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INTRODUCTION

Lake Qarun (Moeris) is a historic lake 
that has supported human culture for over 
7,000 years (El-Shabrawy et al. 2014). The lake 
is currently experiencing severe water pollu-
tion. As a result of uncontrolled disposal prac-
tices of solid and liquid household and industri-
al waste, as well as pesticide contamination and 
lack of long-term sewage treatment (Shaaban, 
Hanafi, and Ibrahim 2016). The Egyptian Com-
pany (EMISAL), located on the Lake’s south-
ern shore, causes the water to be concentrated 
up to ten times its natural salinity (A. Mageed 
1998). The increase in salinity is also due to 
such factors as high temperatures and changes 
in water evaporation rate over the last few hun-
dred years (Al-Afify et al., 2019). Furthermore, 
increasing contamination of Lake Qarun water 
resources, as well as the resulting effects on 
the aquatic environment and human health, is a 
large source of concern. Therefore, the study of 
microbial communities in Lake Qarun in Egypt 

is critical because wailed life, aquatic life and 
humans all rely on water for their survival. Mi-
crobiome is the study of microbial communities 
collected directly from their natural environ-
ment without prior culture. Because of recent 
breakthroughs in Next Generation Sequencing 
(NGS) technologies, there has been tremendous 
development in this field of research (Schuster 
2008). Because over 99.8% of microorganisms 
in some situations are unable to be cultivated 
(Shah et al. 2011) The development of ampli-
con and shotgun genome sequencing technolo-
gies allowed for a better knowledge of the mi-
crobiota-host connection. This study provides 
important insight into the bacterial community 
structure under the influence of various types 
of pollution, using 16S rRNA high throughput 
amplicon sequencing to investigate the bacte-
rial abundance and diversity in Lake Qarun. 
Thus, bioinformatic analytic techniques were 
employed to better understand the bacterial 
community function in the lake under diverse 
sources of contamination.
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health problems.

Keywords: bacterial community, Ion Torrent, Qarun Lake, 16S rRNA high throughput.

Journal of Ecological Engineering
Received: 2021.11.15
Accepted: 2021.12.20
Published: 2022.01.01

Journal of Ecological Engineering 2022, 23(2), 70–76
https://doi.org/10.12911/22998993/144475
ISSN 2299–8993, License CC-BY 4.0



71

Journal of Ecological Engineering 2022, 23(2), 70–76

MATERIALS AND METHODS

Sampling site, collection, and filtration

The water samples were taken from the Qa-
run Lake, which is located between 30° 24’ and 
30° 49’ E longitudes and 29°24’ and 29°33’ N 
latitudes. It is around 27 kilometers north of the 
Al Fayoum City and 80 kilometers southwest of 
Cairo.(Al-Afify et al. 2019). The water samples 
were collected in 500 mL sterile screw-capped 
bottles from three-point stations along the lake 
as depicted on the map (Fig. 1). They included: 
 • Station 1: From the front of the Shakshuk 

village, 
 • Station 2: From the front of the Khak village 

and 
 • Station 3: From the front of the Senours vil-

lage (Shaaban, Hanafi, and Ibrahim 2016). 

The sample was collected into an ice box 
and transferred into the laboratory within a few 
hours. Three sample were mixed and pooled in 
sterile screw-caped glass bottles, then filtered 
through cellulose filter paper (Whatman paper 
circles, diam. 70 mm, Grade 1, size 11 μm) and 
the mixture was then filtered via (0.22 μm ni-
trocellulose). The filtration process material was 
supplied to 50 mL sterilized plastic tube and 
stored at −20 °C (Cabello-Yeves et al. 2020).

Analysis of physicochemical properties

The physical and chemical characteristics 
were estimated at Agriculture Research Center 
(A.R.C) in Soil, Water & Environment Research 
Institute laboratory. The water sample was col-
lected into ice box and pooled together in sterile 
screw-caped glass bottles, then transferred into 
laboratory in 24 hours. Electrical conductivity 
(EC) and pH were measured using an EC and pH 
meter (Model AD31-Adwa CO., Hungary). The 
methods of water sample analysis including dis-
solved oxygen, major cations and anions, as well 
as the concentration of heavy metal elements, such 
as lead (Pb), copper (Cu), cadmium (Cd), nickel 
(NI) and zinc (Zn), were determined using the con-
ventional method (Ibrahim and Ramzy 2013).

High throughput 16S rRNA 
amplification and sequencing

Genomic DNA was extracted with DNeasy 
Blood & Tissue Kit (Qiagen, Inc.) from the filtered 
water sample on a cellulose-nitrocellulose filter 
paper, according to the manufacturer’s guidelines 
(Mwaikono et al. 2016). Following quality and 
quantity checks, DNA extracted was utilized to am-
plify 16S rRNA gene using primer pair 338F, 907R 
and 1100F, which targets V3, V4-V5 and V7–9 re-
spectively and PCR master mix (BioLabs, New 
England) (Fantini et al. 2015). High throughput 

Figure 1. (a) The location of Lake Qarun in the southwest of Cairo and from the Nile Valley (http://www.
touregypt.net) and (B, C and D) the distribution and location of each (point stations) of sampling sites on the lake.
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16S rRNA amplicon sequencing was performed 
using 318 microchips of Ion Torrent PGM plat-
form. According to Ion PGM Hi-Q View OT2 Kit 
User Guide (Thermo Fisher Scientific, USA) at 
Genetic Engineering and Biotechnology Research 
Institute, Sadat City, Al Buhayrah, Egypt.

Microbial data analysis

QIIME package release QIIME 1.9.1 64-
bit was used to process and analyze all reads 
(Caporaso et al. 2010). Any low quality and chi-
meric sequences were removed from the analy-
sis. Using the default settings, sequences were 
grouped into operational taxonomic units (OTUs), 
by the open-reference OTU clustering technique 
(with 97% similarity). OTU representative se-
quences assigned to taxonomy using both RDP 
Classifier and Greengenes database (McDonald 
et al. 2012), (Wang et al. 2007). Alpha diversity 
including Simpson index values, ACE estimator, 
Shannon index, Chao1 estimator and were esti-
mated as indicators for alpha diversity.

Metagenomic prediction with PICRUSt

Bacterial function and metabolic pathways 
were predicted using the PICRUSt software (Lan-
gille et al. 2013). Using the Greengenes database’s 
closed-reference OTU collection, an OTU table 
with 97% nucleotide identity was created in QI-
IME (McDonald et al. 2012). Normalization was 
conducted using the number of 16S rRNA copies 
per OTU, and metagenomes were inferred using 
the normalized OTU table (Jiménez et al. 2014). 
The PICRUSt software was also utilized to predict 
xenobiotic degradation and metabolism functions 
(Zhang et al. 2020). Raw data of high-throughput 
of 16S rRNA sequencing (fastq file) are available 
from the NCBI’s Sequence Read Archive under 
accession (PRJNA789242).

RESULTS

Physical and chemical parameters 
of water sample

Physiochemical parameters of the water sam-
ple were determined (Table 1). Water Electrical 
conductivity EC in Lake Qarun was (45 mS/cm). 
The pH of natural waters is a significant compo-
nent in their chemical and biological processes, 
in the Qarun Lake water, the pH value was (7.6), 
which usually lies on the alkaline side. Total Dis-
solved Solid was (36 g/L) where the salinity is 
comparable to that of sea water, while Total Dis-
solved Oxygen was (7.29 mg/L). Moreover, bi-
carbonate HCO3

-, Chlorine Cl- and sulphate SO4
2− 

were measured as the major components of water 
alkalinity and their concentrations amounted to 
0.35, 11.36 and 9.8 g/L respectively, while Cal-
cium, Ca2

+ Sodium Na+, Potassium, K+, and Mag-
nesium, Mg2

+ were measured as major cations 
and their concentrations equaled 8.9, 0.16,0.72 
and 1.24 g/L respectively. The concentration level 
of nutrient salts NH4

+ and NO3
– were 3.5 and 3.7 

mg/L. The concentrations of many heavy metals 
were presented in Lake Qarun (Table 1).

Diversities and composition of bacterial 
communities on Lake Qarun

The total number of all input sequences 
was 185,338. After trimming, screening, and 
removing chimeras and single pieces, 48,942 
were removed, 136,396 high quality-filtered se-
quences with the median sequence length: 239 
bp (Fig. 2), 473 operational taxonomic units 
(OTUs) were assigned. The alpha diversity in-
dices and richness were estimated as shown in 
Table 2. OTU numbers and alpha indices, in-
cluding Shannon, Simpson, Chao 1, Fisher’s 

Table 1. Physical and chemical characteristics of Lake Qarun water

Physicochemical properties

Water 
sample

pH DO
(mg/l)

TDS
(g/L0

EC
(mS/cm)

Major anions Major cations
HCO3

–

(g/L)
Cl–

(g/L)
SO4
(g/L)

Ca2
+

(g/L)
Mg2

+

(g/L)
Na+

(g/L)
K+

(g/L)
7.5 7.29 36 45 0.35 11.36 9.8 0.72 1.24 8.9 0.16

Heavy metal elements (mg/L)

Water 
sample

NH4
+

(mg/L)
NO3

–

(mg/L)
B

(mg/L)
Cu

(mg/L)
Zn

(mg/L)
Pb

(mg/L)
Cd

(mg/L)
P

(mg/L)
Fe

(mg/L)
Mn

(mg/L)
Ni

(mg/L)
Co

(mg/L)
3.5 3.7 0.015 0.013 0.050 0.20 1.99 0.010 0.133 0.065 1.51 0.74



73

Journal of Ecological Engineering 2022, 23(2), 70–76

and phylogenetic diversity which indicate that 
sequencing had high diversity. Five bacterial 
phyla were detected with different proportions 
Firmicutes (53%), Proteobacteria (33%), Bac-
teroidetes (7%), Actinobacteria (5%) and Ther-
mi (1%). In order to better explain the relative 
abundance of bacterial communities was ana-
lyzed at different taxonomic levels family and 
genus (Fig. 2). At family level Streptococca-
ceae (14%), Bacteroidaceae (7%), Listeriace-
ae (7%), Clostridiaceae (7%), Moraxellaceae 
(7%), Helicobacteraceae (6%), Lactobacilla-
ceae (6%), and Enterobacteriaceae (6%), were 
the most abundant. Unclassified bacteria ac-
counted for about 5% of all sequences at fam-
ily level. Streptococcus was higher abundant 
genus with (10%) than other sequences at the 
genus level followed Bacteroides (7%) and 
Lactobacillus (6%) (Fig. 2).

PICRUSt functional predictive analysis

The use of the PICRUSt tool led to the dis-
covery of important functional gene families as-
sociated with metabolism, environmental informa-
tion, genetic information processing, and cellular 
processes. In all sequences, metabolism had the 
highest relative abundance, followed by genetic 
information processing (Fig. 3). At level 2, many 
sequences have been referred to amino acid me-
tabolism and carbohydrate metabolism at (Kyoto 
Encyclopedia of Genes and Genomes). In turn, at 
level 3 the efforts were concentrated on the func-
tional genes involved in xenobiotic biodegradation 
(Fig. 4). Most aquatic life organisms including 
bacteria, are exposed to these xenobiotics, because 
the lake is afflicted with severe water pollution 
as a result of numerous sources of industrial and 
agricultural pollution, as well as sewage issues 
(Shaaban et al., 2016). Consequently, 18 KEGG 

Figure 2. Relative abundance of bacterial community (based on 16S rRNA gene) in Qarun lake water 
at different taxonomic levels (A) Relative abundance of bacterial phylum (B) Relative abundance of 

bacterial Families (C) Relative abundance of the bacterial genus.(D) Histogram explains number of reads 
corresponding to the length of sequences for each reads. The average of sequence length was: 239 pb

Table 2. statistical table explain quality reads, observed OTU numbers, Shannon, Simpson, Chao 1, Fisher’s 
alpha indices and phylogenetic diversity

Sample Sequence OTSu Chaol Simpson Shannon Fisher_alpha PD_whole_tree
Qarun lake 

water 136,396 473 473 0.991 7.387 61.515 7.480
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pathways related to xenobiotic biodegradation and 
metabolism were chosen and exhibited higher rela-
tive abundance. The average relative abundance of 
benzoate degradation was the highest among them, 
followed by aminobenzoate degradation.

DISCUSSION

The rising pollution levels in the Lake Qarun 
water, as well as the consequences for the aquatic 
ecosystem and human health, have long been a 

focus of numerous researchers. Many prior inves-
tigations on the physical and chemical features 
of the Lake Qarun water quality were conduct-
ed (Abdel Wahed et al., 2015); (Al-Afify et al., 
2019); (Ali et al. 2010); ( Authman et al., 2007); 
(Gupta and Abd El-Hamid 2003); (Mansour and 
Sidky 2003). They were all in agreement that the 
Lake Qarun water was rated (Poor) for irrigation 
standards and (Very Poor) for aquatic life guide-
lines, according to the overall average value of 
the water quality index (WQI). Furthermore, the 
metal indices revealed that the Qarun Lake water 

Figure 3. Bacterial community functions predicted by PICRUSt at level 3 
which related to xenobiotics degradation and metabolism

Figure 4. Bacterial community functions predicted by PICRUSt at level 3 
which related to xenobiotics degradation and metabolism
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is contaminated to varying degrees for the aquatic 
life use due to the massive amount of waste that 
is discharged into the lake (Goher et al. 2018). 
The physical and chemical parameters in this 
study agree with the previous studies with slight 
variations. A variety of reasons could be to blame 
for the disparity in results. The initial sampling 
site variance is influenced by the distance from 
the Lake’s water intake and wastewater outflow 
locations, as well as the sampling method used 
and the seasons’ time difference (Dang, Speck, 
and Benkendorff 2012). Bacterial populations are 
essential for assuring and sustaining environmen-
tal and ecological processes in lake environments 
(Araya et al. 2003). The result in this research 
revealed the highest abundance values for mem-
bers of the Gram-positive phylum, Firmicutes the 
most dominant phylum while covered (53%) of 
the total number of reads in the water community. 
This result was consistent with the result of (Sha-
aban et al., 2016), who investigated the distribu-
tion of microorganisms in Lake Qarun and found 
that distinct members of the Firmicutes bacteria 
were identified as indicators of their abundance. 
Many members of the Firmicutes are notable 
for their ability to break down even the most re-
sistant organic substances. The main classes of 
Firmicutes were Bacilli, which had the largest 
relative abundance in the water of Lake Qarun. 
Bacilli in freshwater are thought to be signs of 
human faeces contamination (Zinger et al., 2011). 
In the bacterial community, the Streptococcaceae 
family is the most abundant, Streptococcus sp. 
is extremely pathogenic, affecting a wide range 
of fish species worldwide. Their prevalence and 
severity are influenced by various environmental 
conditions, including ammonia levels, dissolved 
oxygen levels and water temperatures. Further-
more, these conditions allow a wide range of 
anaerobic microorganisms to grow well (El-No-
by et al. 2021). Besides the predominating Fir-
micutes, high proportions of Proteobacteria were 
found, which covered (33%) of the total number 
of reads in the water communities. Proteobacte-
ria contain many members of the Proteobacteria 
families such as Rhodobacteraceae (Alphapro-
teobacteria), Neisseriaceae (Betaproteobacteria) 
and Pseudomonadaceae (Gammaproteobacteria) 
that are halotolerant bacterial population play-
ing a significant role in the bioremediation of 
anthropogenic compounds and in biological reac-
tor systems, such as wastewater treatment plants 
(Köchling et al. 2017). These bacteria are noted 

for their ubiquity and metabolic flexibility, which 
includes the capacity to withstand harsh environ-
ments, use a variety of carbon molecules, and live 
both aerobic and anaerobic lifestyles (Paul et al. 
2016). Additionally, Bacteroidetes were detected 
as a major group in the bacterial communities 
of the Lake Qarun water. GBac (General Bacte-
roidales Marker) indicates extensive faecal con-
tamination in the environment (Kirs et al. 2011). 
The high abundance of Bacteroidales and other 
bacteria indicates widespread faecal pollution in 
Lake Qarun as a result of untreated wastewater 
discharge points throughout the lake’s lengthy 
coast. Bacteroidetes in the environment are hy-
pothesized to specialize in degrading complex 
organic substances in the biosphere, particularly 
polysaccharides and proteins. They may utilize a 
wide range of biopolymers as carbon and energy 
sources, such as plant, algal, and animal mol-
ecules (Thomas et al. 2011).

CONCLUSIONS

On the basis of 16S rRNA high through-
put amplicon sequencing on the Ion torrent plat-
form, the first analysis of the composition and 
organization of bacterial communities in Lake 
Qarun was reported. According to the obtained 
findings, environmental factors have a substantial 
impact on the composition of bacterial communi-
ties and their ability to endure harsh settings. Fur-
thermore, the taxonomic assignment of the NGS 
sequence validated faecal contamination and pro-
vided the information on pathogenic bacteria for 
aquatic life. It is recommended that liquid waste 
disposal in rivers, lakes, or seas be avoided, and 
effective planning must be implemented.
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