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Abstract

The level of heavy metal concentration and genotoxicity was assessed in both Oreochromis 
niloticus and Clarias gariepinus from the Niger River, Nigeria. Fish samples were collected both 
during the dry and wet season between April, 2017 and September, 2018. Aluminium (Al), 
Chromium (Cr), Copper (Cu), Iron (Fe), Nickel (Ni), Zinc (Zn), Mercury (Hg), Arsenic (As),  
and Lead (Pb) concentrations in  fish samples were also analysed using Inductively Coupled 
Plasma Optical Emission Spectrometroscopy (ICP-OES). Result showed higher accumulation 
of heavy metals in both fish tissues in the wet season than the dry season. The highest 
accumulated heavy metal in the fish sample was Fe during the dry seasons [(Fe (O. niloticus) =  

64.28±12.93 mg/g, Fe (C. gariepinus)] = 96.06±58.36 mg/g) and wet season [Fe(O. niloticus) =  

67.42±14.11 mg/g, Fe (C. gariepinus)] = 99.16±59.36 mg/g). Heavy metal accumulation 
evaluated followed the trend Fe > Al > Cd > Zn > Pb > Cu > As > Ni > Cr > Hg for the dry season 
and  Fe > Al > Zn > Cu > Pb > Cr > Ni > Cd > As > Hg for the wet season in O. niloticus; and Fe > 
Al > Zn > Pb > Cu > Cr > Ni > Cd > As > Hg for the dry season and Fe > Al > Zn > Pb > Cu > Ni > 
Cr > Cd > Hg > As for the wet season in C. gariepinus. Most of these heavy metals were beyond 
international permissible limits. The four polymorphic RAPD markers used in the study showed 
more polymorphisms in C. gariepinus than O. niloticus in both the dry and wet season. There was 
no difference in the polymorphic bands between dry and wet season in O. niloticus while more 
polymorphic bands were observed in wet season (50 bands) than dry season (47 bands) tissues of 
C. gariepinus. The result indicated a lower Genomic template stability (GST) in C. gariepinus 
(dry = 2.70, wet = 5.41) than O. niloticus (dry = 13.16, wet = 13.16) when compared in both 
seasons. This study revealed the level of toxic metal accumulation and genotoxic potentials of 
these fishes in the food chain of locals consuming them. Drastic measures are of high necessity in 
order to protect both the aquatics and potential consumers in the area. 
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Introduction

The contamination of the aquatic ecosystem by 
pollutants has become a topical issue of 

considerable concern in many parts of the world and 
has led many researchers to investigate their 
occurrence, distribution, toxicity to aquatic 
organisms and concentrations in several 

9

Effect of Season on Genotoxicity and Heavy Metal 
Accumulation in Oreochromis niloticus and Clarias 

gariepinus from the Lower River Niger, Nigeria

1 1 2
*EJIKEME, C.E. , AYOOLA, S.O. AND AKINOLA, M.O.

1Department of Marine Science, University of Lagos.
2Department of Cell Biology and Genetics, University of Lagos.

*Corresponding Author
E-mail: ejikemecharity@gmail.com



ecosystems (Ademoroti, 1996). Over the past 
few decades, the contamination of freshwater 
with heavy metal has become a matter of 
concern (Izuchukwu et al., 2017). Freshwater 
fishes tend to accumulate heavy metals in their 
organs more than marine fishes (Montazer and 
Ali, 2018) because freshwater fishes tend to lose 
salts and gain water and are more exposed and 
vulnerable to heavy metal pollution (Kallel et 
al., 2017). River Niger, the third longest river in 
Africa and the fourteenth longest in the world, is 
not just nature's gift but has the potential to 
generate power, promote national integration, 
engender productivity and create jobs, business 
opportunities and livelihood for millions of 
Nigerians. Over the last decades, lower River 
Niger environment has witnessed rapid urbanization; 
agricultural practices and industrial development 
leading to increase in pollution of the water 
body. These have triggered some serious concerns 
for the safety of the environment and final 
consumers of its biota.

Globally, rivers and sea bodies are becoming 
receptacles for chemicals, organic and heavy 
metal pollutants.  The contamination of natural 
waters by heavy metals depreciates aquatic biota 
and poses considerable environmental risks and 
concerns (Akan et al., 2012). Heavy metals have 
been a major and serious threat to human health 
and ecosystems integrity (Ogbomida et al., 2018; 
Ezemonye et al., 2019). This occurrence of 
heavy metal contaminants in excess of natural 
loads has become a problem of increasing 
concern (Abdelaiz et al., 2019). Heavy metals are 
specifically important due to their toxicity and 
ability to bio accumulate in aquatic biomes 
(Ambedkar and Muniyan, 2011). Heavy metals 
can be incorporated into food chains and absorbed 
by aquatic organisms to a level that might affect 
their physiological state (Alipour and Banagar, 
2018). Heavy metal concentrations in aquatic 
organisms depict the past as well as the current 
pollution load in the environment in which the 
organism lives (Beheary et al., 2015). Toxicity 
from heavy metals is of major environmental and 
health concern worldwide, as they bio accumulate 
along the food chain and may pose health risk to 
consumers (Afshan et al., 2014; Salarizadeh and 
Kavousi, 2015). Various metals are accumulated 

in fish body in different amounts due to differences 
resulting from different affinity of metals to fish 
tissues, different uptake, deposition and excretion 
rates. Heavy metal bioaccumulation by fish and 
subsequent distribution in organs is greatly 
interspecific. In addition, many factors can influence 
metal uptake like sex, age, size, reproductive cycle, 
swimming pattern, feeding behaviour, and 
geographical locations (Kallel et al., 2017). 

Fish, being major components of most 
aquatic habitats, are largely used for the 
assessment of aquatic environment quality and are 
accepted as bio-indicators of environmental 
pollution (Borkovic et al., 2008). Fish, as a bio 
indicator species, plays an increasingly important 
role in the monitoring of water pollution because it 
responds with great sensitivity to changes in the 
aquatic environment. The analyses of water or 
sediment samples, however, are subject to a 
variety of shortcomings, in that the methods do 
not allow for the estimation of the quantity of the 
metal which is biologically available (Etim et al., 
1991). C. gariepinus and O. niloticus are commonly 
used in ecotoxicology studies since they are readily 
available; have high consumer acceptability; high 
resistance to poor water quality; amenability to 
laboratory testing, economic importance and are 
excellent piscine model for toxicological studies.

The effects of heavy metal pollutants on 
organisms have been determined using several 
methods and techniques which include gene 
expression of metallothionein, micronucleus 
assays, comet assays and molecular marker 
techniques (Juhari, 2014). However, the development 
of molecular technology has provided suitable 
tools for DNA analysis in the field of genotoxicology 
(Tanee et al., 2016).

Several markers have been used in toxicological 
studies; however, random amplified polymorphic 
DNA (RAPD) has been mostly used to detect 
various types of DNA damage and mutations (point 
mutations, rearrangements, and small deletions or 
insertions). Furthermore, RAPD banding profiles 
can be scored for genomic template stability (GTS) 
analysis to detect changes in DNA. This technique 
has been successfully applied to the study of DNA 
damage and mutation caused by heavy metals in 
both plants and animals (Juhari, 2014). Hence, 
this study to elucidated the genotoxic effect of 
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some heavy metals in two fish species, O. 
niloticus and Clarias gariepinus using RAPD 
markers.

Materials and Methods

Description of Study Area
This study was conducted in twelve geo-
referenced sampling sites along lower River 
Niger, in the south eastern part of Nigeria (Figure 
1). The geographical coordinates of the sampling 
stations were obtained using Geographical Position 
System (German 72 model) with position accuracy 
less than 5m.

Figure 1: Lower River Niger showing the sampling stations
Source: Geo-informatics and Surveying Department, University of Lagos

Collection of sampled fishes
Sampled fish species (O. niloticus and C. 
gariepinus) were collected between the months of 
April, 2017 and September, 2018. Fish samples 
were caught in a trap net and identified using 
taxonomic keys (Olasebikan and Raji, 1998) and 

storage for heavy metal analysis was according to 
APHA (2005). They were frozen in refrigerator in 
the University of Uyo Fisheries Laboratory for 
further analysis. Cultured fish used as control 
were obtained from a local fish farm in Onitsha, 
Nigeria.

Heavy metal evaluation in tissues of fishes
Fish tissues (flesh) digestion was carried out 
following the procedures described by European / 
International Organization for Standardisation 
PN-EN ISO13657 (2006) in which all digested 
samplers were put inside glass containers. Heavy 
metals analysis of digested samples was done 
using Inductively Coupled Plasma-Optical 
Emission Spectrometry (ICP-OES Optima 2000 
DV, PerkinElmer Inc. Shelton, CT, USA) 
guidelines according to PN-EN ISO11885 (2009). 
Heavy metals analysed were Aluminum (Al), 
Cadmium (Cd), Chromium (Cr), Copper (Cu), 
Iron (Fe), Nickel (Ni), Zinc (Zn), Mercury (Hg), 
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Arsenic (As) and Lead (Pb).   All glassware used 
for trace element analysis were thoroughly 
cleaned by soaking in detergent followed by 
soaking in 10% nitric acid for 24 hours and finally 
rinsed with distilled water several times prior to 
use. 

Genomic DNA Isolation
DNA was extracted and prepared from blood 
samples of four per species using Blood-Animal-
Plant DNA preparation kit (Jena Biosci., Germany) 
following manufacturer's instructions. The quality 
and quantity of extracted DNA samples was 
verified using nanodrop spectrophotometer 
(Thermo Fisher Sci., USA). The concentrations of 
extracted DNA samples were adjusted to 20 ng/ µL 
for PCR amplification.

PCR amplification 
Ten RAPD primers were screened on four fish per 
species that were randomly selected, from which 
four highly polymorphic RAPD primers (Table 1) 
were selected for the study. A reaction mixture of 
20 µL comprising of 4 µL master mix (Solis 

®BioDyne 5X FIREPol  PCR Master Mix Ready 
to Load), 0.5 µL oligo primers, 2 µL DNA sample 
and 13.5 µL nuclease free water were used in the 
study. RAPD amplification was done following 
the thermal cycling conditions; Initial denaturation 
of 90 °C for 5 min, then 40 cycles of 95 °C for 1 
min, 30 °C for 1 min, 72 °C for 2 min and a final 
extension of 72 °C for 10 min. Amplicons were then 
separated in 1.5% (w/v) agarose using 0.5x TBE 
(Tris Borate EDTA) buffer stained with Ethidium 
bromide. The setup was run for 1 hour at 80 v. 
Separated were visualized using ultraviolent light 
from a trans-illuminator.

Analysis of Molecular Data
RAPD data analysis comparing the PCR products 
profile of the control with fish samples collected 
from lower River Niger was carried out. 
Consistent amplified RAPD products (75% i.e. 

bands that appeared in three of the four sample 
replicates per group treated) were scored in the 
study. Bands were scored 1 for present and 0 for 
absence of bands. Presence, absence and intensity 
of bands in relation to control bands were also 
considered in the study. Genomic template stability 
(%) was calculated as follows:

GTS = 100 – (100a/n) 

Where a means the average number of the 
differences in DNA profiles, n means the number 
of bands that were selected through control 
profiles in DNA (Cekic et al., 2017).

Results

Evaluation of heavy metal in tissues of sampled 
Fish species
Heavy metal analysis of tissues of both O. 
niloticus and C. gariepinus showed that metal 
accumulation was higher in the wet season than 
the dry season, although not significantly different 
(p > 0.05) for all metals evaluated (Table 1). The 
highest metal accumulated was iron in both fish 
species studied for both dry and wet seasons. 
Accumulation of mercury was least (0.15mg/g) in 
O. niloticus in the dry season, while cadmium was 
the least (0.04mg/g) in C. gariepinus. However, 
during the wet season, mercury was least 
accumulated in O. niloticus (0.21mg/g) and arsenic 
was least accumulated in C. gariepinus (0.14mg/g). 
More heavy metal accumulation was observed in 
the wet season than the dry season in both fish 
species evaluated. The distribution of heavy metal 
accumulation in the fishes evaluated followed the 
trend Fe > Al > Cd > Zn > Pb > Cu > As > Ni > Cr > 
Hg for the dry season and  Fe > Al > Zn > Cu > Pb > 
Cr > Ni > Cd > As > Hg for the wet season in O. 
niloticus; Fe > Al > Zn > Pb > Cu > Cr > Ni > Cd > 
As > Hg for the dry season and Fe > Al > Zn > Pb > 
Cu > Ni > Cr > Cd > Hg > as for the wet season in 
C. gariepinus.



Table 1: Heavy metal concentration accumulation in fish (O. niloticus and C. gariepinus) tissues 
               during study

Heavy metals 
(mg/g) 

O. niloticus C. gariepinus FAO/WHO 
mg/kgDry Season Wet Season Dry Season Wet Season

Aluminium 16.40±5.30 18.98±5.06  15.53±2.78  18.40±3.49  -  
Cadmium 

1.32±2.46 0.28±0.33  0.04±0.05  0.41±0.61  
0.2  

Chromium
 

0.77±0.22
 

1.03±0.57
  

1.05±0.31
 

0.44±0.40
 

0.05
 

Copper
 

1.14±0.56
 

2.68±2.90
  

1.08±0.38
 

1.15±0.38
 

2.0
 

Iron
 

64.28±12.93
 

67.42±14.11
  

96.06±58.36
 

99.16±59.36
 
-

 Nickel
 

0.32±0.25
 

0.43±0.22
  

0.67±0.26
 

0.48±0.31
 

0.6
 Zinc

 
5.46±1.68

 
6.96±2.08

  
7.47±2.63

 
9.50±3.56

 
30

 Mercury

 

0.15±0.17

 

0.21±0.24

  

0.35±0.44

 

0.18±0.28

 

0.5

 Arsenic 0.22±0.28 0.24±0.31 0.11±0.15 0.14±0.18 1.0

Lead 1.41±0.58 2.14±0.33 1.25±0.78 2.36±0.47 2.0

Values represents mean ± standard deviation; FAO/WHO (2003; 2011) 

RAPD marker performance in the study
Four polymorphic RAPD markers were used to 
assess the level of genotoxic effect of nickel, 
mercury, lead and zinc metals in O. niloticus and 
C. gariepinus in the study. The number of loci 
generated by RAPD markers used ranges from 13 
(OPAE-01) to 18 (RAPD-4) for O. niloticus 

samples and 15 (RAPD-1) to 20 (OPAE-01) loci 
for C. gariepinus samples (Table 2). In O. niloticus 
samples, all RAPD markers gave a 100% 
polymorphism between samples evaluated with 
two unique loci (397 bp in OPAE-01 and 2288 bp 
in RAPD-4) observed (Table 2). The unique loci 
were associated with the control (397 bp) and zinc 

Figure 2: RAPD profile for RAPD-4 marker in O. niloticus and C. gariepinus; M: DNA ladder; 
-ve; negative control; 1-4: replicated O. niloticus; 5: Control for O. niloticus; 6-9: 
replicated C. gariepinus; 10: Non treated C. gariepinus
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Table 2: Sequence and amplified band size range of RAPD markers used in the study

Primers  Sequences (5'  –  3' )  Size range (bp)  

OPAE-01 TGAGGGCCGT  2083 –  229  
OPC-04 CCGCATCTAC  2039 –  497  
RAPD-1 GCCAGATCAG  1985 –  438  
RAPD-4 TGCTCTGCCC  2288 –  302  

Table 3: Performance of RAPD markers in O. niloticus and C. gariepinus

Fish 
Species 

Primers  
Monomorphic 
bands 

Polymorphic bands
Total 
bands  

%Polymorphism  Unique 
bands 

Non-
unique 
bands

O
.n

il
ot

ic
us

OPAE-01 0 1 12  13  100.00  
OPC-04 0 0 17  17  100.00  
RAPD-1 0 0 16  16  100.00  
RAPD-4 0 1 17 18 100.00

C
.g

ar
ie

pi
nu

s OPAE-01 2 2 16  20  90.00  
OPC-04 0 1 17  18  100.00  
RAPD-1 3 1 11  15  80.00  
RAPD-4 2 0 14 16 87.50

Table 4: Performance of RAPD markers in O. niloticus and C. gariepinus

Primers  
Monomorphic 
bands 

Polymorphic bands
Total bands  %Polymorphism  Unique 

bands
Non-unique 
bands

OPAE-01 0 3 19 22  100.00  
OPC-04 0 1 18 19  100.00  
RAPD-1 0 1 17 18  100.00  
RAPD-4 0 1 17 18  100.00  

treated sample (2288 bp). In C. gariepinus 
samples, percentage polymorphism ranged 
between 80% (RAPD-1) and 100% (OPC-04) 
with four unique loci (2083 and 1614 bp in 
OPAE-01, 833 bp in OPC-04 and 1686 bp in 
RAPD-1) observed (Table 3). These unique loci 
were associated with mercury treatment (2083 
bp), lead treatment (1614 bp) and control (833 
and 1686 bp). Overall, OPAE-01 gave a total of 
22 loci which were polymorphic while both 
RAPD-1 and RAPD-4 gave 18 polymorphic loci 
in the study. OPAE-01 gave the highest number of 
unique loci while the other RAPD markers gave 
one each unique locus among samples evaluated 
in the study (Table 4).

Effect of heavy metals on the RAPD profile of 
O. niloticus and C. gariepinus
Figure 2 shows a typical RAPD profile for RAPD-4 
marker in O. niloticus and C. gariepinus. RAPD 
profiles varied between heavy metal in both control 
fishes and between fish species evaluated (Table 5 
and 6). A total of 38 bands were observed in O. 
niloticus control fish group. There was 
appearance of 2 bands for nickel treated group, 8 
bands for mercury treated group, 11 bands for lead 
treated group and 12 bands for zinc treated group. 
Normal band disappearance was highest in the 
nickel treated group and least in the lead treated 
group. Polymorphism was higher as observed in 
the nickel treated group compared to the lead treated 



group which showed the least polymorphism for O. 
niloticus (Table 5).

On the other hand, a total of 37 bands were 
observed in C. gariepinus control fish group. 
There was appearance of 15 bands for nickel 
treated group, 22 bands for mercury treated group, 
14 bands for lead treated group and 24 bands for 
zinc treated group. Normal band disappearance 
was highest the zinc treated group and least in the 
mercury treated group. Polymorphism was higher 
as observed in the zinc treated group as compared 
to the nickel treated group which showed the least 
polymorphism (Table 6).

Effect of heavy metals on the RAPD profile of 
O. niloticus and C. gariepinus
There was not much variations observed in the 
RAPD profiles of wild O. niloticus between dry 
and wet seasons sampled tissues evaluated (Table 
5). There was appearance of 2 bands for dry 
season and 3 bands for wet season in wild O. 

Table 5: RAPD pattern changes induced by heavy metal treatments in O. niloticus

Primers Control 
Dry Season Wet Season

a b c d  a  b  c  d  
OPAE-01 6 2 4 2 0  1 5 1 1 
OPC-04 12 1 8 3 0  3 9 2 1 
RAPD-1 9 0 9 0 0  1 8 1 0 
RAPD-4 11 1 8 1 2  0 8 1 1 
Total 38 2 31 6 2 3 30 5 3
a + b                33                          33 
a+b+c+d 41 41

a: appearance of new bands; b: disappearance of control bands; c: decrease control band intensity; d: increased 
control band intensity; a+b: polymorphic bands; a+b+c+d: varied bands

niloticus evaluated. Normal band disappearance 
was highest in dry season tissue (b = 31). However, 
polymorphism was the same in both seasons (a + b 
= 33) when compared (Table 4).

On the other hand, there was appearance of 15 
and 13 bands from dry and wet season tissues of 
wild C. gariepinus evaluated (Table 6). Normal 
band disappearance was highest in wet season 
tissue (b = 24). Polymorphism was in proximity 
between the dry and wet season (dry season = 36, 
wet season = 36) when compared (Table 6).

Table 6: RAPD pattern changes induced by heavy metal treatments in C. gariepinus

Primers Control
         Dry Season                Wet Season 
a  b  c  d   a  b  c  d  

OPAE-01 13 3 5 2 1  1 8 4 1 
OPC-04 6 6 1 3 2  3 3 2 1 
RAPD-1 10 2 10 0 0  3 8 1 1 
RAPD-4 8 4 5 1 2  6 4 3 1 
Total 37 15 21 6 5  13 23 10 4 
a + b 36 36
a+b+c+d 47 50

 a: appearance of new bands; b: disappearance of control bands; c: decrease control band intensity; d: increased 
control band intensity; a+b: polymorphic bands; a+b+c+d: varied bands

Effect of heavy metals on genomic template 
stability (GTS) in O. niloticus and C. gariepinus
Estimation of GTS showed varied genome stability 
response among the sampled fishes in dry and wet 
seasons (Figure 3). In wild O. niloticus, GTS was 
13.16% for both the dry and wet season. On the other 
hand, GTS in wild C. gariepinus was 2.70% and 
5.41% for dry and wet seasons when compared 
to the controls (Figure 3).
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Figure 3: Genomic template stability in wild species of O. niloticus and C. gariepinus 

Discussion

In this study, the trend in the heavy metal 
accumulation in the tissues of both O. niloticus and 
C. gariepinus reflects variations in heavy metal 
concentrations of River Niger between the two 
seasons. The seasonal variations observed in the 
studies corroborate the report of Ibrahim et al., 
(2018), who also observed seasonal variations in 
the heavy metal concentrations in both O. niloticus 
and C. gariepinus. Factors that could contribute to 
the seasonal heavy metal accumulation in tissues 
of these fish species include the fish's regulatory 
ability, behaviour and feeding habits (Baldisserotto 
et al., 2005). So also, the chemical nature of the 
metals, ionic strength and pH are co-contributing 
variables in the accumulation process (Okoro et 
al., 2016). 

More heavy metal accumulation was observed 
in the wet season than the dry season in both fish 
species evaluated. The differences in heavy metal 
accumulation pattern in sampled fish species in 
this study corroborates with reports from Okoro et 
al., (2016) who also observed variation in heavy 
metal accumulation between Coptodon zillii, 
Oreochromis niloticus, Sarotherodon galilaeus 
and C. gariepinus. For the dry season, Al, Cd, Cu, 
As and Pb were observed more in O. niloticus than 
C. gariepinus while the reverse was observed for 
Cr, Fe, Ni, Zn, and Hg. On the other hand, during 

the wet season evaluations, O. niloticus was 
observed to harbour more Al, Cr, Cu, Zn and As 
while C. gariepinus harboured more Cd, Fe, Ni, Hg 
and Pb. These were similar to reports by Sani 
(2011). These differences may be attributed to both 
the body structure (presence of scales which may act 
as a barrier to heavy metal accumulation) and 
physiology of the individual fish species examined.

Heavy metals accumulations in O. niloticus 
were greater during the wet season than dry season 
except for Cd which showed more accumulation 
during the dry season than wet season. The 
seasonal heavy metal accumulation difference in 
O. niloticus corroborates results from Ibrahim et 
al., (2018) in Lake Njuwa, Adamawa State except 
for Cr which was reported to be higher in the dry 
season than wet season in the tissues of O. niloticus.

Similarly, there was more heavy metal 
accumulation in the tissues of C. gariepinus in the 
wet season than the dry season except for Ni and 
Hg which were more during the dry season. The 
more Ni and Hg in the tissues of C. gariepinus 
during the dry season was contrary to reports from 
Ibrahim et al., (2018) which reported more Ni in 
the wet season for C. gariepinus from Lake Njuwa, 
Adamawa State.

The high concentrations of heavy metals 
during the wet seasons can be attributed to the 
increases in surface run-off. Large amount of 
pesticides from farms containing heavy metals are 



brought to the surface during heavy rainfall. This 
leads to accumulations of materials in the water 
bodies during the run-off especially chemical 
fertilizers containing the heavy metals (Ni, Pb, 
Cu). However, several previous studies found 
that mean heavy metal concentrations in fish were 
higher in the dry season (Oguzie, 2003; Obasohen 
and Eguavoen, 2008). This was attributed to high 
temperature, which increases the activity, 
ventilation, metabolic rate and feeding seasons 
(Nussey et al., 2000), while the low heavy metal 
concentrations in the wet season might be due to 
the dilution of metal level associated with heavy 
rains as reported by Obasohan and Eguavoen 
(2008). Observation from this study can also 
result from the effluent discharge from industrial 
activities around the water body which can 
contribute immensely to the high amount of 
heavy metals in the water body.

The use of RAPD assay in genotoxicity 
studies has increased due to its rapid, non-
radioactive nature, applicability to any organism 
and its potential to detect a wide range of DNA 
damage and mutations including point mutations 
and large rearrangements (Zhang et al., 2017). 
Studies have reported that the RAPD assay is 
more sensitive than classic test such as the comet 
and micronucleus assay since RAPD analysis is 
capable of detecting temporary DNA changes at 
lower concentrations of pollutants (Atienzar et 
al., 2006; Zhou et al., 2011; Zhang et al., 2017). 
An important characteristic of a good marker is 
polymorphism between related individuals. The 
level of polymorphism reflects the resolving 
power of a marker. In the study, all markers 
selected for the study were >80% polymorphic in 
both fish species making it suitable for the 
molecular study. Similar response was observed 
in the works of Danish et al., (2012). 

Observing banding patterns in relation to a 
control (unpolluted) sampled groups have been 
reported in literature to also be a reliable means of 
assessing genotoxic impact of heavy metals in 
animal studies (Zhang et al., 2017). The study 
showed significant differences in RAPD profile 
in O. niloticus from the dry and wet season when 
compared to the control with respect to band 
intensity, disappearance of normal bands, and 
appearance of new bands of amplified DNA. 
Bands disappear when the primer fails to bind to a 
certain site on the DNA template that was altered 

 

by the genotoxic substance, while new bands 
appear when some sites on the DNA become 
accessible to the primer after structural change by 
the genotoxic agent (Swaileh et al., 2013). As for 
the variation of band intensity, oxidative DNA 
damage and DNA-protein cross-links might block 
Taq polymerase processing and decrease the 
intensity of some specific RAPD bands, while 
DNA modifications enhancing the pairing activity 
of the primer with the DNA template might be a 
possible explanation for the increase in intensity of 
some RAPD bands (Lee et al., 2007). 

Band disappearance is induced mainly by 
genomic rearrangements, decreased point 
mutation, DNA damage in primer binding sites, 
and interaction of DNA polymerase in the test 
organism with damaged DNA, as suggested by 
Liu et al., (2005). The differences in band patterns 
of the fishes when compared to the controlled 
fishes are the result of induced mutation, DNA 
damage, or DNA alteration. The presence and 
absence of bands in the products amplified with 
the primers used in this study gave a clear 
indication of their ability of the test for DNA 
damage in test species (Kumar et al., 2015).

Similar results were reported by Zhang et al., 
(2017) who observed that the RAPD profile of the 
fishes per season clearly differs from their control 
counterparts and exhibit distinct changes between 
seasons.

The GTS is a percentage value that reflects 
PCR amplification profile changes of the test 
sample relative to the control (Zhang et al., 2017). 
Previous studies have however confirmed that the 
GTS was a sensitive parameter to reflect the 
changes in RAPD profiles induced by pollutants 
(Zhou et al., 2011; Aksakal and Esim, 2015).

Although, significantly reduced when compared 
to the control fish, GTS in O. niloticus did not 
differ between both seasons while GTS was higher 
in wet season than dry season in C. gariepinus. 
The decrease in genomic DNA stability in C. 
gariepinus may be the result of band disappearance 
and appearance of new bands (Atienzar and Jha, 
2006). 

Conclusion

The study showed more heavy metal accumulation 
in fish tissues more than WHO permissible limits 
signifying potential toxicity if these fishes are 
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consumed by final consumers. The study 
revealed the level of evaluated seasonal heavy 
metals accumulation in the tissues of O. niloticus 
and C. gariepinus. Although, more heavy metals 
were found in the tissues of fishes in the wet 
season than the dry season, C. gariepinus was 
observed to accumulate more heavy metals and 
show more DNA damage than O. niloticus in both 
seasons. These findings necessitate constant 
biomonitoring of lower River Niger to ensure good 
human health and ecosystems integrity.
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