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Abstract: The intense emergence of mucilage in the Marmara Sea in 2021 has raised concerns due to 

its potential impact on the global marine system. Considering the potential of mucilage threatening 

the diverse ecosystems, it is important to define the mucilage microbiome. However, studies dedi-

cated to exploring the biodiversity of mucilage are limited and de novo approaches are needed to 

understand unexplored biodiversity of mucilage microenvironment. This study aimed to investi-

gate mucilage and water samples from certain stations in Marmara Sea. For this reason, 11 mucilage, 

2 pre-mucilage water and 3 clean sea water were collected from 16 stations. DNA isolation, shotgun 

metagenome sequencing and bioinformatics analysis were performed. It was revealed that the mu-

cilage microbiome and the clean water microbiome were different from each other, and the reads 

that could not be assigned to any taxon (dark matter) accounted for 58% (p=0.014) of the mucilage 

metagenome. The clean water had a higher presence of Euryarchaeota (p=0.014), Proteobacteria 

(p=0.019) and Rhodothermaeota (p=0.034), while Chlamydiae (p=0.014) and Fusobacteria (p=0.034) 

were found in excess in the mucilage. The study produced the first comparative data on clean sea 

water and the mucilage microbiome using shotgun metagenomics approaches. 

Keywords; Mucilage microbiome; Shotgun-metagenome sequencing; Comparative marine micro-

biome 

 

1. Introduction 

Marine snow (mucilage) formations, a natural structure rich in organic matter, are 

occasionally observed in the open seas and oceans in different aquatic geolocations of 

Earth, especially in the Mediterranean [1-3]. Anthropogenic causes (liquid and solid 

wastes, increasing rates of urbanization and industrialization on the coastline, excessive 

fishing activities, etc.), temperature anomalies due to climate change and the cumulative 

effect of stratification in the water column, the increase in the abundance of polysaccha-

rides in the aquatic environment and the deterioration of dissolved organic matter balance 

in the sea. It builds in different forms as accumulation of layers covering its surface, long 

filamentous / reticulated structures spreading in the upper water column, and thick layers 

on the seabed settling to the bottom with aging over time [4]. Studies focusing on marine 

mucilage generally focus on the oceanographic conditions and phytoplanktonic organ-

isms in aquatic environment [1-2, 5-6]. Culture-independent genome-based approaches, 

which have become widespread with the development of next-generation sequencing 
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technologies, have changed the limits of our knowledge about the diversity and ecology 

of microbial communities in aquatic environments [7-8]. Mapping the microbiome, which 

is defined as microorganisms in a habitat, their genomes, products and interactions with 

the environment, at the metagenome scale (whole genomes of all microorganisms) within 

the scope of combating mucilage through next-generation sequencing technologies seems 

valuable for the development of complete identification and disposal strategies. 

Although the mapping of the total microbiome content of mucilage, which is a rich 

source of nutrients for microorganisms due to its high organic matter content, seems im-

portant for a complete identification and disposal attempts, there are limited studies on 

the mucilage microbiome in the Sea [9-11]. The decomposition of organic substances in 

the environment, especially nitrogen, of the metabolic pathways operated by bacteria and 

the excessive reproduction of the degradation products by the bacteria play a role in the 

first stage of mucilage formation (the formation of a reticulated / filamentous structure). 

Considering this situation and the role of microbiome elements in polysaccharide accu-

mulation, the scientific dimension of these studies is better understood. 

Although the mucilage formation has been seen from time to time in the Marmara 

Sea since the 1990s, that was reach dimensions that may threaten human health in 2021 

[3,12-14]. It is thought that revealing the mechanisms is at the beginning of the necessary 

steps in the elimination of mucilage. When the reports published so far on the definition 

of the microbial load of mucilage are examined, it is noteworthy that the studies at the 

metagenome dimension are quite limited. Therefore, what exactly is the microbial content 

of mucilage, the taxonomic and functional diversity of the mucilage microbiome, the role 

of ecological association in the network in mucilage development/progression are unan-

swered research questions. With this study, taxomic mapping of mucilage and Marmara 

Sea water habitats as well as a metagenome-scale comparative analysis for water and mu-

cilage samples collected from various stations in the Marmara Sea is aimed to be investi-

gated. The study is based on the hypothesis that mucilage dispersal is associated with a 

significant shift in homeostatic balance in the aquatic microbiome. 

2. Materials and Methods 

2.1. Fieldwork 

Mucilage samples collected from 11 different stations (MS1-MS11) in Marmara Sea 

between April and September 2021 were included in the current study. 5 g (or 15 ml) of 

pure mucilage sample was provided in preservatives from ten station and for station 1 the 

lyophilized mucilage sample was avaliable. 

At the beginning of mucilage formations, April 2021, two pre-mucilage water sam-

ples (Msu-Y1, Msu-Y2) were taken from areas where mucilage did not reach. In order to 

represent clean sea water surface sea water samples were taken from three different sta-

tions in May 2022, while the mucilage did not exist neither on surface nor through the 

water column. The stations included in the study were Saros Bay (SAR), Çanakkale Strait 

(CB) and Special Environmental Protection Area located within the borders of Gökçeada 

(GEB). All water samples collected from five different locations were taken by means of a 

sterile nansen water sampler having 5 liter water capacity and were filtered in the field 

using a vacuum pump through 0.22μM filter paper (Steripak-GP20 filter, Millipore, Bed-

ford, MA) [7]. Then, the filter paper was taken into 15 ml falcon tubes filled with 

DNA/RNA shiled buffer (Zymo Research). The coordinates for all 16 stations were rec-

orded by GPS. The coordinates of the sampling points are given in Supplement 1. 

2.2. Wet laboratory processes 

Total DNA isolation was performed using the Qiagen PowerSoil DNA isolation kit 

in accordance with the manufacturer's procedures. For mucilage samples, approximately 

0.2gr sample was collected with sterile tweezers in a BSL2 level biosafety cabinet and 

DNA isolation was performed in accordance with the kit procedures. For water samples, 

after the filter papers were cut into small pieces with the help of sterile scalpel in the BSL2 
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cabinet, they were taken into GarnetBead tubes containing 750ul buffer. After these tubes 

were treated at 65°C and 95°C for 10 minutes, DNA isolation was performed in accordance 

with the kit's procedure. The quality of the DNAs obtained after isolation was determined 

using NanoDrop (Shmadzu BioSpec-nano), and the quantification measurements of DNA 

samples in terms of double-stranded DNA (dsDNA) amounts were determined in the 

Qubitfluorometric system (Qubit 2.0 Fluorometer, Life Technologies) using the Qubit 

dsDNA-BR assay kit. Isolation steps were repeated with modifications for the samples 

that could not obtain DNA in suitable quality and quantity for sequencing. dsDNA of 

appropriate quality (260/230nm 2.0-2.2; 260/280nm 1.8-2.0) and density (at least 2ng per 

microliter).  

Shotgun metagenome sequencing was performed using next-generation sequencing 

technologies for a total of 10 mucilages and 5 water samples (3 clean water and 2 water 

collected when mucilage was just observed). Metagenome sequencing studies were car-

ried out on Illumina systems in accordance with Nextera-enzymatic digestion technology 

and Nextera XT DNA Library Preparation Kit protocols (https://genome.med.har-

vard.edu/documents/libraryPrep/IlluminaNexteraXTProtocol.pdf ).  

2.3. Dry laboratory processes 

2.3.1. Processing of metagenome raw data 

Within the aquatic microbiome, of which the highly complex mucilage is a part, it is 

expected that there will be a significant amount of sequences that have not been previ-

ously identified or characterized at the DNA level. For this reason, the DNA data pro-

duced in the project was analyzed with a de novo approach. In this direction, firstly, the 

raw data of the samples were pooled and collectively subjected to metagenome assembly. 

IDBA-UD assembler [15] was used for this process and contigs were obtained. In order to 

determine the relative abundances of contigs, each of which is expected to come from the 

same genome, the total cluster of contigs was indexed with BWA-mem2 [16] tool, and the 

raw reads were mapped onto the contigs, and the average reads per fragment were deter-

mined at the sequence level per million. In order to annotate the genes in the contigs; First, 

open reading frames were detected by running Prodigal gene detection algorithm [17] in 

metagenome mode, then each detected frame was annotated at the gene ontology level 

with eggNOG-mapper [18] and converted to an ontology, as well as functional groups. 

Unmapped open reading frames were neglected on the assumption that they are not cod-

ing genes. 

2.3.2. Taxonomic analysis 

In order to determine the relative abundance in the contigs obtained in the previous 

step, Kaiju [19] taxonomic classification program was used. The relative abundance of an 

assigned taxon was estimated by mapping the sequencing reads onto the associated con-

tigs. Normalization using reads per million base pairs concluded the final relative abun-

dance. The programs are provided with scripts created in the Python programming lan-

guage.  

2.3.3. Comparative Functional analysis 

For functional analysis, genes predicted on the contigs by Prodigal were aligned 

against eggNOG database using Diamond [20]. All eggNOG annotated genes were eval-

uated for relative abundance for each sample and enriched at the pathway level. As a 

result of these enrichments, KEGG (Kyoto Encyclopedia of Genes and Genomes) ontolo-

gies, CAZy (Carbohydrate-Active enZYmes Database) [21] and protein families classifica-

tion (PFAM) [22] functional group annotations and their relative abundances are orga-

nized by generating specific Python scripts. In order to detect biosynthetic gene clusters, 

the biosynthetic units in the samples were determined using BiG-MEx (Biosynthetic Gene 

cluster MEtagenomic eXploration) modules a tool for mining biosynthetic gene clusters’ 

domains and classes)  metabolic cluster mapping tool [23]. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 March 2023                   doi:10.20944/preprints202303.0290.v1

https://doi.org/10.20944/preprints202303.0290.v1


 

 

The comparisons were primarily conducted with alpha and beta-diversity analyzes 

on both taxonomic and functional profiles. Bray-Curtis [24] metrics were used as beta-

diversity metric and Shannon Index [25] metrics were used as alpha-diversity metric. In 

order to examine the biodiversity differences between mucilage and clean sea water sam-

ples, alpha-diversity distributions were subjected to Mann-Whitney U test and beta-di-

versity values were subjected to one-way ANOVA test. Mann-Whitney U test and multi-

ple hypothesis test were applied for the relative abundance values of each taxon and func-

tional structure detected in the samples. The differences at taxonomic or functional biodi-

versity level between the clean sea and mucilage samples were multiply-tested for statis-

tical significance using Mann-Whitney U test. In order to visually observe the genotypic 

characteristics among the geographic distributions as well as clean water-mucilage differ-

ence, the relative anundance vectors were ordinated in 2D using Principal Component 

Analysis (PCA) performed by Python SciPy library. 

3. Results 

Because the quality and the amount of isolated dsDNA was not appropriate for shot-

gun metagenome sequencing, next-generation sequencing could not be achieved for the 

lyophilized musilage sample (MS1). Thus, shotgun metagenome sequencing were con-

ducted for 15 samples. As a result of sequencing, a total of 58.4Gbp of read data were 

produced. Sequencing data statistics for all samples are presented in Table 1.  
Table 1. Statistics of sequencing data 

Sample  Reads Contigs N50* 
Longest 

Contig 

Average 

Contig Length 

Total Contig 

Length 
N80** 

MS2 21.984.724 240.447 799 88.951 697 167.812.811 426 

MS3 63.881.640 650.720 1257 442.235 940 612.212.260 537 

MS4 22.691.910 28.712 377 12.301 364 10.470.825 320 

MS5 21.714.280 249.062 823 251.373 744 185.410.840 441 

MS6 23.347.442 244.907 982 107.527 823 201.558.903 479 

MS7 22.656.394 223.788 940 215.273 787 176.135.579 465 

MS8 78.719.956 795.630 1169 373.301 889 707.541.004 510 

MS9 21.926.708 203.865 1411 233.250 969 197.667.564 528 

MS10 21.991.972 302.937 670 123.372 661 200.402.569 408 

MS11 24.276.176 287.548 754 73.798 685 197.096.919 422 

Msu_Y1 27.062.660 278.911 687 6.1121 646 180.243.434 405 

Msu_Y2 24.864.772 314.331 583 78.131 582 183.115.265 384 

GEB 11.592.104 132.904 1838 219.676 1.108 147.321.065 614 

SAR 8.759.208 110.834 1005 66.910 812 90.087.134 497 

CB 2.040.918 37.702 953 41.650 835 31.507.945 506 

* When all Contig lengths are listed, the contig length corresponding to the 50th percentile; ** When 

all Contig lengths are listed, the contig length corresponding to the 80th percentile. 

3.1. Taxonomic analyzes 

As a result of the taxonomic assignment, it was determined that on avarage 

58.2±9.6%of the  reads obtained from mucilage samples, 68.9±9.6% from pre-mucilage 

water samples taken at the very beginning of mucilage formation, and 35.4±2.4% from 

clean water samples could not be assigned to any taxon. The assignments at species and 

phylum levels for the assigned reads are presented as Supplement 2 and Supplement 3. 

According to the taxonomic assingment, environment originated bacteria were dominant 

in the samples. However, only MS4 was found to be carrying several human pathogens. 

Table 2 shows the top 5 most common microbial species in each sample, corresponding to 

more than ten thousand readings. 

Table 2. The top five microbial species found in the samples. 

MS2 
Verrucomicrobiacea
e bacterium TMED86 

Oceaniferula marina Lentibacter algarum 
Sulfurospirillum 
arcachonense 

Polaribacter porphyrae 

MS3 
Pseudodesulfovibrio 

sp. JC047 
Pseudodesulfovibrio 

sp. zrk46 
Winogradskyella 

aurantiaca 
Hyphomonas sp. 

Mor2 
Marivita lacus 
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MS4 
Acinetobacter 

baumannii 
Escherichia coli Bacillus thuringiensis 

Pseudomonas 
viridiflava 

Enterococcus faecalis 

MS5 
Winogradskyella sp. 

KYW1333 
Candidatus 

Izimaplasma sp. HR1 
Verrucomicrobiaceae 

bacterium 
Bacteroidetes 

bacterium 
Gammaproteobacteria 

bacterium 

MS6 
Sulfitobacter 

geojensis 
Lentilitoribacter sp. 

Alg239-R112 
Planctomycetes 

bacterium 
Ascidiaceihabitans 

donghaensis 
Sulfitobacter 

mediterraneus 

MS7 Glaciecola sp. KUL10 
Puniceicoccaceae 

bacterium 
Bacteroidetes 

bacterium 

Candidatus 
Endolissoclinum sp. 

TMED26 
Marivita lacus 

MS8 
Bacteroidetes 

bacterium 
Glaciecola sp. KUL10 

Psychroserpens 
mesophilus 

Puniceicoccaceae 
bacterium 

Acidiluteibacter 
ferrifornacis 

MS9 Glaciecola sp. KUL10 
Bacteroidetes 

bacterium 
Roseivirga pacifica 

Polaribacter sp. 
MED152 

Puniceicoccaceae 
bacterium 

MS10 
Psychroserpens 

mesophilus 
Bacteroidetes 

bacterium 
Hyphomonas sp. 

Mor2 
Congregibacter 

litoralis 
gamma proteobacterium 

NOR5-3 

MS11 Polaribacter vadi 
Bacteroidetes 

bacterium 
Nonlabens spongiae 

Polaribacter 
reichenbachii 

Polaribacter sp. MED152 

Msu_Y1 Marivita lacus 
Bacteroidetes 

bacterium 
Glaciecola sp. KUL10 

Puniceicoccaceae 
bacterium 

Gammaproteobacteria 
bacterium 

Msu_Y2 
Bacteroidetes 

bacterium 
Marivita lacus Glaciecola sp. KUL10 

Puniceicoccaceae 
bacterium 

Gammaproteobacteria 
bacterium 

GEB 
Planktomarina 

temperata 
Rhodobacteraceae 

bacterium SB2 

marine gamma 
proteobacterium 

HTCC2080 

Halieaceae 
bacterium 

Candidatus Pelagibacter 
ubique 

SAR 
Alteromonadaceae 

bacterium TMED101 
Halieaceae 
bacterium 

Litoricolaceae 
bacterium 

Rhodobacteraceae 
bacterium SB2 

Oceanospirillales 
bacterium TMED91 

CB 
Planktomarina 

temperata 
Lentibacter algarum 

Rhodobacteraceae 
bacterium SB2 

Bacteroidetes 
bacterium 

Halieaceae bacterium 

As a result of the statistical tests carried out for taxonomic assignments of samples, it 

was determined that the beta diversity of mucilage and clean water was significantly dif-

ferent from each other (Table 3) and the water samples contained a wider range of micro-

bial communities (Figure 1) than mucilages. 

Table 3. Alpha and beta diversity values. 

Alpha Diversity P-values 

Species 0,0188 

Phylum 0,17 

Beta Diversity   

Species 0,000024 

Phylum 0,00164 

a.         b.   

Figure 1. Plots created over alpha diversity value, a. plot created at the species level, b. plot created 

at the phylum level. 
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It was observed that the clean water samples and mucilage were separated and 

grouped within themselves, while the two pre-mucilage water samples (Msu-Y1 and 

MsuY-2) were approached the mucilage group (Figure 2 and Figure 3). 

 

Figure 2. Plot of principal component analysis (PCA) generated at the phylum level. 

 

Figure 3. Plot of principal component analysis (PCA) generated at the species level. 

The most common phyla assignments made for clean water samples and mucilage 

samples are given in Table 4. 

Table 4. 

Phylum 
average read ratio  found in 

mucilage samples (%) 

average read ratio  found in clean 

water samples (%) 

Proteobacteria 20.8±9.6 47.7±4.1 

Bacteroidetes 13.5±8.8 6.9±1.7 
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Verrucomicrobia 1.7±1.5 2.9±1.01 

Planctomycetes 1.2±1 0.33±0.2 

Cyanobacteria 0.5±0.4 1.1±0.3 

Rhodothermaeota 0.015±0.012 0.4±0.2 

Statistically significant differences (p<0.05) were reached for many taxa as a result of 

the statistical tests performed to reveal whether there is a significant difference at taxo-

nomic level between the samples. However, after error correction (FDR-false discovery 

rate correction), the phyla found in excess in clean water samples were Euryarchaeota 

(p=0.014), Proteobacteria (p=0.019) and Rhodothermaeota (p=0.034) while found in the 

mucilage group as excess level were reported as Chlamydiae (p=0.014) and Fusobacteria 

(p=0.034). The readings that could not be assigned to any phyla (Unclassified) were found 

to be significantly higher (p=0.015) in the mucilage group than clean water samples. After 

error correction, no statistically significant results were found between groups for species 

level. 

3.2. Comparative Functional analysis 

Comparing the  clean water and mucilage samples, no statistically significant pro-

tein family and KEGG ontologies were detected after the p-value correction. However, 

the presence and amounts of carbohydrate processing enzyme classes (CAZy) were dif-

fering significantly between clean water and mucilage samples. According to the results, 

it was determined that certain enzyme classes were highly present in the mucilage sam-

ples, and that these classes were almost not represented in the mucilage sample MS4, in 

which human pathogens were dominant.  

Two enzyme families (GH3 and GH13, p=0.014) belonging to the glycoside hydrolase 

(Glycoside Hydrolase, GH) family, three enzyme families (GT8, GT19 and GT28, p=0.015) 

belonging to the GlycosylTransferase Family (GlycosylTransferase Family, GT) and one 

family (CE10, p=0.015) from the carbohydrate esterase family (Carbohydrate Esterase 

Family, CE) were found to be significantly more in clean water then mucilage samples.  

One enzyme family (GH31, p=0.022) belonging to the glycoside hydrolase family, 

four different enzyme families (GT3 (p=0.038), GT30 (p=0.014), GT35 (p=0.016) and GT81 

(p=0.014) belonging to the GlycosylTransferase Family one of the enzyme families (CBM 

48, p=0.014) with carbohydrate binding activity (carbohydrate-binding modulated) and 

one family (CE1, p=0.014) from the carbohydrate esterase family were found to be signif-

icantly more in mucilage then clean water samples.  

 

Figure 4. Distribution of carbohydrate processing enzyme (CAZy) classes. 
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The analysis performed for BiG-Mex are presented in Figure 5 and Figure 6. Among 

the biosynthetic classes consisting of 25 different gene clusters, terpenes are significantly 

higher (p=0.03) in clean water, while in domains consisting of 93 different gene pathways, 

cyanobactin (p=0.006), siderophore (p=0.007), nrps (p=0.007), and bacteriocin (p=0.011) , 

hserlactone (p=0.017), t3pks (0.017), phosphonate (0.021), ectoine (0.025), t1pks (p=0.025)  

were detected significantly more in mucilage, whereas sactipeptide more in clean water 

(p=0.025).  

 

Figure 5. Class-based distribution of biosynthetic gene clusters (BiG-Mex) per sample. 

 

Figure 6. Domain-based distribution of Biosynthetic gene clusters (BiG-Mex) per sample. 

4. Discussion 

Mucilage events, the build up of a gelatinous substance on the water's surface and 

through the water collum, have been observed in different marine environments for more 

than 200 years [26]. In spite of such a long history of awareness, there have been limited 
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number of studies reporting the microbial content of mucilage [11, 27-28]. Thus, the prin-

ciple aim of the current study was to investigate the microbial content of mucilage and 

compare it to the marine water. According to the taxonomic assignments achieved on se-

quencing data within the scope of the study, most of the reads belonging mucilage and 

pre-mucilage water samples could not be assigned to any taxa. While performing taxo-

nomic analysis, a wide range of sequencing data (obtained from different habitats such as 

soil, sea, and human) avaliable in public databases as well as in private databases (special 

permissions had been obatined for this study) and different assignment approaches (nu-

cleotide database search, Kraken, protein family search, Kaiju, sequencing read and contig 

based recognition approaches etc.) were used. However, despite this effort, more than half 

of the reads (58% for mucilage, 69% for pre-musilage water) could not be assigned to any 

taxa and called "dark matter".  This seems to be related to the fact that, many taxa have 

not yet been defined due to the scarcity of datasets in this field or due to the fact that the 

mucilage metagenome has hardly been studied, and the inadequacy of studies involving 

cultureomics approaches in this field. In contrast, the rate of reading that cannot be as-

signed ant taxon was 34% in clean water. The reads that cannot be assigned to any phylum 

was found to be significantly higher (p=0.014) in the mucilage group than the clean water 

samples. In a mucilage sample (MS3) no assigment has been made for a contig over 145k 

bp and it strengthens the existence of unidentified or new microbial taxa in mucilage mi-

crobiome. The presence of unidentified or unknown microbial taxa in mucilage suggests 

that unknown microorganisms may play an important role in the formation of mucilage 

and its progress. Therefore, there is a need to large-scale cultureomic data as well as more 

marine microbiome data to identify taxa in question. 

As a result of the alpha diversity analysis, it has been determined that clean water 

samples contain a wider range of microbial communities than mucilage. However, this 

most probably related to the lack of identification because more than half of the mucilage 

metagenome was assigned as dark matter.  A study conducted by Rath et al. on the 16S 

gene region it has been reported that, microbial species detected in mucilage may greatly 

differ from marine species [29]. Similar result has been obtained in the current study that 

the beta diversity of the mucilage and clean water was statistically significantly different 

from each other. 

According to the signature of the microbial diversity of the samples, the clean water 

and mucilage were significantly different from each other. However the water samples 

taken during the pre-mucilage time appeared to be closer to the mucilage groups than the 

clean water samples. It can be said that, the network based analysis including unidentified 

readings (dark matter), provide the information about the fact that the hemostatic balance 

begins to deteriorate before mucilage dispance all over the area. Therefore, the microbial 

content of this transition form might be a useful tool to develop early warning strategies 

in order to alarm early about the formation of mucilage. 

It has been reported that the phyla Euryarchaeota, Proteobacteria and Rhodother-

maeota are found in high levels in soils [30-32]. The highest incidence of these phyla is 

also encountered in hypersaline environments [33-34]. Of these, while Euryarchaeota is 

an archae [35] and Rhodothermaeota is a halophilic bacterium that recently defined as a 

phylum [36]. These phyla were observed at a lower rate in pre-mucilage water than in 

clean water. Therefore, with the onset of mucilage formation, the rate of archaea and hal-

ophiles adapted to extreme conditions began to decline. Another phylum, Proteobacteria, 

was also significantly decreased in the mucilage. This seems to constitute an important 

part of the deterioration of marine hemostasis. 

Chlamydia is a phylum  known to live as intracellular parasites in different living 

organisims from humans to amoeba causing a variety of serious diseases in humans and 

animals [37]. In different studies carried out so far, chlamydia has been found in fresh 

water, sea water, wastewater, soil, rhizosphere, sediments, as well as in the host-associ-

ated microbiome (low in general) [38]. In freshwater environments, chlamydiae have been 

detected at a relative abundance of less than 0.1% and are a rare part of the biosphere, 

while it was reported to be more common in freshwater than salty water [39-40]. The 
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relative abundance of chlamydia is generally higher in soils and It has also been reported 

that the rate affected from changing environmental conditions due to deforestation, 

changing pH and heavy metal pollution [41]. In this study Chlamydia rate was 0.006 in 

clean water, 0.004 in pre-mucilage water and 0.04 in mucilage samples. The rates obtained 

within this study seem to be similar to the rates in other studies reporting clean environ-

mental waters. However, In the current study microorganisim belonging Chlamydia was 

statistically abundant in the mucilage metagenome. Thus, there was a statistically signifi-

cant difference between clean water samples and mucilage samples. This significant 10-

fold difference indicates that the mucilage structure increases the relative abundance of 

chlamydia and appears to promote positive selection. 

Fusobacteria, is a bacterial phylum found in many different habitats. While it has a 

strong correlation with sand [42], it has been reported to be negatively associated with 

alluvium [43] in environmental samples. In a study conducted by Gutierrez et al. on the 

Deepwater Horizon (DWH) oil spill (accepted as the largest oil spill in US waters in 2010), 

it was reported that the sea surface of oil slicks contains obligate and facultative anaerobic 

taxa, including members of Fusobacteria [44]. Similar to this study, Fusobacteria in oil-

contaminated sediments, deep-sea oil reservoirs, and bacteria found in other oil-contam-

inated areas thought to have hydrocarbon degrading properties of these bacteria. In the 

current study, Fusobacteria were found more in mucilage compared to clean water - just 

as in oil pollution-. Thus a layer that will create an anaerobic environment in the Marmara 

Sea migth have played a major role for this outcome. However, in the study by Gutierrez 

et al. the presence of Fusobacteria on the sea surface – this is a highly oxygenated envi-

ronment- is intriguing. These organisms are found on the seafloor and it has been argued 

that there is a need for a rising carrier for a vertical transport along the water column from 

anaerobic/micro-aerophilic zones to the sea surface, and that this carrier is oil. Based on 

this hypothesis, it was determined that the carrier for Fusobacteria in Marmara Sea could 

be mucilage. 

In the analyzes carried out at the species level in this study, except for one sample, 

generally marine microbiome members were found. Encountring the human pathogens 

such as E. faecalis A. baumanni in only one example (MS4) most probably due to sampling 

the mucilage from the point wehere somehow contaminated with a waste contating high 

concentration of human pathogens. This sample also contained far fewer Carbohydrate 

processing enzyme classes than the other mucilage samples. This is most probably due to 

having fewer environmental microorganism in its microbiome. 

As a result of comparative examination, statistically significant results emerged for 

carbohydrate processing enzyme classes and biosynthetic gene clusters associated with 

secondary metabolytes between mucilage samples and clean waters. In mucilage for-

mation, especially polysaccharide is an important component of the accumulation. As a 

result of biosynthetic gene cluster analysis, gene clusters associated with terpene produc-

tion were found less in mucilage group then clean water. Apart from terpene production, 

several biosynthetic gene clusters have been identified those can also be at the marker 

level. In a study conducted by Del Negro et al, it was found that organic matter degrada-

tion/decomposition processes are reduced in aged mucilage and new unstable organic 

pathways originating from phytoplankton of bacterial metabolic pathways is operated for 

compounds [45]. Therefore, it can be speculated that the biosynthetic pathways such as 

the siderefor biosynthesis process are exploited for new unstable compounds. 

5. Conclusions 

As a result of the study, there was a significant difference between the mucilage mi-

crobiome and the clean water microbiome, the pre-mucilage water had more similar mi-

crobiome to mucilage than clean sea water. Thus, there might be a strong relationship 

between the deterioration of homeostatic balance in aquatic microbiome and mucilage. 

The high presence of unidentified or non-assignable reads in each mucilage samples, 

turned out to be composed of dark matter and mucilage metagenome is in question. With 
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the current knowledge and technology, a full mapping of the mucilage microbiome ap-

pears to be difficult at present. However, taking into consideration of pre-mucilage water 

taxonomic content to follow its formation in stages may be beneficial for early warning 

approaches. Mucilage disposal strategies such as bacteriophage have been considered to 

tackle this problem. However, identification and culturing of the target bacteria is essen-

tial for bacteriopahge approches. In a largely unidentified habitat such as mucilage, it is 

hard to determine the keystone elements to be targeted. For this reason, it is important to 

focus on preventing its formation at this stage. 

Although it was detected at very low relative abundance and no species identifica-

tion was made, the Chlamydiae and Fusobacteria reads in mucilage samples were found 

to be statistically significantly higher than the clean water samples. In order to reveal the 

public health risk of mucilage in terms of these potential pathogens, It may be recom-

mended to carry out cultural studies for targeting the pathogen species belonging to these 

phyla. In addition to that, oil contamination such as petroleum derivative migth have a 

positive contribution to mucilage formation. 
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