Table 2). 
 

Table 1. The primer sequence of ORMT-F and ORMT-R 

No Region Sequence 

1 ORMT-F (forward primer) 5’-CTAACTCCCAAAGCTAGGAATTCT-3’ 

2 ORMT-R (reverse primer) 5’-CTTATGCAAGCGTCGATGAAA-3’ 

(Gu et al. 2016)  
 

Table 2. Reagents final volume and Concentration for PCR reactions 

 

 The PCR conditions were adopted and involved initial denaturation at 94 °C for 3 minutes in a Thermocycler 

followed by 35 cycles for 94 °C for 30 seconds, 54 °C for 40 seconds, and 72 °C for 40 seconds and a final extension 

step of 72 °C for 10min. The negative control was used in all the reactions for contamination detection during the 

reaction system. The PCR products were separated on 1 % agarose gels and ran at approximately 45min at 75 V 

at a current of 300 amps, the size was quantified using a digested (Promega, USA) DNA ladder (GeneRulerTM50-

bp DNA Ladder) with a visualized product size of 413 - 450bp expected. The products were purified using DNA 

Wizard© SV Gel and PCR clean-up kit (Promega, USA) according to the manufacturer’s instructions. The purified 

products were sequenced using the BigDye® Terminator v3.1 Cycle sequencing kit (ACGT) on an ABI 377 

automated sequencer (PE Applied Biosystems) using only the forward primer ORMT-F.  

The multiple sequence was aligned with ClustalW in BioEdit software (Hall 2011). Sequencing reaction using the 

reverse primer ORMT-R was subsequently carried out on some of the samples to verify the polymorphism in the 

DNA sequences detected using the forward primer. The Evolutionary analysis of the strains was conducted with 

MEGA software as described by Tamura et al. (2013) using neighbor-joining (NJ) tree, maximum parsimony, and 

maximum likelihood with conserve region sequence and using Tilapia rendalli as an out-group (AF328854.1; 

GenBank accession number) was constructed with the Kimura 2 parameter distance model (Saitou & Nei 1987 

and Kimura 1980). The branching order of the tree was tested by bootstrapping at 550 replicate data.   
 

Data analysis 

To validate the similarity of the current study, sequences were compared with data from the National Centre for 

Biotechnology Information (NCBI) database with the aid of Basic Local Alignment Search Tools (BLAST). 

Sequences with higher ident values were considered and the sequences were corrected manually to reduce errors 

of mismatch with the actual sequencing report. Sequencing was aligned with clustalW of BioEdit version 7.2.5 

(Chakrabarty, 2006).  The genetic distance (D) of GIFT tilapia, UPM red tilapia, hybrid (F1), and backcross (BcF1) 

were carried out using distance-related statistical tools in MEGA version 6.06 software. The genetic diversity index 

was computed using DnaSP version 5.10 including nucleotide diversity (π), haplotype diversity (H), and the 

average number of nucleotide differences (K). 

 

 

Reagent Final concentration Final volume (µl) 

Power Taq PCR master mix 2× 12.5 

ddH20 Mm 9.5 

Forward primer 25 pmol/µl 0.5 

Reverse primer 25 pmol/µl 0.5 

DNA template - 2.0 

Total - 25 
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RESULTS 

Phylogenetic analysis 

A total of 104 tilapia tissue samples were collected from 4 populations of parent, hybrids, and backcross. Genomic 

DNA was extracted from 100 tissue samples and used for PCR amplification of mtDNA CR (conserve region) out 

of which 99 samples were sequenced. The fluorescent-based DNA sequencing results were displayed with DnaSp 

(version 5) referring to (Librado & Rozas 2009). A total of 441 polymorphic regions of 99 sequencing sites were 

observed, the sites with alignment gaps missing were 12 while the invariable monomorphic sites were 360 (81.6%) 

with 69(15.6%) variable polymorphic sites. Parsimony informative sites were 68 with 1 singleton variable site. 
 

Table 3. Distribution of observed nucleotide diversity, haplotypes and diversity and segregation sites among the 

samples. 

Haplotype UPM red tilapia GIFT tilapia F1-Hybrid BcF1 backcross 

1 1.00 - 0.96 1.00 
2 - 0.84 - - 

3 - 0.08 - - 
4 - 0.08 - - 
5 - - - - 
Parameters     
Nucleotide diversity 0.0000 0.0302 0.0003 0.0000 
Number of haplotypes 1 3 2 1 
Nucleotide (Pijc) 0.0000 0.0000 0.0003 0.0326 
Haplotype diversity 0.000 0.2933 0.0800 0.080 
Number of segregation sites 0 66 2 0 

 

In Table 3 GIFT tilapia recorded the highest number of observed haplotypes at 3 with a haplotype diversity (H) of 

0.2933, a segregation sites value of 66, and a nucleotide diversity (Ω) of 0.0302. F1 recorded nucleotide diversity 

(Ω) of 0.0003 with 1 haplotype. A total of 2 haplotypes and 0.0000 nucleotide diversity (Ω) was recorded by UPM 

red tilapia. UPM tilapia, F1, and BcF1 have one haplotype in common. In Table 5 GIFT tilapia recorded 4 conserved 

regions at conservation values of 0.942, 0.944, 0.938, and 0.955 while UPM red tilapia, F1, and BcF1 have only 1 

respectively. 

The Tajima’s D of UPM red tilapia was -0.3543 but none significant while F1 has -1.9617 but significant. Both 

GIFT tilapia and BcF1 have -1.0851 and -1.1575. The Fu’s fs were -0.289 for UPM red tilapia. GIFT tilapia recorded 

the highest mutation rate of 82 (Table 4).  
 

Table 4. Hierarchical Analysis of Molecular Variance showing amount of population genetics 

Parameters  UPM red tilapia GIFT tilapia F1 BcF1 

Population 24 25 25 25 

Mutation sites 2 82 12 1 

Tajima’s D -0.3543 -1.0851 -1.9617 -1.1575 

P-Value p>0.10 p>0.10 P<0.05 p>0.10 

Fu’s fs statistic -0.289 -0.148 -1.035 -1.061 
 

The pairwise population frequencies in Figures 1a to 1d reveal that there are discrepancies between the expected 

and observed frequency of occurrence for the sampled fish.  

The backcross (BcF1) and UPM red tilapia have frequencies that correlate to the observed pairwise values at 0 - 

0.8 at 20 pairwise distances and 0 - 0.6 at 20 pairwise distances while the hybrid (F1) has a slight variation between 

the observed and expected value (0 - 0.05 at 20). GIFT tilapia recorded a variation of 0 - 0.2 at 60 pairwise distances 

between the observed and expected pairwise frequency.  
 

Phylogenetic tree 

A phylogenetic tree based on mtDNA CR conserved region was constructed. The sequences from the sample fish 

haplotype and fish of the same family Tilapia rendalli (accession number AF484717.1 as obtained from NCBI 

database) were used as our group and a root for the tree. The evolutionary history that was inferred by the 

maximum parsimony (MP) method in Figure 2 reveals that 1 out of every 3 trees was parsimonious. The length 

observed was 86, with a consistency index of 0.870968, and a retention index of 0.870968 while the composite index 

and parsimony-informative sites are 0.830458 and 0.758585 respectively.  
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a b 

  
c d 

Figure 1 Pairwise distribution of sampled fish (a) (BcF1) (b) F1 (c) GIFT tilapia and (d) UPM red tilapia 

 

Table 5. Conserve region of mtDNA analysis 

Parameters Region UPM red tilapia GIFT tilapia F1 BcF1 

Start to end 1 13-448 28-96 38-447 2-436 

 2  45-98   

 3  284-380   

 4  382-448   

Conservation 1 1.00 0.942 1.00 1.00 

 2  0.944   

 3  0.938   

 4  0.955   

Homozygosity 1 1.00 0.987 1.00 1.00 

 2  0.989   

 3  0.985   

 4  0.993   

P-value 1 0.000 0.0051 0.000 0.000 

 2  0.0127   

 3  0.0010   

 4  0.0018   
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Figure 2: Maximum Parsimony (MP) tree showing relationships among Mitochondria conserve region (mtDNA) 
of UPM red tilapia, GIFT tilapia, F1, and BcF1 with Tilapia rendalli (AF484717.1) out-group. The 
bootstrap value (%) based on 50 pseudo replications for the MP analysis 

 

The clustered percentage for the bootstrap test is at 1050 replicates while the MP tree was obtained with the aid 

of Subtree-Pruning-Regrafting (SPR) with 1 search level which the initial tree was obtained by the addition of 10 

replicates sequences. A total of 55 nucleotide sequences were analysed at 1st+2nd + 3rd+ non-coding at 420 

positions. 
 

DISCUSSION 

Tilapia is an important food fish can be identified using molecular techniques like; microsatellites DNA restriction 

enzymes, barcoding, Snp, analysis of the nuclear fragment of rDNA, and the first internal transcribed spacer. 

Morphological techniques; Length, weight relationship, morphometric, and meristic traits analysis following 

(Oladimeji et al. 2015; Hsieh et al. 2010; Ward et al. 2005). Over time, the use of molecular techniques proved to 

be more accurate and practical compared to the use of morphological methods (Lim et al. 2015 and McManus & 

Katz 2009). The use of biomarkers as opined by (Huang et al. 2004) in both evolutionary and gene regulatory 

activities improves the accuracy level in species identification and evolutionary trend of a strain.  

Phylogenetic analysis of the main coding region (Conserve Region) of the mitochondria (mt) DNA in the parents, 

hybrid (F1), and backcross (BcF1) of UPM red tilapia and GIFT tilapia were examined. The conserved regions were 

found to be effective in discriminating between the sampled fish because they contained important elements that 

aid replication and expression of the mitochondria genome (Zou et al., 2015; Kinaro et al., 2015 Xiao et al., 2016). 

In the present study, 4 conserved regions were identified in GIFT tilapia while UPM red tilapia, F1, and BcF1 

have one conserved region each. The identified areas were able to serve as templates for differentiation. The 

mtDNA is maternally inherited thereby, making possible speciation through the identification of sib and half sib 

in general hence, parent stock from F1 and BcF1 respectively. The conserved region is more species-specific because 

it occurs as a template inherited as part of mtDNA with special features that enhance speciation (Jiang et al., 

2004). 

The sequenced conserved region of 99 sampled fish produced 5 haplotypes three populations (UPM red tilapia, F1, 

and BcF1) have one haplotype in common which agrees with the opinion of (Zou et al., 2015) with assertions that 

the sampled fish shared common ancestors of O. niloticus. Similar pairwise distance population frequencies were 

observed in the pair of BcF1 and UPM red tilapia compared to F1 with slight variations to the large fluctuation 

that is observed in GIFT tilapia. This could be explained by the fact that the GIFT tilapia projects involved a large 

population of stock with varying transfer of maternal DNA and multiple control regions compared to the other 

sampled fish. 

Examining the genetic diversity of the population in Table 3 with the aid of their haplotype diversity (H) and 

nucleotide diversity (π) reveals that Gift tilapia has the highest value at 0.2933 haplotype diversity (H) in the 

 F1

 UPM

 BcF1

 GIFT

 GIFT

 AF484717.1

100

37

48
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population that was examined. It also recorded the highest nucleotide diversity (π) at 0.0302. He et al (2015) opined 

that haplotype diversity (H) of a strain depends on the number of populations that hybridized, indicating that the 

higher (H and π) value recorded by GIFT tilapia is a result of the high number of introgressions. The genetic 

distance (D) average values as inferred by Zou et al (2015) were 0.90, 0.30, and 0.05 for individuals. In this study 

(0.1) was recorded for all the population, which is in-between the recommended score, this is an indication that the 

strains examined were very near to each other. We can infer that; all the sampled fish could be differentiated at 

their conserved region and the genetic sustainability of the BcF1 is possible because of the hybrid vigor of the F1 

male parent. However, the test fish despite coming from different strains were genetically linked together.   

Researchers like Wu & Yang (2012), Kinaro et al. (2015), and He et al. (2015) analyzed the differences between 

strains of interest. While this study uses a Maximum parsimony (MP) phylogenetic tree to examine the relationship 

between sampled fish, a monophyletic relationship was observed between the strains due to the relatedness of the 

haplotype; it can be seen that 2 of the haplotypes are shared. The phylogenetic tree produced was validated based 

on the value of consistency index (CI) and retention index (RI); a high value of CI tends to decrease the homoplasy 

index (HI) and an RI that is close to 1 is an indication that the characters that form the tree fit (Hidayat et al., 

2005; Zou et al., 2015). The CI and RI values were 0.870968 and 0.870968 respectively in this study. The 

phylogenetic analysis verifies the monophyletic relationship although some of the strains showed more relatedness 

by their consistence overlap and clustering. It is of note that despite their positions on the Sub-tree each strain 

maintains a level of uniqueness that could be used for proper identification. 
 

CONCLUSION 

The genetic variability of parents (Gift Tilapia and UPM red Tilapia), hybrids (F1), and backcross (BcF1) were 

examined, their distances were (0.1), an indication that they were closely related. Some of the populations shared 

one haplotype on close examination. The phylogenetic tree shows a close relationship to each other and to an out-

group signifying similarity in their genetic makeup which can be related to the fish coming from the same genus. 
 

Conflicts of Interest 

No potential conflict of interest relevant to this article was reported. 

 

REFERENCES 

Ansah, Y. B., Frimpong, E. A., & Hallerman, E. M. (2014). Genetically-improved tilapia strains in Africa: Potential 

benefits and negative impacts. Sustainability (Switzerland), 6(6), 3697-3721. https://doi.org/10.3390/su6063697 

Bentsen, H. B., Gjerde, B., Eknath, A. E., de Vera, M. S. P., Velasco, R. R., Danting, J. C., Dionisio, E. E., Longalong, 

F. M., Reyes, R. A., Abella, T. A., Tayame, M. M., Ponzoni, R. W., et al. (2017). Genetic improvement of farmed 

tilapias: Response to five generations of selection for increased body weight at harvest in Oreochromis niloticus 

and the further impact of the project. Aquaculture, 468, 206-217. https://doi.org/10.1016/ 

j.aquaculture.2016.10.018 

Brown, T. A., Cecconi, C., Tkachuk, A. N., Bustamante, C., & Clayton, D. A. (2005). Replication of mitochondrial 

DNA occurs by strand displacement with alternative light-strand origins, not via a strand-coupled mechanism. 

Genes & Development, 19, 2466-2476. https://doi.org/10.1101/gad.1352105 

Chakrabarty, P. (2006). Systematics and historical biogeography of Greater Antillean Cichlidae. Molecular 
Phylogenetics and Evolution, 39, 619-627. https://doi.org/10.1016/j.ympev.2006.01.014 

Clayton, D. A. (1982). Replication of animal mitochondrial DNA. Cell, 28, 693-705. https://doi.org/10.1016/0092-

8674(82)90049-6 

Dasuki, A., Esa, Y., Christianus, A., & Ismail, M. F. S. (2023). Genetic variations of Malaysian and Golden Thai 

strains of climbing perch and their hybrids based on the partial mitochondrial cytochrome oxidase subunit 1 

gene. Malaysian Applied Biology, 52(2), 139-146. 

Esa, Y., Shapor, S. S., Daud, S. K., Jeffrine, J., Ryan, R., Adha, K. A., Rahim1, & Soon Guan, T. (2008). Molecular 

systematics of Mahseers (Cyprinidae) in Malaysia inferred from sequencing of a mitochondrial cytochrome C 

oxidase I (COI) gene. Pertanika Journal of Tropical Agric. Sci, 31, 263-269. 

FAO (Food and Agriculture Organization of the United Nations). (2009). FishStat Plus Version 2.32. Universal 

software for fishery statistics time series. Available from http://www.fao.org/fishery/statistics/ 

software/fishstat/en 

Ferguson, A. J. B., Taggartt, P. A., Prodohl, O., Mcmeel, C., Thompson, C., Stone, P., Mcginnityr, A. H., et al. 

(1995). Population and conservation. Journal of Fish Biology, 47, 103-126. https://doi.org/10.1111/j.1095-

8649.1995.tb06048.x 

Gu, D. E., Mu, X. D., Xu, M., Luo, D., Wei, H., Li, Y. Y., Zhu, Y. J., Luo, J. R., Hu, Y. C., et al. (2016). Identification 

https://doi.org/10.3390/su6063697
https://doi.org/10.1016/%20j.aquaculture.2016.10.018
https://doi.org/10.1016/%20j.aquaculture.2016.10.018
https://doi.org/10.1101/gad.1352105
https://doi.org/10.1016/j.ympev.2006.01.014
https://doi.org/10.1016/0092-8674(82)90049-6
https://doi.org/10.1016/0092-8674(82)90049-6
http://www.fao.org/fishery/statistics/%20software/fishstat/en
http://www.fao.org/fishery/statistics/%20software/fishstat/en
https://doi.org/10.1111/j.1095-8649.1995.tb06048.x
https://doi.org/10.1111/j.1095-8649.1995.tb06048.x


KSÜ Tarım ve Doğa Derg 28 (2), 571-579, 2025 

KSU J. Agric Nat  28 (2), 571-579, 2025 

Araştırma Makalesi 

Research Article 
 

578 

of wild tilapia species in the main rivers of south China using mitochondrial control region sequence and 

morphology. Biochemical Systematics and Ecology, 65, 100-107. https://doi.org/10.1016/j.bse.2016.02.007 

Hall, A. T. (2011). BioEdit: An important software for molecular biology. GERF Bulletin of Biosciences, 2, 60-61. 

He, A., Luo, Y., Yang, H., Liu, L., Li, S., Wang, C., et al. (2011). Complete mitochondrial DNA sequences of the Nile 

tilapia (Oreochromis niloticus) and Blue tilapia (Oreochromis aureus): Genome characterization and phylogeny 

applications. Molecular Biology Reports, 38(3), 2015-2021. https://doi.org/10.1007/s11033-010-0324-7 

Hidayat, T., Tomohisa, Y., & Motomi, I. (2005). Molecular phylogenetics of subtribe Aeridinae (Orchidaceae): 

Insights from plastid marker and nuclear ribosomal ITS sequences. Journal of Plant Research, 271-284. 

https://doi.org/10.1007/s10265-005-0217-3 

Hsieh, C. H., Chang, W. T., Chang, H. C., Hsieh, H. S., Chung, Y. L., & Hwang, D. F. (2010). Puffer fish-based 

commercial fraud identification in a segment of cytochrome b region by PCR-RFLP analysis. Food Chemistry, 

121(4), 1305-1311. https://doi.org/10.1016/j.foodchem.2010.02.004 

Huang, J. L., Chang, H. T., Cheng, R., Hsu, H. H., Pai, T. W., et al. (2004). Identification of simple sequence repeat 

biomarkers through cross-species comparison in a tag cloud representation. BioMed Research International. 
2014(1), 678971.https://doi.org/10.1155/2014/678971 

Jiang, M., Yang, C., & Wen, H. (2004). The complete mitochondrial genome of Aspiorhynchus laticeps and its 

phylogenetic analysis. Meta Gene, 2(1), 218-225. https://doi.org/10.1016/j.mgene.2014.01.006 

Karamanlidis, A. A., Gaughran, S., Aguilar, A., Dendrinos, P., Huber, D., Pires, R., Schultz, J., & Amato, G. (2016). 

Shaping species conservation strategies using mtDNA analysis: The case of the elusive Mediterranean monk 

seal (Monachus monachus). Journal of Molecular Evolution, 193, 71-79. https://doi.org/10.1016/ 

j.biocon.2015.11.014 

Kimura, M. (1980). A simple method for estimating evolutionary rate of base substitutions through comparative 

studies of nucleotide sequences. Journal of Molecular Evolution, 16, 111-120. https://doi.org/10.1007/ 

BF01731581 

Kinaro, Z. O., Xue, L., Nyaundi, K. J., Shen, J., et al. (2015). The mitochondrial genome of an endangered native 

Singidia tilapia, Oreochromis esculentus: Genome organization and control region polymorphism. 

Mitochondrial DNA, 1736 (March 2016). https://doi.org/10.3109/19401736.2015.1089493 

Klett, V., & Meyer, A. (2002). What if anything, is a tilapia: Mitochondrial ND2 phylogeny of tilapiines and the 

evolution of parental care systems in the African cichlid fishes. Molecular Biology and Evolution, 865-883. 

https://doi.org/10.1093/oxfordjournals.molbev.a004144 

Librado, P., & Rozas, J. (2009). DnaSP v5: A software for comprehensive analysis of DNA polymorphism data. 

Bioinformatics, 25, 1451-1452. https://doi.org/10.1093/bioinformatics/btp187 

Lim, K. C., Lim, P. E., Chong, V. C., & Lee, K. H. (2015). Molecular and morphological analyses reveal phylogenetic 

relationships of stingrays focusing on the family Dasyatidae (Myliobatiformes). PLoS ONE, 10(5), e0129411. 

https://doi.org/10.1371/journal.pone.0129411 

McManus, G. B., & Katz, L. A. (2009). Molecular and morphological methods for identifying plankton: What makes 

a successful marriage? Journal of Plankton Research, 31(10), 1119-1129. https://doi.org/10.1093/plankt/fbp061 

Nagl, S., Tichy, H., Mayer, W. E., Samonte, I. E., McAndrew, B. J., & Klein, J. (2001). Classification and 

phylogenetic relationships of African tilapiine fishes inferred from mitochondrial DNA sequences. Molecular 
Phylogenetics and Evolution, 20 (3), 361-374. https://doi.org/10.1006/mpev.2001.0979 

Nwachi, O. F., Esa, Y., Christianus, A., & Kamarudin, S. M. (2020). Sexual restiveness and colouration between 

partial diallel cross of genetically improved farmed tilapia 'GIFT' and UPM red tilapia. Jordan Journal of 
Biological Sciences, 13(2), 219-222 

Nwachi, O. F., & Esa, Y. (2016). A review of production protocols used in producing economically viable monosex 

tilapia. Journal of Fisheries and Aquatic Science, 11 (January), 1-11. https://doi.org/10.3923/jfas.2016.1.11 

Nyingi, D., De Vos, L., Aman, R., & Agnèse, J. F. (2009). Genetic characterization of an unknown and endangered 

native population of the Nile tilapia Oreochromis niloticus (Linnaeus, 1758) (Cichlidae; Teleostei) in the Loboi 

Swamp (Kenya). Aquaculture, 297(1-4), 57-63. https://doi.org/10.1016/j.aquaculture.2009.09.017 

Ogden, R. (2008). Fisheries forensics: The use of DNA tools for improving compliance, traceability and enforcement 

in the fishing industry. Fish and Fisheries, 462-472. https://doi.org/10.1111/j.1467-2979.2008.00305.x 

Oladimeji, T. E., Awodiran, M. O., & Komolafe, O. O. (2015). Genetic differentiation studies among natural 

populations of Tilapia zillii. Notulae Scientia Biologicae, 7(4), 423-429. https://doi.org/10.15835/nsb749649 

Rastogi, G., Dharne, M. S., Walujkar, S., Kumar, A., Patole, M. S., Shouche, Y. S., et al. (2007). Species 

identification and authentication of tissues of animal origin using mitochondrial and nuclear markers. Meat 
Science, 76, 666-674. https://doi.org/10.1016/j.meatsci.2007.02.006 

Saitou, N., & Nei, M. (1987). The neighbor-joining method: A new method for reconstructing phylogenetic trees. 

Molecular Biology and Evolution, 4, 406-425. 

Tamura, K., Stecher, G., Peterson, D., & Filipski, A. (2013). MEGA6: Molecular evolutionary genetics analysis 

https://doi.org/10.1016/j.bse.2016.02.007
https://doi.org/10.1007/s11033-010-0324-7
https://doi.org/10.1007/s10265-005-0217-3
https://doi.org/10.1016/j.foodchem.2010.02.004
https://doi.org/10.1155/2014/678971
https://doi.org/10.1016/j.mgene.2014.01.006
https://doi.org/10.1016/%20j.biocon.2015.11.014
https://doi.org/10.1016/%20j.biocon.2015.11.014
https://doi.org/10.1007/%20BF01731581
https://doi.org/10.1007/%20BF01731581
https://doi.org/10.3109/19401736.2015.1089493
https://doi.org/10.1093/oxfordjournals.molbev.a004144
https://doi.org/10.1093/bioinformatics/btp187
https://doi.org/10.1371/journal.pone.0129411
https://doi.org/10.1093/plankt/fbp061
https://doi.org/10.1006/mpev.2001.0979
https://doi.org/10.3923/jfas.2016.1.11
https://doi.org/10.1016/j.aquaculture.2009.09.017
https://doi.org/10.1111/j.1467-2979.2008.00305.x
https://doi.org/10.15835/nsb749649
https://doi.org/10.1016/j.meatsci.2007.02.006


KSÜ Tarım ve Doğa Derg 28 (2), 571-579, 2025 

KSU J. Agric Nat  28 (2), 571-579, 2025 

Araştırma Makalesi 

Research Article 
 

579 

version 6.0. Molecular Biology and Evolution, 30, 2725-2729.  https://doi.org/10.1093/molbev/mst197 

Ward, R. D., Zemlak, T. S., Innes, B. H., Last, P. R., & Hebert, P. D. N. (2005). DNA barcoding Australia's fish 

species. Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences, 360, 1847-

1857. https://doi.org/10.1098/rstb.2005.1716 

Wu, L., & Yang, J. (2012). Identifications of captive and wild tilapia species existing in Hawaii by mitochondrial 

DNA control region sequence. PLoS ONE, 7(12), 1-9.    https://doi.org/10.1371/journal.pone.0051731 

Xiaowei, L., Dayu, L., Zhiying, Z., Jing-Ling, Z., & Jue, Y. H. (2016). Genetic variation of mitochondrial DNA D-

loop sequences from different strains of Nile tilapia (Oreochromis niloticus). Southwest China Journal of 
Agricultural Science, 8, 2-7. 

Zou, Z., Li, D., Zhu, J., Han, J., Xiao, W., & Yang, H. (2015). Genetic variation among four bred populations of two 

tilapia strains, based on mitochondrial D-loop sequences. Mitochondrial DNA, 26(3), 426-430. 

https://doi.org/10.3109/19401736.2013.855735 

https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1098/rstb.2005.1716
https://doi.org/10.1371/journal.pone.0051731
https://doi.org/10.3109/19401736.2013.855735

