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Abstract
The Red Sea is perceived an unexplored environment for its bacterial community and
antibiotic resistance. A record number of recreational sites and industrial zones recently
have been developed on the Red Sea coast. Mangrove habitats are ecologically important
ecosystems that are under severe pressure worldwide because of environmental changes
and human activities. In this study, 16S rDNA sequencing was used to identify the
isolates obtained from 12 sediment samples collected from coastal, offshore and
mangrove sites. Moreover, 16S rRNA gene amplicon deep-sequencing was used to
explore bacterial communities in 13 samples from Red Sea coast, offshore and mangrove
ecosystems. Quantitative PCR was used to estimate the quantity of antimicrobial
resistance genes (ARGS) in the metagenomic DNA of the sites studied. The obtained
bacterial isolates were classified into 137 distinct species, and site-specific bacterial
communities inhabiting the Red Sea were apparent. Sixteen and seventeen isolates were
recorded potentially active against E. coli and S. aureus, respectively. Relatively, more
resistant bacteria were isolated from the coast, and multidrug-resistant (MDR) bacteria
were predominantly present in the offshore samples. In total, 32 phyla were identified

from the mangrove rhizospheres, with Proteobacteria predominating at each of the



studied sites; however, the relative abundance was significantly decreased at the coastal
sites (Mastorah, MG-MS and Ar-Rayis, MG-AR) compared with the Pristine island site
near Zahban (MG-ZB). The phyla Actinobacteria, Firmicutes, Acidobacteria,
Chloroflexi, Spirochetes, and Planctomycetes were present at a relative abundance of
>1% at the MG-MS and MG-AR sites, but their concentration was <1% at the MG-ZB
site. A total of 1659 operational taxonomic units (OTUs) were identified at the species
level, and approximately 945 OTUs were shared across the different sampling sites.
Overall, 32 phyla were detected in coastal and offshore sites, proteobacteria were
recorded as the dominant phylum across all sites. Relatively high abundance of
Proteobacteria was detected in offshore and CS-19 sites. Other abundantly recorded phyla
were: Bacteroidetes, Firmicutes and Actinobacteria. A total of 532 genera were detected.
Eighteen ARGs were detected in this study encoding resistance to aminoglycoside, beta-
lactam, sulfonamide, macrolide, quinolone and tetracycline. The gnrS, aacC2, ermC and
blatem-1 genes were commonly found in coastal and offshore sites. Relatively more
ARGs were found in the coastal sites primarily in the apparently anthropogenically
contaminated samples, including aacC2 and aacC3, that were detected in relatively
higher abundance in beach samples. In conclusion, Multivariate principal coordinate data
analysis separated the MG-ZB site from the MG-AR and MG-MS cluster. Specific
bacterial taxa were found at each location, and, the genera Pseudoalteromonas and
Cobetia were predominantly identified in the MG-ZB site compared with the
anthropogenically influenced coastal sites. Beta-diversity showed coastal, offshore and
mangroves samples clustered separately. A relative increase in antimicrobial-resistant

isolates was found in the Red Sea compared to other studies, and the anthropogenic



activities are probably contributing to the increase in bacterial diversity and the ARGs

detected in the apparently contaminated coastal sites.



