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Abstract 
The optimization of aquaculture production requires the selection of efficient 
strains. Thus, genetic improvement has become one of the important levers to 
boost the development of aquaculture. The objective of this study was to carry 
out genetic characterization of Nile tilapia Oreochromis niloticus, one of the 
most cultivated fish species in Senegal, in order to select an efficient strain 
to optimize local fish production. Thus, fish from five different populations 
(Richard-Toll, ANA, ITACA, Mbodiene and Sauvage) were analyzed, with 15 
individuals per population. Genetic diversity and population structure were 
assessed using molecular genetic analyses by sequence characterized amplified 
region (SCAR) and microsatellite (SSR) markers. The analyses of the SCARII 
marker were conducted on four populations (ANA, ITACA, Sauvage and 
Mbodiene) while microsatellite analyses were conducted on all five popula-
tions. The results show high levels of polymorphism of SSR markers, and a 
high level of observed heterozygosity (Ho), indicating a high within-population 
genetic variability. These results are in agreement with the AMOVA results, 
which indicated a high within-population genetic variability (94%). The ge-
netic structure analysis by DAPC indicates that the five populations analyzed 
are structured into four groups, which are highly heterogeneous because they 
share common allele individuals. The analysis of the genetic structure by 
AMOVA showed a low degree of differentiation between the populations 
(6%), in agreement with the genetic differentiation index (Fst = 0.059). The 
heterogeneity of studied populations implies a genetic flow over time, which 
may have existed between the original populations. The overall negative Ta-
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jima D values and low genetic differentiation indicate an excess of rare muta-
tions in the populations studied, resulting from a recent population expansion 
from a limited number of initial breeders isolated in locale hatcheries. Thus, 
further studies with a much larger panel of markers are required to better dif-
ferentiate the strains and identify the most efficient ones for sustainable local 
aquaculture production. 
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1. Introduction 

Capture fisheries and aquaculture play important roles in the global economy 
through their contribution to food security, job creation, and increased incomes 
for people [1] [2] [3] [4] [5]. Indeed, capture fisheries reached a production of 
nearly 171 million tons in 2016, of which 88% was for human consumption while 
aquaculture produced about 80 million tons. Capture fisheries production has 
been relatively stable since the late 1980s, while the demand for fish for human 
consumption is largely met by aquaculture. Today, half of the fish consumed in 
the world is supplied by aquaculture [2] [6] [7] [8]. Aquaculture production is 
mainly dominated in the world by carp, followed by tilapia with a total produc-
tion of 4.2 million tons in 2016, or 8% of the world production [2] [9] [10]. In 
Senegal, fish production for human consumption increased from 193.3 tons in 
2011 to 468 tons in 2017 and most of this production is Nile tilapia [11].  

The success of Nile tilapias in aquaculture is mainly due to some of their bio-
logical and ecological characteristics such as plasticity, opportunistic diet, toler-
ance to environmental factors, sexual dimorphism of growth and genetic cha-
racteristics, which are very important assets in fish farming [12]. While food and 
water quality are important factors for fish production of O. niloticus, its plastic-
ity and opportunistic diet allow for appropriate food supply at all levels of rear-
ing intensification [13]. Sexual dimorphism in growth (males grow faster than 
females) and ease of reproduction are currently the main problems in op energy 
available to the fish is invested in behavioral and physiological interactions be-
tween the sexes and in egg production at the expense of growth [12]. Further-
more, this unwanted reproduction leads to overpopulation, competition for re-
sources, and decreased growth performance [12].  

To overcome this problem, studies on monosex reproduction of males have 
been and continue to be conducted through research projects on sexual inver-
sion especially with the hormone 17-α methyl testosterone. However, studies on 
genetic aspects (availability of genetically more productive stocks) of Nile tilapia 
O. niloticus native to Senegal have not yet been developed, hence the interest of 
the present study. The main objective of this study was therefore to carry out a 
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genetic characterization of different populations of Nile tilapia from Senegal in 
order to determine their diversity and genetic structure with the aim of improv-
ing their zootechnical performance to promote their breeding and farming in the 
whole country. The genetic characterization of these populations could allow to 
identify the most efficient strain for local fish farming but also to evaluate the 
impact of their maintenance in captivity on their genetic diversity. Indeed, ge-
netic characterization of strains and species of tilapia has been widely used for 
the identification of economically desired traits for aquaculture production [14] 
[15] [16] [17] [18]. Most of studies on genetic characterization on Nile tilapia 
used the variations of various genetic markers [16] [19] [20] including microsa-
tellites and SCARs [16] [21] [22] [23] [24] [25] to assess and compare genetic 
diversity and differentiation of farmed populations. In this study, five SSR and 
one SCAR (SCARII) markers were used to assess the genetic diversity and struc-
ture of five populations of from different localities of Senegal.  

2. Materials and Methods 
2.1. Sample Collection 

This study was conducted on individuals of Nile tilapia O. niloticus from five 
different localities in Senegal. The terms “strain” or “population” are used in this 
study to designate these localities but there is no evidence that they are genetically 
different. Among these strains, four (Mbodiene, ANA, Sauvage, ITACA) origi-
nate from the experimental hatchery of Institute of Research for Development 
(IRD) in Hann Bel Air in Dakar, Senegal. The fifth strain (Richard-Toll) was col-
lected in the fish farm of the University Gaston Berger (UGB). The Mbodiene 
strain is from broodstock of natural population maintained in captivity for sev-
eral generations in the Mbodiene private fish farm, located in the department of 
Mbour in the region of Thiès. The ANA strain is also from initial broodstock of 
a natural parental population maintained for several generations in the ANA fish 
farm of Richard-Toll (Dagana Department, Saint-Louis Region). The individuals 
of this population analyzed in this study were maintained in captivity in the IRD 
experimental hatchery for one and a half years. The individuals of the Richard- 
Toll strain also come from the ANA fish farm but were collected at the UGB fish 
farm where they were maintained in captivity for five months prior to the expe-
riment. For the ITACA population, the initial broodstock were collected at 
Technopole, Dakar. This population was then maintained in captivity for several 
generations in the IRD fish farm. As for the Sauvage strain, it is from the Senegal 
River, Saint-Louis. It was then maintained in captivity in the IRD Bel-Air fish 
farm for experimental studies on sex reversal and the production of male mono 
sex population. 

Fish from these five populations (Richard-Toll, ANA, ITACA, Mbodiene and 
Sauvage), were sampled. Four populations (ANA, ITACA, Sauvage, and Mbo-
diene) were analyzed for the SCARII marker whereas all five populations were 
studied with the SSR markers. 
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2.2. DNA Extraction and Quality Control 

DNA from each sampled individual was extracted using the commercial “Quik 
DNA Miniprep Kit”. Thus, a 20 mg piece of tissue was taken from each pelvic fin 
sample. It was then cut into small pieces and placed in a mini mortar with quartz 
and crushed until a homogeneous powder was obtained. The powder from each 
sample was placed in a 2 ml eppendorf tube containing 95 μl of solid tissue buf-
fer (tissue buffer that causes degradation of cell connections), 10 μl of proteinase 
K (for protein degradation) and 95 μl of pure water. This mixture was homoge-
nized for 15 seconds with a vortex and incubated in a water bath at 55˚C for 3 
hours. 

After incubation, the tubes were centrifuged at 12,000 g for 1 minute to re-
move insoluble debris. The supernatant was then transferred to a new clean tube 
and measured. The volume of each tube was then doubled by adding genomic 
binding buffer and homogenized for 15 seconds using a vortex. After thorough 
mixing, the content of each tube was poured into a zymo spin column placed on 
a collection tube and centrifuged at 12,000 g for one minute. The collection 
tubes were discarded with their content. Each spin column was taken up and 
placed on a new collection tube. A total volume of 400 μl of DNA prewash buffer 
was added to each column and centrifuged at 12,000 g for 1 minute. A 700 Μl 
volume of G-DNA wash buffer was then added to each spin column, and the 
tubes were centrifuged at 12,000 g for 1 minute and the collection tube and its 
contents discarded. 

A volume of 200 μL of G-DNA wash buffer was added to the spin column, 
which was replaced on the same collection tube and centrifuged at 12,000 g for 
one minute. After centrifugation, the column was transferred to a 1.5 ml eppen-
dorf tube and dried to remove any traces of wash buffer. After drying, 32 μl of 
DNA elution buffer was added directly to the matrix and incubated for 5 minutes 
at room temperature. The tubes were centrifuged at 12,000 g for one minute to 
elute the DNA. The resulting DNA solution was then stored in the refrigerator at 
+4˚C. Quality control and quantification of the extracted DNA were performed 
by electrophoretic migration through a 1% agarose gel to ensure its integrity 
(quality) and to estimate its concentration. The estimation was done by com-
paring the band of each sample with the bands of known concentrations of the 
control marker or the Smart Ladder. 

2.3. Selection of Molecular Markers 

A dozen genetic markers were initially selected for the genetic characterization 
analyses. These markers were selected based on data from the literature of stu-
dies that have been conducted on tilapia and other fish species [12] [15] [26] 
[27] [28] [29]. Preliminary analyses were then performed to ensure their quality 
and suitability for use in Nile Tilapia O. niloticus. As a result of these tests, six 
markers including one SCARII (sequence characterized amplified regions) marker 
and five microsatellite markers were selected for this study. The microsatellite 
markers were analyzed for five populations (Mbodiene, ANA, Sauvage, ITACA 
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and Richard-Toll) while for the SCARII marker analyses were conducted only 
on four of the five populations (Mbodiene, ANA, Sauvage and ITACA). The Ri-
chard-Toll population was not analyzed for this marker. 

The SCARII marker is one of the most stable markers, usually derived from 
RFLP, RAPD, AFLP markers [15] [20] [30]. The basic principle of this genetic 
marker is to design specific primers of about 20 bp in length from the acquired 
sequence information and then reveal a polymorphism by ordinary PCR. Be-
cause of its speed, simplicity of application, and low cost, the SCARII marker is 
particularly suitable for analysis of large numbers of samples Li et al., [22]. How-
ever, it requires minimal information about the composition of the sequence to 
be amplified and enormous effort and additional expense in defining locus-spe- 
cific primers. 

2.4. Amplification of SCARII and SSR Markers 

For PCR amplification of the SCARII marker, the conventional amplification 
protocol that requires a pair of primers (one forward and one reverse primer) 
was used (Table 1). PCR amplification was performed in one well of a 96-well 
PCR plate with a total reaction volume of 25 μl containing 1 μl of template DNA, 
1 μl for each primer at 10 μM (forward and reverse primer), 12.5 μl of 2× Master 
Mix (MGCL2 buffer mix, Taq, DNTPs), 9.5 μl of ultrapure molecular free water 
nuclease.  

Primer testing and selection of SSR markers (Table 1) were performed by acry-
lamide gel electrophoretic migration after PCR. This PCR amplification assay se-
lects primers that correctly amplify the correct DNA fragment and eliminates 
those that did not work. Thus, out of seven pairs of SSR primers tested, only one 
(G12288) was eliminated as monomorphic. 

 
Table 1. Primers of SSR and SCARII markers analyzed. For the primer name, the codes between parentheses correspond to the 
name in certain scientific articles. 

Primer name Forward (F) and (R) sequences AT ˚C %GC Length (bp) Accession number 

SCARII 
F: TGGATGGATGGATTGATGGA 
R: AGCCAGCGAACCAAGATCTAT 

60 45 20 XR269836.4 

PRLI-MS04 
F: GTTAGCCCCCTCCTCACTCT 
R: ACCTTGCTCGTCACACCTG 

60 60 20 X92380 

UNH104 (G12257) 
F: GCAGTTATTTGTGGTCACTA 
R:GGTATATGTCTAACTGAAATCC 

55 40 20 G12257 

G12373 (UNH222) 
F: CTCTAGCACACGTGCAT 
R: TAACAGGTGGGAACTCA 

53 52.94 17 G12373 

G12330 (UNH136) 
F: GTCACACCTCCATCATC 
R: AGTTGTTTGGTCGTGTAAG 

53 52.94 17 G12330 

G12362 (UNH211) 
F: GGGAGGTGCTAGTCATA 
R: CAAGGAAAACAATGGTGATA 

53 52.94 17 G12362 

AT: annealing temperature; bp; base pair; GC: guanine-cytosine. 
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Amplification of microsatellite markers or SSRs was performed using a con-
ventional PCR protocol but all direct primers were labeled with a fluorescent dye 
(M13-Primer) for detection of the amplified fragment. The PCR amplification 
reaction consisted of a 5 ng/l DNA template and a master mix composed of TP 
10 × (85 μl), DNTP 2000 (85 μl), MgCl2 50 mm (34 μl), AMF-M13 10 μm (7 μl), 
AMR 10 μm (7 μl), labeled M13 (Dye 700 or Dye 800): 10 μm (7 μl), Taq 2 U/μL 
(8 μl), and H2O (191 μl). Amplification was performed in a thermal cycler ac-
cording to the following program: initial denaturation at 94˚C for 5 minutes, 
denaturation cycles at 94˚C for 45 s, hybridization at 54˚C - 58˚C for 1 min, 
elongation at 72˚C for 1 min, final extension at 72˚C for 5 min, hold at 4˚C. 

2.5. Sequencing of SCARII Marker and Genotyping of SSR Markers 

Sequencing of the DNA fragment of each individual amplified by the SCARII 
primers was performed by the South African genomics company “Inqababiotec”. 
The first step of the SSR genotyping consists in depositing the DNA on an acry-
lamide gel to produce an electrophoresis on the Li-Cor system (sequencer). Prep-
aration of the acrylamide gel consisted of pouring 20 ml of cold acrylamide (LR) 
into a small beaker and adding 175 μl of 10% APS (ammonium persulfate) and 
25 μl of temed (tetra-methyl-ethylene-diamine). After gel polymerization (ap-
proximately 1.5 hours), 2 μl of PCR product from each sample was plated onto a 
96-well plate into which 8 μL of urea blue is added. PCR-derived microsatellite 
amplicons migrated through the gel mesh using an ultrahigh-voltage electric field 
(1500 V). The fragments marked during amplification emit fluorescence when 
excited by laser diodes at 2 different wavelengths (680, 780 nm). An IR camera 
detects these signals and the system retranscribes a migration profile on the 
computer interface connected to Li-Cor. At the end of the migration, the images 
are recorded and processed with the XNView software. 

2.6. Genetic Analyzes 

Data obtained from SCARII sequencing and SSR genotyping were cleaned to 
correct any errors. They were then used to assess genetic variability (within- and 
between-population genetic diversity) and the genetic structure of populations.  

Genetic diversity was assessed using GENALEX 6.501 [30] by analyzing the 
following parameters: polymorphism rate, allele frequency at each locus, number 
of alleles per locus (NA), average number of alleles or allelic richness, number of 
effective alleles (NE), observed heterozygosity (Ho) and expected heterozygosity 
(He). The Fis index (differentiation of individuals within populations) or in-
breeding coefficient was used to assess happlotypic diversity and to assess the 
degrees of inbreeding within each population using DNASP 6. The typical Hap-
lex Network was generated by the Haplotype Network. 

Total genetic diversity (HT), within-population genetic diversity, between- 
population genetic diversity (Dst), and genetic differentiation coefficient (Gst) 
were calculated from the allelic frequencies of microsatellite loci for the five pop-
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ulations. Genetic differentiation among populations was assessed using AMOVA, 
Fst, (the correlation between alleles within a population versus all subpopula-
tions), differentiation index (differentiation of individuals from the total), and 
discriminant analysis of principal component (DAPC). 

The DAPC was used to illustrate the genetic structuring of populations. In the 
DAPC approach, data are first analyzed using principal component analysis (PCA) 
and then clusters are identified using discriminant analysis (DA). The perfor-
mance of this method was evaluated using simulated data, which was also ana-
lyzed using the structure as a reference. 

Nei’s genetic distance was used on the SCARII marker to assess intra- and in-
ter-population genetic structure [31]. Tajima’s neutral test was used to illustrate 
the allelic frequency distribution of nucleotide sequence data [32]. Tajima’s D 
was used to test the null hypothesis of mutation-drift equilibrium and constant 
population size by considering the difference of nucleotide sequence pair (π) and 
the number (s) of segregating sites. 

3. Results 
3.1. Polymorphism and Diversity of SCARII and SSR Markers 

After extraction, all individuals showed good profiles (Figure 1(A), Figure 1(B)), 
indicating that the quality and quantity of DNA extracted from these individuals 
was sufficient for all PCR amplifications that were to be performed in this study. 
The PCR amplification of the SCARII marker (Figure 1(C)) and SSR (Figure 
1(D)) also showed that all individuals were amplified and that the amount of 
amplified DNA as well as its quality was good enough to perform all future ana-
lyses. 

3.2. Polymorphism and Diversity of SCARII and SSR Markers 

A total of 59 haplotypes were determined, with 15 phaplotypes per population 
(Table 2). All haplotypes are different from each other with happlotypic diversity  
 

 
Figure 1. DNA concentration estimation ((A) Richard-Toll; (B) ANA) using control mark-
er concentration values (smart ladder) and PCR amplified DNA profiles using the SCARII 
marker (C) and the PRLI-MS01 SSR marker (D). 

A) B)

C) D)

https://doi.org/10.4236/ojgen.2023.131001


M. Tine et al. 
 

 

DOI: 10.4236/ojgen.2023.131001 8 Open Journal of Genetics 
 

Table 2. Nucleotide and haplotype diversities of four populations analyzed with the SCARII 
marker. 

POPULTIONS H Hd S Pi K 

ANA 15 1 188 0.10224 42.8381 

ITACA 15 1 99 0.07158 29.99048 

Mbodiene 15 1 178 0.10544 44.18095 

Sauvage 14 1 111 0.08075 33.83516 

TOTAL ESTIMATE 59 1 233 0.08907 37.32145 

H: number of haplotypes; Hd: haplotypic diversity; S: polymorphic sites; Pi: nucleotide di-
versity; K: nucleotide differences. 
 
(HD) equal to 1 for each population. The highest number of polymorphic sites 
(S) was observed for ANA, followed by Mbodiene (188 and 178 polymorphic 
sites, respectively) and the lowest were noted for the ITACA and Sauvage popula-
tions (99 and 111 polymorphic sites, respectively) (Table 2). As for nucleotide 
diversity (Pi), it ranged from 0.07158 for the ITACA population to 0.10544 for 
the Mbodiene population. Thus, it was higher for ANA and Mbodiene popula-
tions compared to ITACA and Sauvage. The nucleotide difference (K) was higher 
ANA and Mbodiene populations (42.8381 and 44.18095, respectively) and lower 
for of ITACA (29.99048) and Sauvage (33.83516) (Table 2). 

For the five microsatellites or SSR markers used, a total of 52 different alleles 
were identified in the five populations. All markers showed a high rate of po-
lymorphism (100%). The average number of alleles per locus (Na) varied from 
5.000 to 7.600 with an average value of 6.920 (Table 3, Figure 2). The most po-
lymorphic marker was G12362 with 14 alleles and the least polymorphic was 
G12330 with six alleles. The most diverse populations were ANA and Mbodiene 
(Na = 7.600), followed by ITACA and Sauvage (Na = 7.200) and the least geneti-
cally diverse population was Richard-Toll (Na = 5.000). The number of effective al-
leles (Ne) varied from 3.405 to 5.404 (Table 3, Figure 2). The number of effective 
alleles (Ne) varied from 3.405 (Richard-Toll) to 5.404 (IACA) (Table 3, Figure 
2). The Ne was higher for ITACA (5.404), followed by ANA (4.393) and Mbo-
diene (4.222) and lower for Richard-Toll (3.405). The number of unique allele 
to a single population (No. private allele) was higher for the ANA (4 alleles) 
compared to Richard-Toll, ITACA and Sauvage (Figure 2). The No was null for 
the Mbodiene population. The number of different alleles with a frequency ≥ 5% 
(Na Freq. ≥ 5%) was not significantly different between populations (Figure 2). 
The No. LComm alleles (≤50%), number of locally common allele (Freq. ≥ 5%) 
found in 50% or fewer populations was higher Mbodiene, Sauvage and ITACA 
and lower for ANA and Richard-Toll (Figure 2). As for the number of alleles 
with a frequency ≥ 5% (Na Fq), it was higher for ITACA, ANA and Mbodiene 
and lower for Sauvage and Richard-Toll (Figure 2). The Shannon-Weaver index 
(I) varied between 1.341 and 1.743 (Figure 2). It was slightly higher for ANA, 
ITACA and Mbodiene and lower for Richard-Toll and Sauvage. 
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Table 3. Average number of alleles (allelic richness) per locus and per population (NA), 
and the number of effective alleles (Ne). 

locus  Richard-Toll ANA ITACA Mbodiene Sauvage 

PRLI-MS01 NA 4 9 7 9 5 

 Ne 3.103 6.429 5.422 5.556 3.041 

UNH104 NA 4 7 6 9 9 

 Ne 2.217 3.383 3.982 4.215 2.601 

G12373 NA 6 7 8 6 7 

 Ne 3.409 3.689 5.844 3.814 5.294 

G12330 NA 4 4 4 4 5 

 Ne 3.000 2.036 3.061 1.899 3.041 

G12362 NA 7 11 11 10 10 

 Ne 5.294 6.429 8.711 5.625 6.426 

Average NA  5.000 7.600 7.200 7.600 7.200 

Average Ne  3.405 4.393 5.404 4.222 4.081 

Na: average number of alleles; Ne: effective number of alleles of PRLI-MS01, UNH104, 
G12373, G12330, G12362 markers. 

 

 
Figure 2. Genetic diversity parameters and heterozygosity of captive stocks and natural 
population of Nile tilapia Oreochromis niloticus from Senegal. 

 
The values of expected heterozygosity (He) and observed heterozygosity (Ho) 

are presented in Table 4. The Ho values ranged from 0.267 for UNH104 (ITACA) 
to 1.000 for PRLI-MS01 (ANA) and G12373 (all populations). As for He values, 
they ranged from 0.473 for G12330 (Mbodiene) to 0.885 for G12362 (ITACA). 
The mean Ho values range from 0.68 to 0.81 for Richard-Toll and ANA, respec-
tively. The mean values of He range from 0.71 for Richard-Toll population to 
0.82 for ITACA. The mean He was significantly higher for ITACA compared to 
the other populations (Table 4, Figure 2). 
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Table 4. Observed heterozygosity rate (Ho) and expected heterozygosity (He) by locus 
and population. 

 Richard-Toll ANA ITACA Mbodiene Sauvage 

PRLI-MS01      

N 15 15 15 15 15 

Ho 0.333 1.000 0.867 0.933 0.533 

He 0.678 0.844 0.816 0.820 0.671 

UNH104      

N 15 15 15 14 15 

Ho 0.667 0.800 0.267 0.786 0.533 

He 0.549 0.704 0.749 0.763 0.616 

G12373      

N 15 15 15 15 15 

Ho 1.000 1.000 1.000 1.000 1.000 

He 0.707 0.729 0.829 0.738 0.811 

G12330      

N 15 15 15 15 15 

Ho 0.600 0.400 0.733 0.467 0.667 

He 0.667 0.509 0.673 0.473 0.671 

G12362      

N 15 15 14 15 14 

Ho 0.800 0.867 0.714 0.667 0.857 

He 0.811 0.844 0.885 0.822 0.844 

Average      

N 15 15 15 15 15 

Ho 0.68 0.81 0.71 0.77 0.72 

He 0.71 0.75 0.82 0.75 0.75 

N: number; Ho: observed heterozygosity; He: expected heterozygosity. 

3.3. Allelic Frequencies 

The allelic composition (10 alleles in total) and the distribution of their frequen-
cies for the PRLI-MS01 locus showed that the ANA and Mbodiene populations 
have the highest number of alleles (9 alleles in total) (Figure 3). They are fol-
lowed by ITACA, Sauvage and Richard-Toll (7, 5 and 4, respectively). Alleles 2, 3 
and 4 have the highest frequencies (20% to 40%) in these populations. Allele 8 is 
rarer and was only found in the ANA population, followed by alleles 10 and 11 
which are present in two populations (ANA/Mbodiene and ITACA/Mbodiene, 
respectively), but with low frequencies (<10%) (Figure 3). 

For the UNH104 marker, 12 alleles were identified in total, two of which (al-
leles 3 and 4) are present in all populations (Figure 4). The most polymorphic  
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Figure 3. Comparison of allele frequencies of PRLI-MS01 locus between O. niloticus pop-
ulations from Senegal. 
 

 
Figure 4. Comparison of allele frequencies of UNH104 locus between O. niloticus popu-
lations from Senegal. 
 
populations are Sauvage and Mbodiène (9 alleles each), followed by ANA (7 al-
leles) and ITACA (6 alleles). The least diverse population is the Richard-Toll 
population with three alleles in total. Allele 11 is present only in the Sauvage 
population while alleles 2, 5, 7, 12 and 13 are all found in two of the five popula-
tions analyzed (Figure 4). Alleles 1 and 8 are present in four populations while 
alleles 6 and 9 are found in three of the five populations (Figure 4). In terms of 
frequency, allele 3 has the highest frequency in all populations (40% - 60%), in 
contrast to the other alleles that are present with a frequency < 20%. 

A total of 10 alleles were identified for locus G12373 across the five popula-
tions studied (Figure 5). The most polymorphic population for this locus is 
ITACA (8 alleles), followed by ANA and Sauvage (7 alleles each) and finally  
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Figure 5. Comparison of allele frequencies of G12373 between five populations of O. ni-
loticus from Senegal. 
 
Mbodiene and Richard-Toll (6 and 5 alleles, respectively). Alleles 6, 8 and 9 are 
present in all populations but allele 9 has the highest frequency. In contrast, al-
leles 1 and 2 are rarer because they are present in only one population (ITACA 
and Richard-Toll, respectively). Allele 4 is found in only two populations (Ri-
chard-Toll and Mbodiene) while allele 3 is present in three of the five popula-
tions (ANA, ITACA and Sauvage). The remaining alleles (5, 7 and 10) are found 
in four of the five populations, but with low frequency (Figure 5). 

Locus G12330 has six alleles, two of which (alleles 1 and 2) are found in all 
populations, followed by allele 5 which is present in four of the five populations 
(Figure 6). Alleles 4 and 6 are rarer as they are found in only two of the five pop-
ulations. Allele 3 is present in three populations (Richard-Toll, Mbodiène and 
Sauvage). The frequency of allele 1 was high in all populations (40% - 60%) while 
that of the other alleles 2, 3, 4, 5 and 6 was low (Figure 6). The most diverse 
population for this locus is Sauvage with a total of five alleles, followed by the 
Richard-Toll, ANA, ITACA and Mbodiene populations, which have four alleles 
each (Figure 6). 

Locus G12362 has 14 alleles of which 2 (10 and 12) are present in all popula-
tions with relatively high frequencies (Figure 7). For this locus, the ANA and 
ITACA populations are more diverse (11 alleles), followed by Mbodiene and 
Sauvage (10 alleles). The least diverse population is Richard-Toll with 7 alleles 
(Figure 7). Allele 14 is rarer because it is present only in the ANA population. It 
is followed by alleles 2 and 5 found in the ITACA and Sauvage populations with 
the lowest frequencies. Alleles 3, 4, 9, 10 and 11 are present with high frequen-
cies (>20) in the ANA, Richard-Toll, Sauvage and Mbodiene populations, re-
spectively, while the other alleles are present with relatively low frequency (<20) 
in all populations. 
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Figure 6. Comparison of allele frequencies of G12330 locus between five populations of 
O. niloticus from Senegal. 

 

 
Figure 7. Comparison of allele frequencies of G12362 locus between five populations of 
O. niloticus from Senegal. 

3.4. Within and among Population Diversities 

Total genetic diversity (HT), within-population genetic diversity (HS), between- 
population genetic diversity (Dst), and coefficient of genetic differentiation (Gst) 
are shown in Table 5. The HT varied from 0.638 to 0.911 with an average of 
0.779 whereas the HS ranged from 0.621 to 0.875 with an average of 0.759. The 
Dst and Gst are low as evidenced by their values that ranged from 0.012 to 0.036 
(average: 0.020) and from 0.019 to 0.049 (average: 0.032), respectively (Table 5). 
The contribution of within-population genetic diversity (average HS = 0.759) to 
total genetic diversity (average HT = 0.779) is greater than the contribution of 
genetic diversity between populations (Dst = 0.020). 
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Table 5. Nei diversity indices estimated in five populations of O. niloticus for the five mi-
crosatellites. 

SSR Loci HT HS Dst Gst 

PRLI-MS01 0.836 0.809 0.017 0.026 

UNH104 0.737 0.711 0.017 0.029 

G12373 0.794 0.781 0.012 0.019 

G12330 0.638 0.621 0.017 0.034 

G12362 0.911 0.875 0.036 0.049 

Average 0.779 0.759 0.020 0.032 

HT: total genetic diversity; HS: intra population genetic diversity; Dst: inter population 
genetic diversity; Gst: gene differentiation coefficient. 
 

The AMOVA based on the five populations showed that the vast majority of 
genetic diversity (94%) occurs within populations (Table 6), while diversity be-
tween populations accounted for only 6% of total genetic variation. Multiple 
comparisons of Wright’s F statistics from all microsatellite data showed that the 
index of genetic differentiation Fst was 0.059 (P value = 0.0001) whereas the Fis 
and Fit were 0.026 and 0.051, respectively.  

Although genetic differentiation between populations was significant, genetic 
variation within populations was maintained. The SSR results confirmed that the 
observed genotypic frequencies in O. niloticus are consistent with the expected 
frequencies, indicating that there was no significant deviation from the Har-
dy-Weinberg hypothesis. They also showed that panmictic interbreeding within 
populations is relatively high. The estimated migration rate between populations 
was 4.74, suggesting low gene flow between populations. 

3.5. Genetic Structure 

Genetic distance was higher for the ITACA/Richard-Toll pairwise populations 
(Nei genetic distance = 0.312) which are more genetically distant compared to 
the other populations (Table 7). The lowest genetic distance was noted for the 
Mbodiene/ANA pairwise populations (Nei genetic distance = 0.126). Compari-
son of genetic distances also indicated that the ITACA/ANA, Sauvage/ANA 
pairwise populations have equivalent genetic distances, which are slightly lower 
than that of Sauvage/ITACA, Mbodiene/Sauvage and Mbodiene/ITACA. 

The haplotype network (Figure 8) showed that all haplotypes appear with 
equivalent frequency. The network did not show a haplotype representing a 
center of differentiation. Otherwise, there is no haplotype variant shared by two 
or more individuals belonging to different populations or localities. All haplo-
types are unique to different populations. The Tajima neutrality test was ob-
tained from the total number of polymorphic sites (278) and the total number 
of nucleotide differences K (41.44). The value of D obtained is negative equal to 
−1.72. 
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Table 6. AMOVA results for O. niloticus individuals based on 5 microsatellites analyzed 
in five populations (ANA, ITACA, Mbodiene, Richard-Toll and Sauvage). 

Partitioning df 
Sum of 
Squares 

Variance  
component 

Percentage  
of variance 

F-statistic 

Inter population 4 25.261 0.205 6 Fst = 0.059* 

Intra population 70 226.799 3.239 94 P-value = 0.0001 

Total 74 252.061 3.445   

 
Table 7. Nei genetic distance (above the diagonal) and identity of Nei per pair (below the 
diagonal). 

Richard-Toll ANA ITACA Mbodiene Sauvage  

 0.215 0.312 0.172 0.191 Richard-Toll 

0.807  0.167 0.126 0.176 ANA 

0.732 0.847  0.267 0.214 ITACA 

0.842 0.882 0.765  0.218 Mbodiene 

0.826 0.838 0.807 0.804  Sauvage 

 

 
Figure 8. Haplotype network generated by the haplotype network software. ANA (A) 
population in yellow, ITACA (I) in green, Mbodiene (Mb) in blue and Sauvage (S) in 
pink. The Richard-Toll population was not analyzed for the SCARII marker. 

 
The principal component discriminant analysis (Figure 9) performed on the 

basis of allelic positions indicates that axes 1 (43.9%) and 2 (32.36%) contribute 
approximately 92.04% of the total variance. The analysis reveals four population 
groups (Figure 9). Group 1 is made up of individuals from the ANA, ITACA, 
Mbodiene and Sauvage populations, while group 2 includes individuals from the 
Richard-Toll, ITACA, Mbodiene and Sauvage populations. As for group 3, it is 
formed by individuals from Richard-Toll, ANA, ITACA, Mbodiene and Sauvage  
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Figure 9. Discriminant analysis of principal component (DAPC) of the five study populations for the 
five microsatellite markers. (A) Variance explained by the PCA; (B) value of BIC versus number of clus-
ters; (C) scatter plot. Dots represent individuals and the colors denote the genetic cluster (group). 

 
and group 4 is made up of individuals from the Richard-Toll, ANA, ITACA, Mbo-
diene and Sauvage. These results show that there is heterogeneity in the popula-
tions studied. 

4. Discussion 

The growth performance of fish species in aquaculture may be due to its genetic 
potential or to the farming conditions. It is therefore necessary to perform ge-
netic characterization of the strains when comparing aquaculture performance 
individuals in order to know whether the measured performance is determined 
by the genetic component or by the rearing conditions. Although O. niloticus is 
the most cultivated fish species in Senegal, comparison of aquaculture perfor-
mance and characterization of strains locally exploited has not been carried out. 
The selection of a strain with better growth performance linked by the genetic 
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component could allow to increase the production in local farms. This study was 
conducted to characterize and measure the level of genetic variability of different 
strains of O. niloticus exploited in aquaculture in Senegal. The results show that 
the genetic variability of the cultured populations can be different due to a ge-
netic difference of parental populations or a reduction of genetic variability in 
hatcheries. 

4.1. Genetic Variability of SCARII and Microsatellite Markers  

Molecular analysis by the SCARII marker showed a high nucleotide diversity 
(polymorphism) ranging from 0.0715 for the ITACA population to 0.105 for the 
Mbodiene population. These results are in agreement with those of Ndiwa et al. 
[29] who found nucleotide diversities ranging from 0 to 0.051 for the Senegal 
River strain inhabiting the Chelaba source. However, they revealed higher po-
lymorphism at nucleotide sites compared to the results of Ndiwa et al. [29]. The 
SSR markers also showed a high genetic polymorphism with a total of 52 alleles 
for the five populations studied and a number of alleles per locus ranging from 6 
(locus G12330) to 14 (locus G12362). This high number of alleles is sufficient to 
reduce the standard error committed for an estimation of genetic distances ac-
cording to Takezaki and Nei [33], who suggested at least 4 alleles per locus. The 
levels of allele variability observed in this study are similar to those of Moreira et 
al. [28] who found a high level of polymorphism with a total of 37 alleles ranging 
from 8 alleles for loci UNH104 and UNH118 to 7 alleles for loci UNH108, UNH222 
(G12373) and UNH231. Melo et al. [27] found similar results in the same species 
with a total of 39 alleles ranging from 6 alleles for loci UNH108 and UNH169 to 
11 alleles for locus UNH160. Similarly, when studying 4 strains of Nile tilapia, 
Rutten et al. [15] obtained a lower number of alleles per locus (5 to 7.5 alleles), 
which can be explained by the fact that they worked only on farmed populations. 
On the contrast, Romana-Eguia et al. [16] observed a higher number of alleles 
(10 to 14.8 alleles per locus on average). The difference in the average number of 
alleles per locus between these two species with similar reproductive systems 
could be explained by the fact that the individuals sampled by Romana-Eguia et 
al. [16] belonged to domestic strains including genetically improved breeding 
strains and Nile hybrid tilapia strains. The number of alleles in this study is also 
lower than that observed in wild O. mossambicus strains (ranging from 8.937 to 
15.751. These differences may be explained by the plurality of rivers sampled for 
Mozambique (Limpopo, Umbeluzi, incomati and sabié) that promote high ge-
netic diversity [34]. 

4.2. Genetic Diversity between Populations 

The estimating of Ho and He provides information on the degree of genetic di-
versity within populations. In this study, the average He ranged from 0.71 to 0.83 
while that of Ho ranged from 0.68 to 0.81. Consistent with these results, Rutten 
et al. [15] in a genetic characterization study conducted on four strains of Nile 
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tilapia, found a relatively higher expected heterozygosity (He = 0.624 to 0.711) 
than observed heterozygosity (Ho = 0.612 to 0.696). These results are of the 
same order of magnitude but significantly lower than those found in the current 
study, which can be explained by a reduction in genetic variability under hat-
chery conditions due to a limited number of broodstock. Indeed, Rutten et al. 
[15] sampled captive populations whereas the individuals analyzed in this study 
were from both captive and wild populations. This is consistent with the high He 
and Ho (0.819 to 0.911 and 0.900 to 1.000, respectively) reported in wild popula-
tions of O. mozambicus from the Limpopo, Umbeluzi, incomati, and Sabie riv-
ers [34]. 

The mean He obtained in the present study is higher than the Ho, suggesting 
a heterozygosity deficiency in the populations analyzed. This reduction in Ho 
relative to He may be explained by gene flow, allele reading error, or inbreeding. 
In addition, the observed genotypic frequencies are consistent with expected 
frequencies, suggesting a lack of significant deviation from Hardy-Weinberg 
imbalance (Fit = 0.051). The low Fis (0.026) found in this study also suggests the 
absence of Hardy-Weinberg deviation in the five populations analyzed and in-
dicates that the tilapia populations studied are not affected by inbreeding. In ad-
dition, the migration rate between populations was 4.74, suggesting low gene 
flow between populations. Thus, the high heterozygosity and allelic frequency 
found in this study may be due to a common origin of some populations (ANA, 
Richard-Toll, Mbodiene, and Sauvage), which may promote random mating within 
a Hardy-Weinberg parental population.  

4.3. Genetic Structure 

Tajima’s D parameter obtained with the neutral test compares the average num-
ber of differences per nucleotide pair with the number of segregation sites [32]. 
The neutral test gave negative Tajima values ranging from −1.508 to −0.540 for 
the ANA, ITACA, Mbodiene and Sauvage populations. The lowest Tajima D 
value was noted for the ANA and Mbodiene pairwise populations and the high-
est for the ITACA and Sauvage. SSR results showed moderate genetic differen-
tiation among populations (Fst = 0.059; p = 0.0001), consistent with the strong 
contribution of intra-population genetic diversity (HS) to total genetic diversity 
(HT). In agreement with our results, Simbine et al. [34] revealed moderate diffe-
rentiation (STF = 0.006, p < 0.001) between O. mossambicus strains from dif-
ferent rivers. Discriminant analysis of principal component indicates two axes 
that contribute to approximately 92.04% of the total variance. It reveals four 
groups gathering 80% to 100% of the individuals of the studied populations, 
which are discriminated by alleles 1, 2, 11, 14 and 8. However, alleles 1, 2 and 11 
have a stronger discriminating power, followed by allele 14 and then allele 8. 
These four groups are very heterogeneous, which can be explained by a common 
origin and a recent geographical separation, probably by the establishment of 
aquaculture farms and the isolation of the breeders of these farms. These results 
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are consistent with those obtained with the genetic diversity, which indicated 
high within-population genetic diversity, but low among-population genetic di-
versity. The negative Tajima values indicate an excess of rare mutations in the 
studied populations, a result of recent population expansion [35]. Thus, the low 
genetic differentiation observed in this study could due to a limited number of 
initial breeders and their isolation in the hatcheries. They have then expanded in 
the hatcheries during their years of captivity.  

5. Conclusion 

Analysis of the five microsatellite loci showed a total of 52 alleles with high po-
lymorphism and revealed a high level of heterozygosity (Ho) within the study of 
Nile tilapia O. niloticus populations from Senegal. Allele frequency analysis showed 
that 80% - 100% of populations carried at least high frequencies of alleles 1, 2, 3 
and 9. These analyses showed high genetic diversity among individuals within O. 
niloticus populations. The AMOVA results revealed strong differentiation with-
in populations and weak but significant genetic differentiation between popula-
tions in agreement with the DAPC results that showed differentiation of the five 
populations studied into four genetic groups. The overall results suggest that the 
captive stocks of O. niloticus exploited in aquaculture systems in Senegal origi-
nated from a single population. This parental population was further divided 
into four distinct genetic groups following the isolation of a limited number of 
broodstock in local hatcheries. However, further studies using much larger sam-
ples from the major breeding regions with a much broader panel of genetic mark-
ers are needed to better quantify the levels of genetic differentiation within and 
between strains of O. niloticus. It would also be interesting to compare at the 
same time the zootechnical performance of these strains and ultimately select the 
best strains for sustainable breeding of the species. 

Acknowledgements 

The authors thank the Gaston Berger University for allowing and supporting 
this study 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] FAO (2022) The State of World Fisheries and Aquaculture 2022. 

[2] FAO (2018) The State of World Fisheries and Aquaculture 2018. 

[3] Lymer, D., Funge-Smith, S. and Miao, W. (2010) Status and Potential of Fisheries 
and Aquaculture in Asia and the Pacific 2010. 85 p. 

[4] Subasinghe, R., Soto, D. and Jia, J. (2009) Global Aquaculture and Its Role in Sus-
tainable Development. Reviews in Aquaculture, 1, 2-9.  

https://doi.org/10.4236/ojgen.2023.131001


M. Tine et al. 
 

 

DOI: 10.4236/ojgen.2023.131001 20 Open Journal of Genetics 
 

https://doi.org/10.1111/j.1753-5131.2008.01002.x 

[5] Boyd, C.E., McNevin, A.A. and Davis, R.P. (2022) The Contribution of Fisheries 
and Aquaculture to the Global Protein Supply. Food Security, 14, 805-827.  
https://doi.org/10.1007/s12571-021-01246-9 

[6] Hannah Ritchie (2019) The World Now Produces More Seafood from Fish Farms 
than Wild Catch. Our World in Data. 

[7] Jurgensmeyer, K. (2019) Wild-Caught vs. Aquaculture (Farm-Raised) Fish: Myths 
and Facts. Sustainable Seafood Sampler Featuring Arctic Char, Black Cod, and Cop-
per River Sockeye Salmon. 

[8] Tidwell, J.H. and Allan, G.L. (2001) Fish as Food: Aquaculture’s Contribution: Eco-
logical and Economic Impacts and Contributions of Fish Farming and Capture Fi-
sheries. EMBO Reports, 2, 958-963. https://doi.org/10.1093/embo-reports/kve236 

[9] FAO (2022) Philippines. Text by Paclibare, J.O. Fisheries and Aquaculture Division, 
Rome. 

[10] Adeleke, B., Robertson-Andersson, D., Moodley, G. and Taylor, S. (2021) Aquacul-
ture in Africa: A Comparative Review of Egypt, Nigeria, and Uganda Vis-à-Vis South 
Africa. Reviews in Fisheries Science & Aquaculture, 29, 167-197.  
https://doi.org/10.1080/23308249.2020.1795615 

[11] Faye, E., Sarr, S.M., Toure, M.A., Gueye, S. and Gueye, M. (2018) Effets de la densité 
de stockage sur la croissance des alevins de Tilapia (Oreochromis niloticus L.) en 
cages fixes dans le Lac de Guiers, Sénégal. Afrique SCIENCE, 14, 378-390. 

[12] Amoussou, T.O., Toguyeni, A., Toko, I.I., Chikou, A. and Karim, I.Y.A. (2016) Ca-
ractéristiques biologiques et zootechniques des tilapias africains Oreochromisnilo-
ticus (Linnaeus, 1758) et Sarotherodon melanotheron Rüppell, 1852: Une revue. In-
ternational Journal of Biological and Chemical Sciences, 10, 1869-1887.  
https://doi.org/10.4314/ijbcs.v10i4.35 

[13] Lacroix, E. (2004) Pisciculture en Zone Tropicale. 

[14] Thodesen, J., Rye, M., Wang, Y.-X., Li, S.-J., Bentsen, H.B., Yazdi, M.H., et al. (2013) 
Genetic Improvement of Tilapias in China: Genetic Parameters and Selection Res-
ponses in Growth, Survival and External Color Traits of Red Tilapia (Oreochromis 
spp.) after Four Generations of Multi-Trait Selection. Aquaculture, 416-417, 354-366. 
https://doi.org/10.1016/j.aquaculture.2013.09.047 

[15] Rutten, M.J.M., Komen, H., Deerenberg, R.M., Siwek, M. and Bovenhuis, H. (2004) 
Genetic Characterization of Four Strains of Nile tilapia (Oreochromis niloticus L.) 
Using Microsatellite Markers. Animal Genetics, 35, 93-97.  
https://doi.org/10.1111/j.1365-2052.2004.01090.x 

[16] Romana-Eguia, M.R.R., Ikeda, M., Basiao, Z.U. and Taniguchi, N. (2004) Genetic 
Diversity in Farmed Asian Nile and Red Hybrid Tilapia Stocks Evaluated from Mi-
crosatellite and Mitochondrial DNA Analysis. Aquaculture, 236, 131-150.  
https://doi.org/10.1016/j.aquaculture.2004.01.026 

[17] Hassanien, H.A. and Gilbey, J. (2005) Genetic Diversity and Differentiation of Nile 
tilapia (Oreochromis niloticus) Revealed by DNA Microsatellites. Aquaculture Re-
search, 36, 1450-1457. https://doi.org/10.1111/j.1365-2109.2005.01368.x 

[18] Herkenhoff, M.E., Bovolenta, L.A., Broedel, O., dos Santos, L.D., de Oliveira, A.C., 
Chuffa, L.G.A., et al. (2021) Variant Expression Signatures of microRNAs and Protein 
Related to Growth in a Crossbreed between Two Strains of Nile tilapia (Oreochromis 
niloticus). Genomics, 113, 4303-4312. https://doi.org/10.1016/j.ygeno.2021.11.008 

[19] Muneer, P.M.A., Sivanandan, R., Gopalakrishnan, A., Basheer, V.S., Musammilu, 

https://doi.org/10.4236/ojgen.2023.131001
https://doi.org/10.1111/j.1753-5131.2008.01002.x
https://doi.org/10.1007/s12571-021-01246-9
https://doi.org/10.1093/embo-reports/kve236
https://doi.org/10.1080/23308249.2020.1795615
https://doi.org/10.4314/ijbcs.v10i4.35
https://doi.org/10.1016/j.aquaculture.2013.09.047
https://doi.org/10.1111/j.1365-2052.2004.01090.x
https://doi.org/10.1016/j.aquaculture.2004.01.026
https://doi.org/10.1111/j.1365-2109.2005.01368.x
https://doi.org/10.1016/j.ygeno.2021.11.008


M. Tine et al. 
 

 

DOI: 10.4236/ojgen.2023.131001 21 Open Journal of Genetics 
 

K.K., Ponniah, A.G. (2011) Development and Characterization of RAPD and Mi-
crosatellite Markers for Genetic Variation Analysis in the Critically Endangered Yel-
low Catfish Horabagrus nigricollaris (Teleostei: Horabagridae). Biochemical Genet-
ics, 49, 83-95. https://doi.org/10.1007/s10528-010-9389-1 

[20] Mahboob, S., Al-Ghanim, K.A., Al-Misned, F., Al-Balawi, H.F.A., Ashraf, A., Al- 
Mulhim, N.M.A. (2019) Genetic Diversity in Tilapia Populations in a Freshwater 
Reservoir Assayed by Randomly Amplified Polymorphic DNA Markers. Saudi Jour-
nal of Biological Sciences, 26, 363-367. https://doi.org/10.1016/j.sjbs.2018.11.015 

[21] Yang, L., Khan, M.A., Mei, Z., et al. (2014) Development of RAPD-SCAR Markers 
for Lonicera japonica (Caprifolicaceae) Variety Authentication by Improved RAPD 
and DNA Cloning. Revista de Biología Tropical, 62, 1649-1657.  
https://doi.org/10.15517/rbt.v62i4.13493 

[22] Li, S.-F., Tang, S.-J. and Cai, W.-Q. (2008) Two Rapd-Scar Markers in New Gift 
Nile tilapia (Oreochromis niloticus) Implication for Selection Tracking and Strains 
Identification. 8th International Symposium on Tilapia in Aquaculture 2008, Cairo, 
12-14 October 2008, 219-229. 

[23] Li, S.-F., Tang, S.-J. and Cai, W.-Q. (2010) RAPD-SCAR Markers for Genetically 
Improved NEW GIFT Nile tilapia (Oreochromis niloticus L.) and Their Application 
in Strain Identification: RAPD-SCAR Markers for Genetically Improved NEW GIFT 
Nile tilapia (Oreochromis niloticus L.) and Their Application in Strain Identifica-
tion. Zoological Research, 31, 147-154.  
https://doi.org/10.3724/SP.J.1141.2010.02147 

[24] Thodesen, J., Rye, M., Wang, Y.-X., Bentsen, H.B. and Gjedrem, T. (2012) Genetic 
Improvement of Tilapias in China: Genetic Parameters and Selection Responses in 
Fillet Traits of Nile tilapia (Oreochromis niloticus) after Six Generations of Mul-
ti-Trait Selection for Growth and Fillet Yield. Aquaculture, 366-367, 67-75.  
https://doi.org/10.1016/j.aquaculture.2012.08.028 

[25] Mireku, K.K., Kassam, D., Changadeya, W., Attipoe, F.Y.K. and Adinortey, C.A. (2017) 
Assessment of Genetic Variations of Nile tilapia (Oreochromis niloticus L.) in the Volta 
Lake of Ghana Using Microsatellite Markers. African Journal of Biotechnology, 16, 
312-321. https://doi.org/10.5897/AJB2016.15796 

[26] Baggio, R.A., Orélis-Ribeiro, R. and Boeger, W.A. (2016) Identifying Nile tilapia 
Strains and Their Hybrids Farmed in Brazil Using Microsatellite Markers. Pesquisa 
Agropecuária Brasileira, 51, 1744-1750.  
https://doi.org/10.1590/s0100-204x2016001000006 

[27] Melo, D.C., Oliveira, D.A.A., Ribeiro, L.P., Teixeira, C.S., Sousa, A.B., Coelho, E.G.A., 
Crepaldi, D.V. and Teixeira, E.A. (2006) Caracterização genética de seis plantéis 
comerciais de tilápia (Oreochromis) utilizando marcadores microssatélites. Arquivo 
Brasileiro de Medicina Veterinaria e Zootecnia, 58, 87-93.  
https://doi.org/10.1590/S0102-09352006000100013 

[28] Moreira, A.A., Hilsdorf, A.W.S., da Silva, J.V. and de Souza, V.R. (2007) Variabilida 
de genética de duas variedades de tilápianilótica por meio de marcadores micro- 
ssatélites. Pesquisa Agropecuária Brasileira, 42, 521-526.  
https://doi.org/10.1590/S0100-204X2007000400010 

[29] Ndiwa, T.C. (2014) Contribution to the Knowledge of the Populations of Nile tilapia 
(Oreochromis niloticus) Inhabiting Extreme Conditions of Temperature and Alka-
linity. These de Doctorat En Biologie de l’Evolution de l’Ecologie de l’Université de 
Montpellier II, Montpellier, 155 p. 

[30] Peakall, R. and Smouse, P.E. (2012) GenAlEx 6.5: Genetic Analysis in Excel. Popula-

https://doi.org/10.4236/ojgen.2023.131001
https://doi.org/10.1007/s10528-010-9389-1
https://doi.org/10.1016/j.sjbs.2018.11.015
https://doi.org/10.15517/rbt.v62i4.13493
https://doi.org/10.3724/SP.J.1141.2010.02147
https://doi.org/10.1016/j.aquaculture.2012.08.028
https://doi.org/10.5897/AJB2016.15796
https://doi.org/10.1590/s0100-204x2016001000006
https://doi.org/10.1590/S0102-09352006000100013
https://doi.org/10.1590/S0100-204X2007000400010


M. Tine et al. 
 

 

DOI: 10.4236/ojgen.2023.131001 22 Open Journal of Genetics 
 

tion Genetic Software for Teaching and Research—An Update. Bioinformatics, 28, 
2537-2539. https://doi.org/10.1093/bioinformatics/bts460 

[31] Nei, M. (1972) Genetic Distance between Populations. American Naturalist, 106, 
283-292. https://doi.org/10.1086/282771 

[32] Tajima, F. (1989) Statistical Method for Testing the Neutral Mutation Hypothesis by 
DNA Polymorphism. Genetics, 123, 585-595.  
https://doi.org/10.1093/genetics/123.3.585 

[33] Takezaki, N. and Nei, M. (1996) Genetic Distances and Reconstruction of Phyloge-
netic Trees from Microsatellite DNA. Genetics, 144, 389-399.  
https://doi.org/10.1093/genetics/144.1.389 

[34] Simbine, L., Viana da Silva, J. and Hilsdorf, A.W.S. (2014) The Genetic Diversity of 
Wild Oreochromis mossambicus Populations from the Mozambique Southern Wa-
tersheds as Evaluated by Microsatellites. Journal of Applied Ichthyology, 30, 272-280. 
https://doi.org/10.1111/jai.12390 

[35] Sharma, M., Fomda, B.A., Mazta, S., Sehgal, R., Singh, B., Singh, B.B.S. and Malla, 
N. (2013) Genetic Diversity and Population Genetic Structure Analysis of Echino-
coccus Granulosus Sensu Stricto Complex Based on Mitochondrial DNA Signature. 
PLOS ONE, 8, e82904. https://doi.org/10.1371/journal.pone.0082904 

 
 

https://doi.org/10.4236/ojgen.2023.131001
https://doi.org/10.1093/bioinformatics/bts460
https://doi.org/10.1086/282771
https://doi.org/10.1093/genetics/123.3.585
https://doi.org/10.1093/genetics/144.1.389
https://doi.org/10.1111/jai.12390
https://doi.org/10.1371/journal.pone.0082904

	Genetic Characterization of Nile Tilapia (Oreochromis niloticus) Strains from Senegal for Sustainable Local Aquaculture Production
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Sample Collection
	2.2. DNA Extraction and Quality Control
	2.3. Selection of Molecular Markers
	2.4. Amplification of SCARII and SSR Markers
	2.5. Sequencing of SCARII Marker and Genotyping of SSR Markers
	2.6. Genetic Analyzes

	3. Results
	3.1. Polymorphism and Diversity of SCARII and SSR Markers
	3.2. Polymorphism and Diversity of SCARII and SSR Markers
	3.3. Allelic Frequencies
	3.4. Within and among Population Diversities
	3.5. Genetic Structure

	4. Discussion
	4.1. Genetic Variability of SCARII and Microsatellite Markers 
	4.2. Genetic Diversity between Populations
	4.3. Genetic Structure

	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

