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Abstract: Metagenomics is providing conspicuous advantage to
explore world of unculturable microorganisms in the natural samples to
enhance our information about bacterial diversity. Here, we have performed
metagenomic analysis of fresh water lake with focus on bacterial
community using 454 pyrosequencing techniques. Roche GS FLX software
indicated total of 156.253 reads; 15.226 contigs having > 100 bp sequence
length whereas 10.481 contigs with > 500 bp sequence length. We have
analyzed the bacterial community composition using BLASTN/BLASTX
against NT/NR databases with E-value cutoff of 10°. We have observed a
wide array of bacteria from phylum proteobacteria and family
Enterobacteriaceae as well as very few viruses from Podoviridae,
Siphoviridae and unclassified phages. Moreover, a functional analysis of all
5974 contigs using Rapid Annotation by Subsystem Technology (RAST)
was performed and detected 15.319 coding sequences and 197 RNAs in 619
subsystems. The great diversity of microflora present in the lake may reflect
the human activity in the area.
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INTRODUCTION

Dumat AL-Jandal Lake is large, shimmering lake covers an area of about 500.000
square meters and has a depth of about 15-meters at its center. The water is
uncontaminated enough to support plant and animal life; there is no trace of the usual
smells associated with waste, and it is clean enough to attract families to picnic on its
shores at weekends. The water floods down into the water and, after finding its way
through filtering sand and rock underground, supplies the wells that irrigate many farms
of Aljouf area. To our knowledge, no studies have been conducted to document
microbial community in this geographically distinctive region with unique
environmental conditions. Since the bacterial populations of the freshwater lakes play a
vital role in many hydrological and biogeochemical cycles, thereby providing critical
ecosystem facilities to humankind [1]. Hence, the objective of this study was to assess
the microbial diversity and enzymatic characteristics of water samples collected from
Lake Dumat Al-Jundal, Saudi Arabia, with main focus on bacterial community; using
high throughput next generation sequencing.

MATERIALS AND METHODS

Five water samples were collected in sterile containers from Lake Dumat Al-Jundal in
Aljouf region, Saudi Arabia (29°48'48.5"N 39°54'37.8"E) in June 2016. All samples
were kept at 4°C until reaching the laboratory for DNA extraction. The metacommunity
DNA from selected water sources was trapped by filtering 5 liters of water (of each
source) through 0.22 um microfiber filter paper. The DNA from the whole membrane
was extracted using the Power Soil kit (Mo Bio Laboratories, Carlsbad, USA) according
the manufacturer's instructions with e final DNA elution 2 times 30 pL of TE buffer.
The bacterial community was investigated through amplification of 16S rRNA gene
using the primers 27f / 685r [2]. The PCR reaction of 50 pul was composed of 3 pul
extracted DNA, 50 pmol of each primer, 200 umol I-1 dNTP, 1.5 U HotStar Taq plus
DNA polymerase (Qiagen, Hilden, Germany), 1x PCR buffer, and 2.1 mM Mg2+.
Amplified DNA was sequenced using 454/Roche sequencing technique according to the
manufacturer’s instructions. Sequenced reads were then assembled and analyzed using
several tools. To assemble the raw reads we have used Roche GS FLX Software (v 2.8)
and all the contigs were further annotated using BLASTX/BLASTN. We performed
functional analysis of all 5974 contigs using Rapid Annotation using Subsystems
Technology (RAST) [3].

RESULTS AND DISCUSSION

Lakes are representing a critical natural resource for human societies [4]. Despite the
recognition that bacteria occupy a prominent role in Lake Ecosystem processes and
significantly impact lake water quality, the bacterial taxa contributing in these activities
remain largely undescribed. Molecular biology tools now provide us with unique access
to the diversity and composition of freshwater lake bacterial communities and have for
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the first time allowed to recognize the numerically dominant organisms in these
ecosystems and learn much about their distributions in time and space [5].

In this study, water samples were subjected to whole-community genome shotgun 454
pyrosequencing. Roche GS FLX Software gave us total 156,253 reads. There were
15,226 contigs having >100 bp sequence length whereas 10.481 contigs with > 500 bp
sequence length. For further analysis we have taken contigs with >500 bp only. Further,
we have analyzed the microbial community composition using BLASTN/BLASTX
against NT/NR databases with E-value cutoff of 10° > =70 % of total contigs were
mapped to the reference with > =60 % contig match coverage. Out of total 10,481
contigs, we have found hit for 5974 (57 %) contigs with NT/NR database. In which, we
have got 5967 hits for bacteria, 1 for eukaryote, 5 for viruses and 1 for other sequence.
More specifically, proteobacteria was the dominant phyla (5964) and
Enterobacteriaceae was dominant family.

As shown in Figure 1, the results of meta-community analysis revealed that domain
bacteria is predominantly present (99.8 %) in the water sample, followed by Eukaryota
(0.02 %), viruses (0.08 %) and other sequences (0.02 %). Most abundant phyla was
Proteobacteria (99.8 %) and the most dominant family was Enterobacteriaceae (89 %)
followed by Xanthomonadaceae (10 %), Vibrionaceae (0.4 %), Pasteurellaceae
(0.1 %), Shewanellaceae (0.07 %). According to a custom curated freshwater database
by a previous study [6], 21 phyla have been recovered from freshwater lakes, with 5
phyla being recovered commonly (Proteobacteria, especially Betaproteobacteria,
Actinobacteria, Bacteroidetes, Cyanobacteria and Verrucomicrobia). These five phyla
were also the most numerous in the database compiled previously by Zwart and
colleagues [7] and are in general agreement with the majority of studies, which reported
the Actinobacteria [8 — 11] and the Betaproteobacteria [12 — 15] as being the most
abundant bacterial phylum in Lake Epilimnia. The remaining 16 recovered phyla make
up only = 2.6 % of the total sequences collected in previous database’ and include
Acidobacteria, BRC1, Chlorobi, Chloroflexi, Fibrobacteres, Firmicutes, Fusobacteria,
Gemmatimonadetes, Lentisphaerae, Nitrospira, OD1, OP10, Planctomycetes,
Spirochaetes, SR1, and TM7. The results reported here may be nearby to the statement
of “each lake has a different bacterial community” which stated by Newton et al. [6],
howeveré we reported that Proteobacteria as the most abundant phyla (99.8 %).

Figure 1. Microbial community structure in Water Lake metagenome
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The functional analysis of all 5974 contigs using Rapid Annotation using Subsystems
Technology (RAST) detected 15.319 coding sequences and 197 RNAs in 619
subsystems. Among the classified CDS from RAST showed major CDS hits for
enzymes involved in the subsystems amino acids and derivatives and the carbohydrate
metabolism. We could observe CDS for enzymes utilizing various monosaccharide and
oligosaccharide like xylose.

Further, the subsystem information displays several antibiotic resistance genes
encoding methicillin, efflux pumps and quinolone. There also exist multiple genes
encoding hydrolytic enzymes. Overall, functional information demonstrates with
potential for resistance to a wide range of antimicrobial and heavy metals. All the
predicted coding sequence were further analyzed with KEGG pathway database and
we found metabolic pathways were highly enriched (Figure 2).

This is dependable with a previous finding that the freshwater microbial genomes seem
to harbor a higher proportion of certain putative genes involved in transport of sugars
such as xylose and various polysaccharides [16, 17]. Further we constructed highly
enriched metabolic pathways network using KEGG mapper where all highlighted in
red represents metabolic pathways and pathway highlighted in bold red represents
carbohydrate metabolism. Therefore, this metagenomic study provides a
comprehensive description and analysis of microbial diversity and functional potential
present in the metagenome of Dumat AL-Jandal Lake, KSA.

W Metabolic pathways
M Biosynthesis of secondary metabolites
= Microbial metabolism in diverse environments
m Biosynthesis of antibiotics
M Two-component system
M ABC transporters
m Biosynthesis of amino acids
W Carbon metabolism
Purine metabolism
= Ribosome

m Bacterial secretion system

Pyrimidine metabolism
Pyruvate metabolism

Oxidative phosphorylation

Amino sugar and nucleatide sugar metabolism

Figure 2. Pathway enrichment analysis

CONCLUSION

Freshwater is one of the most important resources for human and it endures very diverse
ecosystems, nevertheless our knowledge of freshwater microbial ecology is still poor
compared with marine ecosystems. The results suggested that metagenomic analysis of
the microbial communities have the potential to characterize such ecosystem. Also,
information about microbial interaction within the community can be revealed by
metagenomic analysis. Therefore, this report was augment understanding of the
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significance of freshwater microbial communities for ecosystem and also human health.
However, further analysis with more study sites is needed to form a complete picture
about the community and their reflection for human activity in this distinctive
ecosystem.
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