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Abstract

The article presents the results of a study of the bacterial diversity of Verhniy Kaban Lake (Kazan, Russia) for 2016-2017
using the marker gene /65 rRNA of hydrobionts based on the next-generation sequencing method. Verhniy Kaban Lake
with Sredniy Kaban Lake and Nizhniy Kaban Lake are included in the system of Kaban Lakes. The lakes are located in
the center of a big industrial city and experience anthropogenic load. According to ecological studies, Kaban Lakes are
polluted lakes. The sequences of 16S rRNA Bacteria of freshwater Verhniy Kaban Lake in 2016-2017 were submitted to
the international SRA database on the NCBI website in the fastq format with numbers SRR7510928, SRR7465228,
SRR7516245. A comparative analysis of metagenomic data showed a significant change in bacterial diversity over the
years. A total of 110467 (2016) and 87093 (2017) high-quality reads were obtained; 30% (2016) and 32% (2017) of the
bacterial population was classified to the genus level, while 0.4% (2017) was classified to the species level. A total of 19
species of Bacteria were identified, among which the bacteria most commonly found in the gastrointestinal tract of
humans and/or animals are most common. These types of bacteria can pose a threat to human health. Therefore, the
species composition of the bacterial community must be taken into account when assessing the ecological state of water
bodies.
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Introduction

The objective of microbiomes research is to characterize the diversity of microorganisms found in the environment. It is
known that biological communities respond to numerous factors of anthropogenic and natural environmental changes.
Identification of the nonspecific response of living organisms to changing environmental conditions, for example,
pollution or purification is used to assess the ecological state of ecosystems [1]. Free-floating freshwater bacteria are at
the center of biogeochemical cycles and affect water quality. Currently, there is insufficient information on the
composition of the community and the ecology of lake bacteria [2, 3].

Recently, the cost reducing of next-generation sequencing technology has allowed identifying large numbers of
organisms. We used this technology to identify zooplankton by the CO/ gene and phytoplankton by the rbcL gene to
assess the ecological state of freshwater Verhniy Kaban Lake [4, 5].

The dominant tool for studying microbial ecology is sequencing of the /6S rRNA gene [6]. The advantages of the 165
rRNA gene sequencing are its presence in all prokaryotes, the gene rarely undergoes horizontal transfer, and also has a
higher degree of conservation than genes encoding enzymes [7]. Unfortunately, when a /6S rRNA gene is selected as a
marker for sequencing, a large number of organisms are not determined to the exact species.

The article presents the results of a study of the bacterial diversity of Verhniy Kaban Lake (Kazan, Russia) for 2016-2017
using the marker gene /6S ¥rRNA of hydrobionts based on the next-generation sequencing method. Verhniy Kaban Lake
with Sredniy Kaban Lake and Nizhniy Kaban Lake are included in the system of Kaban Lakes. The lakes are located in
the center of a big industrial city and experience anthropogenic load. According to ecological studies, Kaban Lakes are
polluted.

Methods

Sampling from Verhniy Kaban Lake (Kazan) was carried out in 2016-2017 in accordance with standard hydrobiological
methods [8].

Isolation of DNA from the precipitate obtained by centrifugation of 50 ml of the sample at a rate of 10,000 g for 15 min
was carried out using the FAST DNA Kit (MP biomedicals) according to the manufacturer's protocol. Amplification of
the isolated DNA was performed by Phusion High-Fidelity DNA polymerase (Thermo Fisher) using the Eurogen primers
(http://evrogen.ru) (Table 1).

Primers Sequences
16SF I (forward) 5’-tcgtcggeagegtcagatgtgtataagagacagectacgggnggewgceag-3’
16SR I (reverse) 5’-gtetegtgggctcggagatgtgtataagagacaggactachvgggtatctaatee-3’

Table 1: Primers for PCR of 165 rRNA gene
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Purification of the PCR products was carried out with Agencourt AMPure XP beads (Beckman Coulter), followed by a
second PCR for indexing the samples (Nextera XT indices).

The resulting DNA libraries were sequenced on an Illumina MiSeq (MiSeq Reagent kit v3). After filtering the reads by
quality, trimming the service sequences, and removing the chimeric sequences, the resulting nucleotide sequences were
aligned with the BLAST program to establish the taxonomic composition. Metagenomic data were submitted to the
international SRA database on NCBI website in the fastq format with numbers SRR7510928, SRR7465228, SRR7516245
[9]. The Krona chart (https://github.com/marbl/Krona/wiki) and GraphPad (https://www.graphpad.com) software were
used for charts.

Results and Discussion

Krona chart of the bacteria represented by 16S rRNA gene amplicon-based bacterial diversity by reads

The percentage distributions of Bacteria of Verhniy Kaban Lake by reads for 2016 and 2017, respectively, are presented
in Fig. 1-2. Each circle represents the phylum, class, order, family and genus from the inside to the outside of the circle,
respectively, indicated by percent diversity based on the absolute number of representative bacteria.
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Figure 2: The Percentage of 16S rRNA Bacteria reads of Verhniy Kaban Lake (2017)

The percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by phylum

The percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by phylum (2016-2017) is shown in Fig. 3. None of
identified Bacteria phylums are unique for 2016, 62.5% phylums are common for 2016-2017 and 37.5% are unique for
bacterial community of 2017 (Fig. 3). Phylums Acidobacteria, Actinobacteria, Armatimonadetes, Bacteroidetes,
Chlorobi, Chloroflexi, Cyanobacteria, Planctomycetes, Proteobacteria and Verrucomicrobia are common for 2016-2017.
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Figure 3: The Percentage of 16S rRNA Bacteria reads of Verhniy Kaban Lake by phylum (2016-2017)

The percentage of 16S rRNA Bacteria reads of Verhniy Kaban Lake by phylum (2016-2017) is shown in Figure 4. As
Fig. 4 shows, the most numerous at the phylum level, respectively, by year, are Proteobacteria (27.5%/33.3%),
Actinobacteria (27.9%/16.3%), Cyanobacteria (24.7%/16.8%), Bacteroidetes (8%/14.4%) and Verrucomicrobia
(7%/8.7%).
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Figure 4: The Percentage of 16S rRNA Bacteria reads of Verhniy Kaban Lake by phylum (2016-2017)

The percentage of species diversity of 16S ¥rRNA Bacteria of Verhniy Kaban Lake by phylum (2016-2017) is shown in
Figures 5. As Fig. 5 shows, the most numerous at the phylum level, respectively, by year, are Proteobacteria
(40.6%/47.4%), Bacteroidetes (20.3%/12%), Cyanobacteria (10.9%/9.3%), Actinobacteria (10.9%/8.7%),
Verrucomicrobia (7.2%/3.4%), as well as Firmicutes (6.5%) only for 2017.
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Figure 5: The Percentage of Species Diversity of 165 rRNA Bacteria of Verhniy Kaban Lake by phylum (2016-
2017)
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The percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by class

The percentage of species diversity of /6S rRNA Bacteria of Verhniy Kaban Lake by class (2016-2017) is shown in
Figure 6. The most represented classes for the bacterial community of Verhniy Kaban Lake in 2016 in terms of reads are
Alphaproteobacteria (33.9%), Actinobacteria (26.3%) and Acidimicrobiia (13.9%), and in terms of species are
Alphaproteobacteria (17.3%) Betaproteobacteria (17.3%) and Sphingobacteriia (12.3%). The most represented classes
for the bacterial community of Verhniy Kaban Lake in 2017 in terms of reads are Alphaproteobacteria (13.9%),
Actinobacteria (12.9%), Betaproteobacteria (10.7%) and Synechococcophycideae (10.7%), and in terms of species are
Alphaproteobacteria (16.4%), Betaproteobacteria (13.5%), Gammaproteobacteria (11.3%).
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Figure 6: The Percentage of Species Diversity of 16S rRNA Bacteria of Verhniy Kaban Lake by Class (2016-

2017)

The percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by order

The percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by order (2016-2017) is shown in Figure 7. 10.7% of
identified Bacteria orders are unique for 2016, 26.7% orders are common for 2016-2017 and 62.7% are unique for
bacterial community of 2017 (Fig.7). Orders Acidimicrobiales, Cytophagales, Flavobacteriales, Sphingobacteriales,
Caldilineales, Phycisphaerales, Planctomycetales, Caulobacterales, Rhizobiales, Rhodobacterales, Rickettsiales,
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Sphingomonadales, Burkholderiales, Methylophilales, Myxococcales, Syntrophobacterales, Enterobacteriales,
Methylococcales, Xanthomonadales and Verrucomicrobiales are common for 2016-2017.
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Figure 7: The Percentage of 165 rRNA Bacteria of Verhniy Kaban Lake by Order (2016-2017)

The percentage of 165 ¥YRNA Bacteria of Verhniy Kaban Lake by order on 2016: in terms of (A) reads; (B) species shown
in Figure 8. As Fig. 8 shows, the most numerous at the order level, respectively, in terms of reads, are Frankiales (16.9%),
Acidimicrobiales (9.6%), Flavobacteriales (5.1%); in terms of species: Burkholderiales (16.2%), Sphingobacteriales
(15.2%), Flavobacteriales (10.1%).
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Figure 8: The Percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by Order on 2016: in Terms of (A)
Reads; (B) Species

The percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by order on 2017: in terms of (A) reads; (B) species shown
in Figure 9. As Fig. 9 shows, the most numerous at the order level, respectively, in terms of reads, are Actinomycetales
(12.4%), Burkholderiales (8.2%), Rickettsiales (7.9%), Enterobacteriales (7.3%), Flavobacteriales (6.3%),
Chthoniobacterales (6.3%), in terms of species: Burkholderiales (8.5%), Actinomycetales (7.8%), Rhizobiales (6%),
Clostridiales (4.2%), Bacteroidales (3.9%), Rhodobacterales (3.9%) Sphingomonadales (3.9%).
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Figure 9: The Percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by Order on 2017: in Terms of (A)
Reads; (B) Species

The percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by family

The percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by family (2016-2017) is shown in Fig. 10. 14.4% of
identified Bacteria families are unique for 2016, 14.4% families are common for 2016-2017 and 71.2% are unique for
bacterial community of 2017 (Fig. 10). Families Flavobacteriaceae, Comamonadaceae, Cryomorphaceae,
Chitinophagaceae, Saprospiraceae, Caldilineaceae, Burkholderiaceae, ~Methylophilaceae, Mycobacteriaceae,
Acetobacteraceae, Sphingomonadaceae, Planctomycetaceae, Alcaligenaceae, Methylocystaceae, Rhodobacteraceae,
Microbacteriaceae, Hyphomonadaceae, Verrucomicrobiaceae, Rickettsiaceae and Enterobacteriaceae are common for
2016-2017.
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Figure 10: The Percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by Family (2016-2017)
Among the family, over 1% were Comamonadaceae (1.5%/5.6%) and Flavobacteriaceae (4/4.6%) in 2016-2017; LD12

(20.1%), Sporichthyaceae (16.9%), Acidimicrobiaceae (9.5%) in 2016; ACK-M1 (9.2%), Pelagibacteraceae (7.4%),
Enterobacteriaceae (7.3%) in 2017 (Fig.11).
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Figure 11: The Percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by Family Over 1% (2016-2017)

The most represented families of the bacterial community of Verhniy Kaban Lake in 2016 were: LD12 (20.1%),
Sporichtyaceae (16.9%), Acidimicrobiaceae (9.5%) and Flavobacteriaceae (4%) (Fig. 12).
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Figure 12: Top-15 Families of 16S rRNA Bacteria of Verhniy Kaban Lake (2016)
The most represented families of the bacterial community of Verhniy Kaban Lake in 2017 were: ACK-M1 (9.2%),

Pelagibacteraceae (7.4%), Enterobacteriaceae (7.3%), Chthoniobacteraceae (6.3%), Comamonadaceae (5.6%),
Pseudanabaenaceae (5.3%), Chitinophagaceae (4.9%), Synechococcaceae (4.9%) (Fig. 13).
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Figure 13: Top-15 Families of 165 rRNA Bacteria of Verhniy Kaban Lake (2017)

The percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by genus

The percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by genus (2016-2017) is shown in Fig. 14. 15.9% of
identified Bacteria genus are unique for 2016, 8.3% genus are common for 2016-2017 and 75.9% are unique for bacterial
community of 2017 (Fig. 14). Genus Mycobacterium, Fluviicola, Flavobacterium, Sediminibacterium, Lewinella,
Synechococcus, Planktothrix, Novosphingobium, Limnobacter, Polynucleobacter, Limnohabitans and Variovorax are

common for 2016-2017.
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Figure 14: The Percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by Genus (2016-2017)

The percentage of 16S rRNA Bacteria of Verhniy Kaban Lake by species
Table 2 shows the classification of bacterial organisms in Verhniy Kaban Lake.
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Phylum Class Order Family Species %
Actinobacteria | Actinobacteria Actinomycetales Agromyces mediolanus’ 0.00053
Micro- Candidatus Aquiluna 0.00010
bacteriaceae rubra’
Micrococcaceae Micrococcus luteus® 0.00012
Propioni- 0.00024
bacteriaceae Propionibacterium acnes*
Coriobacteriia Coriobacteriales Corio- 0.00013
bacteriaceae Collinsella aerofaciens’
Bacteroidetes Bacteroidia Bacteroidales Prevotella copri® 0.00006
Prevotellaceae Prevotella stercorea’ 0.00007
Flavobacteriia | Flavobacteriales Flavo- Flavobacterium 0.00001
bacteriaceae succinicans®
Firmicutes Bacilli Lactobacillales Streptococcaceae Streptococcus luteciae’ 0.00014
Clostridia Clostridiales Desulfosporosinus 0.00051
Peptococcaceae meridiei’’
Faecalibacterium 0.00028
Ruminococcaceae prausnitzii'!
Erysipelotrichi | Erysipelotrichales Erysipelo- 0.00052
trichaceae Eubacterium biforme'?
Fusobacteria Fusobacteriia Fusobacteriales 0.00018
Fusobacteriaceae | Cetobacterium somerae’
Proteobacteria Alpha- Caulobacterales Brevundimonas 0.00042
proteobacteria Caulobacteraceae diminuta’
Sphingo- Sphingo- 0.00005
monadales monadaceae Sphingomonas wittichii'’
Beta- Burkholderiales Comamona- 0.00068
proteobacteria daceae Variovorax paradoxus'®
Gamma- Pseudomonadales Acinetobacter johnsonii'” | 0.00005
proteobacteria Acinetobacter 0.00003
Moraxellaceae rhizosphaerae’®
Verruco- Verruco- Verruco- 0.00013
microbia microbiae microbiales Verruco- Akkermansia
microbiaceae muciniphila”

Table 2: Summary of Bacteria Identified to the Species Level From 16S rRNA Gene-Based Metagenomic Study
of Freshwater from a Verhniy Kaban Lake (2017)

! Aniline-assimilating bacteria. Found in the soil; human infection cases are known [10].

2 Found in fresh and salt water [11].

3 Obligate aerobe, widely distributed in the environment. Found in soils, dust, water, and air. Also is a part of the normal
microflora of the surface of the skin of humans and mammals.

4 Found on the skin and in the gastrointestinal tract of humans and animals. In humans, can cause skin diseases.

3> The most common actinobacteria in the gastrointestinal tract of healthy people [12]

% Found in the human gastrointestinal tract [13].

7 Found in the human gastrointestinal tract [14].

8 Phosphite-assimilating bacteria isolated from the intestines of zooplankton Daphnia magna [15].

° Found in the gastrointestinal tract of animals [16].

10 Isolated from gasoline-contaminated groundwater [17].

1" One of the most common and important commensal bacteria of the human intestinal microbiota [18].

12 Found in the gastrointestinal tract of humans [19] and birds [20].

13 Found in the gastrointestinal tract of humans [21] and freshwater fish [22]

14 Isolated from clinical samples of patients with cystic fibrosis. Used as a potential bioremediator of marine oil pollution
[23].

15 Isolated from fresh water [24].

16 Found everywhere. Abundant in environments contaminated with organic compounds or heavy metals [25].

17 Found in the environment as well as in the microbiome of animals. May colonize human skin and cause clinical
infections [26].

18 Isolated from plant rhizosphere [27].

19 A type of human intestinal bacterium that decomposes mucin [28].
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Summary

According to the results of the study using the next-generation sequencing method, the bacterial profile of Verhniy Kaban
Lake for 2016-2017 was characterized. A comparative analysis of metagenomic data shows a significant change in
bacterial diversity over the years.

A total of 110467 (2016) and 87093 (2017) high-quality reads were obtained; 100% (2016) and 98% (2017) of the
bacterial population was classified to the phylum, while 95% (2016) and 93% (2017) was classified to the class level,
70% (2016) and 92% (2017) was classified to the order level, 63% (2016) and 69% (2017) was classified to the family
level, 29.80% (2016) and 32.08% (2017) was classified to the genus level, and 0.43% (2017) was classified to the species
level.

A total of 19 species of Bacteria were identified for Verhniy Kaban Lake, most of which are commonly found in the
gastrointestinal tract of humans and/or animals are most common. These types of bacteria can pose a threat to human
health. Therefore, the species composition of the bacterial community must be taken into account when assessing the
ecological state of water reservoirs.

Conclusions

The obtained results are of great practical interest in monitoring of water reservoirs. The next-generation sequencing
method can be successfully used to monitor water reservoirs in particular and to assess the ecological state of water
reservoirs in general.
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