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Abstract 
 
The genetic polymorphisms of catfish populations collected from four fish farms in four 
Southwestern states of Nigeria were determined by Randomly Amplified Polymorphic 
DNA Polymerase Chain Reaction technique. This was to characterize the strains 
genetically and provide information on the studied catfish. Following standard 
procedures, polymerase chain reaction was performed by mixing 15 μl reaction 
mixture containing FIREPOL® Taq DNA polymerase, MgCl2, dNTPs, distilled water, dyes 
and glycerol, with 1.0 μl DNA sample of 16-week old C. gariepinus strains using OPA03, 
OPA04, OPC02, OPB08, OPC11, OPG16, OPG19 and OPA19 primers. A sum of 1708 loci 
having 3072 bands was amplified in all the samples. The RAPD analysis revealed 
significant genetic variability (P<0.05) among the four sampled populations. The 
unweighted pair group method with average (UPGMA) dendrogram based on Nei’s 
unbiased genetic distance matrix separated the Clarias gariepinus populations into 
two clades.  The first clade was made up of populations from Ibadan and Abeokuta 
while the second clade consisted of populations from Ado-Ekiti and Ile-Ife. Thus, it is 
imperative to determine the genetic variation and population structure of the stocks 
of C. gariepinus in advance before commencing on breeding programmes. 

 

Introduction 
 

Clarias gariepinus is a desired aquaculture fish in 
Nigeria. It belongs to the Kingdom Animalia, Phylum 
Chordata, Class Actynopterigii, Order Siluriformes and 
Family Clariidae (Freyhof, 2014). It is a member of the 
most diverse genus, Clarias (Legendre, Teugels, Cauty, & 
Jalabert, 1992). It has a helmet-like head and scaleless, 
bony elongated body with long dorsal and anal fins. It is 
a typical air-breathing catfish that has a broad terminal 
mouth with four pairs of barbels. Its colour varies 
dorsally from dark to light brown and is often speckled 
with shades of olive and grey while the lower side is pale 
cream to white (Skelton, 2001). 

Since this fish is a widely accepted species, 
scientific studies on it cannot be over-emphasised. Even 
though traditional methods like morphological (Ola-

Oladimeji, et al., 2017; Okomoda, Koh, Hassan,  
Amornsakun, & Shahreza, 2018) and biochemical 
studies ((Ola-Oladimeji, Idowu, Adewumi, & Fafowora, 
2018) which have been reported to be laborious and 
time-consuming (Coulo, Vessen, Hofstra, & Huisveld, 
1994) and are less efficient in detecting differences in 
traits have been carried out on the fish, some studies 
have also been done on its genetic management like 
hybridization (Ola-Oladimeji, 2015) and cytogenetic 
techniques such as polyploidy, androgenesis and 
gynogenesis (Dunham, 2011; Olaniyi & Omitogun, 2012; 
Karami et al., 2016; Okomoda et al., 2020). 

Recently, the application of molecular primers 
based on the relative difference in deoxyribonucleic acid 
(DNA) sequences between individuals has been shown 
to detect more polymorphisms than morphological and 
protein-based markers. Molecular primers are also used 
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to study genomes, isolate genes, locate genes on 
chromosomes, determine gene expression, conduct 
gene-linkage maps, study the molecular mechanisms of 
performance, conduct population genetics analysis and 
apply marker-assisted selection (Liu & Dunham, 1998).  

It is well-known that all inherited characteristics or 
traits are under genetic control; consequently, various 
methods have been developed for genetic analysis of 
populations. The molecular analyses are the most direct 
and potent, and these were enhanced by the 
development of the Polymerase Chain Reaction (PCR). 
The PCR depends on the ability to alternately denature 
(melt) double-stranded DNA molecules and renature 
(anneal) complementary single strands in a controlled 
fashion (Lodish et al., 2016). The variations in the size of 
a gene can then be detected by a change in the size of 
the PCR product which can be determined by using gel 
electrophoresis (Dale & Park, 2004). 

According to Ikpeme et al. (2015), genetic analysis 
can be used to determine variation. Danish & Singh 
(2018) also found that significant population 
differentiation which indicated some degree of intra- 
and inter-population genetic variations existed in two 
populations of Clarias batrachus. This was suggested to 
be due to the difference in habitat and breeding 
strategies between the two populations. One of several 
markers used in the analyses is Random Amplified 
Polymorphic DNA (RAPD). This technique uses short 
primers of arbitrary nucleotide sequence to access and 
reproducibly amplify random segments of genomic DNA 
(from a wide variety of species) to reveal polymorphisms 
among the amplification products which are useful as 
genetic markers and can be detected through 

examination of an ethidium bromide-stained agarose 
gel (Williams, Kubelik, Livak, Rafalski, & Tingey, 1990). 
The RAPD markers are for various uses in the detection 
of genetic diversity in population genetics (Zheng et al., 
2019) and it was used to characterize cultured strains of 
C. gariepinus in this study.  

A few studies (Saad, Hanafi, Essa, Guerges, & Ali, 
2009; Popoola, Fasakin, & Awopetu, 2014; Ikpeme et al., 
2015) have been reported on genetic similarity and 
diversity of different populations of C. gariepinus. In 
spite of these, information on the genetic 
characterization of the fast-and slow-growing strains of 
cultured C. gariepinus using Randomly Amplified 
Polymorphic DNA is yet to be provided. Therefore, it is 
important to study these strains of catfish more because 
fish farmers are faced with challenges of managing runts 
during culture and these have reduced their productivity 
and income.  

This study aims to characterize the cultured strains 
of C. gariepinus in Southwestern Nigeria genetically 
using Random Amplified Polymorphic DNA (RAPD) 
markers for management and preservation of its genetic 
resources in future studies. 

 

Materials and Methods 
 

Identification and Collection of Fish Specimens 
 
Forty (40) eight-week-old fast- and 40 slow-growing 
strains of C. gariepinus were identified, collected from 
four selected farms in four Southwestern states of 
Nigeria (Figure 1) for comparison and to obtain a better 
result. The two strains were obtained by selecting and 

 

Figure 1: Map of Nigeria with colour-coded states where the C. gariepinus juveniles were collected.  
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separating the shooters from the runts after two weeks 
of rearing. Samples were collected from the following 
selected locations; the Teaching and Research Farm, 
Federal University of Agriculture, Abeokuta (FUNAAB) 
(7° 09' 20'' N & 3° 20' 42'' E); Sun Fish Farm, Ibadan, (7° 
22' 39'' N & 3° 54' 21'' E); Ade Aquaculture Centre, Ado-
Ekiti, (7° 37' 23'' N & 5° 13' 15'' E); and Edens Fish Farm, 
Ile-Ife, (7° 28' 0'' N & 4° 34' 0'' E). At the sampling sites, 
each of the fast- and slow-growing strains was separated 
appropriately and the fish were raised in different tanks 
simultaneously at Edens Fish Farm, Ile-Ife.  
 
Blood Sample Collection for DNA Extraction 
 

Genomic DNA was extracted from the blood of 
each of the individual fish (40 in total) from the selected 
groups after rearing using NORGEN Blood Genomic DNA 
Isolation Kit (NORGEN, Biotechnology Corporation, 
Canada, 2014). The extraction was performed according 
to El-Mogy, Simkin, and Haj-Ahmad (2016), using spin 
column chromatography method. 
 
RAPD and Electrophoresis 
 

DNA amplification was done using RAPD (OPA03, 
OPA04, OPC02, OPB08, OPC11, OPG16, OPG19 and 
OPA19) according to standard but a modified method of 
Williams et al. (1990). Table 1 shows the 
characterization of the primers used including the 
primer sequences and annealing temperatures. The 
amplified products (8 μl) of each sample were separated 
by electrophoresis in 1% agarose gels buffered with 1X 
TAE and the polymorphisms among the amplification 
products were detected by staining with 15μl of 0.5 
μg/mL Ethidium Bromide. A PCRSizer 100 bp DNA ladder 
(100bp - 1000bp) (Norgen Biotek Corporation, Canada) 
was electrophoresed alongside the RAPD reactions as 
molecular weight marker. Electrophoresis was run at 
100 V for 2.5 hours. Finally, the DNA bands were 
examined under Ultra-Violet (UV) transilluminator 
system (ZENITH, India), and the stained gels were 
photographed and saved on the computer for further 
analysis.  

 
Statistical Analysis 
 

The results obtained after rearing the catfish were 
analysed with Descriptive statistics, Analysis of variance 

(ANOVA) and Duncan's multiple range test (DMRT) using 
IBM SPSS Statistics (Version 22, 2013) software. 
 
Scoring of RAPD Bands 
 

The RAPD bands were scored from the 
photomicrographs of the gel as binary data using 
GelQuest-DNA Fragment Analysis Software, Version 
3.2.1 (©2010 SequentiX-Digital DNA Processing, 
Germany). A single data matrix was constructed pooling 
the binary data (1/0) for all the primers.  
 
Data Analyses for RAPD 
 

GenAlEx 6.502 genetic software (Peakall & 
Smouse, 2006; 2012) was used to analyse the data 
generated to compute the number of different bands, 
analysis of molecular variance (AMOVA), Nei’s genetic 
identity and Nei`s genetic distances. Nei`s genetic 
distances were calculated for all population pairs to 
construct a phylogenetic tree (Unweighted pair group 
method with average dendrogram) using MEGA 
evolutionary genetic analysis software (Version 7.0.21, 
2018). 
 

Results 
 

Length and Weight Traits of C. gariepinus 
 

The mean total length and body weight of the two 
strains of C. gariepinus used for DNA analysis are shown 
in (Table 2). The mean total length and body weight 
were significantly higher at P<0.05 in the fast-growers 
than in the slow-growing strains. 
 
Profile of RAPD Markers 
 

Plate 1 shows the representative agarose gel 
electrophoretic profile of RAPD using OPG16 primer. For 
all the primers used, a sum of 1708 loci having 3072 
bands was amplified in all the samples. The fast-growing 
catfish had 1522 bands while slow-growing fish showed 
1550 bands (Table 3). In Table 4, the lowest number of 
private bands (85) among the slow-growing population 
was recorded in the Ibadan population, while among the 
fast-growers; the population from Abeokuta had the 
least (74). The analysis showed that the number of 
locally common bands were correspondingly higher in 

Table 1. Characterization of RAPD primers used in the analysis, including primer sequences and annealing temperatures (Ta (°C)) 

Primers Sequences Ta (°C) 

OPA03 5’AGTCAGCCAC3’ 37.0 
OPA04 
OPC02 

5’AATCGGGCTG3’ 
5’GTGAGGCGTC3’ 

35.1 
37.6 

OPB08 5’GTCCACACGG3’ 37.3 
OPC11 5’AAAGCTGCGG3’ 36.9 
OPG16 5’AGCGTCCTCC3’ 38.8 
OPG19  
OPA19 

5’ GTCAGGGCAA3’ 
5’CAAACGTCGG3’ 

34.7 
32.2 
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  Table 2. Differences in length and weight between the two strains of C. gariepinus used for DNA analysis 

Strains Total length (cm) Body weight (g) 

Fast-growing C. gariepinus 40.44 a ±0.58 466.66a±18.66 
Slow-growing C. gariepinus 21.55 b ±0.50 81.89 b ±5.62 

*Means in the same column superscripted by different letters differed significantly (P<0.05) 

 
 
 
Table 3. Number of bands and loci 

Population type 
   

Primers 
    

Total 

Slow-growers 
                      

 
OPA03 

 
OPA04 

 
OPA19 

 
OPB08 

 
OPC02 

 
OPC11 

 
OPG16 

 
OPG19 

 

 
SAB               

 
34 

 
36 

 
31 

 
36 

 
37 

 
41 

 
52 

 
40 

 
307 

SIB               27 32 35 45 29 48 42 38 296 
SAD             114 46 125 36 43 45 42 5 456 
SIL                126 49 137 38 37 36 44 24 491          

1550 

Fast-growers    
         

FAB                    32 30 34 46 47 0 43 33 265 
FIB                    26 34 34 45 30 46 47 40 302 
FAD              128 42 133 42 37 49 46 0 477 
FIL                106 46 125 45 41 49 47 19 478 

Total         
        

1522 

Total Number of loci 286 188 304 193 181 205 213 138 1708 

 
 
 
Table 4. Band patterns obtained after band scoring across the populations 

Population No. private bands No. shared bands (<=25%) 

Slow-growers 
SAB 

 
94 

 
102 

SIB 85 119 
SAD 123 139 
SIL    132 154 

Fast-growers 
FAB 

 
74 

 
92 

FIB 96 92 
FAD 111 164 
FIL 136 150 
No. private bands = No. of bands unique to a single population 
No. shared bands (<=25%) = No. of common bands (freq. >= 5%) found in 25% or fewer populations 
SAB= Slow-growers Abeokuta, SIB= Slow-growers Ibadan, SAD= Slow-growers Ado-Ekiti, SIL= Slow-growers Ile-Ife. FAB=Fast-growers Abeokuta, 

FIB= Fast-growers Ibadan, FAD= Fast-growers Ado-Ekiti, FIL= Fast-growers Ile-Ife 

bias Φ'PR were 0.01. Most of the genetic diversity 
occurred within populations (92%) while the variability 
among regions and populations contributed 7% and 1% 
respectively (Figure 3, Table 5).  

The value of inter-population Nei’s genetic identity 
was found least (0.963) between slow-growers from 
Ibadan and fast-growers from Ado-Ekiti. The highest 
(0.985) value was recorded between the strains from 
Abeokuta (Table 6). Also, the unweighted pair group 
method with average (UPGMA) dendrogram based on 
Nei’s unbiased genetic distance matrix (Nei, 1972) 
performed according to RAPD analysis separated the 
four catfish populations sampled into two clades.  The 
first clade was formed by populations sampled from 

the slow-growing populations from across locations 
than those of the fast-growers. The only exception 
recorded was in the Ado-Ekiti population where the 
slow-growers had lower (139) locally common bands 
than the fast-growers (164). 
Plate 1(A and B) Representative agarose gel 
electrophoretic profile of RAPD using OPG16 primer for 
adult C. gariepinus (Figure 2)  

 
Population Differentiation and Structure 
 

The Analysis of Molecular Variance, AMOVA 
showed the significance levels of genetic variability 
among regions, ΦPR and among regions corrected for 
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Ibadan and Abeokuta while the second was formed by 
populations sampled from Ado-Ekiti and Ile-Ife (Figure 
4). 

 

Discussion 
 

This study has shown the existence of genetic 
variability and relatedness among and within C. 
gariepinus populations from four hatcheries in South-
Western Nigeria. The catfish have shown some 
similarities with regards to the number of bands shared 
in common and variations have also been observed as a 
result of some fragments present in one group and 
absent in another in the locally common bands.  

According to Awodiran and Afolabi (2018), genetic 
variations, which are known as ‘the raw materials for 
evolution,’ are of importance in the survival of species. 
There is a need to deliberately introduce new breeds 

into the cultured populations in order to enhance the 
evolutionary potentials of these populations. To avoid a 
vicious cycle, the introduction of these new genotypes 
must be done methodically, because outbreeding 
depression is an impending risk if the genetic distance 
between the populations and the new breeds is too 
large. 

The high genetic identity observed in this research 
may be because these catfish are from cultured 
environments. These were comparable with Popoola et 
al. (2014) and Ikpeme et al. (2015) who worked on C. 
gariepinus. While Ikpeme et al. (2015) reported that as 
genetic distance increased, genetic identity narrowed 
between the wild and the cultured species, Popoola et 
al. (2014) reported that the percentage of genetic 
identity and genetic distance of RAPD-PCR profile 
among six populations of wild and cultured C. gariepinus 
ranged from 74.6% to 83.5% and from 0.180 to 0.293 

  

Figure 2. Plate 1(A and B): Representative agarose gel electrophoretic profile of RAPD using OPG16 primer for adult C. gariepinus. 

Lanes 1-5= FAB, 6-10= SAB, L = DNA ladder, 11-15=FIB, 16-20=SIB. Lanes 21-25= FAD and 26-30= SAD, L = DNA ladder, lanes 31-35=FIL and 36-
40=SIL. 
FAB= Abeokuta fast-growers, SAB= Abeokuta slow-growers, FIB=Ibadan fast-growers, SIB=Ibadan slow-growers, FAD= Ado-Ekiti fast-growers, 
SAD= Ado-Ekiti slow-growers, FIL= Ile-Ife fast-growers, SIL= Ile-Ife slow-growers. 
 

 

 

Table 5. Analysis of molecular variance (AMOVA) showing the partitioning of genetic variation among regions and populations, 
and within populations of C. gariepinus studied 

Source of variation Est. var. % ΦPR Φ'PR P(rand >= data) 

Among Regions          5.878 7% 
   

Among Populations 1.097 1% 
   

Within Population 83.938 92% 
   

Total 90.913 100% 0.01 0.01 0.0001 
Est. var. = Estimate of variance 
%= Percentage of total variation 
ΦPR = Genetic variability among regions   
Φ’PR = Genetic variability among regions corrected for bias 
P(rand >= data) = Level of significance 
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respectively (Popoola, et al., 2014). In this study, the 
levels of significance of genetic variability among regions 
(ΦPR = 0.01) indicated that the four sampled populations 
were significantly different from each other at P=0.01, 
but not at higher probability levels. Pair wise population 
matrix of Nei's genetic distance obtained after analysing 
RAPD bands gave the extent of gene differences among 
populations. The index was used to construct a 
dendrogram which summarized evolutionary 

relationships among the populations into two clades. 
Also, a number of studies on genetic relationship had 
been done on fish, one of these include Ogbuebunu & 
Awodiran (2017) on the genetic relationship among 
three populations of Lates niloticus depicted by UPGMA 
dendrogram. In the present study, the two clades 
formed by the UPGMA dendrogram showed that 
populations sampled from Ibadan and Abeokuta were 
more closely related than those obtained from Ado-Ekiti 

 

Figure 3. Sources and proportion of molecular variance: Input as binary distance matrix. 

 

 

Table 6. Pairwise population matrix of Nei’s genetic identity obtained after analysing RAPD bands 

FAB SAB FIB SIB FAD SAD FIL SIL  

1.000        FAB 
0.985 1.000       SAB 
0.984 0.984 1.000      FIB 
0.983 0.983 0.982 1.000     SIB 
0.966 0.964 0.966 0.963 1.000    FAD 
0.970 0.969 0.969 0.968 0.971 1.000   SAD 
0.969 0.968 0.968 0.967 0.967 0.971 1.000  FIL 
0.968 0.966 0.967 0.965 0.966 0.970 0.971 1.000 SIL 

 

 

 

Figure 4. Genetic relationship among different populations of C. gariepinus using RAPD analysis. 
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and Ile-Ife. Also, the two different strains obtained from 
the same location were more related than the others. 
This relation follows geographical distance. A similar 
report had been made by Saad et al. (2009) on some of 
the populations of C. gariepinus obtained from the wild. 

Analysis of Molecular Variance (AMOVA) has been 
commonly employed for hierarchical analysis of the 
genetic differentiation among populations (Wollebaek, 
Heggenes & Roed, 2011). In this study, the levels of 
significance of genetic variability among regions 
indicated that the four sampled fast- and slow-growing 
populations of adult C. gariepinus were significantly 
different from each other. This is similar to the report of 
Awodiran and Afolabi (2018) on the AMOVA for RAPD 
marker analysed on wild and cultured populations of C. 
gariepinus which indicated significant difference 
(P=0.01) between the two populations. Evaluation of the 
distribution of molecular variation by AMOVA which 
also illustrated that most of the total genetic variance 
was found within strains was similar to Ribolli, Rodrigues 
de Melo and Zaniboni-Filho (2012) who reported that 
several individuals belonging to a particular population 
were attributed to other populations. 

In conclusion, it was validated in this study that 
RAPD markers can evaluate genetic variability within 
cultured populations of C. gariepinus. This has 
corroborated the existing information regarding the 
need for determining genetic variation and population 
structure of the stocks of C. gariepinus in advance 
before commencing on breeding programmes. 
However, markers such as microsatellite DNA can be 
assayed in further studies for better results. 
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