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 Fish bioaccumulation markers may be applied in order to elucidate the aquatic behavior 
of environmental contaminants. Genetic variability and changes in the concentration of 

heavy metals are among the most valuable fish biomarkers. Samples of catfish “Clarias 

gariepinus “from different sites (three sites) were examined for Genetic variability by 
using RAPD-PCR technique to assess the effects of environmental pollutants on fishes. 

The DNA fingerprints of these samples were identified with eleven decamer primers. A 

total of 132 bands were scored in all species using the selected primers, with the size 
range varying from 120 to 1500 bp. On average, each primer amplified 12 bands per 

species. Each species had monomorphic, polymorphic and unique DNA bands. The 

polymorphic bands represent 38% in all fish species. The highest similarity index 
(86%) was found between El-serw farm Sample and the Private farm Sample, while the 

lowest one (82%) was between El-serw farm Sample and Nile River (Damietta estuary) 

sample. Therefore the phylogenetic relationships among the three studied samples were 
clearly resolved in dendrogram. The levels of zinc, copper, iron, manganese, and 

cadmium were determined in various body parts of catfish using atomic absorption 

spectrophotometer (AAS) method. The results obtained showed that, the concentration 
order for Zn, Cu, Mn in the studied sites were arranged as: Private farm > El-serw farm 

> Nile River site. While, the concentrations of Fe and Cd were arranged in order of: El-

serw farm > Private farm > Nile River. The levels of metals accumulated in tissues of 

Clarias gariepinus exceeds the permissible limits except Zinc as the highest 

concentration (16.14 mg/kg-1) observed in Nile River site was below Permissible limits 

(60 μg/g wet wt) according to [1]. A remarkable result from this study was identifying 
that the environmental contamination in catfish farms have distinct effect in metal 

concentrations and genetic variability in fishes. 
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INTRODUCTION 

 

 Fish used as excellent indicator of certain aquatic pollution due to their high sensitivity to variety of benthic 

prey, such as crustaceans, polychaetes and small bivalves [2]. The following techniques are those mostly used 

and are listed in chronological order, simple sequence repeats or just microsatellites (SSR) [3] and randomly 

amplified polymorphic DNA (RAPD) [4]or arbitrarily primed PCR (AP-PCR) [5], inter-simple sequence repeats 

(ISSR) [6], amplified fragment length polymorphism (AFLP) [7], single nucleotide polymorphisms (SNPs) [8] 

and more recently, diversity array technology (DarT) [9]. These different types of molecular markers are also 

different as to their potential to detect differences between individuals, their cost, facilities required, consistency 

and replication of results [10,11]. Recently, a wide range of new molecular techniques have been explored and 

reported for fishes and shellfishes [12,13]. Several DNA techniques for evaluating genetic variability in fish 

species are available and are widely used [13, 14-19]. One such technique is the Random amplified polymorphic 

DNA (RAPD) which was first introduced by [4]. It is a technique based on the PCR amplification of discrete 

regions of genome with short oligonucleotide primers of arbitrary sequence [4,5]. It utilizes single, arbitrary, 

decamer DNA oligonucleotide primers to amplify regions of genome based on the polymerase chain reaction 

[20,21]. The characters assessed through RAPD are useful for genetic studies because they provide various 
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types of data-taxonomic population, inheritance pattern of various organisms including fishes [22-24]. 

 RAPD has been widely used in the last decade in species identification program, and in assessing genetic 

variations among different taxa at DNA level because of its cost effectiveness and simple operation without 

requiring prior knowledge of species DNA sequences [25, 26]. The RAPD method has been initially used to 

detect polymorphism in genetic mapping, taxonomy and phylogenetic studies and later in genotoxicity and 

carcinogenesis studies [27, 28]. In addition, the fact that the RAPD assay allows the visualization of a wide 

range of PCR products may explain why this assay is a preferred choice. Also the random amplified 

polymorphic DNA (RAPD) is a useful assay for the detection of genotoxin-induced damage and mutations. The 

main advantages in the use of the RAPD method lie in its rapidity, applicability to any organism without prior 

information on the nucleotide sequence, cell cycle, karyotype and potential detection of a variety of DNA 

damage and mutations at the whole genome level. Random amplified polymorphic DNA (RAPD) is one of the 

molecular techniques that has benefited from the advent of the PCR. This molecular method has found 

applications in various types of organisms, e.g. bacteria [29-31].  

 Heavy metals in the aquatic environment can affect aquatic biota and pose a risk to fish consumers, such as 

humans and other wildlife. The concentrations of Heavy meals in the aquatic organism depict the past as well as 

the current pollution load in the environment in which the organism lives [32, 33]. Heavy metals may enter 

aquatic ecosystem from different natural and anthropogenic sources, including industrial or domestic sewage, 

storm runoff, leaching from landfills/dumpsites and atmospheric deposits [33, 34]. Trace metals such as Zn, Cu 

and Fe play a biochemical role in the life processes of all aquatic plants and animals; therefore, they are 

essential in the aquatic environment in trace amounts [35]. But some other elements like arsenic, cadmium, 

chromium, copper, mercury, nickel, lead and zinc exhibit toxicity effects on aquatic organisms [33, 36]. The 

bioaccumulation of heavy metals in living organisms and biomagnifications describes the processes and path- 

ways of pollutants from one trophic level to another [35, 37]. Fishes are major part of the human diet due to high 

protein content, low saturated fat and sufficient omega fatty acids which are known to support good health [33, 

36]. Therefore, various fish species are mostly used as bio-indicators of heavy metals contamination in the 

aquatic ecosystem because they occupy high trophic levels and are important food source [38-41]. 

 Catfish are considered the most important fish in the Egyptian fisheries because of the high rate of growth 

and its ability to live in difficult environmental conditions. As well as the increasing demand of the consumer as 

a result of the possibility of buying them alive. The nutritional importance of catfish was due to its high protein 

content (18%) and low fat content of 4% [42]. Among the most important catfish species prevailing in the 

Egyptian fisheries is African catfish “Sharp tooth catfish Claris gariepinus”, it exists in all of northern lakes 

fisheries and Nile River and its branches. Catfish represent important nutritional pattern for the poor and middle 

classes in Egypt due to its lowest prices compared with other fish, as well as the fast inexpensive breeding cycle, 

where it can be farmed in tanks, pools, or any small flat [42]. We focus in this research on studying the 

bioaccumulation markers in catfish in order to elucidate the aquatic behavior of environmental contaminants 

which in turn cause risk to human health. Genetic variability and changes in the concentration of heavy metals 

are among the most valuable fish biomarkers. 

 This study was conducted to assess the genetic polymorphism in catfish "Clarias gariepinus" collected 

from three sites with different pollution sources using RAPD analysis. It also aimed to assess the level of certain 

heavy metals in different organs of the investigate catfish.  

 

MATERIALS AND METHODS 

 

Study area: 

 The field work and samples collection of catfish were carried out from three sites described in Table (1). El-

serw farm belongs to the National institution of oceanography and fisheries NIOF, the private commercial 

catfish farm, and Nile River estuary (Damietta branch). The samples were collected from El-serw and the 

Private commercial farm during the harvest period, 12 and 6 month age, respectively. 

 

DNA extraction: 

 Three (3) samples of catfish from three sites were collected and brought to the laboratory in polythene bags 

and weighted (mean weight = 0.750 kg). Muscles were stored at -20 ºC until DNA extraction, DNA was 

extracted from muscles using the method of DNeasy Kit Qiagen.  

 

RAPD-PCR Reactions: 

 A set of eleven primers (Table 2) was used in the detection of polymorphism. The amplification reaction 

was carried out in 25 μL of reaction volume containing 30 ng of genomic DNA, 1 U Taq DNA polymerase, 0,2 

μM dNTP, 1 μM primer, and 1X PCR buffer (containing 1.5 mM MgCl2). The condition for amplification was 

an initial denaturation temperature 94ºC for five min, followed by 40 cycles of 1 min at 94ºC, then an annealing 

step at 36ºC for 1 min followed by 1,5 min at 72 ºC, and then by a final extension step for 7 min at 72 ºC. The 
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amplification products were resolved by electrophorsis in a 1.5% agarose gel containing ethidium bromide (0.5 

μg/ml) in 1X TBE buffer at 95 volts. A 1kb DNA ladder was used as a molecular size standard.  

 

Data analysis: 

 The banding patterns generated by RAPD-PCR marker analysis were compared to determine the genetic 

variation of the samples under study. Clear and distinct amplification products were scored as '1' for present and 

'0' for absent of bands. 

 

Heavy metal analysis: 

 Wet weight of different organs (liver, gills, and mussels) of the catfish samples were digested with nitric 

acid (5ml) for one day, and then placed on a hot plate for 2 hours until clear. On cooling, the digest was filtered 

into 10 ml volumetric flask and made up to mark with distilled and deionized water [43]. The levels of zinc, 

copper, iron, manganese, and cadmium were determined in various body parts of catfish using atomic 

absorption spectrophotometer (AAS) method. 

 
Table 1: Description of the Sampling sites.  

Sites Description 

El-serw farm Own to the national institute of oceanography and fisheries. 

Farm area 50 Fadden divided into basins with area of 1-2 Fadden. 
Charge and discharge pattern: the farm faded from the main drain outside (agriculture and domestic 

drainage). all farm basins feed from one side and drains into one drainage channel. It seems as closed 

system the feed water come from the outside drain and the drained water from farm basins go to the 
outside drain. 

Fish feeding pattern: It fads on animal feed. 

Farming type: intensive farming. 
Farming period: 12 month.  

Productivity: Poor productivity because of malnutrition and lack of water change where it depends on the 

water level in the outer drain. 

The Private farm Location: at El-salam channel, 4 km from Nile River (Damietta branch) 

Farm area: very small area ranged between 0.5 to 0.75 Fadden. 

Charge and discharge pattern: It faded from el-salam channel which receive its water from Nile River 
(Damietta branch) before mixing with any drains. 

Fish feeding pattern: It fads on poultry, blood wastes and dead animals. 

Farming type: intensive farming. 
Farming period: 6 month. 

Productivity: very high productivity (more than 50 ton/period) because of the abundance of nutrients that 

depends on dead animals and Poultry waste processing which conform to the nature of catfish. 

Nile River estuary 

(Damietta branch) 

Feeding pattern: free fading nature. 

Farming type: extensive farming. 

 

Table 2: Name and sequence of the primers used in RAPD detection. 

Primer Code Sequence 

A01 5'-CAGGCCCTTC-3' 

A11 5'-CAATCGCCGT-3' 

A15 5'-TTCCGAACCC-3' 

A16 5'-AGCCAGCGAA-3' 

A19 5'-CAAACGTCGG-3' 

B03 5'-CATCCCCCTG-3' 

B04 5'-GGACTGGAGT-3' 

B07 5'-GGTGACGCAG-3' 

B06 5'-TGCTCTGCCC-3' 

B09 5'-TGGGGGACTC-3' 

B10 5'-CTGCTGGGAC-3' 

 

Results: 

The genetic polymorphism: 

 The genetic polymorphism of three samples of “Clarias gariepinus“ were investigated. The DNA fragments 

generated by eleven primers using RAPD- PCR technique, from the genomic DNA of the three samples were 

separated using agarose gel electrophoresis and illustrated in Figure (1). The banding patterns of these DNA 

fragments were analyzed by Gene profiler computer software program and summarized in Table (3). RAPD 

analysis revealed a good polymorphism among samples under study. An average of 12 bands per primer was 

observed in a total of 132 bands. Size of bands ranged from 120 bp (A01) to 1500 bp (B03). From RAPD data 

62% of monomorphic bands, 16% of polymorphic bands and 22% unique bands were observed among samples 

(Table 4). The primer A15 gave rise to maximum bands (18) and B09 showed the least number of bands (8). 

Cluster analysis was carried out depending on the results of RAPD analysis using Gene profiler computer 

software program to find the diversity among the given samples as shown in the dendrogram Figure (2). The 

following are the amplification results of the five species obtained by the examined primers:  
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El-serw farm sample:  

 These samples produced different RAPD band patterns of number of 109 bands ranged from 120 bp by the 

primer A01 to 1500 bp by the primer B03. The generated bands ranged in number from 5 by the primers B09 to 

15 by the primer A15.  

 

The Private farm sample: 

 The eleven primers produced 106 bands, the number of bands amplified per primer varied from 6 bands by 

the primer B09 to 12 bands by the primers (A01, A11, A15 and B07) and had a size ranged from 120 bp by the 

primer A01 to 1500 bp by the primer B03.  

 

Nile River sample:  

 All the primers amplified successfully yielded distinct RAPD patterns with this samples, the eleven primers 

generated 103 fragments, the number of fragments varied from 6 by the primer B06 to 13 by the primer A11. 

The size of fragments ranged from 120 bp by the primer A01 to 1500 bp by the primer B03.  

 Genetic distance was lowest between El-serw farm sample and the Private farm sample, while was highest 

between El-serw farm sample and Nile River sample: Genetic Similarity index was from 82% to 86% (Table 5). 

The phylogenetic tree constructed from genetic distances showed that the dendrogram is divided into two 

clusters groups Figure (2).  

 

Heavy metals variations: 

 Concentrations of copper, zinc, manganese, iron, and cadmium in catfish samples collected from three 

different sites with different level of pollution and different fading pattern were determined. Figure (3) shows 

the mean concentrations of heavy metals in different samples of catfish. Zn levels ranged from 31.01 to 32.37 

mg/kg
-1

, Cu; 56.20 to 57.31 mg/kg
-1

, Fe; 373.54 to 414.39 mg/kg
-1

, Mn; 110.10 to 110.80 mg/kg
-1

, and Cd; 

15.05 to 16.34 mg/kg
-1

. The metal bioaccumulation in these samples are in the decreasing order of Fe > Mn > 

Cu > Zn > Cd. Figures (4-8) exerts the comparison between these metals in catfish organs (muscles, liver and 

gills) among sites. 

 Zinc is an essential element in our food and its toxicity is rare, but the concentrations in water up to 40 mg / 

kg can cause poisoning, characterized by symptoms of irritability, muscle stiffness and pain, loss of appetite, 

and nausea [35, 44]. In the private farm the concentrations of Zn ranged between 15.55 to 42.25 mg/kg
-1

, El-

serw farm concentrations ranged between 16.02 to 41.65 mg/kg
-1

, and Nile River site (Damietta branch) were 

16.14 to 39.26 mg/kg
-1

. The order of Zn concentrations in these sites are Private farm > El-serw farm > Nile 

River. By compeering the concentrations of Zn among catfish organs (Figure 4), we exert that the highest zinc 

concentration in mussels recorded at Nile River site (Damietta branch) with value of (16.14 mg/kg
-1

), while the 

lowest were recorded at the Private farm (15.55 mg/kg
-1

). For the liver organ the highest concentrations were in 

the Private farm (42.25 mg/kg
-1

) and lowest were in Nile River (37.63 mg/kg
-1

). Gills in catfish show high zinc 

conc. at El-serw farm (41.65 mg/kg
-1

), while Nile River and the Private farm show nearly similar concentrations 

(39.31 and 39.26 mg/kg
-1

,
 
respectively). While, the order of Zn bioaccumulation in catfish tissues are gills > 

liver > mussels for Nile River and El-serw farm samples. Bioaccumulation order in the Private farm are liver > 

gills > mussels. 

 Copper is an essential part of several enzymes and it is necessary for the synthesis of haemoglobin. Cu 

toxicity in fish is taken up directly from the water via gills [35]. The copper concentration varied among sites, 

the concentrations ranged between 28.72 to 72.14 mg/kg
-1

 in the Private farm, 28.77 to 71.42 mg/kg
-1

 in El-serw 

farm, and 27.95 to 70.78 mg/kg
-1

 in Nile River (Damietta branch) site. The order of Cu concentrations in these 

sites are Private farm > El-serw farm > Nile River site. Among the fish organs (Figure 5), fish mussels show Cu 

concentrations varied between 27.95 to 28.77 mg/kg
-1

. While, Cu levels in liver ranged from 70.78 mg/kg
-1

 at 

Nile River site to 72.14 mg/kg
-1

 at the Private farm. Cu conc. in gills ranged from 69.86 mg/kg
-1

 at Nile River 

site to 71.06 mg/kg
-1

 at the Private farm. The order of copper bioaccumulation in catfish tissues are liver > gills 

> mussels for all sites. 

 Fish is the major source for iron in adults and children and deficiency of it causes anemia [35]. The 

concentration of Fe among sites are arranged as El-serw farm (211.47- 519.58 mg/kg
-1

) > Private farm (194.85 - 

492.53 mg/kg
-1

) > Nile River site (183.14 – 484.99 mg/kg
-1

). The concentration of Iron in fish organs showed in 

Figure (6). Fe in fish muscles varies between 183.14 at Nile River site to 211.47 mg/kg
-1

 at El-serw farm. The 

maximum concentration of Iron in fish liver was in El-serw farm (512.12 mg/kg
-1

), while the minimum was in 

Nile River site (484.99 mg/kg
-1

). The reported concentration of Fe in gills in El-serw farm (519.58 mg/kg
-1

) was 

higher than the other sites (472.81 mg/kg
-1 

and 452.49 mg/kg
-1

 for Private farm and Nile River site, 

respectively).Iron accumulates in catfish tissues in order of: gills > liver > mussels in El-serw farm samples and 

accumulates in order of liver > gills > mussels in the Private farm and Nile River site. 

 Manganese is a metal with low toxicity but has a considerable biological significance and seems to 

accumulate in fish species ([35].The concentrations of manganese varied among sites, it ranged between 55.13 
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to 139.03 mg/kg
-1

 for the Private farm, 55.25 to 138.70 mg/kg
-1

 for El-serw farm, and 55.93 to 137.43 mg/kg
-1

 

for Nile River (Damietta branch) site, with order of : Private farm > El-serw farm > Nile River site . Mussles of 

catfish had Mn concenterations ranged between 55.13 mg/kg
-1

 in the Private farm to 55.93 mg/kg
-1

 in Nile River 

site (Figure 7). The lowest concentration of manganese in liver was 137.43 mg/kg
-1

 in Nile River site and 

highest was 138.45 mg/kg
-1

 in El-serw farm. Lower concentrations of Mn in catfish gills were reported in Nile 

River site (136.94 mg/kg
-1

) and the higher values (139.03 mg/kg
-1

) were in the Private farm. The accumulation 

order of Mn in catfish tissues were: gills > liver > mussels in El-serw farm and the Private farm samples and 

accumulates in order of: liver > gills > mussels in the Nile River site. 

 Cadmium is a non-essential toxic metal, and may accumulate in humans from food chain magnification. 

Cadmium could be readily bioaccumulated in lower portion of food chain and bioconcentrate in multiple organs 

of fish [35]. Cadmium values in this study were ranged from 7.88 mg/kg
-1

 in Nile River site to 20.73 mg/kg
-1

 in 

El-serw farm. The site variations arranged as: El-serw farm > Private farm > Nile River. Figure (8) show the 

fish organs variations, where mussels shows concentrations of 7.88, 8.09, and8.27 mg/kg
-1

 for Nile River, 

Private farm, and El-serw farm, respectively. Liver shows concentrations of 17.64, 19.39, and 20.34 mg/kg
-1

 for 

Nile River, El-serw farm, and the Private farm, respectively. The concentrations of Cd in gills were 19.36, 

20.61, and 20.73 mg/kg
-1

 for Nile River site, Private farm, and El-serw farm, respectively. The order of 

Cadmium bioaccumulation in catfish tissues are gills > liver > mussels for all sites. 

 
Table 3: Survey of RAPD Markers using eleven primers. (1- El-serw farm sample, 2- Private farm sample and 3- Nile River sample. where  

(1) means present and (0) means absent. 

  Primer A01   Primer A11 

N MW 1 2 3 N MW 1 2 3 

1 1300 0 1 0 1 1100 1 1 1 

2 1050 0 1 0 2 900 0 0 1 

3 950 0 1 0 3 850 1 1 1 

4 850 1 0 0 4 750 1 1 1 

5 800 1 0 0 5 700 1 1 1 

6 700 1 1 0 6 600 1 1 1 

7 580 1 0 0 7 500 1 1 1 

8 500 1 1 1 8 460 1 1 1 

9 450 1 1 1 9 350 1 1 1 

10 400 1 1 0 10 320 1 1 1 

11 360 1 1 1 11 280 1 1 1 

12 300 1 1 1 12 240 0 0 1 

13 270 1 1 1 13 200 1 1 1 

14 250 1 0 0   Primer A16 

15 210 1 0 0 N MW 1 2 3 

16 180 1 1 1 1 1200 1 0 0 

17 120 1 1 1 2 1050 1 1 1 

  Primer A15  800 3 1 1 

N MW 1 2 3 4 720 1 1 1 

1 1200 1 1 1 5 600 1 1 1 

2 1050 0 0 1 6 550 0 1 0 

3 1000 0 1 0 7 500 1 1 1 

4 950 1 1 1 8 420 1 1 1 

5 850 1 1 1 9 340 1 1 1 

6 750 1 1 1 10 280 1 1 0 

7 700 1 1 1 11 220 1 1 1 

8 650 1 1 1   Primer B03 

9 570 1 0 0 N MW 1 2 3 

10 500 0 1 1 1 1000 0 0 1 

11 450 1 0 0 2 900 1 1 1 

12 400 1 0 1 3 770 1 1 0 

13 370 1 1 1 4 640 0 1 1 

14 320 1 1 0 5 500 1 1 1 

15 290 1 1 1 6 400 1 1 1 

16 250 1 0 0 7 330 1 1 1 

17 210 1 1 0 8 310 0 0 1 

18 180 1 0 0 9 270 1 1 1 

  Primer A19 10 200 10 0 1 

N MW 1 2 3   Primer B04 

1 1500 1 1 1 N MW 1 2 3 

2 1300 1 0 1 1 950 0 0 1 

3 950 1 0 1 2 900 1 1 1 

4 900 1 1 1 3 750 1 1 0 

5 780 1 1 1 4 700 1 1 1 

6 700 0 0 1 5 500 1 1 1 

7 600 0 1 1 6 430 1 1 1 
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8 570 1 1 1 7 330 1 1 1 

9 460 1 1 1 8 270 1 1 1 

10 400 1 0 0 9 250 1 1 1 

11 350 1 1 1   Primer B06 

12 280 1 1 1 N MW 1 2 3 

13 220 1 1 1 1 900 1 1 1 

  Primer B07 2 800 2 1 0 

N MW 1 2 3 3 720 1 1 0 

1 980 1 1 1 4 600 1 1 1 

2 850 1 1 1 5 580 1 0 1 

3 680 1 1 1 6 500 1 1 0 

4 600 1 1 1 7 470 1 1 0 

5 530 1 1 1 8 430 0 1 1 

6 500 1 1 1 9 400 1 1 1 

7 480 1 1 1 10 350 1 1 1 

8 430 1 1 1      

9 380 1 1 1      

10 340 1 1 1      

11 300 1 1 1      

12 160 1 1 1      

 

Table 4: Number of amplified a DNA-fragments in the three samples. 

Polymorphism % No. of 

Unique 

bands 

No. of 

Polymorphic 

Bands 

No. of 

Monomorphic 

bands 

Total 

amplified 

bands 

No. of amplified bands Primer 

code 

No. of 

Primer 

Polymorphic 
+ Unique bands 

(3) 
 

(2) 
 

(1) 
 

59% 8 2 7 17 7 12 14 A01 1 

15% 2 0 11 13 13 12 11 A11 2 

56% 6 4 8 18 11 12 15 A15 3 

27% 2 1 8 11 8 10 10 A16 4 

38% 2 3 8 13 12 9 11 A19 5 

50% 3 2 5 10 9 7 6 B03 6 

22% 1 1 7 9 8 8 8 B04 7 

0.0 0 0 12 12 12 12 12 B07 8 

60% 1 5 4 10 6 9 8 B06 9 

50% 2 2 4 8 7 6 5 B09 10 

27% 2 1 8 11 10 9 9 B10 11 

38% 29 21 82 132 103 106 109  total 

 

Table 5: Similarity Matrix UPGMA Jaccard`s Coefficient. 

 1 2 3 

1 100   

2 86 100  

3 82 85 100 

 

 
Fig. 1: Agrose gel electrophoresis of RAPD products generated with all primers, 1- (El-serw farm sample), 2-  

(Private farm sample) and 3- (Nile River sample). 
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Fig. 2: RAPD-Dendrogram. 

 

 
 

Fig. 3: The mean conc. Of heavy metal in catfish samples from different sites. 

 

 
 

Fig. 4: Zink conc. in catfish organs among sites. 

 

 
 

Fig. 5: Cupper conc. in catfish organs among sites. 
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Fig. 6: Iron conc. in catfish organs among sites. 

 

 
 

Fig. 7: Manganese conc. in catfish organs among sites. 

 

 
 

Fig. 8: Cadmium conc. in catfish organs among sites. 

 

Discussion: 

The genetic polymorphism: 

 In this study, rapd-pcr technique was used for identification of dna polymorphism and changes of genetic 

structure of catfish “Clarias Gariepinus“ as result of environmental pollutions rapd markers showed a high level 

of polymorphism and a high number of clearly amplified bands. The low level of genetic variation between 

sample 1 (El-serw farm) and sample 3 (River Nile) and the high level of genetic variation was found between 

sample 1 (El-serw farm) and sample 2 (Private farm). The genetic distance is more between genus than between 

species and the hypothesis is also proved in this study by this marker. This was also proved in earlier studies in 

indian major carps [18]. Dendrogram was constructed from similarity matrix values using upgma algorithm. The 

phylogenetic relationships among the three samples studied were clearly resolved in dendrogram, they were 

clustered into two groups: the first one comprised, sample 1 (El-serw farm) and sample 2 (Private farm). The 

second included sample 1 (El-serw farm), sample 2 (private farm) and sample 3 (River Nile) the present study is 

the first report on the use of rapd markers for studying genetic polymorphism as results of environmental 
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poluution in “clarias gariepinus“ in egypt.  

 Although a small number of primers were enough to get molecular characteristic indicators of each of the 

five species, a large number of prefixes were necessary to study the relationships between different species, 

because it gave a powerful tool to discriminate the species based on their genetic component. This allows 

obtaining more accurate results about the genetic similarities and differences among the studied species. The 

RAPD method was employed in the past successfully for the detection of genetic relationship among individuals 

[45]. 

 Optimization of PCR conditions is necessary to get the highest specificity and product yield [4, 46-

48].Therefore, optimization of PCR conditions, that include reagents, temperature, number of cycles and other 

parameters are very necessary to get a successful RAPD-PCR reaction. Some primers can bind with DNA since 

they have the same complementary sequence for template DNA while others didn’t bind with DNA because 

they generate poor amplification products and/or non-repeatable banding patterns [49]. So we test about a 

hundred oligonucleotide primers, but we choose only 8, for the reasons above. The principles of RAPD-PCR 

depend on existence or nonexistence of bands, the number of bands and the molecular weight of resulted bands 

[50]. The absence or presence of main band from any variety is considered a marker for that variety. The other 

principle of RAPD markers is the band numbers. That illustrated the number of sites which that a primer detects 

and bind with them. The number of these sites affected by two factors, genome size and primer sequences [51]. 

 RAPDs reveal similar patterns of genetic diversity when compared with other marker types and can be 

performed more rapidly than most other methods [52], and can provide vital information for the development of 

genetic sampling, conservation and improvement strategies [53, 54] tested the applicability of RAPD analysis 

for identification of three marine fish cell lines FG, SPH, and RSBF, and as a possible tool to detect cross-

contamination. RAPD primers were useful for identification of these cell lines and for characterization of the 

genetic variation of these cell lines in relationship to the species of their origin.  

 RAPD technique has been useful for detection of genetic variation in various fish species. It has been used 

for phylogenetic studies for species and subspecies identification in fish [4, 5, 55-58)]. 

 

Heavy metals variations: 

 Metal accumulate in this study for the three samples in decreasing order of Fe > Mn > Cu > Zn > Cd. The 

concentration of trace metals in various organs of fish reflects the degree of water pollution in the aquatic 

environments in which such fish are living. Gills show the highest concentrations of: Cadmium in all sites, Zinc 

in Nile River and El-serw farm, Iron in El-serw farm, and Mn in El-serw farm and the Private farm. The high 

content of metals in gill tissues can be attributed to the fact that fish gills play a distinct role in metal uptake 

from the environment. Due to their respiratory function, gills are in direct contact with the contaminated 

medium (water), and have the thinnest epithelium of all of the organs [41,59].High concentration of metals in 

the gill has often been used as an indication of acute exposure since the metals are fixed by absorption processes 

which occur very rapidly [35, 60-62].So, most of the analyzed metal show higher concentrations in the gills in 

El-serw farm and the Private farm because of increasing water contamination rate. Where El-serw farm feeds 

from Agricultural and domestic drainage with high contents of contaminants (pesticides, metals, nutrients). 

While, in the private farm, the water source itself is not the cause of contaminations as it feeds from El-Salam 

Canal that import its feeding from River Nile (Damietta estuary), where the farm far from River Nile feeding 

point with 3 km before mixing with any drains. But the type of nutrition in the Private farm, which depends on 

poultry, blood wastes, dead animals, and domestic wastes are the main reason of increasing rates of 

contamination in the farm water. 

 Liver recorded the highest conc. of: copper in all sites, Zinc in the Private farm, Iron in the Private farm and 

Nile River site, and Mn in the Nile River site. Liver plays an important role in accumulation and detoxification 

of heavy metals Exposure of fish to elevated levels of heavy metals induces the synthesis of metallothioneine 

proteins (MT), which are metal binding proteins Fishes are known to posses the metallothioneine proteins 

Metallothioneine proteins have high affinities for heavy metals and in doing so, concentrate and regulate these 

metals in the liver [35, 63-67].These proteins are thought to play an important role in protecting them from 

damage by heavy metal toxicants [35,68]. 

 The obtained data showed that, gills and liver accumulated the highest concentration of metals while 

muscles accumulated the lowest concentration. Fish muscles have a low tendency to accumulate the heavy 

metals to which they are exposed. The concentration of the metals in mussels differ by fish age thus, it can pose 

a threat to the fishes with time [35,41]. As we fixing the samples size and weight, then the variable factor here 

will be fish age. We find that, Nile River site had the highest values for the majority of metals in fish mussels 

(extensive farming with undefined age) followed by El-serw farm (intensive farming with 12 month age) and 

then the Private farm (intensive farming with 6 month age). Generally, mussels are the main edible part of fish 

and can directly influence human health. Therefore, most governorates have established toxicological limits for 

heavy metals in seafood [39,40]. The highest concentration of Zinc (16.14 mg/kg
-1

) observed in Nile River site 

was below Permissible limits (60 μg/g wet wt) according to [1]. All fish samples were contaminated with 
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Cadmium in levels up of the permissible limits (FAO/WHO is 0.1 μg/g), where The highest concentration in 

mussels was ( 8.27 mg/kg
-1

) in El-serw farm and the lowest value was ( 7.88 mg/kg
-1

) in Nile River site. In the 

case of Cu (with range of 27.95 to 28.77mg/kg
-1

) all fish samples were higher than the limit of standard (3 μg/g 

wet wt.). Normally the fish mussels containing a great amount of Mn which differ from kind to kind as well as 

differ by fish age [40]. Values of Mn in all sites with range of 55.13 to 55.93 mg/kg
-1

 were higher comparing 

with Permissible limits (2.0- 9.0μg/g wet wt). Iron concentrations observed in this study ranged between 183.14 

- 211.47 mg/kg
-1

 was exceeding the high residue concentrations of Fe (34 - 107 ppm) in fish samples according 

to MNW Refuge [35, 69]. 

  

Conclusion: 

 The results clearly revealed effect of environmental pollutants on changes of genetic structure of fish 

species. Also this study was showed that RAPD was informative in detecting species specific DNA marker. 

Results revealed that three samples of Clarias gariepinus represent various degree of sensitive in monitoring 

genetic damage. This indicates by variation average of DNA fragments. This observation clearly indicated both 

the population’s genetic similarity index and genetic distance within the species. RAPD analysis for diversity 

can provide practical information for the management of genetic resources in Scaridae fishes. This research is a 

first study reporting the RAPD analysis of these samples in Egypt. Further studies with other molecular 

methodologies are essential to clarify and confirm genetic relationships among fish species depicted using 

RAPD. Based on the result of this study, the levels of metals accumulated in catfish tissues in El-serw farm for 

zinc, iron, manganese, and cadmium were in order of: gills > liver > mussels but, copper accumulate in order of 

liver > gills > mussels. In Nile river site, iron, manganese and copper accumulates in catfish tissues in order of: 

liver > gills > mussels, while, zinc and cadmium accumulates in order of: gills > liver > mussels. In the Private 

farm, zinc, iron, copper accumulates in order of: liver > gills > mussels. While manganese, and cadmium 

accumulation were in order of: gills > liver > mussels. The levels of metals accumulated in tissues of Clarias 

gariepinus, exceeds the permissible limits set for heavy metals by [1,69]. Except Zinc as The highest 

concentration (16.14 mg/kg
-1

) observed in Nile River site was below Permissible limits (60 μg/g wet wt) 

according to [1]. 
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