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Abstract 

Sebou river is the second largest river in Morocco, starting from a source in the middle Atlas                 

at an altitude of 2800m, traversing 600Km, and draining 40,000Km2, and flows into the              

Atlantic Ocean near the city of Kenitra. This study aims to explore the microbial             

communities in the Sebou river and its variation between two seasons, Summer and Winter,              

and during three consecutive years. This will help to determine the impact of pollution on               

Sebou’s microbial communities, and defining any sources of pathogenic infection might           

come from this river. In order to identify Operational Taxonomy Units (OTUs) from the 6               

samples, the Metagenomics Micca package was used. Phyloseq bioinformatic tool has been            

used to determine the alpha and beta diversities of the river samples, as well as the taxonomy                 

profile of each sample. Results showed that alpha diversity decreased from 2014 to 2016 in               

both summer and winter. Indeed, Shanon Index for summer went from 9 (2014) to 8 (2015),                

to 6.8 (2016)) while for winter, it went from 8 (2014) to 6.7 (2015), to 3 (2016). The alpha                   

diversity of summer’s communities was always higher than winter’s one. BOD5, COD, and             

NO3- increased from 2014 to 2016, indicating that the diversity most probably decreased due              

to the high pollution levels in the river sampling areas. The taxonomic profiles of Sebou’s               

river include 36 families and 58 Genera. Taxonomy profiles showed the dominance of the              

Moraxellaceae family in 2016, especially the genus Acinetobacter, these are known as            

pathogenic agents that might cause pneumonia, bloodstream infection, and urinary tract           

infections. Such findings may contribute to characterizing Moroccan the microbial river           

inventories. 

 

Keywords: Sebou river, Metagenomics, Pollution, Taxonomy profiling, Biodiversity, 
Microbiome. 

  

 



 

Résumé 

Le fleuve Sebou est le deuxième plus grand fleuve du Maroc, partant d'une source du Moyen                

Atlas à une altitude de 2800m, traversant 600Km, drainant 40000Km2, et se jette dans l'océan               

Atlantique près de la ville de Kénitra. Cette étude vise à explorer les communautés              

microbiennes de la rivière Sebou et sa variation entre deux saisons, été et hiver, et pendant                

trois années consécutives, ce qui permettra de déterminer l'impact de la pollution sur les              

communautés microbiennes de Sebou et de définir les sources d'infection pathogène           

éventuelles. Nous avons utilisé le package de Métagénomique Micca afin d'identifier les            

unités taxonomiques opérationnelles (OTU) à partir des 6 échantillons. L'outil          

bioinformatique Phyloseq a été utilisé pour déterminer les diversités alpha et bêta des             

échantillons fluviaux, ainsi que le profil taxonomique de chaque échantillon. Les résultats ont             

montré que la diversité alpha a diminué de 2014 à 2016 aussi bien en été qu’en hiver. En                  

effet, l'indice de Shannon pour l'été est passé de 9 (2014), 8 (2015), à 6,8 (2016) tandis que                  

pour l'hiver, il est passé de 8 (2014), 6,7 (2015), à 3 (2016). La diversité alpha des                 

communautés d'été était toujours plus élevée que celle de l'hiver. La DBO5, la DCO et la                

concentration en NO3- ont augmenté de 2014 à 2016, ce qui indique que la diversité a                

diminué fort probablement en raison des niveaux de pollution élevés dans les zones             

d'échantillonnage des rivières. Les profils taxonomiques de la rivière Sebou comprennent 36            

familles et 58 genres. Ces profils de taxonomie présentent une domination de la famille des               

Moraxellaceae en 2016, en particulier le genre Acinetobacter, ces derniers sont connus            

comme des agents pathogènes susceptibles de provoquer une pneumonie, une infection de la             

circulation sanguine et des infections des voies urinaires. Ces résultats contribuent à la             

détermination des inventaires microbiens fluviaux au Maroc. 

 

Mots clés : La rivière de Sebou, Métagénomique , Profil taxonomique, Biodiversité,           

Microbiome 
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Introduction 

Sebou river is the second largest river in Morocco [1], starting from the middle Atlas at an                 

altitude of 2,800m and flowing in the Atlantic ocean [2]. It is related to many water dams,                 

and it’s used as a water source for all the population around it, and also for irrigation [2],                  

hence, it has an important social economical value [2].  

Sebou river is known for its interesting biodiversity, in terms of microfauna it has more than                

52 families  [3], in addition to fungal communities [4], and interesting fishes such as Anguilla               

anguilla [5]. Unfortunately, this biodiversity is influenced by pollution caused by industrial,            

and agronomic activities near to the river [4,6]. 

The river pollution presents a real threat to public health, the industrial activities increase the               

number of heavy metals in those aquatic sources [1], those are highly toxic elements that               

threaten all populations around rivers [1]. The agronomic activities increase the amount of             

nitrogen and phosphor elements in water, which has an impact on the biodiversity of those               

ecosystems and public health [7]. Changes in biodiversity due to pollution might integrate             

pathogenic species like parasites, those can be transmitted to humans either via water             

directly, or via fishery resources [8]. 

Sebou is indeed infected by agronomic and industrial activities, which increased the number             

of nitrogen elements, mainly NH3, phosphor and heavy metals in it [9]. The pollution of this                

site influenced its faunistic and fungal diversity [4,6]. 

Metagenomics term stands for the study of microbial communities, their structures and            

functions [10], this field aims not only to study culturable strains but to unhide the incurable                

strains [11]. The starting key point of this field was in the 1970s when Woese revealed the                 

ability to study rRNAs genes to find unculturable bacterias [11]. With the development of the               

bioinformatic field, those works led to an approach in metagenomics called amplicons studies             

[11]. It consists of studying the similarities and differences between variable regions in             

rRNAs genes in order to determine the composition of a microbial community [11]. 

This study took part in the River Sampling Day (RSD) initiative, which aims to explore the                

composition of river microbial communities around the world [12], as for our study, we aim               

to explore the changes in Sebou’s microbial community caused by pollution, in addition to              

revealing any public health threat might come from these communities.  
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1. The river of Sebou 

The river of Sebou is the second largest river in Morocco [1], it drains 40,000 km2 and                 

travels some 600 km, starting from a source at an altitude of 2,800m in the middle Atlas                 

mountains, and flows in the Atlantic ocean near to Kenitra city (Figure 1) [1].  

Sebou river has an important social and economical value, this is due to its use as a source for                   

irrigation, and the presence of water dams related to it [2]. 

 

Figure 1: The Localization of the river of Sebou, the bold black line represents the river of                 
Sebou [3]. 

2 

https://www.zotero.org/google-docs/?2eCrwv
https://www.zotero.org/google-docs/?n89OMz
https://www.zotero.org/google-docs/?J0Be55
https://www.zotero.org/google-docs/?8dldLP


 

2. The biodiversity of Sebou’s river 

The river of Sebou is known for its high biodiversity, its fauna contains more than 52 families                 

and 80 taxons, they belong mainly to three groups, Annelids, Molluscs, and arthropods [7].              

This river also has high fungal biodiversity, mainly characterized by Ascomycetes, Dematic,            

and Mucedinace [4], in addition to its fish community that is composed mainly of Anguilla               

anguilla [6]. 

This biodiversity gives also an important ecological, and social economical value to this basin              

[7], unfortunately, this biodiversity is influenced by pollution, which led to distrust habitat of              

some species and caused their disappear [6], the biodiversity of this river indeed has changed,               

many fungal characteristic species to pollution appeared in Sebou ecosystem [4]. 

 

3. River pollution and public health 

Many studies revealed the effect of pollution of rivers in increasing the amount of highly               

toxic components. A study by Laissaoui et al. [1] revealed the increasing of heavy metals,               

such as Pb, Fe, Co and Cu from the source to the estuary, this is due to the industries                   

deployed near to the river in the region of Gharb [1]. 

The river pollution also influences the composition of their ecosystem, such things lead to              

integrate some pathogenic fungal [4], or parasites to those ecosystems, such species can be              

transmitted to humans not just via water, but also through its fishery resources [5]. 

The Sebou River indeed is known by severe pollution downstream from the city of Fez,               

notably Nitrogenous components, mainly NH4, and phosphoric components. The most          

polluted sites are the ones that are directly under the influence of domestic and industrial               

wastewater inputs, in particular tannery effluents. Obviously, the concentrations measured at           

these locations defy all environmental quality standards. Pollutant loads are very heavy in the              

Sebou River and can contaminate the river course for kilometres. Hence, as the water of the                

Sebou River is used for the irrigation of vegetables, serious problems of public health could               

arise [13]. 
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4. RSD initiative 

River Sampling Day (RSD) is an initiative led by the global marine sampling campaign              

which is part of the EU-funded Micro B3. 

This program was launched in order to discover the microbial communities in rivers, since              

they play important roles in biogeochemical cycles of matter, while there is a huge gap in                

knowledge of those communities. 

RSD consist of a simultaneous sampling campaign of the world’s rivers, the pilot study              

started 2013, the sampling day takes place on the solstices (June 21st and December 21st),               

collected samples of each year are contextualized by the same environmental parameters, and             

they created one dataset, which provides a good view of the biodiversity of rivers microbial               

communities, and their functions [12].  

5. Overview about metagenomics 

Metagenomics is the analysis of data produced through randomly sequencing fragments from            

a DNA pool extracted from environmental samples [10], it is mostly applied to study the               

composition and functions of microbial communities in their native environment [10]. 

Metagenomics helps to study not just culture dependent microorganisms, but also uncultured            

microorganisms [10]. The era of this field started with Carl Woese in the 1970s when he                

worked on small subunit ribosomal in order to unhide the non cultured microorganisms [11],              

his works on those units led with the development of bioinformatics to create an important               

approach in metagenomics studies called amplicons study [11]. 

Small ribosomal subunits genes are characterized by the presence of constants and variable             

regions, the first generally remain stable between different taxa, while the second is different,              

this structure was used to identify taxa by only using those genes sequences [11]. 

The amplicons approach consist on finding similarities between variable regions in small            

ribosomal subunits genes by mapping them to each other, this lead to creating clusters of               

sequences called Operational Taxonomic Units (OTUs), the alignment of OTUs clusters with            

predefined databases can lead to discovering the composition on a microbial community [11]. 
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The use of OTUs can not just help in discovering microbial communities’ composition, but              

also the abundance each OTU in the pool refers to the abundance of each species in the                 

community [11] (Figure 2). 

The second approach of metagenomic is the whole microbiome analysis, unlike the            

amplicons approach [14], whole microbiome approach does not study specific genomic           

regions, it is based on sequencing the while microbiome [14], assemble it, then performing              

the phylogenetic analysis and the annotation, this approach leads not just to discover the              

composition of the microbial community, but understanding all its functions and pathways            

(Figure 2) [14]. 
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Figure 2: An overview of the metagenomic workflow to analyse the microbial diversity in a               

given sample [15]. 
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6. Aim of the study 

This study is a part of the RSD initiative, it aims to discover the bacterial population of Sebou                  

river, and the influence of pollution on this population, which might help to define the               

sources of infections coming from this river. 

7. Material and Methods  

7.1. Sample Collection 

The sampling of freshwater from Sebou (Coordinates:34.3002267 N 5.04079777 W) was           

performed during both winter and summer seasons (June 21st and December 21st) in the              

course of three years: 2014, 2015 and 2016. The samples were collected in polyethylene (PE)               

bottles, which were washed with 10% acid before use. About 5L of freshwater was collected               

from the surface (1-2 m) of each site between 10 pm to 2 pm for each time zone. These                   

sample bottles were stored at 4°C then transported to the laboratory for further processing.  

7.2. Physical and chemical measurements 

Physical and chemical parameters of the site were taken in situ close to the date/time when                

the samples are collected using a multivariate calibrated probe. Those parameters were            

mainly, concentration of the Nitrate (NO3-), and the pH. The Biochemical Oxygen Demand             

(BOD) for each sample was recorded during 5 days at 20°C using an incubation flask               

(OxiTop ® Control measuring system). The Chemical Oxygen Demand (COD) was           

determined using a strong oxidizing reagent (potassium dichromate Cr2O72−) under acidic          

condition.  

7.3. DNA extraction 

Freshwater samples that were collected, were filtered through a 0.22 µm Sterivex™ filter            

(Merck Millipore, US). About 5L of freshwater samples were pumped using a vacuum             

system in order to collect microbial communities. The filters were stored immediately at             

-80°C till DNA extraction. 

Microbial DNA extraction was performed using DNeasy PowerWater Sterivex Kit          

(QIAGEN, Germany) as described in the protocol. For each sample, one Sterivex filter was              
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used for DNA extraction. The concentration and quality of eluted DNA were determined             

using a spectrophotometer (NanoDrop3300, Thermo Fisher Scientific, USA).  

7.4. DNA sequencing 

16S rRNA genes were amplified using the primer pair 515F          

(5’-GTGCCAGCMGCCGCGGTAA-3’) and 909R (5’- CCCCGYCAATTCMTTTRAGT-3’)     

targeting variable regions V4-V5 [16]. Amplicons were sequenced using Illumina MiSeq           

(Illumina, USA) using a MiSeq Reagent kit v3 following the standard guidelines for             

preparing and loading samples on the MiSeq (Illumina, USA). 

7.5. Data preprocessing 

7.5.1. Quality profiling 

Before starting the processing of the raw data, we merged each sample’s forward and reverse               

sequences into one merged file using the command “mergepaires” of Micca package [17], we              

then profiled the quality of each merged sample using the command “stats” from the same               

package, this command generates three plots, one shows the distribution of read length, one              

for the distribution of quality score per position in read, and one for the average quality score                 

per position in read. 

7.5.2. Data preprocessing 

In order to filter the quality of the merged data, we first used the command “filterstats” from                 

Micca package [17], this command calculates the error rates and the distribution of read size,               

which helps in choosing filtering parameters. The filtration was done using the command             

“filter” of the same package. 

7.6. OTU clustering and taxonomy assignment 

In order to pick OTUs from the filtered data, we used the command “otu” from Micca                

package [17], we clustered the OTUs with a similarity of 97% using de novo clustering, then                

we removed chimeric sequences from the OTUs table using the same command with the              

parametre “rmchim”. we assigned then the taxonomy to the resulting OTUs using rdp             

classifier [18], which uses the rdp database as a reference database in order to assign               

taxonomy. At the end, we generated plots of the most abundant taxa per year and per season,                 
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this was performed by retrieving the ten most abundant OTUs for each sample using              

Phyloseq [19], then plot the corresponding taxa of each OTU using  ggplot2 in R. 

7.7. Alpha and Beta Diversity  

In order to study the alpha and beta diversity, I fed the resulted Biom file intoPhyloseq [19]                 

package in R, I then generated alpha diversity plots using “Chao-1” and “Shannon” indices,              

the first index refers to the abundance of each specie, hence, it increases when the number of                 

species’ individuals is high. While the second one is related to the number of species, it                

increases when the number of species is high. The beta diversity was reported using Principal               

Component Analysis (PCA), which presents the diversity between samples depending on the            

abundance of OTU, water temperature, BOD5, COD, and the concentration of NO3-. Plots             

were generated using the ggplot2 package in R. 

8. Results 

8.1. Quality profile and data preprocessing 

The distribution of read length shows that the amount of reads decreases with read size,               

where it becomes less than 40% when the size becomes higher than 200 (Figure 3). 

 
Figure 3: Distribution of read length of the raw data. Horizontal axis presents the read               
length. Vertical axis presents the percentage of reads. 

The average quality distribution per read position seems to be higher than 30 for all bases in                 

positions below 200, then it starts to decrease for the bases after this position (Figure 4) 
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Figure 4: Distribution of the quality average per position of raw data. Horizontal axis              
presents the read position. Vertical axis presents the average of quality. 

The average of expected error rate shows that the rate of errors generally is lower than 0.1%                 

among the data, while it increases in the extremities to reach 0.25% in the starts of reads and                  

0.15% at the end of reads (Figure 5) 

 

Figure 5: Distribution of expected rate error per position of raw data. Horizontal axis              
presents the read position. Vertical axis presents the expected error rate. 
 
After the filtration, read lengths were adjusted to remove small sequences, only sequences             
with a size higher or equal to 150b were kept (Figure 6) 

 

Figure 6: Distribution of read length of the filtered data. Horizontal axis presents the read               
length. Vertical axis presents the percentage of reads. 
 
The average quality per position was adjusted to be higher than 30 for almost all sequences,                
the average quality decreased below 30 only for bases after position 250 (Figure 7). 
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Figure 7: Distribution of the quality average per position of filtered data. Horizontal axis              
presents the read position. Vertical axis presents the average of quality. 
 
After the filtration, the expected error rate was reduced to be below 0.14 for all sequences                
(Figure 8). 

 

Figure 8: Distribution of expected rate error per position of filtered data. Horizontal axis              
presents the read position. Vertical axis presents the expected error rate. 

8.2. OTU clustering  

OTU clustering shows that the number of OTU’s in summer’s samples is always higher than               

winter’s one. The number of OTU’s decreased from 2014 to 2016 The frequency of chimeric               

sequences seems to be lower than 10% (Table 1). 

Table 1: Number of OTUs per sample. 
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Saison Year Number of OTUs Frequency of Non-Chimeric sequences 

Summer 2014 14,033 95% 

Winter 2014 5,763 93% 

Summer 2015 11,373 94% 

Winter 2015 1,172 91% 

Summer 2016 4,311 92% 

Winter 2016 388 95% 



 

 

8.3. Alpha diversity  

Chao-1 index is a diversity index that refers to the abundance of species in each community.                

The Chao-1 index decreased from 2014 to 2016, and the summer’s index is always higher               

than winter’s one (Figure 9). 

 

Figure 9: Alpha diversity of samples using Caho-1 index. Red points represent summer’s             
samples. Blue points represent winter’s samples. Points présent the median abundance of            
species. Upper line presents the third quartile. Lower line presents the first quartile. 

Shannon index estimates the diversity in terms of the number of different species. The              

Shannon index decreased from 9 in 2014 to 3 in 2016, where summer’s samples had a higher                 

Shannon index than winter’s samples (Figure 10). 
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Figure 10: Alpha diversity of samples using Shannon index. Red points represent summer’s             
samples. Blue points represent winter’s samples. 

 

8.4. Beta diversity 

The PCA plot shows that the heterogeneity between summer’s communities is higher than             

heterogeneity between winter’s communities, the difference between summer and winter’s          

samples is influenced mainly by pH and the concentration of nitrates, while the difference              

between 2014’s, 2015’s and 2016’s samples is influenced by water temperature, COD, and             

BOD5. we observe that the number of OTUs decreased with the increase of nitrate              

concentration, COD, pH, and BOD5 (Figure 11). 

13 



 

 

Figure 11: PCA plot showing the beta diversity. Red points represent 2014’s samples. Green              
points represent 2015’s samples. Blue points represent 2016’s samples. Circular dots           
represent summer’s samples. Triangle dots represent winter’s samples. Red arrows          
represent physical and chemical parameters. 
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8.5. Taxonomy profiling 

Taxonomy study reveals the presence of seven Phylum among all samples, where five of              

them are present in 2016 summer’s sample and two in winter, six of them in 2015 summer’s                 

sample and three in winter, all of them are present in 2014 summer’s sample and three in                 

winter. The Proteobacteria exist in all samples, but its abundance decreases from 2014 to              

2016, while the Acidobacteria phylum exists only in the 2016 summer’s sample. There are              

ten classes, seven of them exist in 2016 summer’s sample and two in winter, seven exist in                 

2015 summer’s sample and four in winter, and eight classes exist in 2014 summer’s sample               

and five in winter. The total number of orders is 27, seven of them are present in 2016                  

summer’s sample and two in winter, ten orders exist in 2015 summer’s sample and four in                

winter, while thirteen orders exist in 2014 summer’s sample and five in winter. The total               

number of families is about 36, ten of them exist in 2016 summer’s sample, eleven in 2015                 

summer’s sample, and thirteen in 2014 summer’s sample, as for winter’s samples, six             

families exist in 2016’s sample, six in 2015’s sample, and eight in 2014’s sample. As for                

genera, there is a total number of 58 in all samples, where fifteen exist in 2016’s summer                 

sample and eight in winter’s one, thirteen exist in 2015 summer’s sample and eight in               

winter’s one, and eighteen exist in 2014 summer’s sample and nine in winter’s one (Table 2).  

 

Table 2: Number of taxa per sample.  
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Year Season Number of 
Phyla 

Number of 
classes 

Number of 
orders 

Number of 
families 

Number of 
genera 

2014 Summer 7 8 16 13 18 

2014 Winter 3 5 8 8 9 

2015 Summer 6 7 11 11 13 

2015 Winter 3 4 6 6 8 

2016 Summer 5 7 8 10 15 

2016 Winter 1 2 6 6 8 



 

The profile of the most abundant families per year shows that the Sporichthyaceae is the most                

abundant families in 2014, in 2015 Comamonadaceae, and Caulobacteraceae are the most            

abundant ones, while in 2016 Moraxellaceae, are the most abundant ones. (Figure 12). 

 

Figure 12: Plot of the most abundant families each year. 
 

In the genus level, we observe a high abundance of hgcI clade in 2014, the abundance of                 
Phenylobacterium and Idonella in 2015, and the abundance of Acinetobacter in 2016 (Figure             
13). 
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Figure 13: Plot of the most abundant genera for each year. 
 

As for seasons, we observe that winter has none of the most abundant families (Figure 14)                
neither genera (Figure 15), while summer’s samples contain eight high abundant families,            
mainly Moraxellaceae (Figure 14), which is present by the genus Acenitobacter (Figure 15). 
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Figure 14: Plot of the most abundant families per season. 
 

 

Figure 15: Plot of the most abundant genera per season. 
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9. Discussion  

The river of Sebou is an important river in Morocco, it is the second largest river, and it plays                   

an important role as a water source, either for irrigation, or for common uses, as there are                 

many water reserves related to it. Hence, the study of its microbial diversity is important. 

This study aimed to discover the diversity of microbial communities of Sebou river in three               

years (2014 to 2016), and two seasons (winter, and summer), such exploration will help              

determine all sources of infections might come from this basin. 

The Chao-1 index decreases from 2014 to 2016, this reveals that the abundance of species                

decreases from 2014 to 2016 and tends to not be adjusted between species while decreasing               

of the Shannon index reveals that the diversity decreases from 2014 to 2016. 

The beta diversity showed that the heterogeneity between summer’s samples is higher than             

the difference between winter’s samples. 

The biodiversity each sample tends to decrease with the increase of BOD5, COD, pH, and               

Nitrate concentration, this means that the pollution reduces the biodiversity of the river. 

The biodiversity of winter’s samples was always lower than summer’s samples, this means             

that the biodiversity of this river is influenced by season, probably the microbial community              

of the river prefers high temperature. 

The taxonomy profile shows the abundance of Moraxellaceae family in 2016 samples, mainly             

the genus Acinetobacter, this genus is known as an infectious genus that can cause many               

diseases, mainly pneumonia, bloodstream infections and urinary tract infections [20]. 

The aforementioned results suggest that the increase of pollution in the basin of Sebou does               

not just reduce its biodiversity, which influences the whole ecosystem of this river, but it               

might also cause the increase of infectious bacteria in the reserves related to it, which require                

the application of a treatment strategy for this basin. 
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Conclusion 

The river of Sebou has an important ecological, and social economical value, unfortunately,             

due to pollution its biodiversity is negatively influenced. 

Through this study, we discovered the composition of the microbial community of the Sebou              

river and the impact of pollution on this composition. 

River pollution reduces the diversity of its microbial community, and it changes its             

composition; it might also cause the integration of pathogenic bacteria which Threatens the             

public health of all populations around the river. 

The aforementioned results suggest the importance of applying treatment and protection           

strategies for the river of Sebou. 
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