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The Black Sea estuaries represent interfaces of the sea 
and river environments. Microorganisms that inhabit 
estuarine water play an integral role in all biochemical 
processes that occur there and form unique ecosystems. 
There are many estuaries located in the Southern-West-
ern part of Ukraine and some of them are already sepa-
rated from the sea. The aim of this research was to de-
termine the composition of microbial communities in the 
Khadzhibey, Dniester and Sukhyi estuaries by metagen-
omic 16S rDNA analysis. This study is the first complex 
analysis of estuarine microbiota based on isolation of 
total DNA from a biome that was further subjected to 
sequencing. DNA was extracted from water samples and 
sequenced on the Illumina Miseq platform using primers 
to the V4 variable region of the 16S rRNA gene. Com-
puter analysis of the obtained raw sequences was done 
with QIIME (Quantitative Insights Into Microbial Ecology) 
software. As the outcome, 57970 nucleotide sequences 
were retrieved. Bioinformatic analysis of bacterial com-
munity in the studied samples demonstrated a high tax-
onomic diversity of Prokaryotes at above genus level. It 
was shown that majority of 16S rDNA bacterial sequenc-
es detected in the estuarine samples belonged to phyla 
Cyanobacteria, Proteobacteria, Bacteroidetes, Actinobac-
teria, Verrucomicrobia, Planctomycetes. The Khadhzibey 
estuary was dominated by the Proteobacteria phylum, 
while Dniester and Sukhyi estuaries were characterized 
by dominance of Cyanobacteria. The differences in bac-
terial populations between the Khadzhibey, Dniester 
and Sukhyi estuaries were demonstrated through the 
Beta-diversity analysis. It showed that the Khadzhibey 
estuary’s microbial community significantly varies from 
the Sukhyi and Dniester estuaries. The majority of iden-
tified bacterial species is known as typical inhabitants 
of marine environments, however, for 2.5% of microbial 
population members in the studied estuaries no relatives 
were determined.
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INTRODUCTION

Bacterial communities that inhabit water environments 
play an important role in all biogeochemical processes 
occurring there. They are the integral part of a marine 
ecosystem and are the basis of trophic food web net-
works. Metagenomic investigations helped to estimate 
prokaryotic microorganisms’ distribution, their taxo-
nomic diversity and functional gene content (Venter et 

al., 2004; Schauer et al., 2010), and evaluate their role in 
biogeochemical processes (DeLong & Karl, 2005).

The Black Sea and its estuaries form a unique ma-
rine ecosystem with rich microbial community that in-
fluences all biogeochemical processes that take place in 
the oxygen-containing surface and anoxic bottom layers. 
Nevertheless the bacterial diversity of the Black Sea is 
yet underestimated. Even though a few metagenomic 
16S rDNA investigations of the Black Sea water had 
shed some light on the taxonomic composition of ma-
rine microorganisms (Vetriani et al., 2003; Fuchsman et 
al., 2011), the microbial composition of the freshwater 
estuaries that are tightly connected with the Black Sea 
remains almost unknown.

The estuaries vary from each other by their environ-
mental conditions. Dniester estuary is connected with 
the Black Sea in its southern part. The full- flowing 
Dniester river flows into the sea’s eastern part. This is 
one of the biggest open basins in Ukraine. The Sukhyi 
estuary is also connected with the sea by means of a 
navigable channel and specifically presents itself as a ma-
rine harbor. A shallow, drying Dalnyk river flows in at 
the northern part of this estuary. The port of Illichivsk 
is situated at the right coast of the estuary in its south-
ern part. The Khadzhibey estuary, previously connected 
with the sea, today is separated from it by a sand dam 
and has no connection with the sea.

The aim of our study was to obtain complex infor-
mation about the biodiversity of microbial communities 
in the waters of the Dniester, Sukhyi and Khadzhibey 
estuaries, by metagenomics 16S rDNA analysis. Here, 
we provide comparative analysis of the three sampled 
regions, as well as comparison with other public data 
from similar environments. Observations from the stud-
ied samples suggest different taxonomic composition be-
tween samples, depending on the environmental status.

MATERIALS AND METHODS

For analysis of microbial diversity, the water samples 
were collected from three Black Sea estuaries, called 
hereafter Dniester (Dnst), Sukhyi (Sukh) and Khadzhi-
bey (Khad), with the following coordinates: Dnst — 
46.073248, 30.454627; Sukh — 46.352112, 30.647934; 
and Khad — 46.548585, 30.651366 (Fig. 1).
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Samples were collected in July of 2014, in sterile glass 
bottles at a 1 m depth from the surface. Water was fil-
tered through 0.22 µm membrane filters (Sartorius). At 
each station, the pH and temperature were measured.

Isolation of the nucleic acids from microorganisms 
collected by filtration was performed with the Power 
Water DNA isolation kit (MO BIO Laboratories). The 
DNA extraction procedure was performed as described 
by the manufacturer. Size of the extracted DNA was 
evaluated by an agarose gel electrophoresis.

Primer design followed the one described by Kozich 
and coworkers (2013), who modified the single-index 
method by Caporaso and coworkers (2012) to a more 
efficient dual index approach. Each PCR primer consist-
ed of the appropriate Illumina adapter, index sequence, 
pad sequence, linker and the 16S rDNA V4 variable re-
gion specific primer pair 515f, 806r. This yielded an in-
sert fragment of about 253 bp. The complete amplified 
product by those primers was around 387 bp.

PCR reactions were performed using KAPA HiFi 
HotStart PCR kits (Kapa Biosystems). Each PCR re-
action contained 0.2 M Trehalose, 5 µl Fidelity buffer, 
0.75 µl KAPA dNTP mix, 0.3 µM of the forward and 
reverse primers, 0.5 units KAPA HiFi polymerase, about 
25 ng template DNA, and PCR grade water added up to 
25 µl. Thermal cycling conditions were as follows: 95°C 
for 3 min, followed by 27 cycles of 98°C for 20 s, 61°C 
for 10 s, and 72°C for 15 s. A final extension step was 
performed at 72°C for 5 min.

The PCR products were purified with AMPure XP 
magnetic beads (Beckman Coulter) and quantified with 
the Quant-iT PicoGreen dsDNA Assay Kit (Life Tech-
nologies) and a plate fluorimeter (QuantiFluor). The final 
pool of thus obtained 16S rDNA amplicon library was 
quantified with a KAPA Universal qPCR kit (Kapa Bio-
systems) before the sequencing run.

Sequencing was performed on an Illumina MiSeq 
platform. Reads of low quality were discarded and 
trimmed from the dataset. The PEAR tool (Zhang et 
al., 2013) was used for merging the overlapping pair 
end data and generation of assembled read files. The 
bioinformatics analysis of the assembled reads was 
performed with QIIME (Quantitative Insights Into 
Microbial Ecology) software, version 1.8.0 (Caporaso 
et al., 2010) which seems to be the “gold standard” 
for analysis of the 16S rDNA matagenomic datasets 
(Nilakanta H. et al., 2014).

RESULTS

The environmental parameters that were evaluated 
showed that the most significant gradient between the 
three studied estuaries was salinity (Table 1), which 
reached the highest value for the Dniester sample and 
the lowest for Khadzibey. Temperature and pH meas-
urements did not significantly vary between samples.

After sequencing and further processing, 57970 se-
quences remained that belonged to the studied water 
samples of Khad, Sukh and Dnstr. Demultiplexing was 
done automatically by the MiSeq Reporter software 
at the completion of the sequencing run. The nucleo-
tide sequences were deposited at the European Nu-
cleotide Archive (ENA) under study accession number 
PRJEB9914.

Figure 1. Scheme showing the sampling sites in the estuaries.
Dniester estuary (Dnst) — 1, Sukhyi estuary (Sukh) — 2, Khadzhi-
bey estuary (Khad) — 3. 

Table 1. Environmental parameters of the sampling stations

Station samples
Parameters of water

Salinity (‰) pH Temperature (°C)

Khad 5.5 8.75 25

Sukh 10 8.48 25

Dnst 13 8.35 24

Figure 2. Bar charts represent the taxonomic distribution of 
phylogenetic groups at the phylum level.

Figure 3. Bar charts represent the taxonomic distribution of 
phylogenetic groups at the order level among studied estuaries
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16S rDNA gene analysis of the three samples identi-
fied representatives of 8 bacterial phyla. The results of 
phylogenetic analysis were temperately concordant, es-
pecially between the Sukh and Dnst samples, where we 
observed the same dominance of bacterial phyla repre-
sentatives (Fig. 2). Thus, the majority of the bacterial se-
quences found in the water of Sukh and Dnstr estuaries 
belonged to the Cyanobacteria phylum (72.2% and 68%, 
respectively). The principal difference in the dominat-
ing phyla composition between the studied samples, is 
that the Proteobacteria representatives (62.4%) prevailed 
in the Khad sample. Also, a lower amount of the Khad 
sequences were affiliated with the Cyanobacteria phylum 
(12.6%).

At the same time, Proteobacteria were the second 
dominating phylum in the Sukh and Dnst samples (7.4% 
and 5.7%, respectively). The Proteobacteria and Cyano-
bacteria phyla were followed by representatives of Bacte-
roidetes (Khad — 11.1%, Sukh — 5.1%, Dnst – 7.2%), 
Actinobacteria (Khad — 8.1%, Sukh — 6.3%, Dnst – 
7.2%), Verrucomicrobia (Khad — 1.6%, Sukh — 3.9%, 
Dnst — 6.1%), Planctomycetes (Khad – 1.6%, Sukh — 
2.1%, Dnst — 1.3%), Chloroflexi (Khad — 0.3%, Sukh 
— 0.2%, Dnst — 0.4%) and Firmicutes (Sukh — 0.1%, 
Dnst — 0.1%).

The majority of bacterial sequences identified as Pro-
teobacteria belonged to the Gammaproteobacteria and 
Alphaproteobacteria. In contrast, Betaproteobacteria 
were mainly present in the Khad sample, and corre-
sponded to a low number of sequences found in both, 
the Sukh and Dnst estuaries. Only slight traces of the 
Deltaproteobacteria class representatives were discerned, 
while Epsilonproteobacteria members were not detected 
at all among the studied samples.

Analysis at the taxonomic level of the “order” with 
the most numerous representatives is shown on Fig. 3. 
It is demonstrated, that Family II of Cyanobacteria 
amounted to 67.1% and 65.9% in the Sukh and Dnst 
samples, respectively, and 0.2% in the Khad sample. 
At the same time, the Khad sample was dominated by 
representatives of the Pseudomonadales order (43.8%). 
Members of this order were detected in low amounts 
in the water from the Sukh and Dnst estuaries (2.2% 
and 0.2%, respectively). The next predominant orders 

were the following: Rhodobacteriales (Khad — 8.2%, 
Sukh — 2.0%, Dnst — 2.2%), Flavobacteriales (Khad 
— 8.6%, Sukh — 3.0%, Dnst — 5.5%), Actinomyc-
etales (Khad — 3.3%, Sukh — 4.7%, Dnst — 4.6%), 
Acidimicrobiales (Khad – 2.4%, Sukh — 1.0%, Dnst — 
2.9%), Planctomycetales (Khad — 1.6%, Sukh — 2.1%, 
Dnst — 1.3%), Burkholderiales (Khad — 5.5%, Sukh — 
0.1%, Dnst — 0.1%), and members of the Spartobacte-
ria class (Khad — 0.9%, Sukh — 1.9%, Dnst — 5.3%).

The taxonomic composition at the genus level is 
shown on diagrams (Fig. 4). Acinetobacter is the dominat-
ing genus in the Khad sample, whereas Sukh and Dnst 
are dominated by Actinobacteria. Representatives of Rho-
dobacteriaceae, Comamonadaceae, Flavobacterium, Pseudomonas, 
Marivita, Phaeobacter, Enhydrobacter and others were also 

Figure 4. Diagrams representing the taxonomy composition among studied samples

Figure 5. Principal coordinate from a PCA of the estuarine sam-
ples. 
The percentage on the axis labels represents the percentage of 
variation explained by the principal coordinates. Each axis in-
dicates the fraction of the variance in the data that the axis ac-
counts for.
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observed for the Khad sample; on the other hand, repre-
sentatives of Cyanobacteria, Actinobacteria, Planctomycetaceae, 
Spartobacteria, Marivita, Phaeobacter, Acinetobacter, and Pros-
thecobacter were observed for the Sukh and Dnst samples.

The community analysis of the studied samples was 
performed at the detected OTUs’ level in the QIIME 
pipeline (Fig. 5). Beta-diversity estimates the differences 
in microbial communities between samples by calculating 
the “distance” between each pair of community samples. 
The output file of beta-diversity step with matrix of dif-
ferences is then visualized through Principal Coordinates 
Analysis (PCoA). It demonstrates that the Sukh and 
Dnst samples are clustered together, separately from the 
Khad, depending on the Prokaryotes’ diversity (Fig. 5).

DISCUSSION

This investigation provides new insights into the mi-
crobial biodiversity of the Black Sea freshwater estuar-
ies. The results of phylogenetic analysis based on the 
16S rDNA revealed a rich microbial community in the 
waters of the Sukhyi, Dniester and Khadzhibey estuar-
ies and point out that there are clear differences in the 
community structures between samples regarding the 
dominant taxa. The Khadzibey estuary was abundant in 
Proteobacteria, where Gammaproteobacteria, Alphapro-
teobacteria and Betaproteobacteria were the most rep-
resented classes. Similar results were obtained by us for 
the water around Zmijiniy Island (Bobrova et al., 2015), 
where the same correlation of dominating phylum with 
its classes was observed. The distribution of the domi-
nating taxonomic phyla and classes in the Khadzibey es-
tuary is very similar to the results of the Sargasso Sea 
investigation (Venter et al., 2004) and the study of the 
Changjiang estuary in China (Feng et al., 2009), with the 
only difference being that Betaproteobacteria are the 
most abundant class there, after Gammaproteobacteria. 
Despite low salinity in the Khadzibey estuary, it is still 
characterized by a more typical marine distribution (Al-
phaproteobacteria dominating), while Betaproteobacteria 
are commonly detected in freshwater lakes (Mueller-Spitz 
et al., 2009).

The Sukhyi and Dniester estuaries were character-
ized by prevalence of the Cyanobacteria phylum. These 
microorganisms are commonly found in freshwater en-
vironments. It is suggested that climate warming leads 
to an increase in their quantity in the European water 
reservoirs (Pitois et al., 2014). The anthropogenic pres-
sure also seems to be one of the factors that lead to an 
increase in Cyanobacteria populations in the marine en-
vironments.

Bacterial representatives of the Bacteroidetes phylum 
were highly represented in all three estuarine samples, 
approximately in equal quantities with the dominating 
Flavobacteria genus. In the water environments, some 
members of the Bacteroidetes usually live in symbiosis 
with algae. A similar moderate distribution of Bacteroi-
detes and its dominating genus Flavobacteria was observed 
in the Sargasso Sea investigation (Veinter et.al., 2004). 
But in contrast to our results, a significant presence of 
another Bacteroidetes genus — Bacteroides, that used to 
be grouped in one CFB phylum (Cytophaga, Flavobacteri-
um, Bacteroides), was observed in the Sargasso Sea. The 
Bacteroides members were not detected among estuarine 
samples studied here.

Actinobacteria are present in significant amounts among 
all studied estuaries. These microorganisms are known 
as producers of many bioactive compounds, like actino-

mycin and antibiotics. Actinobacteria have been found in 
deep-ocean sediments worldwide. Recently, marine Ac-
tinobacteria strains were isolated from the Adyar estu-
ary and the Royapuram, Muttukadu, Mahabalipuram sea 
shores by Valli and coworkers (2012), and were shown 
to be a potent source of novel antibiotics.

Acinetobacter representatives are found in large amounts 
in the Khadzibey estuary. The Acinetobacter genus is phy-
logenetically related to the Gammaproteobacteria, and 
the Moraxellaceae family. They are widely distributed in 
nature, including soil and water, sewage, human clinical 
specimens, and activated sludge (Yoon et al., 2007). The 
members of this genus are typical soil inhabitants playing 
a role in the mineralization process. However, some spe-
cies are known to be pathogenic.

All estuarine samples were characterized by a relatively 
high presence of Planctomycetes. This phylum includes 
all known Anaerobic Ammonium Oxidizing bacteria 
(Anammox bacteria) that are more typically found in 
sediments than as free living organisms in surface wa-
ters. This data coincides with studies of the Black Sea 
by Kirkpatrick and coworkers (2006) and Fuchsman and 
coworkers (2012). Representatives of Planctomycetes 
were also detected in the water around Zmijiniy Island 
(Bobrova et al., 2015), however, in lower amounts.

Members of the Spartobacteria class were also diverse 
among all three studied samples. These bacteria belong 
to the Verrucomicrobia phylum and are one of the most 
dominant species within soil environment communities 
(Bergmann et al., 2012). They are difficult to cultivate 
and as a result they are poorly represented in public da-
tabases. Verrucomicrobia were prevalent in the sediment 
samples from the Changjiang estuary (Feng et al., 2009). 
However, these bacteria were recently reported by Frei-
tas and coworkers (2012) to be ubiquitous in the water 
columns, and suggested to be important for the biogeo-
chemical cycle of carbon in the ocean.

Members of the Chloroflexi phylum were observed 
only in slight amounts among the studied samples. These 
representatives have been recovered from different en-
vironments, but they are especially highly diverse in the 
aquifer sediments, playing a key role in sediment carbon 
cycling (Hug et al., 2013).

Majority of the detected bacteria are known and de-
scribed as typical inhabitants of the marine environ-
ments. However, no relatives were found for 2.5% of 
the microbial communities’ members among the stud-
ied estuaries. Here, they were annotated as “Others”. 
This group includes species for which little informa-
tion is known or the information is absent in reference 
Greengenes database (http://greengenes.secondgenome.
com). The use of another reference database, like Silva, 
would probably help in taxonomic assignment of at least 
a part of marine microorganisms belonging to this group 
because Silva is specialized in 16S rDNA gene sequences 
obtained from marine samples.

The beta-diversity analysis provided here, demon-
strates the similarity of microbial communities’ distri-
bution in the Sukhyi and Dniester estuaries, and their 
significant difference from the Khadzhibey estuary. It 
seems that salinity is one of the main agents in bacterial 
distribution among different marine samples (Sun et.al., 
2009). In our study, it was shown that a sample from 
the Khadzibey estuary with lower salinity (5.5‰) clusters 
separately from the other samples (Sukh — 10‰, Dnst 
— 13‰) with higher salinity measurements. Another 
significant factor that influences the microorganisms’ 
biological diversity can be the estuary connection to the 
sea, freshwater flow from the rivers into the Sukhyi and 
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Dniester estuaries and isolation of the Khadzhibey estu-
ary from the Black Sea.

In conclusion, the results of investigation provided 
here give complex information about the biodiversity of 
microbial communities in the Black Sea estuaries. The 
16S rDNA sequences were analyzed with bioinformat-
ics tools to assess taxonomic composition of bacterial 
community in this environment. Differences and simi-
larities were demonstrated through beta-diversity. Higher 
bacterial diversity was observed in the Khadzibey estu-
ary. However, in general the results of this investigation 
are concordant with previous observations of the Black 
Sea in this area. Environmental factors, such as salinity 
and connection to the sea, that influence biodiversity 
were described. This comparative metagenomics analy-
sis enhances our understanding of microbial ecology of 
the Black Sea estuaries located in the Odessa region of 
Ukraine. It gives an opportunity to understand the mi-
crobial diversity of these basins and answer the question 
“Who is there?”.
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