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Abstract

The study investigated genetic variations and relationships among populations of Nile tilapia (Oreochromis
niloticus) cultured in small-scale fish farms in six regions of Ghana. A total of 700 samples were collected from
14 fish farms and analyzed together with forty (40) improved locally bred ’Akosombo’ strain and imported GIFT
(Genetically Improved Farmed Tilapia) strain obtained from the Aquaculture Research Development Centre
(ARDEC) Akosombo. All samples were screened with five microsatellite markers and results were analyzed
using GenAlEx (Genetic Analysis in Excel)) MEGA X (Molecular Evolutionary Genetics Analysis) software,
and GenPop on the web. Genetic indices determined included Heterozygosity, Shannon diversity, AMOVA
(Analysis of Molecular Variance), Mantel test and PCOA (Principal Coordinate Analysis). Fish from the 16
populations (made up of 14 farms and 2 selectively bred populations) clustered into three groups: 7 populations
clustered with the GIFT-derived strain, 4 populations clustered with the Akosombo strain, and 3 populations
were in a separate cluster. The clustering pattern indicated groups of different strains of Nile tilapia cultured.
Heterozygosity and Shannon diversity were low among 11 populations He (0.087 — 0.220) and | (0.138 — 0.350)
which was evident in the Mantel correlation test among the 16 populations. This suggests inbred lines among
Nile tilapia populations hence the need to take urgent steps to boost seed quality through the distribution of

quality broodstocks to replace inbred lines and enhance small-scale aquaculture production in Ghana.

Introduction

Ghana is one of the leading countries in the subregion with
a growing aquaculture industry contributing about 3% GDP
to the national economy. Ever since the introduction of aqua-
culture in Ghana, there has been annual increase in domestic
fish production; for instance, in 2008 to 2018, fish production
increased significantly from 5.6 metric tons to 76.6 metric
tons (Ragasa et al., 2022) improving food security and pro-
viding income for many individuals along the aquaculture
value chain. Production however declined in 2019 from 76.6
metric tons to 52 metric tons following the outbreak of the
Infected Spleen Kidney Necrosis Virus (ISKNV) in many fish
farms and prolonged effects of COVID-19 pandemic which
negatively affected most of the small-scale fish farms thereby
reducing production and income to most farmers. Small-scale
aquaculture production particularly in ponds constitute the
majority of aquaculture farms in Ghana and are mostly found
within the southern and central part of Ghana. The two species
widely cultured are Oreochromis niloticus (Nile tilapia) and
Clarias gariepinus (African catfish). Many efforts are being
made to improve the seed of the two species in order to sustain
this sector due to its potential to offset decline in marine fish
stocks through enhanced fish production.

Nile tilapia, Oreochromis niloticus (Linnaeus, 1759) is com-
mon in most parts of the country and can be found in almost
all freshwaters. This species has culturable characteristics and
has the ability to spawn, survive and grow under favourable
conditions. For this reason, the Nile tilapia is the most pre-
ferred species for aquaculture production in Ghana and ac-
counts for about 90% of total fish production whiles the re-
maining 10% represents catfish, Heterotis niloticus (African
bony tongue) and shrimp production (MoFAD, 2019).

The Akosombo strain was developed from native wild Nile
tilapia populations through a natural selective breeding pro-
gramme to boost aquaculture production in Ghana. Nile tilapia
populations were sampled from different geographical loca-
tions within the country to naturally select parent individuals
whose offspring had high survival rates and growth rates using
genetic data obtained from diallel crosses. This technology
improved fish farming in Ghana and Akosombo strain became
a household choice of preference for many fish farmers. On
the other hand, Asias robust aquaculture industry compris-
ing of Nile tilapia production has ridden on the shoulders of
genetic improvement studies where Nile tilapia populations
sampled from different countries were used to develop the
"GIFT” strain of Nile tilapia for Asia and other Western coun-
tries (Attipoe et al., 2015).
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Genetic make-up of the ’Akosombo’ strain of Nile tilapia and
the *GIFT’ strain although developed from similar technolo-
gies have variations in their genetic makeup due to differences
in in the number of years of genetic improvement of the
two strains in different geographic locations. Genetic vari-
ations among populations can be determined with the help
of molecular techniques such as allozyme markers, random
amplification of polymorphic DNA (RAPD) and more modern
techniques like microsatellite markers (Abban, 1988).
Microsatellite markers are one of the most preferred molecu-
lar tools for genetic variations studies among fish populations
(Hansen, 2003) because of the presence of high repeat se-
quences to distinguish variations between closely related pop-
ulations. This process involves the extraction of DNA from
Fish samples, Conventional Polymerase Chain Reaction, and
Gel Electrophoresis which presents specific fragment sizes as
bands out of which genetic information are computed (Ciofi
et al., 1998). For applications such as parent-offspring iden-
tification in mixed populations, microsatellite markers with
multiple alleles are used since they are highly polymorphic
to distinguish between closely related populations whereas
markers with lower numbers of alleles can be used for fish
population studies and phylogeny (Al-Atiyat et al., 2012).
However, the different markers used for fish genetic studies
vary in allele numbers.

Alleles are important parameters in fish population studies
which are alternative forms of genes that exist at a single locus
on a chromosome (Hartl, 2014). These alleles describe the
genetic makeup of populations and provide information on
gene diversity of the markers used. In microsatellite stud-
ies, gene diversity among individuals reflects different alleles
present within different populations; genetic variation shapes
and defines individuals, populations, and species of organisms
as well as describes the tendency of genetic traits to varying
within populations (Laikre et al., 2010).

One key index used to determine genetic variations among
fish populations is heterozygosity: the condition of having
two different alleles at a locus. It can be used to describe
the structure and even the history of populations (Ruzzante
et al., 1996). In this study, heterozygosity for all the popula-
tions was determined to provide information about variations
within fish populations. In Addition, clusters of population
were identified based on genetic distance and genetic identity
which was used to assess closeness of Nile tilapia populations
to the two improved strains of Nile tilapia: "GIFT" strain and
"Akosombo strain".

Small scale Nile tilapia farms constitute the majority of fish
production in the Southern- central part of Ghana. However,
recent challenges confronting the industry has affected the
production of many small-scale fish farms some of which were
due to the outbreak of the ISKNV virus causing high morali-
ties and the effect of COVID-19 pandemic to the industry. The
need to revive the industry is very paramount because of its
realized potential to increase food security among other socio-
economic benefits. Ensuring quality fingerlings or fish seeds

for culture is a way to drive the small-scale industry forward
and subsequently improve the sector as a whole. Nonethe-
less, there is very little genetic information on the fish seeds
farmers are culturing in Ghana. Most genetic diversity studies
on Tilapiine species have been limited to populations in the
wild (Abban, 1988; Falk and Abban, 2004; Lind et al., 2019;
Mireku et al., 2016) and a few cages caged fish farms in one
region (Diyie et al., 2021). Although (Anane-Taabeah et al.,
2019) talked about the invasion of GIFT in the Lower Volta
Basin of Ghana as a result of cage fish farming on the lake
Volta, recommendations from the study suggested further anal-
ysis into the genetic makeup of Nile tilapia strains cultured
in pond fish farms which is unique with to genetic variation
studies in Ghana.

The aim of this study was therefore to determine genetic vari-
ations among farmed Nile tilapia populations found in six
regions of Ghana and determine the closeness of the popu-
lations to the Akosombo strain of Nile tilapia or the GIFT
strain. This will identify the effective microsatellite markers
for farmed Nile tilapia characterization and genetic informa-
tion from the study will serve as baseline data to improve
fish seed among small-scale producers in order to accelerate
aquaculture production in Ghana.

Materials and Methods

Study Area

A total of 16 populations; 14 farmed populations and 2 se-
lectively bred populations of Nile tilapia (grow-outs) with
average weight of 250 — 500 grams were sampled from fish
farms in Ashanti, Bono, Eastern, Bono East, Ahafo and Volta
regions of Ghana (Figure 1). The selection of farms was done
based on the number of active small-scale fish farms in each
region. Seven (7) farms were selected in Ashanti region, 3
farms in the Bono region, and 1 farm in the Bono East, Ahafo,
Eastern and Volta region respectively. Majority of the Nile
tilapia farms sited in the Ashanti region were actively oper-
ating compared to the other regions because of the disease
outbreak in 2018-2019 which collapsed most of the small-
scale Nile tilapia farms.

Fifty percent (50%) of the fish populations were sampled from
small-scale pond farms located in Ashanti region; ASHOFM,
ASHSES, ASHBOS1, ASHBOS2, ASHAAS, ASHEJJ1 and
ASHEJJ2; In the Bono region, three populations, BONSUE,
BONSUM and BONSUW were sampled; whiles in the East-
ern, Bono-East, Ahafo and Volta regions, comprised of one
population each. That is EASLOM, BOETEM, AHAASU
and VOLNOT populations respectively as shown in Table 1.

Sample codes for each population were obtained by combin-
ing the first three letters of the region names and the district
names as shown in Table 1. The Global Positioning System
(GPS) coordinates of the sampling sites were also recorded.

Sampling Procedure
Fifty (50) fish samples were collected early in the morning
between 9:00 a.m. GMT and 10:00 a.m. GMT using scoop
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Table 1. GPS locations of fish populations from which fish samples were collected

Name of Farm Type of Farm Region District Population name GPS coordinates

Romilla Farm Hatchery Ashanti Offinso Municipal ASHOFM Elev. 260m N 06°56.444’ W 001°39.932°
Pilot Aquaculture Centre Hatchery Ashanti Sekyere South ASHSES Elev. 292m N 06°53.136° W 001°30.222”
Bososmtwi Integrated Aqualife Village (Grow-Out) Grow-out Ashanti Bosomtwi ASHBOS1 Elev. 237m N 06°35.441° W 001°34.316”
Bososmtwi Integrated Aqualife Village (Hatchery) Hatchery Ashanti Bosomtwi ASHBOS2 Elev. 237m N 06°35.441°W 001°34.316’
Jodaps Farm Grow-out Ashanti Ahafo-Ano South ASHAAS Elev. 232m N 06°54.003° W 001°51.815”
Asomdwe Farm Grow-out Ashanti Ejisu-Juabeng ASHEJJ1 Elev. 271m N 06°46.429° W 001°26.201”
Oserbey Unique Ventures Grow-out Ashanti Ejisu-Juabeng ASHEJJ2 Elev. 16.9km N 06°40°09° W 1°22°.13°
University of Energy and Natural Resources Demonstration Farm  Hatchery Bono Sunyani East BONSUE Elev. 290m N 07°20.714” W 002°21.658"
Brit Addo Farm Hatchery Bono Sunyani Municipal BONSUM Elev. 259m N 07°16.924° W 002°18.210”
Dartah Farm Grow-out Bono Sunyani West BONSUW Elev. 263m N 07°23.667° W 002°21.247°
Alphonse Farm Grow-out Bono East  Techiman Municipal BOETEM Elev. 316m N 07°35.830° W 001°51.169”
Frankoboam Fishery Grow-out Ahafo Asutifi AHAASU Elev. 191m N 06°59.510° W 002°14.860”
University Cage Fish Farm Grow-out Eastern Lower Manya EASLOM Elev. 10m N 06°08.167" E 000°05.056
Xu Zhou Industrial Ltd Grow-out Volta North Tongu VOLNOT Elev.12mN06°03.053" E 000°19.661°

nets and placed in sampling bowls half filled with water to
avoid stressing fishes. It was ensured that farmers consented
to the sampling of fish at each farm visited after which fish
were sent back into the ponds after fin clips were taken.
Fifty Fin clips were taken from each farm by cutting a por-
tion of the caudal fin using a pair of precleaned scissors; and
sterilized after each use with 70% ethanol to prevent cross-
contamination of samples. Fish were placed back into the
ponds after taking fin clip samples. Samples were kept in a
1.5-ml labelled Eppendorf tube containing 95% ethyl alco-
hol and transported to the CSIR-WRI Biomedical and Public
Health Research Unit for molecular analysis.

Sample preparation and DNA extraction

Fin clips in labelled Eppendorf tubes containing ethyl alcohol
were dried on tissue and a quarter of the entire fin clip was cut
into smaller pieces into an empty 1.5 ml labelled Eppendorf
tube. It was ensured that the scissors used for the exercise
was precleaned with ethanol cutting each fin clip to prevent
cross-contamination of samples. Reagents used for the DNA
extraction included proteinase K, prewash buffer, genomic
DNA wash buffer and elution buffer.

In the absence of a Nanodrop UV spectrophotometer, DNA
samples (2.0uL) were run on 2% agarose gel to confirm the
presence of DNA for each fish. Genomic bands observed on
gel were very sharp affirming presence of nucleic material in
samples. This was repeated for 1.0uL DNA on 2% agarose gel
and again genomic DNA were visible under UV however not
so sharp compared to the 2.0uL. genomic run. In this regard,
the standard volume of DNA used in the PCR reaction mix
was 2.0 pL.

PCR amplification

Five microsatellite markers (UNH541, UNH222, UNH995,
GM531, and GM538) previously used by (Mireku et al., 2016;
Ukenye et al., 2016)were used for the genetic differentiation of
farmed Nile tilapia populations. A single-locus conventional
PCR amplification was performed for each marker using 5X
SYBR Green PCR Master Mix, 10um forward primer, 10uM
reverse primer, nuclease-free water, and 2.0uL DNA template
(Table 2).

Temperature profiles and incubation times although similar

Table 2. GPS locations of fish populations from which fish
samples were collected

REAGENT CONC. INITIAL X1/uL CONC. FINAL
SYBR MIX 5X 5 1X
FORWARD PRIMER 10 uM 0.2 0.2 uM
REVERSE PRIMER 10 uM 0.2 0.2 uyM
DDH20 2.6
DNA TEMPLATE 2

Total 10 uL

varied among the markers. Annealing temperatures (Tm) were
48.1°C, 49.3°C, 50.1°C, 53.4°C, and 52.1°C for loci GM531,
GMS538, UNH154, UNH995, and UNH222, respectively. Be-
low is a summary of their complete PCR temperature profile
and incubation times.

Cycling Conditions

Initial denaturation temperature: 94°C - 3mins
Denaturation temperature: 94°C - 45secs
Annealing temperature (Tm)- 45secs
Extension temperature: 68°C - Imin

Final extension temperature: 68°C- 5 min

Gel electrophoresis and band visualization

Two microliters of (6X) loading dye were added to ten micro-
liters of the final PCR product and centrifuged at 8000rpm
for 30secs prior to gel electrophoresis. PCR products were
separated on 3% agarose using 50bp ladder stained with 4uL
ethidium bromide. Electrophoretic process was allowed to run
for one and half hours in gel tank enhancing allele fragmenta-
tion. Distinct bands formed on gel were visualized under UV
radiation using a UV Trans illuminator (BioDoc-It™ Imag-
ing System by Upland) and fragment sizes of alleles were
recorded.

Data processing and analysis

GenAlEx 6.602 (Peakall and Smouse, 2012) was used to
determine inter-populations differentiation (Gst), Shannon di-
versity index (I), observed and expected heterozygosity, Ho
and He and Wright F statistics (FST, FIT, FIS), Analysis of
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Figure 1. Map of Ghana showing locations of fish populations
sampled

Molecular Variance (AMOVA), Mantel test as well as Prin-
cipal Coordinate Analysis (PCoA) using genetic information
such as allele numbers per locus (Na), allele frequency and
number of effective alleles (Ne).

Further analysis on the estimation of the Polymorphism infor-
mation content (PIC) value of the microsatellite markers was
done using GenPop on the web (Peakall and Smouse, 2012).
Connectivity between the populations was evaluated using
a dendrogram derived from the MEGA X software which
showed genetic distances among the populations.

Results and Discussion

Results

Locus variability

The gene diversity, observed heterozygosity (Ho), expected
heterozygosity (He) and Polymorphic Information Content
(PIC) of the five markers were determined as shown in Ta-
ble 1. Gene diversity recorded were 0.444, 0.430, 0.181,
0.137, and 0.058 for GM538, GM531, UNH154, UNH222
and UNHO995 respectively. The observed heterozygosity was
0.374, 0.153, 0.117, 0.055 and 0.044 for GM538, GM531,
UNH154, UNH995 and UNH222 respectively whiles ex-

pected heterozygosity were 0.406, 0.316, 0.153, 0.125 and
0.052 for GM538, GM531, UNH154, UNH222 and UNH995.
PIC values for GM538, GM531, UNH154, UNH222 AND
UNH995 were 0.7173 and 0.6411 0.2771, 0.2272, and 0.0882
respectively.

Table 3. Total gene diversity, observed heterozygosity and
expected heterozygosity and PIC values among loci.

Locus Gene diversity  HO HE PIC

UNH 154 0.181 0.117 0.153 0.2771
UNH 222 0.137 0.044 0.125 0.2272
UNH 995 0.058 0.055 0.052 0.0882
GM 538 0.444 0.374 0406 0.7173
GM 531 0.430 0.153 0.316 0.6411
MEAN 0.250 0.148 0.210 0.3902

The inbreeding coefficient of the five markers shown in Ta-
ble 4 was calculated as inbreeding coefficient of individual
relative to the subpopulation (FIS), individual relative to total
population (FIT), and subpopulation relative to total popula-
tion (FST) as well as the number of effective migration (Nm).
The mean values of FIS, FIT, FST, and Nm were 0.285, 0.378,
0.140 and 1.886 respectively for all five markers. FIS values
recorded were all positive with the exception of UNH 995
which had a negative FIS value of -0.056. FIT, FIT, FST,
values recorded were all positive for the five markers used.

Table 4. Inbreeding coefficient values of the five microsatel-
lite loci.

Locus FIS FIT FST Nm
UNH 154 0236 0355 0.155 1.360
UNH 222 0.650 0.682 0.091 2.489
UNH995 -0.056 0.049 0.099 2.285
GM 531 0.079 0.159 0.087 2.611
GM 538 0.515 0.644 0.267 0.687
Mean 0.285 0.378 0.140 1.886
m Shannon information index (I) ® Number of private alleles (Np)
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Figure 2. Shannon information index and number of private
alleles for 16 farmed Nile tilapia populations

Figure 2 shows the Shannon information index for all 16
populations. GIFT-D populations recorded an information
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index of 0.739 being highest compared to all the fish popu-
lations. ASHBOS?2 population on the other-hand recorded
an information index of 0.138 been the lowest among all the
fish populations. Furthermore, private alleles were shared be-
tween GIFT-D and BOETEM populations. The mean number
of private alleles for GIFT-D and BOETEM were 0.400 and
0.200 respectively.

Figure 2 shows the observed and expected heterozygosity for
all 16 populations studied. There were variations in the ob-
served and expected heterozygosity among the populations.
GIFT-D population had the highest observed and expected
heterozygosity among the 16 populations.
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Figure 3. Expected heterozygosity for all 16 Nile tilapia
populations

Inter-population diversity

Table 3 shows the Degrees of freedom (Df), Sum of squares
(S8S), Mean sum of squares (Ms) and Estimated Variation
(Est. Var.) and percentage variation for within and among
the populations studied. The Df, Ss, Ms, and the Estimated
Variance for "among populations" were 15, 154.112, 10.274,
and 0.314 respectively whereas "within populations" were
435, 621.340, 1.42cand 1.428 respectively. The percentage
variation among the populations was 18% whereas percentage
variation among the populations was 82%.

Table 5. Summary of Analysis of Molecular Variance
(AMOVA) for among and within farmed Nile tilapia pop-
ulations

Source Df Ss Ms Est.Var. %

Among populations 15  154.112 10.274 0.314 18%
Within populations 435  621.340  1.428 1.428 82%
Total 450 775.452 1.743  100%

Genetic distance and population clustering

The dendrogram as represented in Figure 4, generated from
Nei genetic distance showed genetic linkages of Nile tilapia
populations and branch length from one node to the other.
Three clusters were identified form the dendrogram. The first
cluster (cluster 1) consisted of eight populations namely; ASH-
BOSI1, ASHEJJ2, BOETEM, ASHEJJ1, ASHSES, GIFT-D,
ASHBOS2, and BONSUW populations. The second cluster
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Figure 4. Mantel test for correlation showing genetic varia-
tions among all 16 farmed Nile tilapia populations

(cluster 2) consisted of five populations namely; ASHOFM,
BONSUE, EASLOM, AKO, and ASHAAS populations and
the third cluster (cluster 3) being VOLNOT, BONSUM, and
AHAASU populations. EASLOM and ASHAAS populations
were genetically closer to AKO populations compared to the
other populations whereas ASHBOS2 population was also
genetically close to GIFT-D population.
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Figure 5. Dendrogram generated by Mega X (Tamura et al.,
2007) showing clusters and genetic similarities among Nile
tilapia populations using the neighbour-joining method.
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Figure 6. Principal Coordinate Analysis (PCoA) showing
genetic linkages among Nile tilapia populations.
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Results from the PCoA analysis showed genetic linkages be-
tween the populations and the two selectively bred strains;
AKO population and GIFT-D population. Some of the popu-
lations were genetically identical to the GIFT-D population
whereas other populations were genetically identical to AKO
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populations. Other populations also had genetic identities of
both the GIFT and AKO populations represented in Figure 6.

Discussion

Genetic variations among Nile tilapia populations were deter-
mined in the various analyses conducted in the study. Graph-
ical representation of Shannon diversity indices and the ex-
pected heterozygosity in Figure 2 and Figure 3 showed dif-
ferences between the selectively bred GIFT-D and AKO pop-
ulations and the farmed Nile tilapia populations. GIFT-D
populations had an expected heterozygosity value of 0.445
whereas AKO population was 0.232. According to (Mu et al.,
2011), heterozygosity is an important measure of population
diversity at the genetic level which helps to determine ge-
netic variations within different populations based on alleles
expressed among the populations. Heterozygosity value of
0.445 and Shannon diversity indices of 0.739 implies GIFT-D
populations were genetically diverse compared to the other
populations. This could be attributed to the long years of ge-
netic development of the GIFT strain compared to the locally
bred Akosombo strain and the other farmed Nile tilapia popu-
lations. Trinh et al. (2021) also reported fast growth rate of the
GIFT strain compared to the Akosombo strain due to higher
genetic improvement of the GIFT strain. Aside GIFT-D popu-
lations, differences in heterozygosity and Shannon diversity
among the locally bred Akosombo strain and the other farmed
Nile populations suggests close genetic linkages among the
populations. This could be attributed to common hatchery
practices such as unauthorized transportation of fingerlings
from one location to the other (Kajungiro et al., 2019). The
FIS values were also positive, an indication of reduced genetic
diversity among the populations. However, a negative FIS
value of -0.066 is an indication that excess heterozygosity was
present in GIFT — D populations with reference to studies
done by (Crow and Kimura, 1970).

The summary results from the Analysis of Molecular Vari-
ance (AMOVA) indicated 18% variation among populations
and 82% variation within populations which confirms similar
low genetic variations among the farmed Nile populations
presented in Figure 2 and Figure 3. Correlation analysis form
the Mantel test in Figure 4 also showed low genetic variations
among the farmed Nile tilapia populations.

The genetic linkages in the dendrogram (Figure 5) depicts
genetic similarities that exist between the Nile tilapia popula-
tions. Genetic linkages among populations are formed when
similar alleles are expressed among populations (Nei, 1972).
In Figure 5, genetic linkages are represented by branch lengths
which connects one population to the other. The shorter the
branch length between two populations, the higher the genetic
similarity among the two populations. Also, the longer the
branch lengths, the higher the genetic diversity among the
populations (Nei, 1972). It is therefore possible that farmed
Nile tilapia populations in cluster 1 share similar alleles with
GIFT-D population likewise populations in cluster 2 sharing
similar alleles with AKO populations. Deductions from the

genetic relationship may infer that farmed Nile populations
cultured in the six regions are derivatives of the GIFT strain
or the Akosombo strain and as such majority of farmers are
culturing derivatives of the GIFT strain compared to the Ako-
sombo strain.

The dendrogram also showed close genetic linkages among
populations from different regions whereas populations within
the same region were genetically distanced from each other. It
was rather expected that close linkages would be observed be-
tween populations of the same geographic area whiles genetic
diversity is highly expected among populations in different
geographic area (Wang, 2013). It is therefore possible that
uncontrolled transportation of fingerlings from one region to
the other by small scale farmers have reduced genetic diversity
among farmed populations within the study regions and has
possibly resulted to inbred lines among Nile tilapia popula-
tions.

Close linkages of farmed Nile tilapia populations to the selec-
tively bred GIFT and Akosombo strain and the evidence of Ad-
mixture among the populations were further investigated in the
PCoA analysis (Figure 6). The PCoA analysis showed cluster
of genetic linkages of farmed Nile tilapia populations with the
two selectively bred GIFT and Akosombo strains. This shows
the extent to which Nile tilapia populations are mixed, which
has affected genetic differentiation among populations in most
parts of the country where the species is cultured. Studies
done by (Anane-Taabeah et al., 2019), found some genetic
similarities between the GIFT strain and native Nile tilapia
from the Volta Lake hence recommended further studies to
confirm the findings. The mix up of strains among the farmed
Nile tilapia populations are likely the reasons for slow growth
rate of farmed fish and many unproductive and unprofitable
farms in the major tilapia producing regions based on a 2019
farmer census. This largely constitutes why it is imperative
to identify genetic variability between and within stocks and
to continuously monitor hatchery stocks or strains to detect
genetic changes particularly from the wild donors and to seek
to minimize further changes towards a sustainable aquaculture
industry. This is highly vital as the basic requirement of any
breeding program is the existence of genetic variation.

Conclusion

The study provides empirical evidence of the genetic varia-
tions and relationships among 16 farmed Nile tilapia popula-
tions in six regions of Ghana using five microsatellite markers.
Three genetic branches were identified where fish populations
had similarities of the GIFT- strain and the Akosombo strain.
Most of the populations from the small-scale farms showed
genetic linkages with the exotic GIFT-strain compared to the
locally improved Akosombo strain. Furthermore, Low het-
erozygosity or low variability was observed among majority
of the populations sampled similar to results obtained from
the mantel correlation test. This suggests, the presence of
inbred lines among majority of the populations sampled from
the various farms which has reduced the genetic diversity of
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Nile tilapia populations within the sampling geographic area.
Further results from the PCA analysis also revealed admixture
of the GIFT strain and Akosombo Strain in some populations
sampled. Currently the approved Nile tilapia strain for cul-
ture in the country is the Akosombo strain developed from
pure breeds of native stocks. Admixture of the strains may
eliminate pure breeds of Nile tilapia and therefore alter the ge-
netic development of the Akosombo strain in future breeding
programs. However, quality seeds or fingerlings is required
for the sustainability of the aquaculture industry and more
especially promote the small-scale aquaculture sectors.
These findings call for urgent attention on broodstock manage-
ment and seed quality in the country. It is recommended that
quality broodstock will be distributed by Certified hatcheries
to small-scale farmers to replace inbred lines; Provision of
technical support through intensive training on good aqua-
culture practices, broodstock management in hatchery units,
fingerling handling among. A hatchery certification protocol
should also be developed and implemented to monitor seed
quality and promote best farm practices to enhance production
in small-scale fish farms. Furthermore, close attention to other
species such as the African catfish, Clarias gariepinus would
be beneficial to prevent mixing and inbreeding of the African
catfish and other good culture species in Ghana.
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