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As a part of the research project “Survey of freshwater organisms and specimen collection,” freshwater
samples were collected from the Nakdong River. Among the bacterial isolates, we selected strains that showed
higher than 98.7% 16S rRNA gene sequence similarity with confirmed bacterial species previously unreported
in South Korea. The 14 new records to South Korea were phylogenetically diverse and belonged to four
phyla, six classes, 11 orders, and 14 genera. At the genus level, these species were found to be affiliated
with Reyranella, Ferrovibrio, Brevundimonas, and Aquidulcibacter of the class Alphaproteobacteria;
Pseudomonas, Cellvibrio, and Photobacterium of the class Gammaproteobacteria; Paenibacillus and Bacillus
of the phylum Firmicutes; Chryseobacterium, Flavobacterium, Pedobacter of the phylum Bacteroidetes;
and Actinomadura and Leifsonia of the phylum Actinobacteria. These species were further characterized
by examining their Gram reaction, colony and cell morphologies, biochemical properties, and phylogenetic
positions. The detailed descriptions of these 14 previously unreported species are provided.
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Introduction
The microbial community in a river water ecosystem
is different from that in any other ecosystems, such as
soil and marine. These freshwater bacteria are the key
players of global environmental processes and carbon
cycling (Falkowski et al., 2008; Williamson et al., 2018).
The bacterial community in freshwater is predominantly
composed of Proteobacteria, Actinobacteria, Cyanobac
teria, Cytophaga-Flavobacterium-Bacteroidetes, and
Verrucomicrobia (Newton et al., 2011). Advances in indepth sequencing technology have quickly improved our
knowledge of bacterial diversity and the key processes of
microbial ecology, which led to the understanding of the
relationship between the functioning of aquatic ecosystems and the formation of bacterial communities on ecology (Edwards et al., 2006; Huse et al., 2008). However,
the cultivation of a predominant group of microorganisms

is essential for understanding the bacteria and their ecological roles in freshwater environments.
Our research site, the Nakdong River is the longest river in South Korea, and its total watershed is 23,384 square
kilometers wide. The Nakdong River and its tributaries
also serve as a major source of drinking water for the
inhabitants of the river basin and nearby locations. However, environmental changes have occurred, as untreated
nitrogen and phosphorus nutrients flow into the river. The
acceleration of eutrophication caused by the inflow of
contaminated waters has led to an increase in phytoplankton abundance and changed bacterial species composition
in rivers (Sin et al., 2005; Chun et al., 2019). Thus, there
has been a significant increase in academic interest in the
relationship between river ecosystems and microorganisms that act as decomposers (Miettinen et al., 1997; Zhou
et al., 2016).
As a part of the research program conducted and sup-
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ported by the Nakdonggang Institute of Biological Resources (NNIBR), freshwater samples were collected
from the Nakdong River, and almost 300 bacterial strains
were isolated. Through phylogenetic analyses based on
16S rRNA gene sequences, 14 bacterial species were
recognized as bacterial species previously unrecorded in
South Korea. Here, we report the phylogenetic and phenotypic characterization of these bacterial species.

Materials and Methods
A total of 14 bacterial strains were isolated from the
Nakdong River (36°27ʹ15.91ʺN, 128°15ʹ30.65ʺE and
35°18ʹ8.73ʺN, 128°58ʹ45.8ʺE) by the standard dilution
plating method on marine agar 2211 (MA) (Becton Dickinson), 1/10-diluted MA, nutrient agar (NA), tryptic soy
agar (TSA), Reasoner’s 2A (R2A), 1/10-diluted R2A media, R2A with sea water (M-R2A) and subsequently incubated at 20-25°C for 3-7 days. All the strains were purified as single colonies after serial dilution spreading, and
the pure cultures were stored as 20% glycerol suspension
at - 80°C. The strain IDs, sources of isolation, culture
media, and incubation conditions are summarized in Table 1.
The colony morphologies of the bacterial strains were
observed on agar plates with a magnifying glass after
the cells were cultivated until the stationary phase. Cellular morphology and size were examined by transmission electron microscopy. Gram staining was performed
using a Gram-staining kit (bioMérieux). Biochemical
characteristics were assessed using API 20NE galleries
(bioMérieux) according to the manufacturer’s instructions.
For 16S rRNA sequence analysis, the genomic DNA
of isolates were extracted using the DNeasy Blood &
Tissue Kit (Qiagen) according to the manufacturer’s instructions. The 16S rRNA gene of strains were amplified
by PCR with universal bacterial primers 27F and 1492R
and sequenced by Sanger sequencing (Weisburg et al.,
1991). The resultant almost full-length 16S rRNA gene
sequences were identified using the “16S based ID” service in EzBioCloud (Yoon et al., 2017). Sequence similarity of 98.7% was set as the cutoff value; bacterial strains
≥98.7% sequence similarity with known bacterial species previously unreported in South Korea were selected
as unreported bacterial species. For phylogenetic analyses, multiple sequence alignments between the 16S rRNA
gene sequences of the isolates and those of the reference
type strains were carried out using the ClustalW program
and manually checked with EzEditor (Jeon et al., 2014).
Based on the sequences aligned, phylogenetic trees were
generated using a neighbor-joining method (Saitou and
Nei, 1987) with the Kimura 2-parameter model (Kimura,
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1980) implemented in MEGA 7.0 software (Kumar et al.,
2016). The robustness of the inferred phylogenetic trees
was evaluated by bootstrap analyses based on 1,000 random re-samplings (Felsenstein, 1985).

Results and Discussion
The 14 strains represent 14 species previously unrecorded in South Korea and belong to four phyla, six classes, 11 orders, and 14 genera. The taxonomic composition
and identification results of these species are summarized
in Table 1. At the genus level, the unreported species
were found to belong to Reyranella, Ferrovibrio, Brevun
dimonas, and Aquidulcibacter of the class Alphaproteo
bacteria; Pseudomonas, Cellvibrio, and Photobacterium
of the class Gammaproteobacteria; Paenibacillus and
Bacillus of the phylum Firmicutes; Chryseobacterium,
Flavobacterium, and Pedobacter of the phylum Bacte
roidetes; and Actinomadura and Leifsonia of the phylum
Actinobacteria. The phylogenetic tree of the bacterial
strains assigned to the classes Alphaproteobacteria and
Gammaproteobacteria is shown in Fig. 1 and the tree of
the phyla Firmicutes, Bacteroidetes, and Actinobacteria
is shown in Fig. 2. The transmission electron microscopy
images of the isolates are provided in Fig. 3.
In summary, in this study, 14 bacterial species were
identified as bacterial species previously unreported in
South Korea freshwater ecosystems, and here, we presented and described the characteristics of these unreported bacterial species.
Description of Reyranella massiliensis 5SWB3-2
Cells are Gram-staining-negative, non-flagellated, and
rod-shaped. Colonies are circular, convex and ivory col
ored after three days of incubation at 25°C on TSA. Positive for nitrate reduction and urease activities in API
20NE, but negative for indole production, glucose fermentation, arginine dihydrolase, esculin hydrolysis, gelatin
hydrolysis, and β-galactosidase. Does not utilize D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosamine, D-maltose, potassium gluconate, capric acid,
adipic acid, malic acid, trisodium citrate, and phenylacetic
acid. Strain 5SWB3-2 displays the highest 16S rRNA gene
sequence similarity with Reyranella massiliensis 521T
(99.0%). Strain 5SWB3-2 ( = NNIBR2017BA16) was
isolated from a freshwater sample of Nakdong River. The
GenBank accession number of 16S rRNA gene sequence
is MG818310.
Description of Ferrovibrio denitrificans 6SW1-49
Cells are Gram-staining-negative, flagellated, and rodshaped. Colonies are circular, convex, and white colored
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Table 1. Summary of unrecorded freshwater bacterial strains isolated from the Nakdong River and their taxonomic affiliations.

Similarity
Incubation
Medium
(%)
conditions
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after three days of incubation at 25°C on R2A. Positive
for reduction of indole production and urease activities in
API 20NE, but negative for reduction of nitrate reduction,
glucose fermentation, arginine dihydrolase, esculin hydrolysis, gelatin hydrolysis, and β-galactosidase. Does not
utilize D-glucose, L-arabinose, D-mannose, D-mannitol,
N-acetyl-glucosamine, D-maltose, potassium gluconate,
capric acid, adipic acid, malic acid, trisodium citrate, and
phenylacetic acid. Strain 6SW1-49 displays the highest
16S rRNA gene sequence similarity with Ferrovibrio
denitrificans S3T (98.9%). Strain 6SW1-49 ( = NNIBR
2017BA17) was isolated from a freshwater sample of
Nakdong River. The GenBank accession number of 16S
rRNA gene sequence is MG818311.
Description of Brevundimonas viscosa 19SA03-R-5
Cells are Gram-staining-negative, flagellated, and rodshaped. Colonies are circular, smooth, slightly convex
and white colored after four days of incubation at 25°C
on R2A. Positive for nitrate reduction, esculin hydrolysis,
and β-galactosidase in API 20NE, but negative for indole
production, glucose fermentation, arginine dihydrolase,
urease, and gelatin hydrolysis. D-Glucose and D-maltose
are utilized. Does not utilize L-arabinose, D-mannose,
D-mannitol, N-acetyl-glucosamine, potassium gluconate,
capric acid, adipic acid, malic acid, trisodium citrate, and
phenylacetic acid. Strain 19SA03-R-5 displays the highest 16S rRNA gene sequence similarity with Brevundi
monas viscosa F3T (99.5%). Strain 19SA03-R-5 ( = NNIBR2019643BA6) was isolated from a freshwater sample
of Nakdong River. The GenBank accession number of
16S rRNA gene sequence is MN540834.
Description of Aquidulcibacter paucihalophilus
19MK03-0.1R-21
Cells are Gram-staining-negative, non-flagellated, and
rod-shaped. Colonies are convex, smooth and yellow
colored after 4 days of incubation at 25°C on R2A. Positive for nitrate reduction, esculin hydrolysis, and β-galactosidase in API 20NE, but negative for indole production, glucose fermentation, arginine dihydrolase, urease,
and gelatin hydrolysis. D-Glucose is utilized. Does not
utilize L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, D-maltose, potassium gluconate, capric
acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. Strain 19MK03-0.1R-21 displays the highest 16S rRNA gene sequence similarity with Aquidulci
bacter paucihalophilus TH1-2T (99.8%). Strain 19MK030.1R-21 ( = NNIBR2019643BA7) was isolated from a
freshwater sample of Nakdong River. The GenBank accession number of 16S rRNA gene sequence is MN540
833.
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Fig. 1. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences showing the relationship between the strains isolated in this
study and their relatives in the classes Alphaproteobacteria and Gammaproteobacteria. Bootstrap values (>70%) are shown at nodes. Bar,
0.05 substitutions per nucleotide position.

Description of Pseudomonas anguilliseptica 5SWB1-35

Description of Cellvibrio fibrivorans 19SA03-N-12

Cells are Gram-staining-negative, non-flagellated, and
rod-shaped. Colonies are circular, convex, and ivory colored after three days of incubation at 25°C on R2A. Positive for nitrate reduction and arginine dihydrolase in API
20NE, but negative for reduction of indole production,
glucose fermentation, urease, esculin hydrolysis, gelatin
hydrolysis, and β-galactosidase. Malic acid is utilized.
Does not utilized D-glucose, L-arabinose, D-mannose,
D-mannitol, N-acetyl-glucosamine, D-maltose, potassium
gluconate, capric acid, adipic acid, trisodium citrate, and
phenylacetic acid. Strain 5SWB1-35 displays the highest
16S rRNA gene sequence similarity with Pseudomonas
anguilliseptica DSM 12111T (99.1%). Strain 5SWB1-35
( = NNIBR2017BA15) was isolated from a freshwater
sample of Nakdong River. The GenBank accession number of 16S rRNA gene sequence is MG818309.

Cells are Gram-staining-negative, non-flagellated, and
short rod-shaped. Colonies are low-convex, circular, and
pale-yellow colored after three days of incubation at 25°C
on NA. Positive for nitrate reduction, esculin hydrolysis,
gelatin hydrolysis, and β-galactosidase in API 20NE, but
negative for indole production, glucose fermentation,
arginine dihydrolase, and urease activities. D-Glucose,
D-mannose, D-mannitol, D-maltose, potassium gluconate,
malic acid, and trisodium citrate are utilized. Does not
utilize L-arabinose, N-acetyl-glucosamine, capric acid,
adipic acid, and phenylacetic acid. Strain 19SA03-N-12
displays the highest 16S rRNA gene sequence similarity with Cellvibrio fibrivorans R-4079T (99.0%). Strain
19SA03-N-12 ( = NNIBR2019643BA2) was isolated
from a freshwater sample of Nakdong River. The GenBank accession number of 16S rRNA gene sequence is
MN540796.
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Fig. 2. Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences showing the relationship between the strains isolated in this
study and their relatives in the phylums Firmicutes, Bacteroidetes and Actinobacteria. Bootstrap values (>70%) are shown at nodes. Bar,
0.05 substitutions per nucleotide position.

Description of Photobacterium indicum
19MK03-MR-19
Cells are Gram-staining-negative, non-flagellated,
and rod-shaped. Colonies are circular, convex and ivory
colored after 10 days of incubation at 25°C on M-R2A.
Positive for nitrate reduction, indole production, arginine
dihydrolase, and urease activities in API 20NE, but negative for glucose fermentation, esculin hydrolysis, gelatin
hydrolysis, and β-galactosidase. D-Glucose and D-mannitol are utilized. Does not utilize L-arabinose, D-mannose, N-acetyl-glucosamine, potassium gluconate, capric
acid, adipic acid, malic acid, trisodium citrate, and phenylacetic acid. Strain 19MK03-MR-19 displays the highest
16S rRNA gene sequence similarity with Photobacterium
indicum ATCC 19614T (99.4%). Strain 19MK03-MR-19
( = NNIBR2019643BA10) was isolated from a freshwater
sample of Nakdong River. The GenBank accession num-

ber of 16S rRNA gene sequence is MN540837.
Description of Paenibacillus barcinonensis BK-49
Cells are Gram-staining-positive, non-flagellated, and
rod-shaped. Colonies are circular, slightly irregular, and
pale yellow colored after three days of incubation at 30°C
on NA. Positive for esculin hydrolysis and β-galactosidase in API 20NE, but negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease, and gelatin hydrolysis. L-Arabinose, D-mannose, D-maltose, and potassium gluconate are utilized.
Does not utilize D-glucose, D-mannitol, N-acetyl-glucosamine, capric acid, adipic acid, malic acid, trisodium
citrate, and phenylacetic acid. Strain BK-49 displays the
highest 16S rRNA gene sequence similarity with Paeni
bacillus barcinonensis BP-23T (99.9%). Strain BK-49
( = NNIBR2015BA21) was isolated from a freshwater
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Fig. 3. Transmission electron micrographs of cells of the strains isolated in this study. Strains: 1, 5SWB3-2; 2, 6SW1-49; 3, 19SA03-R-5; 4,
19MK03-0.1R-21; 5, 5SWB1-35; 6, 19SA03-N-12; 7, 19MK03-MR-19; 8, BK-49; 9, 19SA03-T-11; 10, SWB1-24; 11, 19MK03-0.1M-18; 12,
19SA03-R-9; 13, SWB3-6; 14, 19SA03-T-4.

sample of Nakdong River. The GenBank accession number of 16S rRNA gene sequence is KU360712.
Description of Bacillus nealsonii 19SA03-T-11
Cells are Gram-staining-positive, non-flagellated, and
rod-shaped. Colonies are irregular, smooth, and beige
colored after three days of incubation at 25°C on TSA.
Positive for nitrate reduction, glucose fermentation,
esculin hydrolysis, and β-galactosidase in API 20NE,
but negative for indole production, arginine dihydrolase,
urease, and gelatin hydrolysis. D-Glucose, D-mannose,
D-mannitol, N-acetyl-glucosamine, D-maltose, potassium
gluconate, and malic acid are utilized. Does not utilize
L-arabinose, capric acid, adipic acid, trisodium citrate,
and phenylacetic acid. Strain 19SA03-T-11 displays the
highest 16S rRNA gene sequence similarity with Bacillus
nealsonii FO-92T (99.3%). Strain 19SA03-T-11 ( = NNIBR2019643BA5) was isolated from a freshwater sample
of Nakdong River. The GenBank accession number of
16S rRNA gene sequence is MN540832.
Description of Chryseobacterium limigenitum SWB1-24
Cells are Gram-staining-negative, non-flagellated, and
rod-shaped. Colonies are circular, smooth, and yellow

colored after three days of incubation at 25°C on TSA.
Positive for reduction of esculin hydrolysis, gelatin hydrolysis, and β-galactosidase in API 20NE, but negative
for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, and urease activities. D-Glucose and D-mannose are utilized. Does not utilize L-arabinose, D-mannitol, N-acetyl-glucosamine, D-maltose,
potassium gluconate, capric acid, adipic acid, malic acid,
trisodium citrate, and phenylacetic acid. Strain SWB1-24
displays the highest 16S rRNA gene sequence similarity with Chryseobacterium limigenitum SUR2T (98.8%).
Strain SWB1-24 ( = NNIBR2017BA13) was isolated
from a freshwater sample of Nakdong River. The GenBank accession number of 16S rRNA gene sequence is
MG818307.
Description of Flavobacterium buctense
19MK03-0.1M-18
Cells are Gram-staining-negative, non-flagellated, and
rod-shaped. Colonies are circular, convex, smooth, and
yellow colored after three days of incubation at 25°C on
R2A. Positive for arginine dihydrolase, urease, esculin
hydrolysis, and β-galactosidase in API 20NE, but negative for nitrate reduction, indole production, glucose
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fermentation, and gelatin hydrolysis. D-Glucose, D-maltose, and phenylacetic acid are utilized. Does not utilize
L-arabinose, D-mannose, D-mannitol, N-acetyl-glucosamine, potassium gluconate, capric acid, adipic acid, malic acid, and trisodium citrate. Strain 19MK03-0.1M-18
displays the highest 16S rRNA gene sequence similarity with Flavobacterium buctense T7T (98.8%). Strain
( = NNIBR2019643BA8) was isolated from a freshwater
sample of Nakdong River. The GenBank accession number of 16S rRNA gene sequence is MN540835.
Description of Pedobacter ruber 19SA03-R-9
Cells are Gram-staining-negative, non-flagellated, and
rod-shaped. Colonies are smooth, round, convex, and red
colored after seven days of incubation at 25°C on R2A.
Positive for esculin hydrolysis and β-galactosidase in API
20NE, but negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease,
and gelatin hydrolysis. L-Arbinose, D-mannose, N-acetyl-glucosamine, D-maltose, potassium gluconate, capric
acid, adipic acid, malic acid, and phenylacetic acid are
utilized. Does not utilize D-glucose and trisodium citrate.
Strain 19SA03-R-9 displays the highest 16S rRNA gene
sequence similarity with Pedobacter ruber W1T (99.6%).
Strain 19SA03-R-9 ( = NNIBR2019643BA9) was isolated from a freshwater sample of Nakdong River. The GenBank accession number of 16S rRNA gene sequence is
MN540836.
Description of Actinomadura coerulea SWB3-6
Cells are Gram-staining-positive, non-flagellated, and
coccoid-shaped. Colonies are crateriform, convex, and
pink colored after three days of incubation at 25°C on
TSA. Positive for reduction of indole production, urease,
esculin hydrolysis, and gelatin hydrolysis in API 20NE,
but negative for nitrate reduction, glucose fermentation,
arginine dihydrolase, and β-galactosidase. Does not utilize D-glucose, L-arabinose, D-mannose, D-mannitol,
N-acetyl-glucosamine, D-maltose, potassium gluconate,
capric acid, adipic acid, malic acid, trisodium citrate, and
phenylacetic acid. Strain SWB3-6 displays the highest
16S rRNA gene sequence similarity with Actinomadura
coerulea IFO 14679T (99.5%). Strain SWB3-6 ( = NNIBR2017BA14) was isolated from a freshwater sample of
Nakdong River. The GenBank accession number of 16S
rRNA gene sequence is MG818308.
Description of Leifsonia kafniensis 19SA03-T-4
Cells are Gram-staining-positive, non-flagellated, and
curved rod-shaped. Colonies are circular, convex, and
pale-yellow colored after three days of incubation at 25°C
on TSA. Positive for nitrate reduction, glucose fermentation, esculin hydrolysis, gelatinase, and β-galactosidase
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in API 20NE, but negative for indole production, arginine
dihydrolase and urease activities. D-Glucose, L-arabinose,
D-mannose, N-acetyl-glucosamine, and trisodium citrate
are utilized. Does not utilize D-maltose, potassium gluconate, capric acid, adipic acid, malic acid, and phenylacetic
acid. Strain 19SA03-T-4 displays the highest 16S rRNA
gene sequence similarity with Leifsonia kafniensis KFC22T (99.6%). Strain 19SA03-T-4 ( = NNIBR2019643BA4)
was isolated from a freshwater sample of Nakdong River.
The GenBank accession number of 16S rRNA gene sequence is MN540803.

Acknowledgements
This study was supported by a grant from the Nakdonggang National Institute of Biological Resources (NNIBR),
funded by the Ministry of Environment (MOE) of the Republic of Korea (NNIBR202001106).

References
Chun, S.J., Y. Cui, C.S. Lee, A.R. Cho, K. Baek, A. Choi, S.R.
Ko, H.G. Lee, S. Hwang, H.M. Oh and C.Y. Ahn. 2019.
Characterization of Distinct CyanoHABs-Related Modules in Microbial Recurrent Association Network. Frontiers in Microbiology 10:1637.
Edwards, R.A., B. Rodriguez-Brito, L. Wegley, M. Haynes, M.
Breitbart, D.M. Peterson, M.O. Saar, S. Alexander, E.C. Jr
Alexander and F. Rohwer. 2006. Using pyrosequencing to
shed light on deep mine microbial ecology. BMC Genomics 7:57.
Falkowski, P.G., T. Fenchel and E.F. DeLong. 2008. The microbial engines that drive earth’s biogeochemical cycles.
Science 320:1034-1039.
Felsenstein, J. 1985. Confidence limits on phylogenies: an
approach using the bootstrap. Evolution 39:783-791.
Huse, S.M., L. Dethlefsen, J.A. Huber, D.M. Welch, D.A.
Relman and M.L. Sogin. 2008. Exploring microbial diversity and taxonomy using SSU rRNA hypervariable tag
sequencing. PLoS Genetics 4:e1000255.
Jeon, Y.S., K. Lee, S.C. Park, B.S. Kim, Y.J. Cho, S.M. Ha
and J. Chun. 2014. EzEditor: a versatile sequence alignment editor for both rRNA-and protein-coding genes.
International Journal of Systematic and Evolutionary Microbiology 64:689-691.
Kimura, M. 1980. A simple method for estimating evolutionary rates of base substitutions through comparative studies
of nucleotide sequences. Journal of Molecular Evolution
16:111-120.
Kumar, S., G. Stecher and K. Tamura. 2016. MEGA7: Molecular Evolutionary Genetics Analysis version 7.0 for bigger
datasets. Molecular Biology and Evolution 33:1870-1874.
Miettinen, I.T., T. Vartiainen and P.J. Martikainen. 1997.

84

JOURNAL OF SPECIES RESEARCH

Phosphorus and bacterial growth in drinking water. Applied and Environmental Microbiology 63:324-3245.
Newton, R.J., S.E. Jones, A. Eiler, K.D. Mcmahon and S.
Bertilsson. 2011. A guide to the natural history of freshwater lake bacteria. Microbiology and Molecular Biology Reviews 75:14-49.
Saitou, N. and M. Nei. 1987. The neighbor-joining method:
a new method for reconstructing phylogenetic trees. Molecular Biology and Evolution 4:406-425.
Sin, Y., C. Lee, K. Cho and E. Song. 2005. Trends of phytoplankton community and water quality and implications
for management in estuarine river systems. Korean Journal of Ecology and Environment 38:160-180.
Weisburg, W.G., S.M. Barns, D.A. Pelletier and D.J. Lane.
1991. 16S ribosomal DNA amplification for phylogenetic study. J Bacteriol 173:697-703.
Williamson, N., T. Kobayashi, D. Outhet and L.C. Bowling.
2018. Survival of cyanobacteria in rivers following their

Vol. 9, No. 2

release in water from large headwater reservoirs. Harmful Algae 75:1-15.
Yoon, S.H., S.M. Ha, S. Kwon, J. Lim, Y. Kim, H. Seo and
J. Chun. 2017. Introducing EzBioCloud: a taxonomically
united database of 16S rRNA gene sequences and wholegenome assemblies. International Journal of Systematic
and Evolutionary Microbiology 67:1613-1617.
Zhou, S., T. Huang, H. Zhang, M. Zeng, F. Liu, S. Bai, J. Shi,
X. Qiu and X. Yang. 2016. Nitrogen removal characteristics of enhanced in situ indigenous aerobic denitrification
bacteria for micro-polluted reservoir source water. Bioresource Technology 201:195-207.

Submitted: December 27, 2019
Revised: March 3, 2020
Accepted: March 3, 2020

