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Abstract
Faced with the signi�cant disturbances, mainly of anthropogenic origin, which affect the Mediterranean coastal ecosystem, it is
necessary to set up rapid diagnostic tools for these disturbances. Posidonia oceanica, which is one of the pillars of this
ecosystem, has often been used to assess the state of health of the Mediterranean coastal environment. Despite environmental
changes, this plant can accumulate reserves which allow it, during relatively long periods, to keep a stationary phenology. It may
also represent important mechanisms for the dissemination of antibiotic resistance genes among pathogenic bacterial
populations. The present study aims to determine the multi-drug resistance patterns among isolated and identi�ed epi-endophytic
bacterial strains in Posidonia oceanica seagrass collected from Mahdia coastal seawater (Tunisia). 43 isolates were obtained,
seven of them were selected and identi�ed. These isolates belonged to the genus Bacillus. Susceptibility patterns of these strains
were studied toward commonly used antibiotics in Tunisia. All identi�ed isolates were completely resistant to Aztreonam,
Ceftazidime, Trimethoprim, Amoxicillin and Rifampicin.

Introduction
Human activities have impacted ecosystems for several decades, posing real environmental problems with regard to biodiversity
and resources, particularly in the marine environment, the �nal receptacle for chemical pollutants. Indeed, various disturbances,
generally of anthropogenic origin, combine and contribute to weakening the marine ecosystem, mainly at the coasts (Afsa et al.,
2020). Antibiotics residue attracts more attention in many countries in the world. Veterinary and human antibiotics residues are
continuously introduced into the environment by manufacturing industries, wastewater treatment plant (WWTP) and as well as
through the aquaculture development, which can have an impact on the water quality, the ecosystem and the human and animal
health (Afsa et al., 2020; Alibi et al., 2021). Several previous studies have been conducted to characterize marine pollutants and
monitor their effects on coastal marine ecosystems (Montefalcone, 2009; EL Zrelli et al., 2017; Bonanno et al., 2020; Afsa et al.,
2020; Jebara et al., 2021a,b,c; Alibi et al., 2021; Hassen et al., 2021). They also noted that seagrasses are the most organisms
used as biomarkers of water quality and health.

Seagrasses are marine clonal angiosperms that evolved from terrestrial monocots about 100 million years ago (Orth et al., 2006;
Papenbrock, 2012). This polyphyletic ecological group includes approximately about 60 species that have developed several
speci�c adaptations for marine life (Hartog and Kuo, 2006). Seagrass meadows is one of the most productive aquatic
ecosystems and can store up to twice as much carbon as temperate and tropical forests (Garcias-Bonet et al., 2012; Vohník et al.,
2015). Furthermore, these Seagrass meadows augment coastal biodiversity and preclude coastal erosion (Garcias-Bonet et al.,
2012).

Posidonia oceanica is the dominant seagrass species in the Mediterranean Sea. Posidonia meadows have a remarkable
distribution off the Tunisian coast. They cover large areas from North to South (Ben Mustapha and Hattour, 1992; Ben Mustapha
and A�i, 2007; Mabrouk, 2012; Ben Brahim, 2012). Several studies have focused on the species of P. oceanica (L.) Delile as being
an excellent bioindicator for evaluating the quality of the environment of coastal stations (Ferrat et al., 2003; Lafabrie et al., 2007;
Serrano et al., 2011; Serrano et al., 2012). Most of these latest studies have shown that P. oceanica has the capacity to sequester
chemical pollutants from the marine environment and accumulate them in its perennial tissues for several decades (Jebara et al.,
2021b). Therefore, P. oceanica is a re�ector of the ecological state of coastal ecosystems and its storage capacity of
geochemical records of the marine environment could be used as an alternative to trace the history of contamination of coastal
ecosystems (Tovar-Sánchez et al., 2010). In addition, Posidonia meadows promotes the development of species of economic
interest (crustaceans, cephalopods, �sh), including microorganisms that play important role in the marine environment (Torta et
al., 2015). Many studies have described the diversity of endophytic bacterial communities associated with seagrasses meadows
(leaves, rhizomes and roots) and others associated with plant surfaces (epiphytic bacterial community), suggesting their
bene�cial role in plants (Garcias-Bonet et al., 2012; Vohník et al., 2016; Bibi et al., 2018; Tarquinio et al., 2019; Boontanom and
Chantarasiri, 2020). The aim of the present work was to study the bacterial diversity in �ve coastal seawater samples collected
from Mahdia coastal (Tunisia) and to evaluate the antibiotic resistance patterns of isolated bacteria from Posidonia oceanica
seagrass. These strains may be considered as bioindicator for biomonitoring the degree of contamination of pollution in
Mediterranean seawater.
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Material And Methods
1. Study area and sample collection 

Mahdia coast is one of the most important aquatic ecosystems in Tunisia occupying a very strategic geographic territory with
approximately 75 km of coastline, presenting a predominant �shery, heritage and agricultural wealth. Despite its wealth, the
Mahdia coast is subject to several sources of urban and industrial pollution, in addition, the development of �shing activity. To
cover the whole of this zone, Posidonia oceanica seagrass and seawater were collected in September 2019 from �ve sites:
(S1) the coastal zone of Mahdia, (S2) the coastal zone of Rejiche, (S3) the coastal zone of Salakta, (S4) the coastal zone of
Chebba and (S5) the coastal zone of Mellouleche (Figure 1). 

Samples of Posidonia oceanica seagrass (leaves and epiphytes) were collected from each site at 2.5 m depth by scuba divers
and placed in sterile polythene bags. In the same time, one liter of seawater was sampled aseptically from each site by Niskin
bottles in previously sterilized glass bottles. The collected samples were immediately transported to the laboratory and kept at
4°C until analysis (within 24 h after collection).

2. Culture-independent approach: DGGE analysis 

2.1. Total DNA extraction

For studies of bacterial community structure in Mahdia coast, 1 liter of each seawater sample was �ltered through a sterile
cellulose nitrate membrane with a pore size of 0.2 μm (47 mm diameter). Total DNA was extracted as described by Yoshida et al.,
(2008) with slight modi�cations. Brie�y, 1.8 mL of lysis buffer and 90 μL of freshly made lysozyme was added to the �lter. The
�lter was incubated for 30 min at 37°C, and then 50 μL of proteinase K (20 mg/mL) and 210 μL of sodium dodecyl sulfate
solution (10%) were added. After incubation for 2 h at 55°C, the sample was treated with phenol/chloroform/isoamyl alcohol
(25:24:1). After centrifugation, the aqueous phase was mixed with chloroform/isoamyl alcohol (24:1) and the resulting
supernatant containing the DNA was precipitated with isopropanol at -20°C. Finally, the puri�ed DNA was washed with ethanol
and dissolved in TE buffer. To check the molecular size and DNA concentration, the obtained DNA was analyzed by agarose gel
electrophoresis. 

2.2. PCR Ampli�cation

Polymerase chain reaction (PCR) ampli�cation targeting the V3–V5 hypervariable region of the 16S rRNA gene was carried out
with universal primers speci�c to the bacteria domain: 907R 3’-CCGTCAATTCCTTTGATGTTT-5’ and 357F 3’-
TACGGGAGGCAGCAG-5’ with a 5’-end GC-clamp (Hassen et al., 2020). The reaction mixture consisted of 1x PCR buffer, 2.5 mM
MgCl2, 0.12 mM dNTPs, 0.3 mM of each primer, 1 U of Taq polymerase and 1 μl of appropriately diluted template DNA in a �nal
volume of 30 μl. DNA ampli�cation was performed under the following conditions: 94°C for 4 min; 10 cycles of 94°C for 30 s,
61°C for 1 min, and 72°C for 1 min; followed by further 20 cycles of 94°C for 30 s, 56°C for 1 min, and 72°C for 1 min and �nally
72°C for 10 min. The expected DNA fragments of 630 bp were veri�ed on 1.5% agarose gel.

2.3. Denaturing gradient gel electrophoresis 

PCR products were resolved on 7% (w/v) polyacrylamide gel in 1x TAE with a linear gradient of denaturant urea ranging from 40
to 60% (Hassen et al., 2021). The electrophoresis was run at a constant voltage of 90V for 20 h at 60°C in 1x TAE running buffer.
The gel was then stained for 30 min in a 5 mg/L solution of ethidium bromide, washed with sterile distilled water and
immediately photographed under UV transillumination table.

DGGE pro�les were exploited to create matrices indicating the presence or absence of bands, and a dendrogram was built by the
MVSP software (MultiVariate Statistical Package), which uses the algorithm Unweighted Pair Group Method with Arithmetic
Mean (UPGMA) and the Jaccard’s coe�cient. The Simpson's Diversity Index (D) and R richness index were determined. The band
patterns of DGGE gel were further examined with an image analyzing system by using Image J software (version 1.46) and
Principal component analysis (PCA) was produced using Microsoft Excel XLSTAT software (version 2021.2) which allows the
conversion of the bands density and migration into numerical values.
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3- Isolation of epi-endophytic bacteria from Posidonia oceanica seagrass

Epi-endophytic bacteria were isolated from leaves and epiphytes of Posidonia oceanica seagrass. The collected leaves were
subjected to a surface-sterilization protocol adapted from Garcias-Bonet et al., (2012). Brie�y, the leaves samples were rinsed with
distilled water and then disinfected super�cially in 70% ethanol for 1 min. After, they were sterilized for 4 minutes in sodium
hypochlorite (2.5%) and �nally washed ten times with sterile distilled water. Afterward, they were aseptically fragmented into
smaller pieces and crushed with aqueous solution (0.9% NaCl) using a homogenizer. For epiphytes, they were scraped from two
faces of the surface of Posidonia oceanica leaves and then recovered in sterile Eppendorf tubes with aqueous solution.

One milliliter of each samples (tissue homogenate or epiphytes) was placed in 250 mL Erlenmeyer �ask containing the following
enrichment marine media: H3BO3, 0.022 g/L; NH4NO3, 0.0016 g/L; CaCl2, 1.8 g/L; SrCl2, 0.034 g/L; Yeast Extract, 1 g/L; C6H5FeO7,
0.1 g/L; MgCl2, 8.8 g/L; Peptone, 5 g/L;  KBr, 0.08 g/L; KCl, 0.55 g/L; NaCl, 19.4 g/L; NaF, 0.0024 g/L; NaHCO , 0.16 g/L; Na2HPO4,
0.008 g/L; Na2SiO3, 0.004 g/L; Na2SO4, 3.24 g/L; pH: 7.6±0.2, and incubated at 25°C on a rotary shaker at 120 rpm for 3 days.

Isolation of pure bacterial strains from the enrichment cultures was performed by using serial dilution (10-1-10-8) onto marine
agar plates. The plates were subsequently incubated at 25°C for 5 days. Colonies were counted and expressed as Colony-Forming
Unit (CFU) per mL. 

The pure colonies were selected according to their morphology characteristics (color, size, shape), transferred to the same marine
media and puri�ed by repeated streaking to obtain pure cultures. All bacterial isolates were characterized by determining their
Gram reaction, catalase and oxidase activity. The bacterial isolates were stored as 25% glycerol stocks at −80°C.

4- Antibiotic susceptibility testing

Antimicrobial susceptibility testing was performed on 43 isolates by the disk diffusion method on Mueller Hinton agar plates
(Difco, Bectone Dickinson, Sparks, MD) according to the National Committee for Clinical Laboratory Standards guidelines (CLSI,
2017). Twelve antimicrobial agents were tested (Table 1).

5- Taxonomic identi�cation of multi-antibiotic resistant epi-endophytic bacteria

Genomic DNA was extracted from each of the seven selected multi-antibiotic resistant isolates by sodium dodecyl sulphate
(SDS)-proteinase K treatment according to Hassen et al., (2018), followed by the ampli�cation of 16S-23S rRNA Intergenic
Transcribed Spacer-PCR (ITS-PCR) using ITS-F (3′-GTCGTAACAAGGTAGCCGTA-5′) and ITS-R (3′-CTACGGCTACCTTGTTACGA-5′)
primers as previously described by (Hassen et al., 2018).

16S rRNA ampli�cation was carried out by using the universal primers S-D-Bact-0008-a-S-20 (3′-CTACGGCTACCTTGTTACGA-5′)
and S-D-Bact-1495-a-S-20 (3′AGATTTGATCCTGGCTCAG-5′). The PCR master-mix (30 μL) contained 22.86 μL PCR-water, 2 μL Taq
buffer (10×), 0.24 μL dNTP-Mix (25 mM, each), 2.5 μL MgCl2 (25 mM), 0.2 μL Taq (1 U/μL), 2 × 0.6 μL of the respective primers
(25 µmol/μL) and 1 μL of appropriately diluted template DNA in a �nal volume of 50 μL. The PCR program included an initial
denaturing step at 94°C for 3 min, 30 cycles of 94°C for 45 s, 55°C for 1 min, and 72°C for 2 min, and a �nal extension at 72 °C for
7 min (Hassen et al., 2020). All the PCR products were con�rmed by electrophoresis on 2% agarose gels and stained for 20 min in
0.5 mg/L ethidium bromide solution. 

ITS pro�les were visually analyzed to group together the bacterial isolates exhibiting the same band pattern. The ampli�ed 16S
rRNA fragments were sequenced and analyzed by comparison with sequences available at the National Centre for Biotechnology
Information (NCBI) database (http://www.ncbi.nlm.nih.gov) using the BLAST program as described by Hassen et al., (2018). A
phylogenetic dendrogram was constructed using the neighbor joining method and tree topology was evaluated by bootstrap
analysis of 1000 data sets using MEGA 6 (Kumar et al., 2008). The partial 16S rRNA gene sequences of each isolate were
submitted to NCBI GenBank database under the accession numbers  MZ350537 to MZ350543.

Results And Discussion
1- DGGE Analysis

https://fr.wikipedia.org/wiki/Potassium
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To investigate the diversity and the dynamics of the dominating microbial communities, samples from �ve coastal seawater sites
of Mahdia were analyzed by denaturing gradient gel electrophoresis (DGGE), which is one of the most commonly used methods
among the culture-independent �ngerprinting techniques (Li et al., 2010). Moreover, DGGE analysis of 16S rRNA gene was applied
to present an overview of culturable and unculturable bacterial assemblages. 16S rRNA fragments, obtained by targeting of the
variable V3-V5 region by the PCR-DGGE, were separated on a polyacrylamide denaturing gel (Figure 2). Samples from all sites
were analyzed in triplicate. Visual analysis of DGGE band pro�les highlighted a large variability in bacterial community structure
of all the samples. A remarkable similarity was noted between the three replicates of each site. We detected several bands with
variable intensities and migration distances. Some of the bands were speci�c to a given site, while, other bands were found to be
common to more than one sample. The obtained pro�les showing a difference in migration, which allowed the bands to be
divided into three migration levels: short migration bands (non-rich bands in GC), medium migration bands (moderately rich in
GC) and long migration bands corresponding to high GC content sequences (Figure 2). A very similar variation was revealed in all
pro�les of different seawater coastal, which gave us a general idea of the abundance of the same bacterial community between
the different sites.

Similarly to this study, DGGE was used by Schäfer et al., (2001) in Mediterranean Seawater treated with nutrients and they have
shown its effectiveness in determining bacterial genetic diversity and activity in each treatment. However, the threshold for
detection of a microbial communities by PCR-DGGE is approximately 1 to 2%, which represents the dominant species (Mehri et
al., 2014).

The PCR-DGGE gel pro�les were also used to evaluate the bacterial community richness and biodiversity indexes of seawater
coastal samples obtained from different sites in Mahdia city, Tunisia. The species richness index (R) determined was highest for
DGGE pro�les of Mahdia and Salakta seawater coastal samples (R=9), thus exhibiting the highest number of bands/bacterial
species than those of Melloulech seawater coastal sample (R=8); Rejiche seawater coastal sample (R=7) and of Chebba
seawater coastal sample (R=3) (Figure 2). Bacterial diversity index (D) calculated on the basis of number of bands existing on
polyacrylamide gel was also highest for Mahdia and Salakta seawater coastal samples (D= 0.889) with the lowest being Chebba
seawater coastal sample (0.667 < D < 0.75) (Figure 2). Diverse activities in seawater such as industrial, agricultural and port
activities could be responsible for this observation. Similar works has mentioned that pollution could affect the structure of the
bacterial community (Campbell et al., 2015;  Moreno-Espíndola et al., 2018; Tamburini et al., 2020).

Similarity and variation among DGGE gel patterns of the various coastal seawater sites were also established based on analysis
of Jaccard’s coe�cient with the UPGMA algorithm (Figure 3). The cluster analysis showed a high similarity above 90%, indicating
a stable community within S1 (Mahdia seawater coastal site), S2 (Rejiche seawater coastal site), S3 (Salakta seawater coastal
site) and S5 (Melloulech seawater coastal site). Furthermore, Chebba seawater coastal site present only 24% of diversity with
other sites.

The principal component analysis (PCA) based on the relative intensities of bands in DGGE pro�les provided further information
about the microbial community structure existed in �ve seawater coastal sites (Figure 4). The PCA analysis results con�rmed the
differences observed visually by showing a variation of 71.34% and 12.38% according to the �rst and second principal axes,
respectively. All seawater coastal samples (with three replicates of each site) appeared to be randomly distributed and were
relatively adjacent.

However, we could see four groups: the �rst group of seawater coastal samples (S1-3, S2-1, S2-3 and s3-2) distributed on the left
side, according to the negative values of the �rst principal axis F1 and positive values of the secondary axis F2. The second
group is represented by the samples S3-1 S4-2 S4-3 S5-1 and the third group distributed on the right side that contained the
samples S1-2, S2-2, S3-3, S4-1, S5-2 and S5-3. The last group could be distinguished from the other samples, is the S1-1 sample
which corresponds to the one of three replicates samples of Mahdia seawater coastal site. These results indicated that the
bacterial community structure was variable even in replicates from the same site (Figure 4). These observed community
variations could be related to the environmental pollution in each coastal zone of Mahdia due to their high rate of urbanization,
the discharges of poorly treated wastewater and the excessive use of antibiotics in aquaculture as described by Jebara et al.,
(2021a,b,c). Other studies focused on the relationship between the physicochemical factors of the aquatic environment and the
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composition / abundance / diversity of the bacterial communities (Chiriac et al., 2017; Núñez Salazar et al., 2020). Other studies
have also reported the decrease of microbial diversity in heavily polluted waters (Kochling et al., 2017; Paruch et al., 2019).

2- Isolation and selection of multi-antibiotic resistant epi-endophytic bacteria 

Posidonia oceanica leaves and their epiphytes, collected from different seawater coastal sites, were enumerated by cultivating on
marine agar media. The obtained results showed that the highest levels of cultivable bacteria in the epiphytes and leaves of
Posidonia oceanica were detected in Rejiche seawater coastal sample (Table 2). In addition, we have noticed that the count of
cultivable bacteria is higher in the epiphytes of Posidonia oceanica than in the Posidonia leaves recovered from Rejiche seawater
coastal sample (2.70 1010, 2.32 1010), Salakta seawater coastal sample (5.95 109, 3.72 109) and Melloulech seawater coastal
sample (5.27 108, 9.14 107). These results con�rm that epiphytes and Posidonia leaves are considered to be a favorable matrix
for bacterial accumulation and development (Borowitzka et al., 2006). In accordance with these results, Tarquinio and colleagues
(2019) has also observed a high population density of epi- and endophytic bacteria associated with Posidonia oceanica
seagrass. Furthermore, they have indicated that the presence of a different set of microorganisms can have a bene�cial role for
plant growth, health and productivity (Tarquinio et al., 2019). Fahimipour et al., (2017) showed that bacterial composition of
leaves seagrass was highly similar to the surrounding seawater communities. However, they also found contrasting results
related to the seagrass roots communities whereby bacterial composition of roots differed from sediment communities.

As mentioned in previous studies, increased consumption of antibiotics contributes to an increase in environmental waste
(Polianciuc et al., 2020; Carvalho and Santos, 2016). Seawater is often contaminated with drug residues (Afsa et al., 2020). This
contamination encouraged the spread of resistance and even of multi-resistant bacteria (Alibi et al., 2021). A collection of 43
strains was obtained including 21 strains recovered from the epiphytes of Posidonia oceanica and 22 strains from samples of
Posidonia leaves. The susceptibility of epi- and endophytic bacterial isolates to 12 antimicrobial agents is shown in Figure 5. A
high level of resistance was detected to Aztreonam (72.1%) and Ceftazidime (60.5%). A medium level of resistance was observed
to Amoxicillin (56%), Rifampicin (51.2%), Trimethoprim (44.2%), Cefotaxime (35%) and Chloramphenicol (30.2%). Lower levels
were detected to Azithromycin (7%), Cipro�oxacin (5%) and to Amikacin (2.3%). All the studied isolates showed susceptibility
to Imipenem and Tetracycline. An antibiotic multi-resistance phenotype was observed. Seven dominated multi-resistance pro�les
were detected for all the epi- and endophytic bacterial isolates against to 6 families of antibiotics (β-lactams, Phenicol, Macrolide,
Sulphonamides, Rifamycin and Quinolones) (Table 3). The ecological justi�cation of antibiotic resistance is the adaptation of
bacteria in the polluted environment. Bacteria in these polluted aquatic matrices share or exchange transferable elements of DNA
with other bacteria, this can occur between different bacterial species (Tahrani et al., 2017).

These multi-antibiotic resistant epi-endophytic bacterial strains were identi�ed by ampli�cation of the ribosomal intergenic
transcribed spacer between the 16S and the 23S rRNA genes (ITS-PCR) and by 16S rRNA sequencing. ITS-PCR �ngerprinting was
applied to assess bacterial diversity of the selected isolates. The ITS pro�les showed reproducible patterns consisting of 1 to 7
bands with sizes ranging from 200 to about 400 bp (Figure 6). Four different ITS haplotypes were produced. H1 was represented
by one isolate (S1-L1) and composed by 4 reproducible bands (250, 290, 310 and 350 bp). The other ITS pro�les were found in
two isolates. Partial 16S rRNA gene sequencing was carried out for these 7 isolates and was analyzed by BLAST algorithm (Table
3). Phylogenetic analysis revealed that the selected isolates were assigned to the phylum Firmicutes with low G+C% content gram
positive and represented by Bacillus genus (Figure 7), exhibiting 98-100% of identity to published species sequences. These
strains were classi�ed in �ve spices including B. paranthracis (S1-L1), B. wiedmannii (S2-E2; S3-E1; S3-L3), B.
oceanisediminis (S3-E2), B. �rmus (S4-L7), and B. paramycoides (S5-L13). The high detection of the genus Bacillus in marine
niches was in agreement with other studies, Ettoumi et al., (2013) showed that 68% of marine isolates from the Mediterranean
Sea were clustered with B. subtilis, B. licheniformis, B. pumilus and B. cereus. Similarly, Ki et al., (2009) described the
identi�cation of thirteen marine Bacillus genotypes, including the following species: B. aquaemaris. B. badius, B. cereus, B. �rmus,
B. halmapalus, B. hwajinpoensis, B. litoralis, B. sporothermodurans, B. vietnamensis, and Bacillus sp.. Several previous studies
also reported that the bacterial diversity in different seagrass parts (leaves, roots and epiphytes) showed predominant bacterial
phyla belonging to Actinobacteria, Bacteroidetes, Proteobacteria and Firmicutes and this latter represented specially by Bacillus
genus (Nugraheni et al., 2010; Wahjono et al., 2015; Mishra and Mohanraju, 2018; Tarquinio et al., 2019; Boontanom and
Chantarasiri, 2020). Studies reported that epi- and endophytic bacterium play an important role in plant growth, health and



Page 7/13

ecological function (Liu et al., 2017; Bibi et al., 2018) and demonstrated that epiphytic bacteria colonizing the seagrass surface
must be able to resist interactions with the host defences processes and competition with other microorganisms (Boontanom and
Chantarasiri, 2020).

Conclusion
Only a few studies focused on bacterial community of Posidonia oceanica seagrass. Here, we studied the epi-endophytic
bacterial community of Mahdia coast focusing on multi-resistant bacteria to antibiotics as bio-indicators of pollution. The
seawater coastal sites revealed a high bacterial diversity assessed by DGGE approach. From the 43 epi-endophytic bacterial
strains isolated from Posidonia leaves and their epiphytes, seven strains were the most dominant multi-resistance pro�les. These
selected isolates were subjected to identi�cation, characterization and phylogenetic analysis. Firmicute phylum was the single
bacterial group distinguished and represented by Bacillus genus. This collection may be considered as bioindicator for
biomonitoring the degree of contamination of pollution in Mediterranean seawater.
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Tables
Table 1. Antibiotics and concentrations used in this study.

Class Abbreviation Antibiotic Amount Class Abbreviation Antibiotic Amount

β-lactams  CTX Cefotaxime 30 μg Carbapenems  IMI Imipenem 10 μg

A Amoxicillin 25 μg Phenicol  C Chloramphenicol 10 µg

ATM Aztreonam 30 µg Aminoglycosides AK Amikacin 30 µg

CAZ Ceftazidime 30 μg Macrolide  ATH Azithromycin 15 µg

Tetracyclines T Tetracycline 30 μg Sulphonamides  TM Trimethoprim 5 μg

Quinolones  CIP Cipro�oxacin 5 μg Rifamycin RP Rifampicin 5 μg

Table 2. Colony forming units (CFU) of cultivable bacteria per gram of Posidonia oceanica seagrass (Leaves and Epiphytes) in
culture media.
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Sites S1

(Mahdia)

S2

(Rejiche)

S3

(Salakta)

S4

(Chebba)

S5

(Melloulech)

Leaves (CFU/g) 5.25 109 2.32 1010 3.72 109 5.14 109 9.14 107

Epiphytes (CFU/g) 2.79 109 2.70 1010 5.95 109 4.03 107 5.27 108

 

Table 3. Identi�cation of selected multidrug-resistant endophytic strains isolated from Posidonia oceanica seagrass.

Isolates ITS
haplotype

Accession
number

Closest relative/ Accession
number

Length
(bp)

Sequence
similarity
(%)

A�liation /
Families

Phenotype
of antibiotic
resistance 

S1-L1 H1  MZ350537 Bacillus paranthracis /
NR_157728.1

824 100 Firmicute /
Bacillaceae

CTX, ATM,
TM, RP, A, C,
CAZ

S2-E2 H3 MZ350538 Bacillus
wiedmannii / NR_152692.1

728 98 CTX, ATM,
TM, RP, A, C,
CAZ

S3-E1 H2 MZ350539 Bacillus wiedmannii
/ NR_152692.1

775 99 CTX, ATM,
TM, RP, A, C,
CAZ

S3-E2 H4 MZ350540 Bacillus
oceanisediminis / NR_117285.1

680 98 CTX, ATM,
TM, RP, A,
CAZ

S3-L3 H3 MZ350541 Bacillus wiedmannii
/ NR_152692.1

805 99 CTX, ATM,
TM, RP, A,
CAZ

S4-L7 H4 MZ350542 Bacillus �rmus /  NR_112635.1 824 99 ATM, ATH,
TM, RP, A, C,
CAZ

S5-L13 H2 MZ350543 Bacillus
paramycoides / NR_157734.1

761 99 CTX, ATM,
CIP, TM, RP,
A, C, CAZ

CTX: Cefotaxime, A: Amoxicillin, ATM: Aztreonam, CAZ: Ceftazidime, CIP: Cipro�oxacin, C: Chloramphenicol, ATH:
Azithromycin, TM: Trimethoprim, RP: Rifampicin. 

Figures

Figure 1

Sampling site location of the Seawater and Posidonia oceanica seagrass (S1: 35°50’57.86’’ N, 11°07’10.20’’ E; S2: 35°47’20.46” N,
11°05’37.14” E; S3: 35°39’04.91” N, 11°04’97.51” E; S4: 35°22’94.77” N, 11°16’24.38” E; S5: 35°15’97.97” N, 11°08’64.41” E). 

Figure 2
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Denaturing gradient gel electrophoresis (DGGE) gel pro�les from triplicate of �ve seawater samples showing the bacterial
community structure based on the variable region V3–V5 of 16S rRNA. Urea and formamide gradient ranged from 40% to 60%.
Three kinds of bands were distinct with correlation to the running level, as short (A), medium (B) and long migration bands (C).
Species richness index (R) and Simpson diversity index (D) were indicated in the lower part of the gel.

Figure 3

Clustering of DGGE patterns by software analysis using the Jaccard’s coe�cient with the UPGMA algorithm.
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Figure 4

Principal component analysis (PCA) generated from the DGGE pro�les of bacterial communities in the coastal seawater samples.

Figure 5

Histogram of the 43 endophytic bacterial isolates resistance to 12 antibiotics. The number indicates the percentage of resistant
isolates for each antibiotic.

Figure 6

ITS-PCR �ngerprinting patterns of seven multidrug-resistant endophytic bacterial isolates resolved by agarose gel electrophoresis.
Haplotypes: H1- H4, M: molecular size marker 100 pb, isolates: S1-L1; S3-E1; S3-L3; S5-L13; S2-E2; S3-E2; S4-L7.  

Figure 7

Phylogenetic tree of seven partial 16S rRNA sequences of multidrug-resistant endophytic strains isolated from Posidonia
oceanica seagrass. Bootstrap values obtained with 1000 repetitions were indicated as percentages at all branches. GenBank
accession numbers are given in parentheses. Staphylococcus arlettae (NR_024664.1) was chosen as the out-group to root the
tree.


