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Nile tilapia Oreochromis niloticus is one of the most important fishery
resources and a valuable fish species for aquaculture programmes.
It is found in almost all waters and is widely dispersed. Several natural
populations of this species have beenimpacted by genetic pollution despite
their significant economic relevance. Understanding population structure
is a crucial first step in protecting this species in its native habitats as well as
in choosing which wild stocks to use in hatchery initiatives. To demonstrate
the genetic-population structure of this species, genetic differences among
three geographically secluded populations of O. niloticus were investigated
utilizing mitochondrial DNA cytochrome b gene sequences. The results
were used to estimate the levels of genetic variability within and among
the populations. The 56 cyt b (821 bp) sequences analysis revealed 21
haplotypes, with a nucleotide diversity of 0.0510 and a haplotype diversity
of 0.881. In each of the populations, seven (7) singleton variable sites
and 19 informative-parsimony sites, genetic diversity could be identified
and few population haplotypes were found, indicating a minor genetic
distinction between them. For the purpose of conservation and/or Nile
tilapia breeding programmes, this information would assist in choosing the
fish populations that maintain greater genetic variation in O. niloticus.
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INTRODUCTION

In the world’s fisheries and aquaculture production, Nile
tilapia O. niloticus appears to be the fish with the greatest
economic significance (Bostock et al., 2010; Josupeit,
2010). For aquaculture purposes, the species has been
introduced practically to every tropical and subtropical
environment (Mjoun and Rosentrater, 2010), The fish is
the most widely accepted and prevalent genus in Nigeria
among cichlids (Mert and Cicek, 2010). This is due to its
good aqua-farming characteristics, such as its capacity
to endure unfavourable water conditions and its ability
to accept diverse feed materials (Yakubu and Okunsebor,
2011). Nile tilapia is rich in high-protein, low-fat, sources
of essential nutrients such as potassium, phosphorus, and
vitamin B-12, all of which are necessary for body growth
and development (Shahriar et al., 2011).

Continuous contamination of water sources, escape from
the hatchery and indiscriminate spawning of O. niloticus
have the potential to cause genetic degradation in this
species over time. Hybridization between exotic and
native O. niloticus species is thus a key concern for wild
species conservation (D'Amato et al., 2007). This could
lead to local species losing their genetic purity, resulting in
the extinction of natural species. Additionally, this might
cause the loss of pure species as a result of transgressive
segregation and the emergence of hybrid swarms (Crispo
et al.,, 2011). Furthermore, hybridization impairs the
parental population's fitness and reproductive success
(Mubhlfeld et al., 2009), resulting in low fecundity and, as
a result, decreased fish yields (Amarasinghe and De-Silva,
1996). Increased anthropogenic activity in ecological
processes can also play a significant role in genetic
exchange across fish populations, resulting in genetic
polymorphism in the species’ native range (Crispo et al.,
2011).

Comparative genomic studies which assess population
variance in terms of allelic polymorphisms have
increasinglybecomeanimportantaspectoftheagricultural
approach required in selecting brooders and identifying
threatened species for conservation efforts (Mert and
Cicek, 2010). Diverse DNA signatures are characterization
tools in studies of aquatic species to assess hereditary
inconstancy within or among populations; these include
allozymes (Agnése et al., 1997; Moralee et al., 2000;
Rognon and Guyomard, 2003), and restriction fragment
length polymorphism (RFLP) and random amplified
polymorphic DNA (RAPDs) (Ali et al., 2004; Popoola
et al., 2014). However, there is a dearth of information
on mtDNA markers for O. niloticus in the study areas.
Mitochondrial DNA (mtDNA) markers are quite diverse
and show a trend towards maternal ancestry. They have
been employed to assess phylogenetic connections and
genetic differences between various fish populations and
species (Faulks et al., 2008; Ferguson and Danzmann,
1998). For research on the population of different types

of fish, researchers frequently use mitochondrial DNA
markers like cyt b genes (Habib et al., 2012). A past study
using cyt b to quantify genetic diversity in Labeo rohita
populations by Luhariya et al. (2011) showed that this
marker can be used to assess genetic disparity in both
intra and inter-populations. Three populations of O.
niloticus were studied, and the DNA strands that make up
the cyt b genes were compared to estimate the genetic
diversity among the studied populations. The findings
offer an important insight into the current genetic state of
Nile tilapia O. niloticus. This information will assist in the
formulation of an appropriate management approach and
stock enhancement programmes.

MATERIALS AND METHODS

Nile tilapia O. niloticus (n = 56) were collected from three
locations (Asejire, Ureje, and Ogbese River in Oyo, Ekiti,
and Ondo in Nigeria) between May and October 2019. The
fish were transported in boxes containing ice appropriate
for DNA extraction.

Adopting the phenol/chloroform technique described
by Ullrich et al. (1977), genomic DNA from 56 fish
was extracted from caudal fin clips. An agarose gel
electrophoresis (1.0% w/v) was used to ascertain
the quality of DNA. A NanoDrop Spectrophotometer
(NanoDrop™ ND-1000, Thermo Scientific, Inc.) was used
to determine the concentration and purity of the DNA.
The primers cyt b F 5" TGACTTGAAAAACCACCGTTGTTA
3" and cyt b R: 5 CTTCGGTTTACAAGACCG 3’ were
employed to amplify a 1227 bp (1.2 kbp) portion from the
mitochondrial regulatory region. Molecular grade water
of 21.25 pl, 1.5 pl of each primer (10 mM), 1.5 pl of dNTPs
(10 mM), 0.375 pl of Taq polymerase, 1 pl of template
DNA were added to 3.0 pl of 10X PCR buffer and placed
into a 30 pl tube to run the Polymerase Chain Reactions
(PCRs) in 30 cycles at an annealing temperature of 53 °C,
30 seconds, followed by denaturation temperature of
94°C for 30 seconds, initial extension temperature (72 °C
for 1 min), and a final extension at 72°C for 10 mins, and
subsequently to the initial 5 minutes denaturation at 94
°C. The Ingaba DNA Purification Kit (Ingaba Biotech, South
Africa) was used to complete the PCR amplification, which
was subsequently stained using ethidium bromide stain
on 1.0% agarose gels (Johannesburg, SA). The purified
DNA was sequenced for bidirectional sequencing using
PCR primers by Ingaba Biotech in Johannesburg, South
Africa.

Data analysis

Molecular Evolutionary Genetics Analysis (MEGA 11.0)
was used to compare and align the DNA sequences
from each specimen collected in this study with Clustal
W. Sequence comparisons, pairwise genetic distance
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estimation, and neighbour joining (NJ), using the Kimura
2-parameter (K2P) distance model (Tamura et al., 2011).
Arlequin's analysis of molecular variance (AMOVA)
was used to determine the population structure of O.
niloticus (Excoffier et al., 1992). The DNAsp v. 6.5 was
used to determine how genetic variations affect traits,
as in the diversity of nucleotides (p) and haplotypes (h)
(Rozas et al., 2003). The PopART 1.7 software was used
in creating a haplotype network (Bandelt et al., 1999),
while calculations of sequence composition, indexes
of molecular diversity, and genetic differentiation were
made with Arlequin 3.11 (Excoffier and Lischer, 2006).
The support for bootstraps was computed using 1000
replications, and the mean genetic distances across O.
niloticus populations were estimated using the same
technique.

RESULTS

Cytochrome b region's sequence analysis identified 26
polymorphic sites, 21 haplotypes, and 19 parsimony
informative sites. In different populations, different
haplotypes were discovered at different frequencies. The
Asejire O. niloticus population had the most haplotype
diversity (8 haplotypes), whereas the Ureje and Ogbese
0. niloticus populations had just 7 haplotypes (Table
1). Three sampling sites had haplotype diversity values
between 0.72381 and 0.90476, while Pi was between
0.00179 and 0.00537 (Table 1).

The 45 mtDNA cyt b gene haplotypes obtained from the
analysis were deposited in the genebank and given the
accession numbers (OM811751 - OM811795). The genetic
distance for the three populations under study revealed
that the Asejire and Ureje O. niloticus populations had the
highest genetic distance, whereas the Ogbese and Ureje
populations had the lowest genetic diversity (Table 2).
According to the AMOVA (Table 3), there was 93%
variation between populations and just 7% variation
within populations. The pairwise FST values between the
three populations demonstrated a high level of variation
(0.932).

Table 2. Nei genetic distance for Oreochromis niloticus
populations

Asejire Ureje Ogbese
Asejire 0.00000
Ureje 0.15595 0.00000
Ogbese 0.15560 0.00683 0.0000

The relationship and genetic relatedness of O. niloticus
from the three populations were shown by phylogenetic
investigation. Figure 1 shows the neighbour-joining
evolutionary history of three populations of Oreochromis
niloticus. The neighbour-joining network approaches
for trees revealed three major clades with the Asejire
population having two clades, while the Ureje and Ogbese
populations shared one clade. The procedures produced
trees that characterised species from the same genera
but placed them into sister clades based on populations

(Fig. 1).
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Fig 1. Neighbour-joining method of evolutionary history for
three populations of Oreochromis nilotucus

Table 1. Genetic analysis, nucleotide frequencies, and the average cyt b sequence in Nile tilapia O. niloticus from three populations

Population Number of Number of Total num-ber of Nucleotide Number of Haplotype

P sequences  polymorphicsites  mu-tations diversity (Pi) haplotypes (h) diversity (Hd)
Asejire 15 12 0.00537 8 0.90476
Ureje 15 7 0.00221 7 0.78095
Ogbese 15 5 0.00179 7 0.72381
Total 45 26 0.00510 21 0.88100
Singleton variable sites 7; Parsimony informative sites 19
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Table 3. Genetic variations among and within three Nile tilapia populations (analysis of molecular variance)

Variations Degree of freedom Sum of square Mean Square Estimated variance. %
Among populations 2 1425.01 712.50 38.25 93%
Within populations 43 148.94 3.46 2.81 7%
Total 45 1573.95 41.06 100%
FST 0.932 0.010

Tajima’s D statistic 0.86

The network (Fig. 2) created from sequences from the
cyt b gene revealed that three populations of O. niloticus
formed various clusters and shared similarities between
specific haplotypes, which were separated by 1 - 8
mutational steps.

@ oyostare
@ Ekiti State
@ ondo State

Fig 2. A haplotype structure of the cytochrome b gene region in
O. niloticus. The parallel bars represent the number of mutations.

DISCUSSION

Due to a lack of rules for character selection or coding in
traditional taxonomy, it can occasionally be challenging
to distinguish between species. Morphomeristic datasets
may be somewhat arbitrary. In these cases, the genetic
analysis might be used with other techniques to establish
taxonomic genuineness. The cyt b gene has been shown
to make species identification easier and to help resolve
taxonomic confusion (Behera et al., 2015). Following the
current research, O. niloticus populations from three
different bodies of water in Nigeria displayed significant
genetic diversity. It was found that the amplified cyt b
regions in the O. niloticus population under study are
polymorphic. The characteristics of the fish cyt b sequence
are consistent with the fact that the majority of the
mutations occurred in the third position (Perdices et al.,

2004). The 19 parsimony informative sites, 821 constant
sites, and 26 variable sites observed in this study were
similar to the findings in the Chelidoperca genus from the
Indian Ocean reported by Sati et al. (2015).

Populations with large populations and diverse
environments can sustain high haplotype diversity (Hd)
(Avise et al., 1997; Nei and Miller, 1990). The average
quantity of differences between each pair of haplotypes
within a population is known as nucleotide diversity ().
Consequently, Tt values are accurate indicators of genetic
diversity in populations (Nei and Li, 1979). Low nucleotide
diversity and high Hd in fish are likely to have resulted from
population growth following an interval of low effective
population size. Oreochromis niloticus groups had high
Hd values (0.99286) and reduced nucleotide diversity
() (0.06971), demonstrating that the populations under
study had recently diverged (Grant and Bowen, 1998). It
is reasonable to conclude that the complex and breeding
nature of O. niloticus population distributionsisresponsible
for the high level of average Hd reported in South West
Nigeria. Numerous factors, such as habitat fragmentation
and occupation, bottleneck effects, founder effects,
and low nucleotide diversity also imply poor population
diversity (Fennando et al., 2000), thus having an impact on
genetic diversity. The three populations might have been
subjected to more anthropogenic activities, including
long-term overfishing since all the fish populations
were collected close to residential neighbourhoods.
These circumstances would have negatively affected
the population structure of O. niloticus by diminishing
population levels and genetic diversity. The extents of
divergence in three populations were compared using
the fixation index (Fst). The Fst value (0.932) was found
to be significant (P < 0.05), along with the AMOVA result
which was thought to be crucial for genetic structure in
studied populations demonstrating the divergence of
haplotypes in O. niloticus. Because of habitat loss and
impoundments, many species are regionally dispersed.
The ratios of the various elements of variability within
and between populations gradually vary as dispersal and
gene flow decrease. When isolated colonies are subjected
to genetic drift, their heterozygosity eventually declines
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while their differences widen (Vrijenhoek, 1998). The Fst
values observed in this study demonstrate that nucleotide
diversity estimates were accurate and that fish from
each population considerably differed from one another,
demonstrating their genetic distinctiveness. In contrast
to movement and anthropogenic activities, geographic
isolation, unpredictable environmental conditions and the
rapid decline of a colony can cause increased divergence
(Lehmann et al., 1998). It is widely recognised that
dispersed populations, especially freshwater fish species,
are likely to exhibit high genetic diversity (Ward et al.,
1994). Such considerable intraspecific variation could
have been due to O. niloticus populations being most
likely to split, and the population under study might have
diverged from a common ancestor/population to evolve
independently (Grant and Bowen, 1998).

Three populations of O. niloticus clustered together
in phylogenetic trees built with neighbour-joining (NJ)
dendrogram. The evolutionary link between the river
bodies was established, with comparable individuals
clustered under the same node and dissimilar individuals
clustered under different nodes.

The most prevalent haplotype in cyt b was Hap 9, which
had a large number of linking nodes in the haplotype
network. Because of the strong relationship between
haplotype sites in the cyt b gene, it is most likely that
the ancestral haplotype, either directly or indirectly
through mutation, gave rise to other haplotypes. In the
natural populations of O. niloticus, the results showed
polymorphism as well as the suitability of fragmented cyt
b mtDNA sequences for identifying intraspecific genetic
variation and separating genetic stocks.

CONCLUSIONS

In recent years, there has been an abrupt decline in the
number of wild populations of Oreochromis nilotics,
regardless of the species' significant economic value as
a fishery resource and asset in aquaculture initiatives.
Programmes aimed at maintaining and recovering
species can have a higher chance of success if suitable
natural stocks are carefully chosen by considering genetic
variables. The current O. niloticus mtDNA data may be
beneficial in identifying founder wild stocks of the species
that are more variable in terms of DNA. Additionally, given
that additional genetic data are crucial in establishing a
precise picture of the distribution and dynamics of O.
niloticus populations in South West Nigeria, it would be
instructive to carry out the genetic characterization and
monitoring of the species' natural and captive stocks
using additional molecular markers in the years to come.

ACKNOWLEDGMENTS

The author is grateful to the Head of the Department
of Fisheries and Aquaculture Technology, Federal
University of Technology, Akure, Nigeria for providing the
necessary facilities during the current research work. The
corresponding author is also thankful to Mr. Jana Asim,
Central Inland Fisheries Research Institute, Kolkata, India
for gene editing assistance.

GENETICKA ANALIZA TRI ZEMLIOPISNO
UDALJENE POPULACIJE NILSKE TILAPLJE
Oreochromis niloticus (CICHLIDAE)

SAZETAK

Jedan od znacajnih ribolovnih resursa i vrijednih
akvakulturnih ribljih vrsta je nilska tilapija, Oreochromis
niloticus. Nalazi se u gotovo svakoj vodi ovog podrucja i
Siroko je rasprostranjena. Nekoliko prirodnih populacija
ove vrste bilo je pod utjecajem genetskog onecis¢enja
unato¢ njihovoj znacdajnoj ekonomskoj vaznosti.
Razumijevanje strukture njezine populacije presudan
je prvi korak u zastiti ove vrste u njezinim izvornim
stanistima, kao i u odabiru Cistih zaliha koje ¢e se koristiti
u mrijestiliSta. Kako bi se utvrdila genetsko-populacijska
struktura ove vrste, genetske razlike izmedu triju geografski
izoliranih populacija O. niloticus istrazivane su koristenjem
sekvenci gena citokroma b, mitohondrijske DNK. Rezultati
su koristeni za procjenu razine genetske varijabilnosti
unutar i medu populacija. Analiza sekvenci od 56 cyt b
(821 bp) otkrila je 21 haplotip, s 0,0510 nukleotidnom
raznolikosS¢u i 0,881 haplotipskom raznoliko$¢u. U svakoj
od populacija, sedam (7) mjesta imaju singleton varijable
i 19 parsimonijskih informativnih mjesta, geneticka
raznolikost se mogla identificirati, a pronadeno je samo
nekoliko populacijskih haplotipova, sto ukazuje na manju
genetsku razliku medu njima. U svrhu ocuvanja i/ili
programa uzgoja nilske tilapije, ove informacije bi mogle
pomoci pri odabiru ribljih populacija koje ¢e odrzavati
vecu genetsku varijaciju kod O. niloticus.

Kljucéne rijeci: genetska karakterizacija, mitohondrijska
DNA, citokrom b, frekvencije nukleotida
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