Genotoxic Effects of Cassava Effluent on the
Expression of Selected Genes in the African Catfish,
Clariasgariepinus

ABSTRACT

Aim:A cause for worry is the wastewater that is released into the environment or public sewers
without any sort of purpose during the processing of Manihot esculenta Crantz. Fish and other
aquatic species may suffer negative consequences if wastewater is discharged into streams and
rivers, either directly or indirectly.This study was conducted to examine the effects of cassava
effluents on gene expression in the African catfish (Clarias gariepinus).

Methodology:C. gariepinus juveniles were exposed to 0.1, 0.5, 1.0 and 1.5 % concentrations of
cassava effluent, respectively. The subsequent tissue extraction, RNA isolation, CDNA synthesis
and electrophoresis analysis were all done following standard procedures.

Results:From the results obtained, there were varying levels of upregulation in the expression
levels of all the nine genes assessed: IL-13, CYPIIA, HSP70, DMRTI, HSD17B, FOX12, MEL1C,
CAMKIIg and GH genes. Statistical analysis to compare the expression levels of the genes at the
different concentrations with their corresponding control experiments showed that the upregulation
of only two genes, (HSD17B and GH), upon exposure to cassava effluents were not significant (p
>0.05) at any concentration. The upregulation of the seven other genes is an indication that the
cassava effluents exerted adverse impacts on the physiology of C. gariepinus.

Conclusion:lt is therefore recommended that cassava effluents be properly treated before being
discharged into the aquatic environment.
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1. INTRODUCTION

One of the earth's most plentiful natural resources is water. Water is a necessary element for all
biological processes carried out by living things, such as plant development, chemical reactions, the
transportation of nutrients, and body temperature regulation [1]. Water is used by many living things
for a range of purposes in the environment, including transportation, habitat provision, and soil
formation [2]. Water covers over 70% of the surface of the Earth. This water is found in a variety of
bodies of water, including lakes, rivers, ponds, streams, and seas. It can be either freshwater or
saltwater [3].Since water can dissolve a wide range of chemicals, it is a universal solvent, which
contributes significantly to its susceptibility to contamination [4].

Recent years have seen an increase in pollution from both point and non-point sources, raising
qguestions about the cleanliness of water bodies [5]. Trash generation has increased due to
urbanization and growth, and a large portion of this trash ends up in water bodies [3]. Agricultural
wastes, such as food processing, animal faeces and runoff from farmlands, industrial and sewage
discharges, seepage of waste components from waste dumps and landfills, and urban runoff are
among the wastes that contaminate water [6]. According to Backhaus et al. [7], water pollution results
in alterations to the water's quality, such as a decrease in the amount of dissolved oxygen,
eutrophication, toxicity, elevation of temperature, and addition of colour, odour, and taste. The
introduction of garbage may also encourage the growth of dangerous bacteria, viruses, protozoa, and
coliforms—microbes that cause disease. The quality and survival of aquatic species, as well as the
usability of water, are negatively impacted by these changes [8].

In many places of the world, cassava and its derivatives are staple foods. According to Eze and
Azubuike [9] and [10], cassava processing mills are frequently located close to water bodies into
which the wastewater produced during the conversion of cassava into final products is dumped.
These effluents have different concentrations of dangerous materials, such as cyanides, organic
compounds, and other heavy metals, which alter the water's colour, chemical and biological oxygen



demands, and other characteristics [11]. The components of cassava effluents have a negative
impact on the different aquatic creatures that live in the affected water body in addition to the
worsening of the water quality [12].According to Jegede et al. [13], one of the impacts of cassava
effluents in the aquatic environment is alterations to the medium's chemical composition, which have
an impact on the aquatic organisms' physiology, behaviour, haematology, and biochemistry.

Given that fish are harmed in terms of number, location, and size, they are among the creatures most
negatively impacted by hazardous chemicals found in cassava effluents, particularly hydrogen
cyanide. Additionally, they have the capacity to accumulate these substances, which eventually make
their way into human bodies through the food chain [14,15]. Cassava peel-containing wastewaters
serve as breeding grounds for mosquitoes and flies, which are disease vectors, and they also
contribute to the production of hydrogen cyanide in water [16]. Humans may come into touch with
contaminated water or fish or through skin contact when exposed to hydrogen cyanide derived from
cassava. In addition to its numerous carcinogenic and mutagenic effects, hydrogen cyanide causes
partial blindness in humans [17].0ne reason for the reduction in the advantages associated with
fisheries resources is the contamination of water bodies caused by cassava effluents. Alternative
methods of treating these effluents prior to their discharge into water bodies should be put into place
in order to safeguard water bodies and increase fisheries yield [13].

The impacts of cassava effluents on various aquatic creatures, particularly fish, have been the subject
of several research [11,18,13,14]. It is a known fact that fish, because of their sensitivity to pollution,
are useful as markers of the health of aquatic ecosystems [14]. We are not aware of any report on the
gene expression of effluents obtained from cassava processing effluents on the African catfish. Thus,
the purpose of this study was to evaluate how cassava effluents affect the African catfish's (C.
gariepinus) gene expression.

2. MATERIALS AND METHODS

2.1 Collectionof Cassava Effluent

The cassava effluent used in the study was obtained from a local cassava processing plant located in
Agbarha-Otor, in Agbara of Delta State (Fig. 1). Agbarha-Otor is geographically located at 5°31’15” N,

6°2’49” E and has an elevation of 14m above sea level. It is one of the towns in the Urhobo Kingdoms
of Ughelli in Delta State, Nigeria.

Figure 1: A map of the study area showing the sampling location.
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During the collection, cassava effluent was homogenised and then transferred from plastic basins into
5-litre and 10litre kegs. After collection of the samples, they were then stored in a refrigerator at 10°C
until the introduction of the test organisms into the effluents.
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Plate 1: Generation of cassava effluent

A

Plate 2: Cassava effluent stored in plastic basins awaiting disposal

2.2 Collection of Fish Samples

Clariasgariepinus, the African catfish, served as the study's test organism. Juvenile C. gariepinus
were purchased from a commercial fish farm in Benin City, Edo State, Nigeria. The fish were allowed
to acclimate for seven days in a plastic aguaculture tank filled with dechlorinated water. Due to waste
accumulation in the water and to lower stress levels, this water was changed daily. Fish feed pellets
with a diameter of 2 mm were used to feed the fish twice a day. The feeding schedule was terminated
24 hours before the fish were exposed to the wastewater.

Plate 3: Samples of Clariasgariepinusjuveniles

2.3 Analytical Procedures

2.3.1Exposure to Effluent




Exposure of the test organisms to the cassava effluent was done in accordance with guidelines
recommended by UNEP [19]. Ten fishes each were transferred to five 16-litre aquariums for a total of
50. The concentration of cassava effluent in the aquariums were as follows 0.1%, 0.5%, 1.0%, 1.5%
and 0% in the control which only contained dechlorinated water. One fish each from the aquariums
were removed and observed for abnormalities and mortality after 6, 12, 48, 72 and 96 hours. After
observation, the fish were properly labelled and stored in a freezer.

2.3.2Extraction of Tissue Sample

The extraction of tissue samples followed the modified methods of [20]. For this procedure, the fishes
were taken out from the freezer and allowed to thaw. They were then dissected using appropriate
equipment. An incision was made in the pectoral region of each fish and the liver was removed,
placed in an EDTA tube and stored in a freezer to prevent denaturing. The liver was selected for this
study and is appropriate because it is a large organ which is easy to locate and remove; it is the main
organ for detoxification; and the extraction of DNA from the liver is not cumbersome [20].

2.3.3RNA Isolation

The isolation of RNA followed the modified methods of [20]. The liver tissues extracted from the fish
were homogenised by mechanical membrane destruction in an Eppendorf tube using a plastic pestle
to break the nuclei and release the DNA and RNA contents. Thirty (30) ml of RNA Lyase buffer (SOL
A) was then pipetted into the homogenised sample to facilitate the breakage of plasma membranes in
the event of improper homogenisation. After that, the samples were then placed in a water bath and
incubated for 10 minutes at 30°C. When this was completed, the samples were centrifuged for 15
minutes at an oscillation rate of 10000rpm. The centrifuged samples were then divided into three
parts i.e. DNA, RNA and proteins. The RNA was pipetted into a new tube and ten (10) ml of the
precipitating buffer (SOL B) which contained DNase enzymes which served the purpose of breaking
down the residual DNA impurities in the RNA sample. The resulting mixture was incubated again in
the water bath for 10 minutes at 30°C, followed by centrifuging for 15 minutes at 10000rpm. When
centrifugation was complete, the supernatant was decanted and there was a tiny pellet left at the
bottom of the test tube. RNA buffer (SOL C) was added to the test tube. This solution serves to wash
out RNA from all the solvents which have been used. The resulting solution was then decanted and
allowed to dry.

2.3.4Quantification and Normalisation

The quantification and normalisation of RNA followed the modified methods of [20]. Fifty (50) pl of
nuclease-free water which contained inhibitors of DNA and RNA was added to the RNA after it had
dried. Nuclease-free water is added to prevent the breaking down of the RNA sample. Purification of
the sample was carried out with the aid of the UV spectrophotometer set at 260nm. The amount of
RNA isolated was determined by quantification and then to ensure that the concentrations of RNA
present in all the samples were the same, normalisation was carried out.

2.3.5cDNA Synthesis

The synthesis of cDNA followed the modified methods of [20]. The reverse transcription procedure
facilitated by reverse transcriptase was used in the conversion of the normalised RNA to cDNA. Aside
from the reverse transcriptase, other reagent used in this process included the reverse transcriptase
buffer, a random primer, Oligo DT primer and dNTPs. These reagents were mixed into a ‘cocktail’
mixture and then added to the sample. The samples were then placed in a PCR machine at 42°C for
transcription. The operating temperature was increased to 72°C to denature the transcriptase. When
the synthesis of cDNA was complete, gene amplification involving denaturation, annealing and
elongation was carried out through the polymerase chain reaction technique. The reagents in this
process were the cDNA itself, TAG polymerase, a buffer solution, primers and magnesium. The
solution was first denatured in the PCR machine at 94°C which resulted in the physical separation of
the two strands which make up the DNA double helix. A gradual reduction in the operating
temperature of the system was then effected to 55°C for annealing which resulted in the binding of the
primers to complementary DNA sequences. An exponential amplification of the original DNA template



occurred at 72°C occasioned by a chain reaction which resulted from the addition of nucleotides to
the primers by TAG polymerase.

2.3.6Agarose Gel Electrophoresis

Electrophoresis with agarose gel followed the modified methods of [20]. After amplification of a
solution is complete, it is referred to as an amplicon. To the amplicons, gel loading dye was added to
monitor the migration of DNA within the electrophoretic tank while ensuring that the amplicons
maintain a high density due to the presence of glycerol in the gel. The amplicons which were
negatively charged migrated through the agarose gel pores in the direction of the positively charged
gel and vice versa. Higher amplicon density was accompanied by slower movement which made it
easier to acquire sharp and clear bands for the results. Image J software was used in the capturing
the various bands produced which were then used in the determination of the level of intensity for
each band.

Tablel: Primer sequences of the genes

GENE FORWARD PRIMERS REVERSE PRIMERS

BETA ACTIN CATCGGCAATGAGCGTTTC GATGGAGTTGAAGGTGGTCTC
1L-1BETA CAGTGAATCCAAGCGCTACA  AAGCGAGCAGAAGAGGAAA
CYP11A1 GCAGGGACTATCGCATCTTT  CAAAGCCAAAGCCCAAACTC
HSP70 TGGCCTTTCAAGGTCATCAG CAGCACCATGGAGGAGATTT
DMRT1 CTCTGACTCTGGAGCGTTTAC CACAGTGCCATGAGGTAAGT
HSD17B2 AGGTGATCCTGTGCTGTTG GCCTTCCTGAAGTGAAGTAGAG
FOXL2 ACTCCTCGTACAACCCTTACT CTGCTGATGGTGCTGATGT
MEL1C GATTTGGGCGACAGCAATTC  CCAGCATACAGCAAACAACAC
CAMKIIG GACTTTGGACTGGCGATTGA AGGGTCCTTTCTCAGGACTT
GH CCCTGTCATTCTGCAACTCT CCATGACTCGATCAGACGATAAG

2.4 Data Analysis

SPSS 20.0 statistical package was used for all dataanalysis. The results of the root inhibition at
eachconcentration of the effluents were expressed asmean + standard deviation. The
differencesbetween the control and different concentrationsof the cassavaeffluents were compared
using one-way analysis of variance (ANOVA). To assess whether the means of groupswere
statistically different from each other, theleast significant difference (LSD) test wasadopted. In all
cases, a value of p<0.05 wasconsidered significant.

3. RESULTS AND DISCUSSION

Cassava effluents have been shown by previous studies to be toxic due to their physicochemical
properties and the fact that they often contain certain amounts of some heavy metals [14]. Upon the
release of these effluents into water bodies, they alter the physicochemical properties of the aquatic
system and are able to induce adverse effects in fish [21]. Organs such as kidneys, brains, livers, gills
and gonads are often affected. Among the effects reported in these studies are congestion in central
veins, formation of vacuoles in hepatocytes and necrosis of the cells [22]. Some studies have
reported that exposure to extreme concentrations of these effluents result to mortality [14]. The
present study was conducted with the aim of determining the effects of exposure to cassava effluents
on gene expression in Clariasgariepinus. These effects were assessed at various concentrations i.e.
0.1, 0.5, 1.0 and 1.5% for the expression levels of the following genes: IL-1B, CYPIIA, HSP70,
DMRTI, HSD17B, FOX12, MEL1C, CAMKIlg and GH genes.

3.1 Expression of IL-1B Gene

The changes in the expression levels of the IL-13 gene are shown in Figure 2.The results show that
with increasing concentrations of cassava effluent, there was a corresponding increase in the
expression of the gene. The largest increase in the expression levels was recorded when the effluent
concentration was at 1.5%.
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Figure 2: Expression of IL-1p gene at various concentrations

The IL-1B8 gene, known as Interleukin-1 beta, is a gene of the cytokine family which is pro-
inflammatory and is an important mediator of the response of an organism to infections by
microorganisms, injuries to tissue and immunological reactions [23]. The changes in expression levels
of IL-1B upon exposure to different concentrations of cassava effluent are shown in Figure 2 and it
clearly shows that minute increments in expression were recorded at 0.1, 0.5 and 1.0% when
compared to the control sample. However, there was a spike in expression levels when the
concentration was 1.5%. This suggests that a concentration of 1.5% cassava effluent is potentially
injurious to Clariasgariepinus[24], hence, the increased expression of the gene. And also.the results
from the statistical analysis shows there is a significant difference (p<0.05) in the genes expressed.

3.2 Expression of CYPIIA Gene
The variations in the expression of the CYPIIA gene as the concentration of the cassava effluent

changed is shown in Figure 3. The greatest increase in the expression levels was recorded when
effluent concentration was 1.5%, and the least was recorded when effluent concentration was 1%.
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Figure 3: Expression of CYPIIA gene at various concentrations

For the cytochrome P4501A gene, also known as the CYP1A gene, it serves a variety of functions
within the bodies of living organisms including fish especially biotransformation of xenobiotic
compounds which may result to these compounds being detoxified or their reactive intermediates
being formed. The gene is often expressed upon exposure to such toxic substances and is known to
be active in organs including the liver, gills, heart and kidneys, among others [25]. In this study, the
expression levels of CYP1A was greater at all concentrations of cassava effluent than in the control
sample and also a statistical significance (p<0.05) in the result obtained. The highest increase in
expression levels was recorded at 1.5%. This shows that at all concentrations, cassava effluent is



viewed as a xenobiotic in the physiology of the fish and as such the gene is expressed to detoxify its
components [26].

3.3 Expression of HSP70 Gene

Figure 4 presents the expression levels of the HSP70 gene at the various concentrations of cassava
effluent. At 0.5% and 1.5% concentrations of cassava effluents, the highest increases in the
expression of HSP70 gene were recorded. The least increment was recorded at 0.1%.
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Figure 4: Expression of HSP70 gene at various concentrations

The heat shock protein 70 (HSP70) gene is produced in fish as a response when exposed to cold or
heat shock, under pathological conditions, exposure to heavy metals and ultraviolet irradiation [27]. In
this study, there was an upregulation of the expression of the HSP70 gene at all concentration in
comparison with the control sample, suggesting that the presence of cassava effluent in the aquatic
environment is a stress factor for Clariasgariepinus[28]. The result however did not indicate a
statistical significance (p>0.05) when the gene was expressed.

3.4 Expression of DMRTI Gene

The variations in the expression levels of the DMRTI gene in the presence of various concentrations
of cassava effluents are shown in figure 5.The least increase in expression of the DMRTI gene was
recorded at 0.5%. The increases at 0.1% and 1% were identical, and the highest increases was
recorded at 1.5%.
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Figure 5: Expression of DMRTI gene at various concentrations



The double-sex and mab-3 related transcription factor 1 (DMTR1) gene is a determinant of the
differentiation of gonadal sex in metazoan animals [29]. At 0.1, 1.0 and 1.5% concentrations of
cassava effluent in this study, there were large upregulation differences between the samples and the
control experiment for the DMRT1 gene and the analysis indicated a difference statistically(p<0.05).
Given the function of the DMRTL1 gene, it is inferred that the increase in the expression of the gene
upon exposure to cassava effluent is an immune response to prevent the mutation of
Clariasgariepinussamples as that would result to the development of only female individuals or
complete reversal of all male individuals to females, while any males that remain would be
characterised with sterility and dysgenesis of the testis as explained in [30].

3.5 Expression of HSD17B Gene

The various levels of the expression of the HSD17B gene at corresponding concentrations of cassava
effluents is displayed in Figure 6. The smallest increases in expression levels for the HSD17B gene
were recorded at 0.1% and 0.5%. In contrast, the largest increase was recorded at 1% concentration.
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Figure 6: Expression of HSD17B gene at various concentrations

The 17B-hydroxysteroid dehydrogenase (HSD17B) is one of a group of enzymes of a steroidogenic
nature which are important factors in metabolism, biosynthesis and sex differentiation and
determination in many vertebrates [31]. When compared to the control sample, there were varied
increments in upregulation of HSD17B expression at all concentrations with the highest being at 1.0%
suggesting there was a significant difference (p<0.05) in the expressed gene. In the same vein as the
DMRT1 gene, the upregulation of HSD17B is a mechanism to prevent mutations that cause the
development of only one sex in Clariasgariepinuspopulations as they encode enzymes which catalyse
the synthesis of sex hormone in fish and control the direction of gonadal development [32].

3.7 Expression of FOX12 Gene

The expression levels of the FOX12 gene at the various concentrations of cassava effluents used
during this study are shown in Figure 7.The expression levels at 1.5% was the highest, followed by
those at 0.5% and 1%, and the least was recorded at 0.1%. The differences in the expression levels
were minute.
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Figuré 7: Expression of FOX12 gene at various concentrations

The forkhead transcriptional factor 2 (FOXL2) gene is one of the proteins which possess a winged
helix. The gene has been shown to be one of the initial determinants of the differentiation of the
ovaries in vertebrates [33]. There was a spiked upregulation of the FOXL2 gene at 0.1% and the
upregulation at other concentrations in contrast with that of the control were not much different from
that at 0.1%. The upregulation of the expression of FOXL2 gene shows that the presence of cassava
effluent in the aquatic environment can cause changes in the sex of Clariasglariepinusindividuals [34]
and the statistical analysis indicated a difference (p<0.05).

3.8Expression of MEL1C Gene

The variations in the expression of the MEL1C gene with changes in the concentration of the cassava
effluent are shown in Figure 8.The least variation in comparison with the control was recorded at 1%
of cassava effluent, and the highest increase in the expression levels was recorded at 1.5% followed
by 0.5%.
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Figure 8: Expression of MEL1C gene at various concentrations

MEL1C is a gene which codes for a protein that binds melatonin in fish, birds, and amphibians.
Melatonin is a neurohormone which is responsible for maintaining circadian information in an
organism by way of the diffusion of blood circulation to the peripheral organs [35]. In the case of the
MEL1C gene in this study, the upregulation of MEL1C expression showed a spike at 0.1% compared
to the control sample. There was a slight decrease in the upregulation from 0.1% at 0.5% and 1%.
However, at 1.5% MEL1C expression spiked again and statistical analysis indicated a difference
(p<0.05). Upregulation of MEL1C suggests that blood circulation in Clariasgariepinusis adversely
affected by exposure to cassava effluent.



3.9 Expression of CAMIIKgGene

The various levels of the expression of the CAMKIIg gene at corresponding concentrations of cassava
effluents is displayed in Figure 9.There were slight increases above the expression levels in the
control experiment, with the smallest increment recorded at 0.1%. The largest increase in the
expression levels of the gene was recorded at 0.5% followed by 1.5%.
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Figure 9: Expression of CAMIIKg gene at various concentrations

The CaMK2g gene is one of those which encodes the calcium-dependent protein kinase CaMKII. The
gene’s importance is evident in the early development of most teleost fish species as its role in
calcium signalling is key in many aspects of plasticity at glutamatergic synapses [36]. The expression
of the CaMK2g gene in this present study steadily increased from the control sample to 0.1% and
0.5%. A small reduction in expression levels was recorded at 1.0% with another increase at 1.5% and
that suggested a statistical difference when analysis was conducted (p<0.05).

3.10 Expression of GH Gene

The variations in the expression levels of the GH gene in the presence of various concentrations of
cassava effluents are shown in Figure 10.

There were increases in the expression levels of the GH gene compared to when cassava effluent
was absent. The least increment was recorded at 0.5% and the greatest was recorded at 1.5% and
1%.
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Figure 10: Expression of GH gene at various concentrations

The main function of the GH gene in living organisms is the promotion of growth while it also has an
influence on metabolism. Expression of the GH gene in fish causes an increase in aggression,
swimming activity and appetite [37]. Concerning the expression of the GH gene, it was upregulated at
all concentrations and was found to be greater than the expression in the control sample. This
indicates that upon exposure to cassava effluent, Clariasgariepinusmay show increase in size. And
the statistical analysis suggests there was no statistical difference (P>0.05).

Statistical analysis of the results obtained showed that at a 5% confidence level there was significant
difference  (p<0.05) in the expression of the following genes: 1L-13, CYPHAL,
DMRT1,HSD17B,FOX12,MEL1C,CAMIIKG; except two(2) genes: HSP70 and GH.

4. CONCLUSION

Gene expression is a key cellular operation in every living organism as every activity that takes place
in the body is regulated in one way or another by thegenetic material. This study was conducted to
examine the effects of cassava effluents on gene expression in Clariasgariepinus. The expression
levels of a number of genes were assessed during the study and the results showed that exposure to
cassava effluents caused varying levels of upregulation in the expression of the various genes.
Although, there were increases in expression, these increments were found to be significant in seven
(7) out of the nine (9) genes expressed. It is concluded that cassava effluents are environmental
pollutants which exert adverse impacts on Clariasgariepinus. It is therefore recommended that the
appropriate regulatory bodies should ensure that cassava effluent should be properly treated with
improved treatment methods before being indiscriminately discharged into arable land and aquatic
environments as the effluent contain toxic substances which may constitute a risk to the environment
and human health.
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