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					ABSTRACT  

					ARTICLE INFO  

					Understanding genetic variation among species is essential for effective selection and breeding  

					enhancements. This study was conducted to assess the genetic diversity among three tilapia  

					species (Oreochromis niloticus, Oreochromis aureus, and Oreochromis mossambicus) from  

					several rivers located in South-South Nigeria. A total of 300 samples representing the three species  

					were used for this research. Blood samples were collected from all individuals for DNA extraction,  

					amplification, and sequencing of the mitochondrial (mt) control region. Analysis of mitochondrial  

					DNA revealed that Oreochromis aureus exhibited the greatest number of polymorphic sites, with  

					a total of 225, compared to Oreochromis niloticus and Oreochromis mossambicus, which had 129  

					and 84 polymorphic sites, respectively. The number of haplotypes was highest in O. niloticus with  

					five, while O. aureus and O. mossambicus each had three haplotypes. O. niloticus also  

					demonstrated the highest haplotype diversity (0.796), whereas O. aureus showed the highest  

					nucleotide diversity (0.139). The largest genetic distance was found between O. aureus and O.  

					mossambicus (0.388), whereas the smallest genetic distance was noted between O. niloticus and  

					O. mossambicus (0.217). Enhancing tilapia production in Nigeria can be achieved by selectively  

					breeding tilapia from the Itu, Ethiope, and New Calabar Rivers, which exhibited high genetic  

					variation.  
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					Scholars emphasize the importance of employing data-driven  

					approaches to characterize and measure aquatic food systems for both  

					Introduction  

					In Sub-Saharan Africa, changes in diet, economic instability,  

					insecurity, and population growth have led to a greater need for fish,  

					surpassing the available supply. Over 200 million Africans rely on fish  

					as a crucial source of protein, mineral, and micronutrient source.1 In  

					approximately 20 African nations, fish contributes more than 20% of  

					animal protein intake.2 Globally, there has been a recent trend towards  

					animal protein, including meat and fish.3, 4 From 2007 to 2015, fish  

					consumption in Sub-Saharan Africa ranged from 25% to 50%.5 Factors  

					like population growth, accessibility, affordability, and the health  

					benefits associated with fish consumption are driving this demand.5, 6  

					Despite increasing demand, fish production in Africa has remained  

					short and long-term sustainability. 10, 11, 12, 13 Access to robust data is  

					14  

					vital for decision-making  

					and supporting investments in  

					aquaculture,15, 16 leading to a more sustainable, equitable, inclusive, and  

					resilient food system.17 In light of these concerns, urgent action is  

					needed from the government, policymakers, and research institutions to  

					explore, exploit, and conserve fish resources in Nigeria. Tilapia stands  

					out as a highly sought-after fish due to favourable aquaculture  

					characteristics, with its farming increasingly popular to meet rising  

					demand.18, 19 ,20 Globally, tilapia is the third most farmed fish after grass  

					carp and silver carp 21, contributing significantly to food security in  

					countries like China, Egypt, the Philippines, Brazil, Thailand, and  

					Bangladesh.21 Worldwide aquaculture production of tilapia is estimated  

					at 6.1 million tonnes 21 and Nigeria contributed only 69,579 tonnes. 22  

					Tilapia's ability to thrive on omnivorous diets and its straightforward  

					reproductive processes make it one of the easiest and most profitable  

					fish to farm. In 2018, global tilapia sales reached an estimated $12  

					billion.20 China leads in tilapia production with 1,241,410 tonnes,  

					followed by Indonesia with 1,172,633 tonnes, and Egypt with 954,154  

					tonnes.19 Other significant contributors to tilapia production include  

					Thailand, Bangladesh, Brazil, Vietnam, Myanmar, Mexico, Ecuador,  

					Costa Rica, Honduras, Uganda, and Kenya.20 In Africa, Egypt  

					dominates tilapia production, accounting for 80% of the continent's  

					total, while the rest of Africa contributes the remaining 20%.20-21 In  

					Nigeria, aquaculture plays a crucial role in providing an affordable and  

					nutritious source of protein, with tilapia species being among the most  

					commonly cultivated.23 Nigeria's tilapia production lags behind other  

					nations, leading to a heavy reliance on imports costing an estimated 125  

					billion naira annually.23 This situation highlights the urgent need to  

					adopt effective strategies to boost domestic fish production and improve  

					8,  

					9

					slow.7,  

					Factors such as indiscriminate fishing, ineffective  

					management, and environmental abuse have led to a decline in African  

					fish stocks, risking the genetic erosion of crucial species.1  

					*Corresponding author. E mail: ekemeks4life@yahoo.com  

					Tel: +2348036669220  

					Citation: Ekerette EE, Etukudo OM, Efienokwu JN, Etta HE, Henry II,  

					Ekpo PB, Edu EN, Agbor RB, Edem UL, Ikpeme EV. Evaluation of Genetic  

					Variation in Oreochromis Tilapia Species from South-South Nigeria using  

					Mitochondrial DNA Hypervariable Region. Trop J Nat Prod Res. 2024;  

					8(9): 8527-8536 https://doi.org/10.26538/tjnpr/v8i9.41  

					Official Journal of Natural Product Research Group, Faculty of Pharmacy,  

					University of Benin, Benin City, Nigeria  

					8527  

					© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, September 2024; 8(9): 8527 - 8536  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					food security. A critical first step in this effort is the comprehensive  

					assessment of genetic diversity among tilapia stocks and species in key  

					water bodies. Without valid genetic information on diversity, it is  

					challenging to make informed decisions for stock improvement and  

					selection, which are essential for advancing production and enhancing  

					sustainability.20, 24  

					was transferred to a clean microcentrifuge tube, 50 µl of DNA elution  

					buffer was added, and the mixture was incubated at room temperature  

					for five minutes before a final centrifugation at 15,000 rpm for 30  

					seconds. The DNA was then stored at -20 °C for further analysis.  

					Polymerase chain reaction (PCR) amplification  

					Understanding the genetic diversity of tilapia and the various  

					populations they inhabit offers significant advantages for selection,  

					breeding enhancement, and conservation efforts. Genetic diversity  

					studies are crucial for evaluating the genetic richness within populations  

					and serve as a guide for selecting individuals with favourable genetic  

					PCR amplification was carried out at STABVIDA Laboratory, Quinta  

					de Torre, Portugal. The D-loop region was targeted using the primers  

					Marinefish_Dloop_Thr_F (5’-AGCACCGGTCTTGTAAACCG-3’)  

					and Marinefish_Dloop_Phe_R (3’-GGGCTCATCTTAACATCTTCA-  

					5’). Each PCR reaction mixture had a total volume of 15 µl, consisting  

					of 2 µl of genomic DNA, 8.6 µl of double-distilled water (ddH2O), 0.5  

					µl of MgCl2, 1.5 µl of dNTPs, 1.5 µl of 10x PCR buffer, 0.37 µl of each  

					forward and reverse primer, and 0.15 µl of STABVIDA proprietary Taq  

					polymerase. The amplification was performed using a GeneAmp® PCR  

					System (9700 thermal cycler, USA) with the following cycling  

					protocol: initial denaturation at 95 °C for five minutes, followed by 25  

					cycles of denaturation at 94 °C for 40 seconds, annealing at 54 °C for  

					45 seconds, extension at 72 °C for one minute, and a final extension at  

					72 °C for seven minutes. The PCR products were then purified  

					according to the Exofast protocol provided by the manufacturer.  

					25  

					traits for breeding programmes.24, While traditional methods like  

					meristic counts and morphometric measurements are commonly used to  

					assess genetic diversity,26, 27 the introduction of molecular markers has  

					revolutionised these studies, yielding promising results that contribute  

					28  

					to animal improvement and increased agricultural productivity.6,  

					Sequence variation in mitochondrial DNA has proven useful in  

					30, 31, 32  

					discriminating between tilapia species.29,  

					The present study  

					addresses the critical need to understand genetic diversity among tilapia  

					species to improve selection, breeding, and conservation efforts. While  

					most previous research has focused on single species, particularly the  

					Nile tilapia, at the population level, our study pioneers a comparative  

					analysis of genetic diversity across three tilapia species sourced from  

					five populations in South-South Nigeria. By utilizing mitochondrial  

					hypervariable regions, we aim to uncover stock variations, providing a  

					foundation for enhanced breeding programmes and conservation  

					strategies essential for sustainable aquaculture in the region.  

					Sequencing of D-loop  

					The D-loop region of mitochondrial DNA was sequenced for all tissue-  

					DNA samples using the primers Marinefish_Dloop_Thr_F (5’-  

					AGCACCGGTCTTGTAAACCG-3’) and Marinefish_Dloop_Phe_R  

					(3’-GGGCTCATCTTAACATCTTCA-5’). Sequencing was performed  

					at STABVIDA Laboratory, Quinta de Torre, Portugal, with an  

					AB13730×L sequencer. The sequencing reaction involved a 20 µl  

					mixture containing approximately 20 ng of purified PCR product as the  

					DNA template, 8 µl of Big DyeTM Terminator Reaction Mix (which  

					included dNTPs, ddNTPs, buffer, enzyme, and MgCl2), 8 µl of  

					deionised water, and 2 µl of the primer. The process was set for 25  

					cycles with conditions of 96 °C for 10 seconds, 60 °C for 5 seconds,  

					and 60 °C for 4 minutes.  

					Materials and Methods  

					Location and sample collection  

					From 5th May to 9th August 2022, a total of 300 mature tilapia were  

					sampled from five sites across the Niger Delta region of Nigeria. The  

					sample comprised 100 individuals each of Oreochromis niloticus,  

					Oreochromis aureus, and Oreochromis mossambicus. The locations of  

					the samples were recorded using the global positioning system (GPS)  

					as follows: Itu River in Akwa Ibom State (5°12′5″N, 7°58′39″E),  

					Anangtigha River in Cross River State (4°54′56″N, 8°20′39″E), New  

					Calabar River in Ikwerre, Rivers State (4°59′55″N, 6°53′45″E),  

					Kpansia River in Bayelsa State (4°56′55″N, 6°19′52″E), and Ethiope  

					River in Delta State (5°54′25″N, 5°40′58″E). In each location, 20  

					samples per species (O. niloticus, O. aureus and O. mossambicus) were  

					collected, resulting in a total of 60 tilapia per state. The fish included  

					both males and females with an average weight of 0.734 kg, but sex was  

					not considered a factor in the research.  

					Statistical analysis  

					Sequences were viewed and edited using ChromasPro version 2.6.6.  

					Multiple sequence alignment for all samples was performed with  

					MEGA 6.06.33 Polymorphism metrics, including nucleotide diversity  

					(π) and haplotype diversity (Hd), were calculated using DnaSP 5.1  

					software.34 Genetic distances within and between species were assessed  

					using MEGA 6.06. Natural selection on codons across different tilapia  

					species was evaluated using the HyPhy method available in MEGA  

					6.06.33 Mutation analysis of SNPs in the aligned sequences was  

					conducted with CodonCode Aligner version 6.06.33  

					Ethical statement  

					This research was conducted under the ethical approval of the Faculty  

					of Biological Sciences Ethical Committee, University of Calabar,  

					Results and Discussion  

					Nigeria  

					(BIOSC22-08).  

					The ARRIVE  

					guidelines  

					(https://arriveguidelines.org) for experimenting with animals were fully  

					adopted.  

					Mitochondrial DNA (mtDNA) stands out as one of the most commonly  

					used markers for distinguishing and characterising organisms at both  

					species and population levels. Its notable advantage in genetic diversity  

					studies over nuclear DNA lies in its high mutation rate. 35 Among the  

					37 genes of mtDNA, the D-loop, also known as the hypervariable  

					region, exhibits the highest mutation rate, consequently yielding the  

					highest level of variation.6, 36, 37 This distinctive feature of the mtDNA  

					D-loop has sparked considerable interest among researchers in  

					evolutionary biology, population biology, genetics, and related fields,  

					as it offers a valuable tool for addressing critical research questions  

					about species and population discrimination. In the field of fish  

					genetics, numerous previous studies have highlighted the mtDNA D-  

					loop as a highly reliable genetic marker for distinguishing both  

					populations and species. 38, 39, 40, 41, 42  

					DNA extraction from blood samples  

					Mitochondrial DNA was extracted at the Biotechnology Laboratory  

					Unit in the Animal Science Department of the Federal University of  

					Agriculture, Abeokuta, Ogun State, Nigeria. The Quick-DNA MiniPrep  

					kit from Zymo Research, USA, was used for the extraction from whole  

					blood samples. Beta-mercaptoethanol was added to the lysis buffer to a  

					final concentration of 500 µl per 100 ml, following the manufacturer’s  

					instructions. The lysis buffer was mixed with 200 µl of blood in an  

					Eppendorf tube at a 4:1 ratio (800:200 µl), vortexed briefly, and  

					incubated at room temperature for ten minutes. The mixture was then  

					transferred to a Zymo-Spin column in a collection tube and centrifuged  

					at 10,000 rpm for one minute using  

					a

					Centurion Scientific  

					microcentrifuge (Model: C2015, USA). The flow-through was  

					discarded, and the column was transferred to a new collection tube.  

					Next, 200 µl of DNA pre-wash buffer was added, followed by  

					centrifugation at 10,000 rpm for one minute. Then, 500 µl of g-DNA  

					wash buffer was added and centrifuged at the same speed. The column  

					Genetic variation among the tilapia species  

					Table 1 presents the mitochondrial DNA polymorphism data for the  

					three tilapia species studied. Oreochromis aureus displayed the greatest  

					polymorphism with 225 polymorphic sites, compared to Oreochromis  

					niloticus and Oreochromis mossambicus, which had 129 and 84  
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					polymorphic sites, respectively. Among the species, Oreochromis  

					niloticus had the highest number of haplotypes, totalling five, while  

					both Oreochromis aureus and Oreochromis mossambicus each had  

					three haplotypes. Oreochromis niloticus also showed the highest  

					haplotype diversity (0.796 ± 0.001), followed by Oreochromis  

					mossambicus (0.703 ± 0.004) and Oreochromis aureus (0.692 ± 0.002).  

					In terms of nucleotide diversity, Oreochromis aureus had the highest  

					value (0.139 ± 0.001), with Oreochromis niloticus (0.058 ± 0.00012)  

					and Oreochromis mossambicus (0.052 ± 0.0002) following. Sequence  

					conservation was highest among O. mossambicus at 87% and lowest  

					among O. aureus at 72.6%. Table 2 has the result of the mt  

					polymorphism between the three tilapia species within each location.  

					The number of polymorphic sites was highest in O. aureus across the  

					five locations followed by O. niloticus and O. mossambicus except in  

					Kpansia River where mtDNA polymorphism was in the order O. aureus  

					> O. mossambicus > O. niloticus. The presence of polymorphic sites  

					was notably higher in O. aureus, indicating the potential for greater  

					genetic variation within this species compared to O. niloticus and O.  

					mossambicus. One method of quantifying genetic variation within and  

					between species is by evaluating gene diversity, also known as  

					haplotype diversity. Haplotypes represent genes preserved as sequences  

					that persist through multiple generations of reproduction. Oreochromis  

					niloticus exhibited the highest number of haplotypes, whereas O.  

					aureus and O. mossambicus displayed similar haplotype counts. This  

					indicates that Oreochromis niloticus has more conserved genes,  

					showing a higher degree of similarity among individuals than the other  

					two species. Previous studies identified 5 haplotypes in both O.  

					niloticus and O. aureus.29 Similarly, another investigation found six  

					haplotypes in O. niloticus populations in South West Nigeria, which  

					closely aligns with the haplotype count observed in the current study.30  

					43  

					Authors  

					also identified 13, 11, 11, and 7 haplotypes in four  

					populations of O. niloticus, while O. esculentus was identified with five  

					and 11 haplotypes in two populations. These findings suggest that  

					haplotype numbers may be species-specific and influenced by the  

					environment. Thus, the differences in haplotype numbers observed  

					among the three tilapia species in this study may stem from variations  

					in their mitochondrial genome, with a particular emphasis on the  

					mtDNA D-loop.  

					Table 1: Variation in mitochondrial DNA among three species of tilapia  

					Polymorphism indices  

					O. niloticus  

					O. aureus  

					O. mossambicus  

					Number of sequences (NSQ)  

					100  

					100  

					100  

					Number of sites (NS)  

					Monomorphic sites (MNS)  

					813  

					807  

					776  

					684  

					582  

					692  

					Polymorphic sites (PS)  

					129  

					225  

					84  

					Singleton variable sites (SVS)  

					Parsimony information sites (PIS)  

					Number of haplotype (NH)  

					08  

					14  

					211  

					10  

					121  

					74  

					3

					5

					3

					Haplotype (gene) diversity (Hd)  

					Nucleotide diversity (Nu)  

					0.796 ± 0.001  

					0.058 ± 0.00012  

					42.35  

					0.692 ± 0.002  

					0.139 ± 0.001  

					112.830  

					0.726 (72.6%)  

					0

					0.703 ± 0.004  

					0.052 ± 0.0002  

					40.527  

					Average number of nucleotide difference (ANND)  

					Sequence conservation (SC)  

					0.839 (83.9%)  

					6

					0.870 (87.0%)  

					0

					Minimum number of recombination (MNR)  

					Table 2: Variation in mitochondrial DNA between species of tilapia from five rivers of South South, Nigeria  

					Polymorphism Indices  

					Locations  

					Species  

					NSQ  

					NS  

					MNS  

					PS  

					SVS  

					PIS  

					NH  

					Hd  

					Nu  

					ANND  

					SC  

					MNR  

					ITU-RV  

					O.n  

					20  

					825  

					759  

					66  

					66  

					0

					2

					0.333 ± 0.046  

					0.027 ± 0.0003  

					22  

					0.920  

					0

					(92.0%)  

					0.727  

					O.a  

					O.m  

					O.n  

					O.a  

					O.m  

					O.n  

					O.a  

					20  

					20  

					20  

					20  

					20  

					20  

					20  

					807  

					823  

					818  

					807  

					816  

					814  

					815  

					582  

					776  

					766  

					582  

					811  

					723  

					715  

					225  

					47  

					215  

					47  

					10  

					0

					3

					2

					2

					3

					2

					2

					2

					0.700 ± 0.048  

					0.500 ± 0.270  

					0.167 ± 0.0018  

					0.833 ± 0.049  

					1.00 ± 0.250  

					0.119 ± 0.004  

					0.029 ± 0.0003  

					0.0011 ± 0.00008  

					0.150 ± 0.007  

					96.200  

					23.500  

					8.667  

					0

					0

					0

					0

					0

					0

					0

					(72.7%)  

					0.943  

					(94.3%)  

					0.937  

					ANT-RV  

					52  

					52  

					0

					(93.7%)  

					0.726  

					225  

					5

					200  

					5

					25  

					0

					121.333  

					5.00  

					(72.6%)  

					0.994  

					0.006 ± 0.00002  

					0.0248 ± 0.00031  

					0.049 ± 0.0001  

					(99.4%)  

					0.889  

					IKW-RV  

					91  

					91  

					0

					0.222 ± 0.028  

					0.400 ± 0.056  

					20.222  

					40.00  

					(88.9%)  

					0.878  

					100  

					100  

					0

					(87.8%)  
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					O.m  

					O.n  

					O.a  

					20  

					20  

					20  

					20  

					20  

					20  

					20  

					778  

					882  

					808  

					776  

					820  

					808  

					778  

					749  

					805  

					605  

					692  

					769  

					592  

					745  

					29  

					17  

					09  

					17  

					0

					0

					0

					0

					0

					0

					0

					2

					2

					2

					3

					2

					2

					2

					0.500 ± 0.070  

					0.167 ± 0.018  

					0.50 ± 0.070  

					1.00 ± 0.074  

					0.400 ± 0.056  

					0.400 ±0.056  

					0.500 ± 0.070  

					0.019 ± 0.0001  

					0.0035 ± 0.00001  

					0.124 ± 0.005  

					0.076 ± 0.002  

					0.025 ± 0.0002  

					0.107 ± 0.004  

					0.021 ± 0.0002  

					14.50  

					2.833  

					100  

					0.998  

					(99.8%)  

					0.979  

					0

					0

					0

					0

					0

					0

					0

					KPN-RV  

					(97.9%)  

					0.757  

					200  

					84  

					200  

					84  

					(75.7%)  

					0.870  

					O.m  

					O.n  

					O.a  

					59.333  

					20.40  

					86.400  

					16.500  

					(87.0%)  

					0.938  

					ETH-RV  

					51  

					51  

					(93.8%)  

					0.738  

					216  

					33  

					216  

					33  

					(73.8%)  

					0.958  

					O.m  

					(95.8%)  

					ITU-RV = Itu River, ANT-RV = Anangtigha River, IKW-RV = New Calabar River, KPN-RV = Kpansia River, ETH-RV = Ethiope River, O.n =  

					Oreochromis niloticus, O.a = Oreochromis aureus, O.m = Oreochromis mossambicus, NSQ = Number of sequences, NS = Number of sites, MNS =  

					Monomorphic sites, PS = Polymorphic sites, SVS = Singleton variable sites, PIS = Parsimony information sites, NH = Number of haplotypes, Hd =  

					Haplotype (gene) diversity, Nu = Nucleotide diversity, ANND = Average number of nucleotide differences, SC = Sequence conservation, MNR =  

					Minimum number of recombination  

					Haplotype and nucleotide diversity are crucial metrics for assessing  

					distance is a useful indicator for evaluating the extent of genetic  

					divergence both within and between populations, especially among  

					closely related species.44 A lower genetic distance indicates a closer  

					genetic relationship due to shared alleles, while a higher distance  

					reflects greater genetic differences. The analysis of genetic distances  

					among the three tilapia species revealed that Oreochromis aureus was  

					notably distinct from Oreochromis niloticus and Oreochromis  

					mossambicus, which had a closer genetic relationship to each other.  

					This finding suggests that O. aureus exhibited greater genetic variation  

					compared to O. niloticus and O. mossambicus. This increased genetic  

					diversity in O. aureus is supported by a higher number of variable sites,  

					greater nucleotide changes, and less conservation in its mitochondrial  

					D-loop region. The observed allelic differences among species from  

					different locations, particularly in O. aureus, underscores the  

					importance of genetic distance estimation for understanding population  

					genetics. This variability could serve as an informative indicator for fish  

					breeders in selection and breeding improvement efforts. Consequently,  

					selecting O. niloticus for crossbreeding with O. aureus, aiming to  

					harness their genetic heterogeneity, may prove advantageous,  

					especially considering the substantial variation observed in their  

					mtDNA D-loop sequences. Furthermore, considering nucleotide  

					diversity within each location, O. niloticus from the Itu River and  

					Ethiope River exhibited the highest diversity compared to other  

					locations. This suggests that selecting O. niloticus individuals from  

					these rivers for breeding improvement could yield more favourable  

					outcomes, aligning with the principles of genetic improvement in farm  

					animals.47 However, for interspecies breeding and genetic  

					enhancement, O. niloticus from the Itu and Ethiope rivers, alongside O.  

					aureus from the New Calabar River, may offer a preferable choice. This  

					is because O. aureus individuals from the New Calabar River  

					demonstrated a higher genetic distance from O. niloticus individuals  

					from the Itu and Ethiope rivers, presenting an opportunity for effective  

					crossbreeding and genetic improvement initiatives.  

					variation in DNA sequences among organisms. Haplotype diversity  

					quantifies the probability that two or more randomly selected sequences  

					are distinct,44 while nucleotide diversity measures genetic variation  

					influenced by mutation rate and effective population size.45 These  

					metrics are typically expressed as coefficients, where values  

					approaching one indicate higher diversity estimates. Among the three  

					tilapia species studied, O. aureus exhibited the highest nucleotide  

					diversity, whereas O. niloticus and O. mossambicus displayed similar  

					nucleotide diversity. Similar trends were observed within each species  

					across locations. As a result, Oreochromis aureus exhibited higher  

					within-species genetic variation and was more genetically distinct from  

					Oreochromis niloticus and Oreochromis mossambicus. This pattern  

					aligned with the findings of genetic distance analysis, which indicated  

					a greater genetic separation between O. aureus and the other two  

					species. There was an earlier report of nucleotide diversity of 0.237 in  

					20 samples of O. niloticus and 0.276 in 26 samples of O. aureus29.  

					Similarly, a range of 0.001 to 0.006 nucleotide diversity was reported  

					in a fragmented population of tilapia fish 46. Discrepancies between the  

					nucleotide diversity reported in previous studies and the current  

					investigation likely stem from environmental variations. Evaluation of  

					sequence conservation among the three tilapia species revealed the  

					lowest conservation in O. aureus sequences, underscoring the primary  

					reason for the species' higher within-species diversity and greater  

					genetic distance from O. niloticus and O. mossambicus.  

					Genetic distance within and among the tilapia species  

					The genetic distances among the three tilapia species are detailed in  

					Table 3. The greatest distance was found between O. aureus and O.  

					mossambicus (0.388), whereas the smallest distance was observed  

					between O. niloticus and O. mossambicus (0.217). Table 4 presents the  

					genetic distance among the three tilapia species within and between the  

					different study locations. The greatest distance was found between O.  

					niloticus from Kpansia River and O. aureus from New Calabar River  

					(0.509). Generally, higher genetic distance values were observed  

					between O. aureus and all species in the different locations. The lowest  

					genetic distance values were recorded within species between locations.  

					For instance, O. aureus between Itu and Ethiope River was 0.000.  

					Similar results were obtained between O. aureus from Anangtigha, Itu,  

					and Ethiope rivers. The within-species genetic distance between O.  

					mossambicus from Ikwerre and Ethiope Rivers; Anangtigha and  

					Kpansia rivers was also 0.000. Thus, the genetic distance was higher  

					between species than within species, irrespective of location. Genetic  

					Positive selection, non-synonymous amino acid substitution, and  

					transversion mutations are the predominant forces of variation in  

					mtDNA D-loop of the tilapia species.  

					Positive selection, non-synonymous amino acid substitution, and  

					transversion mutations are the predominant forces of variation in mt-  

					DNA D-loop of the tilapia species  

					The result of the selection pressure among the three tilapia species  

					measured as positive, negative and neutral is presented in Table 5. It  

					was revealed that the majority of the sites in mtDNA sequence of the  

					three species were under neutral selection pressure. O. niloticus, O.  
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					aureus, and O. mossambicus experienced more positive selection  

					pressure with 48, 83, and 45 site indexes than negative selection  

					pressure with 33, 56, and 22 site indexes. Table 6 shows selection  

					pressure on the species based on location. It was revealed that positive  

					selection pressure predominated in each location, except in the Ethiope  

					River, where a higher negative site index of 92 was observed compared  

					to a positive site index of 86. Table 7 illustrates the single nucleotide  

					polymorphisms (SNPs) identified in the mitochondrial DNA sequences  

					of the three tilapia species. Oreochromis niloticus had 129 SNPs,  

					Oreochromis aureus had 225 SNPs, and Oreochromis mossambicus  

					had 84 SNPs. Out of the 129 SNPs in O. niloticus, 98 (76%) were non-  

					synonymous mutations, while 31 (24%) were synonymous mutations.  

					The 129 SNPs also resulted in 72 (55.8%) and 57 (44.2%) transversion  

					and transition mutations, respectively. In O. aureus, there were 201  

					(89.3%) non-synonymous and 24 (10.7%) synonymous mutations from  

					the 225 SNPs detected, which also resulted in 137 (60.9%) transversion  

					and 88 (39.1%) transition mutations. Oreochromis mossambicus also  

					had higher non-synonymous mutation than synonymous mutation [70  

					(83.3% and 14 (16.7%), respectively]. Transversion mutations (52=  

					61.9%) were also higher than transition mutations (32= 38.1%) in O.  

					mossambicus. In the three species of tilapia, it was generally observed  

					that SNPs resulted in more non-synonymous mutations than  

					synonymous mutations. There were also more transversion mutations  

					than transition mutations. There is growing interest in quantifying  

					selection pressure and its impact on genetic variation within  

					populations. Several approaches have been developed to detect  

					elevated dN/dS substitution rate for positive site indices, suggesting that  

					many alleles of mtDNA in these species are under the advantage of  

					positive selection, potentially leading to population structuring and  

					speciation over time. Negative selection pressure was also observed  

					among the three tilapia species, characterized by a lower dN/dS  

					substitution rate and negative site index. This suggests that negative or  

					purifying selection is relatively weak in the D-loop sequences of the  

					tilapia species, implying a lower rate of elimination of deleterious  

					genes.54 This may enhance the survivability of these species by  

					mitigating the effects of harmful mutations resulting from genetic drift  

					and inbreeding.54,55  

					Table 3: Genetic distance between three species of tilapia  

					Species  

					O. niloticus  

					O.  

					O. mossambicus  

					aureus  

					0.294  

					O. niloticus  

					O. aureus  

					O.  

					0

					0.217  

					0.388  

					0

					0.294  

					0.217  

					0

					0.388  

					mossambicus  

					It has been suggested that the selection pressure on mitochondrial genes  

					may be influenced by environmental factors affecting metabolic  

					processes, which may vary among taxa or populations.54 Combining  

					sequences from the three species at each study location revealed a  

					higher positive selection index compared to negative selection. This  

					suggests that environmental factors play a crucial role in maintaining  

					alleles through positive selection and removing alleles through negative  

					selection. The analysis of single nucleotide polymorphisms among the  

					three tilapia species indicated a higher prevalence of non-synonymous  

					mutations than synonymous mutations, with nucleotide changes  

					resulting in more transversion mutations than transition mutations. A  

					similar submission had been made earlier, where non-synonymous and  

					transversion substitutions were said to have contributed significantly to  

					the variations among West African Dwarf sheep. 56 Non-synonymous  

					mutations occur when nucleotide substitutions lead to the production of  

					entirely new amino acids. In contrast, transversion mutations involve  

					the substitution of a purine with a pyrimidine, or vice versa. These  

					mutations contribute to genetic variation within populations, indicating  

					that the observed variation among tilapia species primarily stems from  

					non-synonymous and transversion mutations.  

					emerging mutations that might provide a selective advantage in a  

					47  

					population.43,  

					Positive or directional selection occurs when an  

					extreme character (phenotype) is preferentially selected over other  

					49  

					variants within the population,48,  

					whereas negative selection, or  

					purifying selection, works to gradually eliminate deleterious genes49, 50  

					resulting in a stabilizing effect on population phenotypes. Conversely,  

					neutral selection (balancing selection) does not affect an organism's  

					ability to survive and reproduce.44, 48,51 In this study, most site indices  

					of mitochondrial sequences were found to be under balancing or neutral  

					selection, suggesting no discernible influence on the fitness of tilapia  

					species. However, positive selection pressures were more prevalent  

					than negative site indices. This aligns with the findings of 52, who also  

					reported a higher number of positive selection sites in frizzled feather  

					chicken genotypes. Positive selection is often observed when  

					populations face new environmental pressures due to migration  

					between different environments, contributing to swift alterations in  

					allele frequencies and facilitating speciation.49, 53 The higher positive  

					selection pressure observed among tilapia species may be linked to the  

					Table 4: Genetic distance among three species of tilapia within and between five rivers of South-South, Nigeria  

					Species  

					and  

					location  

					O. n  

					O. n  

					ETH-  

					RV  

					O. n  

					KPN-  

					RV  

					O. n  

					ITU-  

					RV  

					O. n  

					IKW-  

					RV  

					O. n  

					ANT-  

					RV  

					O. a  

					ETH-  

					RV  

					O. a  

					KPN-  

					RV  

					O. a  

					ITU-  

					RV  

					O. a  

					IKW-  

					RV  

					O. a  

					ANT-  

					RV  

					O. m  

					ETH-  

					RV  

					O. m  

					KPN-  

					RV  

					O. m  

					ITU-  

					RV  

					O. m  

					IKW-  

					RV  

					O. m  

					ANT-  

					RV  

					ETH-RV  

					O. n  

					0

					KPN-RV  

					O. n ITU-  

					RV  

					O. n  

					IKW-RV  

					O. n  

					ANT-RV  

					O. a  

					ETH-RV  

					O. a  

					KPN-RV  

					O. a ITU-  

					RV  

					0.105  

					0.079  

					0.023  

					0.018  

					0.176  

					0.133  

					0.176  

					0.452  

					0

					0.153  

					0.107  

					0.101  

					0.242  

					0.204  

					0.242  

					0.509  

					0

					0.070  

					0.068  

					0.204  

					0.182  

					0.204  

					0.464  

					0

					0.021  

					0.177  

					0.124  

					0.177  

					0.453  

					0

					0.169  

					0.131  

					0.169  

					0.453  

					0

					0.064  

					0.000  

					0.356  

					0

					0.064  

					0.328  

					0

					O. a  

					IKW-RV  

					0.356  

					0
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					O. a  

					ANT-RV  

					O. m  

					ETH-RV  

					O. m  

					KPN-RV  

					O. m  

					ITU-RV  

					O. m  

					0.176  

					0.156  

					0.177  

					0.226  

					0.156  

					0.177  

					0.242  

					0.240  

					0.248  

					0.299  

					0.240  

					0.248  

					0.204  

					0.212  

					0.238  

					0.279  

					0.212  

					0.238  

					0.177  

					0.157  

					0.176  

					0.224  

					0.157  

					0.176  

					0.169  

					0.151  

					0.166  

					0.219  

					0.151  

					0.166  

					0.000  

					0.208  

					0.223  

					0.282  

					0.208  

					0.223  

					0.064  

					0.171  

					0.180  

					0.231  

					0.171  

					0.180  

					0.000  

					0.208  

					0.223  

					0.282  

					0.208  

					0.223  

					0.356  

					0.482  

					0.491  

					0.553  

					0.482  

					0.491  

					0

					0.208  

					0.223  

					0.282  

					0.208  

					0.223  

					0

					0.043  

					0.098  

					0.000  

					0.043  

					0

					0.096  

					0.043  

					0.000  

					0

					IKW-RV  

					O. m  

					ANT-RV  

					0.098  

					0

					0

					0.096  

					0.043  

					ITU-RV = Itu River, ANT-RV = Anangtigha River, IKW-RV = New Calabar River, KPN-RV = Kpansia River, ETH-RV = Ethiope River,  

					O.n = Oreochromis niloticus, O.a = Oreochromis aureus, O.m = Oreochromis mossambicus  

					Table 5: Selection pressure in three species of tilapia  

					Species  

					Selective types  

					dN  

					dS  

					dN/dS  

					Site index  

					p-value  

					O. niloticus  

					Positive  

					25.985  

					0.00  

					25.985  

					48  

					0.04  

					Negative  

					Neutral  

					Positive  

					Negative  

					Neutral  

					Positive  

					Negative  

					Neutral  

					6.829  

					0.000  

					46.166  

					14.626  

					0.00  

					33.871  

					0.00  

					-27.042  

					0.000  

					33  

					149  

					83  

					0.02  

					N.A  

					0.05  

					0.05  

					N.A  

					0.02  

					0.05  

					N.A  

					O. aureus  

					4.666  

					58.054  

					0.00  

					41.50  

					-43.428  

					0.00  

					56  

					108  

					45  

					O. mossambicus  

					13.598  

					4.129  

					0.00  

					0.00  

					13.598  

					-39.899  

					0.00  

					44.028  

					0.00  

					22  

					174  

					NA = Not available, dN = Non-synonymous, dS = Synonymous  

					Table 6: Selection pressure of tilapia from five rivers of South-South, Nigeria  

					Locations  

					Selection types  

					dN  

					dS  

					dN/dS  

					Site index  

					P-value  

					ITU –RV  

					Positive  

					73.122  

					6.383  

					66.739  

					100  

					0.0101  

					0.0101  

					N.A  

					Negative  

					Neutral  

					Positive  

					Negative  

					Neutral  

					Positive  

					Negative  

					Neutral  

					Positive  

					Negative  

					Neutral  

					Positive  

					Negative  

					Neutral  

					29.852  

					0.00  

					96.214  

					0.00  

					-66.362  

					0.00  

					81  

					50  

					95  

					84  

					57  

					98  

					70  

					56  

					90  

					88  

					43  

					86  

					92  

					43  

					ANT-RV  

					IKW-RV  

					KPN-RV  

					ETH-RV  

					61.119  

					26.357  

					0.00  

					7.181  

					107.179  

					0.00  

					53.938  

					80.822  

					0.00  

					0.010  

					0.002  

					N/A  

					57.999  

					17.791  

					0.00  

					7.993  

					77.722  

					0.00  

					50.006  

					59.931  

					0.00  

					0.606  

					0.007  

					N.A  

					68.768  

					32.202  

					0.00  

					12.859  

					114.598  

					0.00  

					55.909  

					82.396  

					0.00  

					0.002  

					0.002  

					N.A  

					63.139  

					33.609  

					0.00  

					3.617  

					112.603  

					0.00  

					59.522  

					78.994  

					0.00  

					0.005  

					0.005  

					N.A  

					NA = Not available, dN = Non-synonymous, dS = Synonymous  
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					Table 7: Single nucleotide polymorphisms (SNPs) variation in three species of tilapia fish from five rivers of South-South, Nigeria  

					O. niloticus  

					O. aureus  

					O.  

					mossambicus  

					Amino  

					SNP  

					Amino  

					Acid  

					dN/dS  

					Transversion/  

					Transition  

					SNP  

					Amino  

					acid  

					dN/dS  

					Transversion/  

					Transition  

					SNP  

					dN/dS  

					Transversion/  

					Transition  

					acid  

					change  

					change  

					change  

					1T>C  

					7A>T  

					STP1Gln  

					dN  

					dN  

					dN  

					dS  

					dN  

					dS  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					dS  

					dN  

					dN  

					dN  

					dN  

					dS  

					dS  

					Transition  

					Transversion  

					Transition  

					1T>C  

					3A>G  

					STP1Gln  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					dS  

					Transition  

					Transition  

					1T>A  

					STP1Lys  

					dN  

					dS  

					dN  

					dN  

					dS  

					dS  

					dN  

					dN  

					dS  

					dS  

					dN  

					dN  

					dS  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					dN  

					Transversion  

					Transversion  

					Transversion  

					Transversion  

					Transversion  

					Transition  

					Lys3STP  

					Phe5Leu  

					Pro7Pro  

					STP1del  

					STP2Lys  

					Leu3Glu  

					Leu3Glu  

					Gly4Glu  

					Ser5Thr  

					7A>C  

					Arg3Arg  

					STP6Tyr  

					13T>C  

					21C>G  

					23T>G  

					24A>G  

					26C>T  

					37A>T  

					38A>G  

					39A>G  

					40G>A  

					44G>C  

					49C>G  

					54T>G  

					83C>G  

					97T>G  

					103T>A  

					104A>G  

					114A>G  

					118T>C  

					4T>A  

					Transversion  

					Transversion  

					Transversion  

					Transition  

					18A>T  

					Transversion  

					Transversion  

					Transition  

					7T>G  

					131A>T  

					153A>C  

					216G>A  

					266C>G  

					283G>A  

					289T>C  

					315T>C  

					352G>A  

					369G>C  

					465G>A  

					472T>A  

					485T>C  

					556A>G  

					597T>G  

					602T>C  

					603C>A  

					604A>C  

					Lys44Ile  

					Leu8Arg  

					Leu8Leu  

					Pro9Leu  

					8T>A  

					Thr51Thr  

					Lys72Lys  

					Thr89Arg  

					Ala95Thr  

					Leu97Leu  

					Ser105Ser  

					Val118Ile  

					Gln123His  

					Gln155Gln  

					STP158Lys  

					Phe162Ser  

					Ser186Gly  

					Phe199Leu  

					Phe201Ser  

					Phe201Leu  

					Ile202Leu  

					11G>A  

					14G>C  

					17T>G  

					19A>C  

					20A>C  

					21T>C  

					23C>T  

					24T>G  

					25G>A  

					26G>C  

					27C>T  

					28T>C  

					29G>A  

					30T>A  

					32A>C  

					Transition  

					Transversion  

					Transversion  

					Transversion  

					Transversion  

					Transition  

					Transversion  

					Transition  

					Lys13Trp  

					Lys13Trp  

					Lys13Trp  

					Ala14Thr  

					Arg15Thr  

					Leu17Val  

					Thr18Thr  

					Ser28STP  

					Tyr33Asp  

					Tyr35Ser  

					Tyr35Ser  

					Ser38Ser  

					Leu40Leu  

					Transversion  

					Transition  

					Leu6STP  

					Asn7Leu  

					Asn7Thr  

					Asn7Thr  

					Pro8Leu  

					Pro8Leu  

					Gly9Ser  

					Transition  

					Transition  

					Transition  

					Transition  

					Transition  

					Transversion  

					Transversion  

					Transversion  

					Transversion  

					Transversion  

					Transversion  

					Transition  

					Transition  

					Transversion  

					Transition  

					Transversion  

					Transition  

					Transversion  

					Transition  

					Gly9Ala  

					Gly9Gly  

					Cys10Pro  

					Cys10Asp  

					Cys10STP  

					Asn11Thr  

					Transversion  

					Transition  

					Transition  

					dN  

					dN  

					dN  

					dN  

					Transition  

					Transversion  

					Transition  

					Transition  

					Transition  

					Transversion  

					Transversion  

					Transversion  

					Transversion  

					Transition  

					Total  

					129  

					31/98  

					72/57  

					225  

					201/24  

					137/88  

					84  

					70/14  

					52/32  

					SNP = Single nucleotide polymorphism, dN = Non-synonymous, dS = Synonymous  

					8533  

					© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, September 2024; 8(9): 8527 - 8536  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					aquaculture. Aqua Econ Manag. 2015; 19(3):282–300. Doi:  

					https://doi.org/10.1080/13657305.2015.994240.  

					Conclusion  

					The genetic analyses conducted on the three tilapia species revealed  

					distinct genetic variations among them, as evidenced by mtDNA D-loop  

					sequences. These findings support the significance of genetic diversity  

					in informing breeding strategies aimed at enhancing tilapia populations  

					for sustainable aquaculture and food security initiatives. It is  

					recommended to crossbreed O. niloticus from the Itu and Ethiope  

					Rivers with heterogeneous O. aureus from the New Calabar River in  

					tilapia breeding progammes for possible genetic gains in hybrids. This  

					can potentially contribute significantly to the genetic improvement of  

					tilapia stocks, thereby advancing the prospects of robust and resilient  

					aquaculture systems capable of meeting the escalating demands of  

					burgeoning human populations and optimizing tilapia production for  

					the betterment of global food security agendas.  

					8. Organization  

					for  

					Economic  

					Co-operation  

					and  

					Development/Food and Agriculture Organization of the  

					United Nations (OECD/FAO). OECD-FAO Agricultural  

					Outlook 2017–2026. Paris: OECD Publishing; 2017. Doi:  

					https://doi.org/10.1787/19991142.  

					9. Chan CY, Tran N, Pethiyagoda S, Crissman CC, Sulser TB,  

					Phillips MJ. Prospects and challenges of fish for food  

					security in Africa. Global Food Secur. 2019; 20:17-25. Doi:  

					https://doi.org/10.1016/j.gfs.2018.12.002.  

					10. Engle C and D’Abramo L. Showcasing research focusing on  

					sustainability of aquaculture enterprises and global food  

					security. J World Aqua Soc. 2016; 47(3):311-313. Doi:  

					https://doi.org/10.1111/jwas.12296.  

					11. Engle CR, McNevin A, Racine P, Boyd CE, Paungkaew D,  

					Viriyatum R, Tinh HQ, Minh HN. Economics of sustainable  

					intensification of aquaculture: evidence from shrimp farms  

					in Vietnam and Thailand. J. World Aquac. Soc. 2017;  

					48(2):227-239. Doi: https://doi.org/10.1111/jwas.12423.  

					12. Farmery AK, White A, Allison EH. Identifying policy best-  

					practices to support the contribution of aquatic foods to food  

					and nutrition security. Foods. 2021; 10(7):1589. Doi:  

					https://doi.org/10.3390/foods10071589.  

					13. Mikkelsen E, Fanning L, Kreiss C, Billing SL, Dennis J,  

					Filgueira R, Grant J, Krause G, Lipton D, Miller M, Perez J,  

					Stead S, Villasante S. Availability and usefulness of  

					economic data on the effects of aquaculture: a North Atlantic  

					comparative assessment. Rev. Aquac. 2021; 13(1):601-618.  

					Doi: https://doi.org/10.1111/raq.12488.  

					14. Bush SR, Pauwelussen A, Badia P, Kruk S, Little D, Luong  

					LT, Newton R, Nhan DT, Rahman MM, Sorgeloos P, Sung  

					YY. Implementing aquaculture technology and innovation  

					platforms in Asia. Aquac. 2021; 530. Doi:  

					https://doi.org/10.1016/j.aquaculture.2020.735822.  

					15. Lasner T, Brinker A, Nielsen R, Rad F. Establishing a  

					benchmarking for fish farming – profitability, productivity  

					and energy efficiency of German, Danish and Turkish  

					rainbow trout grow-out systems. Aqua Res. 2017;  

					48(6):3134-3148. Doi: https://doi.org/10.1111/are.13144.  

					16. Shikuku KM, Tran N, Joffre OM, Islam AHMS, Barman BK,  

					Ali S, Rossignoli CM. Lock-ins to the dissemination of  

					genetically improved fish seeds. Agric Syst. 2021; 188. Doi:  

					https://doi.org/10.1016/j.agsy.2020.103042.  

					Conflict of Interest  

					The authors declare no conflict of interest.  

					Authors’ Declaration  

					The authors hereby declare that the work presented in this article is  

					original and that any liability for claims relating to the content of this  

					article will be borne by them.  

					Funding  

					This research was funded by the Tertiary Education Trust Fund  

					(TETfund)  

					under  

					the  

					reference  

					number:  

					TETF/DR&D/CE/UNI/CAL/RG/2021/VOL.1/.  

					Acknowledgments  

					The authors wish to appreciate STABVIDA Laboratory, Quinta de  

					Torre, Portugal for the laboratory analysis services provided for this  

					research. We also sincerely appreciate the Tertiary Education Trust  

					Fund (TETfund) for providing financial support for this research  

					through Institutional Based Research (IBR) grant.  

					References  

					1. Tran N, Chu L, Chan CY, Genschick S, Phillips MJ, Kefi  

					AS. Fish supply and demand for food security in Sub-  

					Saharan Africa: an analysis of the Zambian fish sector. Mar  

					17. FAO. National Aquaculture Sector Overview. Egypt.  

					National Aquaculture Sector Overview Fact Sheets. FAO,  

					Rome; 2020.  

					18. Moses M, Chauka LJ, de Koning DJ, Palaiokostas C, Mtolera  

					MSP. Growth performance of five different strains of Nile  

					tilapia (Oreochromis niloticus) introduced to Tanzania  

					reared in fresh and brackish waters. Sci Rep. 2021;  

					11(1):11147. Doi: https://doi.org/10.1038/s41598-021-  

					90505-y.  

					Policy.  

					2019;  

					99:343-350.  

					Doi:  

					https://doi.org/10.1016/j.marpol.2018.11.009.  

					2. Food and Agriculture Organization. World food and  

					agriculture statistical yearbook. Rome: Statistics Division;  

					2022a. Doi: https://doi.org/10.4060/cc2211en.  

					3. Tschirley D, Reardon RT, Dolislager M, Snyder J. The rise  

					of a middle class in East and Southern Africa: implications  

					for food system transformation. J Int Dev. 2015; 27(5):628–  

					646. Doi: https://doi.org/10.1002/jid.3107.  

					4. Zhou Y and Staatz J. Projected demand and supply for  

					various foods in West Africa: implications for investments  

					and food policy. Food Policy. 2016; 61:198–212. Doi:  

					https://doi.org/10.1016/j.foodpol.2016.04.002.  

					19. Abd El-Hack ME, El-Saadony MT, Nader MM, Salem HM,  

					El-Tahan AM, Soliman SM, Khafaga AF. Effect of  

					environmental factors on growth performance of Nile tilapia  

					(Oreochromis niloticus). Int  

					J

					Biometeorol. 2022;  

					66(11):2183–2194. Doi: https://doi.org/10.1007/s00484-  

					022-02347-6.  

					5. Thurstan RH and Roberts CM. The past and future of fish  

					consumption: can supplies meet healthy eating  

					recommendations? Mar Pollut Bull. 2014; 89(1–2):5–11.  

					Doi: https://doi.org/10.1016/j.marpolbul.2014.09.016.  

					6. Ekerette EE, Ikpeme EV, Udensi OU, Ozoje MO, Etukudo  

					OM, Umoyen AJ, Durosaro SO, Wheto M. Phylogenetics  

					and molecular divergence of tilapia fish [Oreochromis  

					species] using mitochondrial D-loop and cytochrome b  

					20. Robledo D, Ogwang J, Byakora E, Nascimento-Schulze JC,  

					Benda KK, Fraslin C, Salisbury S, Solimo M, Mayega JF,  

					Beine P, Masembe C, Houston R, Mukiibi R. Genetic  

					diversity and population structure of farmed and wild Nile  

					tilapia (Oreochromis niloticus) in Uganda: The potential for  

					aquaculture selection and breeding programs. Genomics.  

					2024;  

					116(1):110781.  

					Doi:  

					https://doi.org/10.1016/j.ygeno.2024.110781.  

					regions. Am  

					J

					Mol Biol. 2018; 8(1):39-57. Doi:  

					21. FAO. FishStatJ: universal software for fishery statistical time  

					series: aquaculture production 1950–2020. FAO, Rome;  

					2022b.  

					https://doi.org/10.4236/ajmb.2018.81004.  

					7. Kobayashi M, Msangi S, Batka M, Vannuccini S, Dey MM,  

					Anderson JL. Fish to 2030: the role and opportunity for  

					8534  

					© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, September 2024; 8(9): 8527 - 8536  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					22. Biovet SA. Tilapia production in Nigeria [Online]. 2024  

					[cited Aug 2024] Available from:  

					36. Guo Y, Gong Y, He Y-m, Yang B-g, Zhang W-y, Chen B-e,  

					Huang Y-f, Zhao Y-j, Zhang D-p, Ma Y-h, Chu M-x, E G-x.  

					Investigation of mitochondrial DNA genetic diversity and  

					phylogeny of goats worldwide. J Integr Agric. 2022;  

					https://www.veterinariadigital.com/en/articulos/tilapia-  

					production-in-nigeria.  

					23. Akinjogunla VF, Usman MD, Muazu TA, Ajeigbe SO, Musa  

					ZA, Ijoh BB, Muhammad YU, Usman BI. Comparative  

					efficacy of anesthetic agents (clove oil and sodium  

					bicarbonate) on cultured African catfish, Clarias gariepinus  

					(Burchell, 1822) and Nile tilapia, Oreochromis niloticus  

					(Linnaeus, 1758). Trop J Nat Prod Res. 2023; 7(8):3800–  

					3805. Doi: https://doi.org/10.26538/tjnpr/v7i8.34.  

					24. Kakuhikire CT, Nsubuga FW, Raja R, Kato P. Genetic  

					diversity of Nile tilapia (Oreochromis niloticus, L. 1758) in  

					native and introduced populations in East Africa. J Wildl.  

					21(6):1830-1837.  

					3119(21)63882-0.  

					37. Amorim A, Fernandes T, Taveira N. Mitochondrial DNA in  

					human identification: a review. Peer J. 2019; 10: 1-24. Doi:  

					https://doi.org/10.7717/peerj.7314.  

					38. Dong F, Cheng P, Sha H, Yue H, Wan C, Zhang Y, Zhang L,  

					Zhang H, Wei Q. Genetic diversity and population structure  

					analysis of blunt snout bream (Megalobrama amblycephala)  

					in the Yangtze River Basin: Implications for conservation  

					and utilization. Aqua Rep. 2024; 35:101925. Doi:  

					https://doi.org/10.1016/j.aqrep.2024.101925.  

					Doi:  

					https://doi.org/10.1016/S2095-  

					Biodivers.  

					2024;  

					8(3):296–312.  

					Doi:  

					https://doi.org/10.5281/zenodo.11625514.  

					39. Ren Y, Ren YL, Dai JC, Zhao NH, Zhao H, Wei J, Nie ZL.  

					Genetic diversity analysis of Schizothorax biddulphi based  

					on mitochondrial DNA COII and ND4 genes. J Fish Sci  

					China. 2022; 46(12):2274-2285.  

					40. Kenthao A, Wangsomnuk PP, Jearranaiprepame P. Genetic  

					variations and population structure in three populations of  

					beardless barb, Cyclocheilichthys apogon (Valenciennes,  

					1842) inferred from mitochondrial cytochrome b sequences.  

					Mitochondrial DNA. Part A. 2018; 29(1):82-90. Doi:  

					https://doi.org/10.1080/24701394.2016.1242581.  

					41. Jiang B, Fu J, Dong Z, Fang M, Zhu W, Wang L. Maternal  

					ancestry analyses of red tilapia strains based on D-loop  

					sequences of seven tilapia populations. Peer J. 2019; 7:1-14.  

					Doi: https://doi.org/10.7717/peerj.7007.  

					42. Nyaku ER, Diyaware MY, Suleiman SB, Nwafili SA.  

					Mitochondrial DNA D-loop genetic relatedness and  

					characterization of Nile tilapia (Oreochromis niloticus  

					(Linnaeus, 1758)) from Lakes Alau and Bako, Northeast,  

					25. Suleiman IO, Moruf RO, Usman BI. Population genetic  

					structure of feral and cultured African catfish (Clarias  

					gariepinus) inferred from random amplified polymorphic  

					DNA in Kano, Nigeria. Trop J Nat Prod Res 2023;  

					7(3):2650–2654.  

					https://doi.org/10.26538/tjnpr/v7i3.27.  

					Doi:  

					26. Makeche MC, Muleya W, Nhiwatiwa T. Characterization of  

					Oreochromis niloticus strains of Lake Kariba culture  

					fisheries using morphological and meristic methods. Am.  

					Sci. Res. J. Eng. Technol. Sci. 2020 74(1), 31-40.  

					27. Kwikiriza G, Yegon MJ, Byamugisha N, Beingana A,  

					Atukwatse F, Barekye A, Nattabi JK, Meimberg H.  

					Morphometric Variations of Nile Tilapia (Oreochromis  

					niloticus) (Linnaeus, 1758) Local Strains Collected from  

					Different Fish Farms in South Western Highland Agro-  

					Ecological Zone (SWHAEZ), Uganda: Screening Strains for  

					Aquaculture.  

					Fishes.  

					2023;  

					8:217.  

					Doi:  

					https://doi.org/10.3390/fishes8040217.  

					Nigeria.  

					J

					Biotechnol. 2023; 2(1):22-33. Doi:  

					28. Ropp AJ, Reece KS, Snyder RA, Song J, Biesack EE,  

					McDowell JR. Fine-scale population structure of the  

					northern hard clam (Mercenaria mercenaria) revealed by  

					genome-wide SNP markers. Evol. Appl. 2023 16, 1422–  

					1437. doi: 10.1111/eva.13577  

					29. Abdel-Hamid ZG, Heba AM, El-Kader A, Aboelhassan DM,  

					Mahrous KF. Genetic diversity in Egyptian tilapia species  

					using PCR-RFLP of D-loop mitochondrial DNA gene. Res.  

					J. Pharm. Biol. Chem. Sci. 2014; 5(6):469-475.  

					30. Agbebi OT, Echefu CJ, Adeosun IO, Ajibade AH, Adegbite  

					EA, Adebambo AO, Ilori MB, Durosaro SO, Ajibike AB.  

					Mitochondrial diversity and time divergence of commonly  

					cultured cichlids in Nigeria. Br Biotechnol J. 2016; 13(2):1-  

					7. Doi: https://doi.org/10.9734/BBJ/2016/25470.  

					31. Luo C, Yang P, Wang S. The complete mitochondrial  

					genome of Sarotherodon galilaeus (Linnaeus, 1758)  

					(Perciformes: Cichlidae) and its phylogenetic placement.  

					Mitochondrial DNA. Part B. 2021; 6(3):920–921. Doi:  

					https://doi.org/10.1080/23802359.2021.1888327.  

					https://doi.org/10.36108/jbt/3202.20.0120.  

					43. Angienda PO, Lee HJ, Elmer KR, Abila R, Waindi EN,  

					Meyer A. Genetic structure and gene flow in an endangered  

					native tilapia fish (Oreochromis esculentus) compared to  

					invasive Nile tilapia (Oreochromis niloticus) in Yala swamp,  

					East Africa. Conserv Genet. 2011; 12:243–255. Doi:  

					https://doi.org/10.1007/s10592-010-0136-2.  

					44. Kanaka KK, Sukhija N, Chandra Goli R, Singh S, Ganguly  

					I, Dixit SP, Dash A, Malik AA. On the concepts and  

					measures of diversity in the genomics era. Curr. Plant Biol.  

					2023;  

					33:100278.  

					Doi:  

					https://doi.org/10.1016/j.cpb.2023.100278.  

					45. Kavembe GD, Machado-Schiaffino G, Meyer A.  

					Pronounced genetic differentiation of small, isolated and  

					fragmented tilapia populations inhabiting the Magadi Soda  

					Lake in Kenya. Hydrobiologia. 2013; 6:1-17. Doi:  

					https://doi.org/10.1007/s10750-013-1648-9.  

					46. Dogan I, Dogan N. Genetic distance measures: review. J.  

					Biostat.  

					2016;  

					8(1):87-93.  

					Doi:  

					32. Mbilinyi WL, Rumisha C, Mwandya AW, Msalya GM.  

					Genetic analysis reveals a substantial proportion of non-  

					targeted tilapias among farmed stocks in Kilosa and Kibaha,  

					https://doi.org/10.5336/biostatic.2015-49517.  

					47. Heulsenbeck JP and Dyer KA. Bayesian estimation of  

					positively selected sites. J. Mol. Evol. 2004; 58:661. Doi:  

					https://doi.org/10.1007/s00239-004-2588-9.  

					Tanzania. Tanzan  

					J

					Sci. 2023; 49(2):559-567. Doi:  

					https://doi.org/10.4314/tjs.v49i2.24.  

					48. Kosal E. Introductory biology: Ecology, evolution, and  

					biodiversity. [Online]. 2023. [cited Aug 2024] Available  

					from: https://ncstate.pressbooks.pub/introbio181/.  

					49. Molles MC. Ecology: concepts and applications. Columbus:  

					McGraw-Hill Higher Learning; 2010.  

					33. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S.  

					MEGA6: molecular evolutionary genetics analysis version  

					6.0. Mol Biol Evol. 2013; 30:2725-2729. Doi:  

					https://doi.org/10.1093/molbev/mst197.  

					34. Librado P and Rozas J. DnaSP version 5: a software for  

					comprehensive analysis of DNA polymorphism data.  

					50. Loewe L. Negative selection. Nat Educ. 2008; 1(1):59.  

					51. Ikpeme EV, Job IE, Ekerette EE. Selection pressure and the  

					maternal lineage of three local chicken genotypes in South-  

					South Nigeria. U6CAU Proceedings (Maiden Edition). 2019;  

					1(1):100-109.  

					Bioinform.  

					2009;  

					25:1441-1452.  

					Doi:  

					https://doi.org/10.1093/bioinformatics/btp187.  

					35. Nguyen TD, Dinh TN, Mai TT. Genetic diversity of  

					mitochondrial DNA D-loop sequence in Bang Troi chicken  

					breed. Acad  

					J

					Biol. 2024; 46(1):49–54. Doi:  

					https://doi.org/10.15625/2615-9023/18999.  

					8535  

					© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, September 2024; 8(9): 8527 - 8536  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					52. Rieseberg LH, Widmer A, Arntz AM, Burke JM. Directional  

					selection is the primary cause of phenotypic diversification.  

					Proc Natl Acad Sci. USA. 2002; 99:12242-12245. Doi:  

					https://doi.org/10.1073/pnas.192360899.  

					53. Murphy DA, Elyashiv E, Amster G, Sella G. Broad-scale  

					variation in human genetic diversity levels is predicted by  

					purifying selection on coding and non-coding elements.  

					hypervariable region in major Nigerian indigenous goat  

					breeds. Asian-Australas. J Anim Sci. 2016; 29(5):45-53. Doi:  

					https://doi.org/10.5713/ajas.15.0775.  

					55. Meiklejohn CD, Montooth KL, Rand DM. Positive and  

					negative selection on the mitochondrial genome. Trends  

					Genet.  

					2007;  

					23:259–263.  

					Doi:  

					https://doi.org/10.1016/j.tig.2007.03.008.  

					eLife.  

					2023;  

					12:e76065.  

					Doi:  

					56. Ekerette EE, Osim PB, Koffi EE, Leo EA, Ikpeme EV, Ozoje  

					MO. Growth and heat tolerance traits in West African Dwarf  

					sheep and variation in CD14 gene. South Asian J Biol Res.  

					2024; 6(1):15-28.  

					https://doi.org/10.7554/eLife.76065.  

					54. Ajibike AB, Ilori BM, Awotunde EO, Adegboyega AR,  

					Osinbowale AD, Bemji MN, Durosaro SO, Adebambo AO.  

					Genetic diversity and effect of selection at the mitochondrial  

					8536  

					© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

	EPUB/toc.xhtml

Table of Contents


		Page







EPUB/images/img_02.png
N






EPUB/images/img_01.png










