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Abstract Harmful cyanobacterial blooms cause many ecological disasters worldwide. During the
development of cyanobacterial blooms, the diversity and domination of cyanobacterial taxa are of a particular
concern. In this study, the microbial community structure within a water system, such as in Yugiao Reservoir
and Haihe River in Tianjin City, China, was compared by using next-generation sequencing. A total of 5 001
operational taxonomic units were obtained and clustered from filtered 16S rDNA V3-V4 region sequences.
The cyanobacterial and microbial structures greatly differed in these two water areas. Microcystis was
dominant in Yuqiao, whereas Synechococcus was dominant in Haihe. Proteobacteria species were dominant
among all detected samples. The relative abundances of Bacteroidetes and Planctomycetes were higher in
Yugiao Reservoir than in Haihe River, whereas Firmicutes and Verrucomicrobia were relatively abundant
in Haihe River. Further analyses indicated that the domination of both cyanobacteria was strongly related to
several environmental factors, such as total nitrogen, total phosphorus, and dissolved oxygen, reflecting the
role of trophic states in shaping the dominance of cyanobacterial taxa. The present study provided the example
for Microcystis and Synechococcus dominance along a cyanobacterial bloom in north China. Applying high-
throughput sequencing could offer a wide field of vision in analyzing microbial community structures.
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1 INTRODUCTION

Massive proliferation of harmful cyanobacteria has
become a growing problem in many freshwater
ecosystems worldwide (Harke et al, 2016).
Cyanobacteria blooms cause many environmental
problems due to the increase in eutrophication level.
Various genera/species ofbloom-forming cyanobacteria
produce toxins, further increasing the risk for aquatic
organisms and humans (Fleming et al., 2002; Lone et
al., 2015). Many studies have focused on the genetic
diversity of cyanobacterial populations during blooms
to determine the factors regulating the formation of
water blooms (Zhu et al., 2012; Li et al., 2016; Kong

etal., 2017). With the development of next-generation
DNA sequencing techniques, several studies have
recently investigated the microbial community
structure during water blooms (Chen et al., 2011;
Bertos-Fortis et al., 2016; Parulekar et al., 2017).
China suffers from the heaviest cyanobacterial
blooms, and considerable research focused on the
water blooms in southern China (Zhang et al., 2016;
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Liu et al., 2017). However, rising temperature and
carbon dioxide concentration in global and regional
scales have aggravated the threat from cyanobacterial
blooms (Paerl and Huisman, 2008; O’Neil et al.,
2012; Verspagen et al., 2014; Visser et al., 2016), and
such a consequence will lead to the extension of the
water bloom range to the large area of northern China.

Complicated relationships exist between aquatic
bacteria and cyanobacterial species  during
cyanobacterial blooms in an aquatic ecosystem. From
a general view, cyanobacteria offer a living habitat for
heterotrophic bacteria; bacterial supersession could
produce the source of nitrogen, phosphorus, sulfur,
vitamin and carbon that cyanobacteria could utilize
(Cai et al., 2013; Lee et al., 2014; Klawonn et al.,
2015; Stuart et al., 2016; Xie et al., 2016). Some
epiphytic bacteria are involved in complicated
cyanobacterial life activities, which would contribute
to cyanobacterial nutrition absorption, colony
formation, and toxin degradation (Brunberg, 1999;
Maruyama et al., 2003; Shi et al., 2010, 2012; Shen et
al., 2011). Different cyanobacterial taxa with different
cellular/colonial surface structures and
physiobiochemical features will form differently
attached microbial communities (Parveen et al.,
2013). The most frequently occurring blooms are
dominated by Microcystis species (Wirsing et al.,
1998; Javurek et al., 2015), and various studies have
focused on the microbial community structures in
Microcystis  dominant  blooms.  Nevertheless,
superficially Microcystis blooms are composed of a
large number of picocyanobacterial cells, which are
difficult to detect by traditional microscopic
observation. Ye et al. (2011) used DGGE and real-
time PCR methods and found that the two most
dominant cyanobacteria in Taihu Lake are Microcystis
and Synechococcus, which both have significant
succession during the development of water blooms.
16S rDNA sequencing revealed that picocyanobacteria
(mainly Synechococcus-like) are also important
cyanobacterial members in Chaohu Lake (Cai and
Kong, 2013). Synechococcus was found to be
dominant in the eutrophic Donggian Lake by using
the targeted deep sequencing of cyanobacteria (Jiang
etal., 2017). Therefore, picocyanobacterial abundance
in cyanobacterial blooms might be neglected or
largely underestimated when molecular detecting
approaches are not used. Factors that drive the
dominance and succession of different cyanobacteria
during a cyanobacterial bloom or different blooms are
still unknown; however, the characterization of
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different cyanobacterial blooms using traditional
microscopic or modern molecular methods is an
initial step for elucidating these driving forces.
Previous studies related to picocyanobacterial
dominance in cyanobacterial blooms were mainly
recorded in southern and eastern China.

In this study, we selected the Yuqiao-Haihe water
system, a reservoir and river in Tianjin City, North
China. This water system has annually suffered from
huge cyanobacteria blooms. We used high-throughput
sequencing of 16S rDNA to investigate the aquatic
bacterial community structure along the water course
from Yuqgiao Reservoir to Haihe River during a bloom
in 2016. The aquatic microbial community structures
and environmental conditions in the reservoir and
river systems were compared. We aimed to determine
the controlling factors with regard to the distribution
of Microcystis and Synechococcus-like
picocyanobacteria.

2 MATERTAL AND METHOD

2.1 Study area and sampling strategy

Yugiao Reservoir and Haihe River are both located
in Tianjin City, North China. Yuqiao Reservoir is at
the upper part of Haihe River flowing through Tianjin
City. The reservoir has a surface area of 86.8 km?* with
a storage capacity of 1.56x10° m?, average depth of
4.74 m, and a length of 30 km. Yugiao Reservoir is a
drinking water source of Tianjin City. Haihe River
was also suffering from cyanobacterial blooms due to
the flowing water from Yuqiao, and the relative
position between Yugqiao and Haihe is shown in Fig.1.

Sampling was conducted on September 14, 2016,
at 14 sites in the Yuqiao and Haihe area of Tianjin.
Samples were collected during an active bloom. The
coordinates of the sampling sites are shown in
supplementary material S1. In brief, 2 L of water
sample in each site was collected at 0.5 m below the
surface. All water samples were subsequently divided
into three subsamples: for the analysis of water quality
parameters, for the filtration to high-throughput
sequencing analysis, and for the counting of
Microcystis cells (data shown in supplementary
material S2). 500 mL of water samples was filtered
through a 0.22-um filter (Millipore, USA).

2.2 Analysis of physicochemical parameters

Water temperature (WT), pH, dissolved oxygen
(DO), and salinity (SAL) were measured using YSI
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Yugiao Reservoir
40°F

Haihe River
39°F

Fig.1 Schematic diagram of sampling sites

a. map of Tianjin City; b. Yuqiao Reservoir; c. Haihe River.

multiparameter detector (YSI, USA). Total nitrogen
(TN), total phosphorus (TP), chemical oxygen
demand (COD), ammonia nitrogen (NH3), and nitrite
(NO3) were measured according to the standard
methods (Wu et al., 2006).

2.3 DNA extraction and library construction

DNA was extracted from each filtered membrane
by using the PowerWater DNA isolation kit following
the manufacturer’s manual (Mo Bio Laboratories,
Inc., Carlsbad, CA). The concentration of DNA was
evaluated using a Qubit 2.0 fluorometer (Life
Technologies Japan Ltd., Tokyo, Japan). For the
amplification of the V3—V4 domain of bacterial 16S
rDNA, primers 341F (5'-CCCTACACGACGCTCT-
TCCGATCTG (barcode) CCTACGGGNGGCWGC-
AG-3") and 805R (5'-GACTGGAGTTCCTTGGCA-
CCCGAGAATTCCAGACTACHVGGGTATCTAA-
TCC-3") (Herlemann et al., 2011) were used, both of
which contained an Illumina adapter region for
sequencing on the [llumina MiSeq™ platform. In the
forward primer, a 6-bp barcode was used to enable
sample multiplexing. PCR was performed twice. The
first-round PCR contained 10-20 ng DNA template,
IxTaq Master Mix (TaKaRa, Tokyo, Japan), and
2 pmole of both bar primer and reverse primer.
Reaction conditions consisted of an initial 94°C for
3 min, followed by 5 cycles of 94°C for 30 s, 45°C for
20 s, and 65°C for 30 s; 20 cycles of 94°C for 20 s,

55°C for 20 s, 72°C for 30 s, and a final extension of
72°C for 5 min. Illumina Bridge PCR primer, which
contained 20 ng DNA template, 1xTaq Master Mix
(TaKaRa, Tokyo, Japan), and 2 pmol of each primer
were added during the second-round PCR. Reaction
conditions consisted of an initial 95°C for 30s,
followed by 5 cycles of 95°C for 15 s, 55°C for 15 s,
and 72°C for 30 s with the final extension of 72°C for
5 min. All samples were analyzed on the T100TM
Thermal Cycler (Bio-Rad, NY, USA). Amplicons
were purified using the QIAquick 96 kit (Qiagen) and
quantified using the Qubit2.0 fluorometer (Life
Technologies Japan Ltd., Tokyo, Japan). Gel
purification was performed using QIAquick gel
extraction kit (Qiagen). All operations were performed
according to the respective manufacturer’s
instructions. Finally, 10 ng of each PCR product was
mixed for sequencing, and the final concentration of
PCR reaction was 20 pmole.

2.4 Data analyses

Raw Illumina FASTQ files were demultiplexed,
quality filtered, and analyzed using Cutadapt (Martin,
2011), PEAR (Zhang et al., 2014), Prinseq (Schmieder
and Edwards, 2011), QIIME (Caporaso et al., 2010),
and mothur (Schloss et al., 2009). Operational
taxonomic units (OTUs) were assigned using the
QIIME implementation of USEARCH (Edgar, 2010)
with a threshold of 97% pairwise identity, and
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Table 1 Environmental parameters of the samples

Sites TN (mg/L) TP (mg/L) TN/TP ratio NH;(pg/L)  NO; (pg/L) WT(°C) DO (mg/L)  SAL (%) pH
YQ WI 2.30 0.25 9.2 33.55 0.35 25.01 2.55 0.06 8.61
YQ_ER 2.20 0.22 10 18.74 0.40 21.54 2.87 0.06 8.34
YQ SR 1.60 0.17 9.4 11.55 0.40 20.08 2.33 0.06 8.07
YQ CR 0.80 0.19 4.2 23.09 0.21 20.39 2.56 0.06 8.16
YQ_WR 1.90 0.20 9.5 15.69 0.41 20.54 2.46 0.06 8.09
YQ_NR 2.20 0.31 7.1 30.72 0.27 25.37 2.87 0.05 8.20
YQ_SF 2.70 0.31 8.7 21.13 0.60 21.63 2.96 0.05 8.57
HH_TIJS 1.80 0.12 15 40.96 0.65 21.90 7.50 0.20 8.29
HH_JBB 1.30 0.13 10 33.33 0.33 22.00 11.48 0.06 8.30
HH_SZLB 1.0 0.15 6.7 33.12 0.45 22.10 11.22 0.14 8.35
HH TTE 1.10 0.14 7.9 27.45 0.45 22.00 9.01 0.14 8.48
HH_ZYHSR 0.60 0.08 7.5 19.83 0.23 21.90 9.16 0.15 8.65
HH_AMB 1.0 0.19 53 20.70 0.54 21.90 8.80 0.12 8.60
HH_BYP 1.10 0.31 3.5 35.95 0.84 22.00 8.51 0.16 8.96

representative sequences from each OTU were
selected for taxonomic assignment. OTUs were
classified taxonomically by using Mothur method,
and singleton OTU tag was removed prior to analysis.
Multiple indices (observed OTUs, Chao 1 richness,
Shannon’s index, and Simpson’s index) were
calculated using the QIIME package to represent
diversity.

2.5 Statistic

All statistical analyses were performed in the R
environment using VEGAN (Dixon, 2003), grid
(Wegener et al., 2009), and ggplot2 (Wickham, 2016)
packages. Results were presented as mean values +
standard deviation. PCA was calculated by euclidian
distance. A detrended correspondence analysis was
performed before further analyses. The unimodally
distributed model was used for canonical correlation
analysis (CCA). For the principal component analysis
(PCA) and CCA, logarithmic results were used;
logarithmic result=log(otu#+1). Significance test
(Student’s ¢-test) was completed using SPSS (version
22.0).

3 RESULT

3.1 Environmental parameters

The characteristics of the surface water samples
from Yuqiao Reservoir and Haihe River are
summarized in Table 1. The weather during the
sampling process was sunny. WT was not significantly
different and was in the range of 20.08°C to 25.01°C.

DO in Haihe River was higher than that in Yuqiao
Reservoir. In most of the sampling sites, TN in Yuqiao
Reservoir was higher than that in Haihe River.
However, center of the reservoir, had TN of 0.80 mg/L,
which lower than in other sampling sites in Yuqiao.
Nitrogen and phosphorus were spatially in fluctuating
state. COD in Yuqgiao Reservoir (8.174+0.69 mg/L)
was significantly higher than that in Haihe River
(2.60£1.18 mg/L). The SAL of water in Yuqiao
Reservoir was more stable than that in Haihe River.

3.2 Amplicon of 16S rRNA gene sequencing

After quality control, the OTU singleton was
removed. A total of 5001 OTUs were obtained and
clustered from 46 9708 filtered 16S V3-V4 region
sequences. The largest number of reads was obtained
from sample YQ SF, whereas the highest value of
OTUs was observed at HH_AMB. Compared with
Yugiao Reservoir, Haihe River showed high diversity
in all kinds of diversity indices we selected (OTU
number, Chao 1, good coverage, Shannon, Simpson)
during our research period.

All samples were analyzed using a subsample for
alpha diversity analysis. The minimum number of
OTU counts (27 525) was assigned as e value. As
summarized in Table 2, most sampling sites in Haihe
River had greater richness than those in Yuqiao
Reservoir. With the increasing sequence depths, the
rarefaction curves had become flat. No higher
diversity value was observed, and our subsample
amount was sufficient to reflect the diversity for each
sample. OTU number curves, Chao | index, and



No.4 HUO et al.: Molecular detection of aquatic microbial communities 1149

Table 2 Multiple diversity indices of the 14 samples

3% dissimilarity
Sites Reads
OTU Chao 1 Coverage (%) Shannon Simpson
YQ WI 29930 760 1192 98.9 6.48 0.98
YQ_ER 37 146 793 1027 99.1 6.23 0.97
YQ_SR 36 735 1144 1592 98.5 6.84 0.98
YQ CR 33653 1132 1622 98.5 6.68 0.97
YQ WR 31679 905 1229 98.8 6.55 0.97
YQ_NR 36 872 794 1141 99.0 6.33 0.97
YQ _SF 39 140 981 1323 98.8 6.64 0.98
HH_BYP 27525 1612 2387 97.6 7.56 0.98
HH_TIS 37272 1724 2 657 97.5 7.07 0.98
HH_JBB 27779 1843 2822 97.1 7.81 0.99
HH_ZYHSR 37 340 2024 2 851 97.2 7.56 0.98
HH_TTE 29934 2179 3158 96.8 7.74 0.98
HH SZLB 29 096 2244 3425 96.4 8.01 0.99
HH_AMB 35607 2578 3513 96.3 8.00 0.98
a Chaol OTU numbers Shannon Sample ID
—HH.AMB
81 — HH.BYP
30001 20007 — HH.JBB
74 — HH.SZLB
—HH.TJS
15007 —HH.TTE
. 2000+ 6 —HH.ZYHSR
=
= —YQ.CR
S 1000 _ YQER
1000 31 —YQNR
5001 —YQSF
—YQ.SR
4+ —YQ.WI
0 01 —YQ.WR
0 10000 20000 0 10000 20000 0 10000 20000
Sequences
b Chaol OTU numbers Shannon
30001 20004 81
1500 71
02000' Group
2 1000 61 ~ Haihe River
- ~ Yugqiao Reservoir
1000+ 5
500+
4 -
01 1
0 10000 20000 0 10000 20000 0 10000 20000
Sequences

Fig.2 Rarefaction curves for a dissimilarity of 3% from the 14 samples

The shade showed standard errors for two groups and the curves were fitted by loess method. a. alpha diversity indices for each sample; b. alpha diversity
indices for two groups.
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Fig.3 Relative abundance of bacterial community composition in the 14 samples at the phylum level

Shannon index showed high diversity in Haihe River.
3.3 Microbial community composition

The script assign_taxonomy.py in QIIME software
was used to assign the taxonomy information into
different phylogenetic bacterial taxa. This method
was called “mothur”. The relative abundance of
bacterial community at phylum level is shown in
Fig.3. Proteobacteria were the most abundant phylum
in all experimental sites accounting for 53.3% of total
bacterial sequences, followed by Bacteroidetes
(10.4%), Firmicutes (7.1%), Actinobacteria (7.1%),
Verrucomicrobia (6.9%), and cyanobacteria (5.7%).
The relative abundances of both Bacteroidetes and
Planctomycetes in Yuqiao Reservoir were higher than
those in Haihe River, However, the relative
abundances of Firmicutes and Verrucomicrobia in
Haihe River were higher than those in Yugqiao
Reservoir. The cyanobacterial genera with relative
abundance greater than 0.001 were analyzed to further
understand the differences in cyanobacterial genera
between the two water areas (Fig.4). Microcystis had
the biggest abundance in Yuqiao Reservoir; however,
Synechococcus ~ was  dominant among  all
cyanobacterial genera in Haihe River. By analyzing

the relative abundances of cyanobacterial taxa, two
significantly different cyanobacterial communities
were found in the two water areas (P<0.01), with
Microcystis taking an absolutely large part in
cyanobacterial ~ organisms in  Yuqiao  and
Synechococcus dominating but other cyanobacterial
taxa co-existing in Haihe River (Fig.4)

3.4 Principal component analysis for relative
abundance of OTUs in two water area

PCA analysis revealed that all samples in Yuqiao
Reservoir were clearly clustered in a group, indicating
that the samples in Yuqgiao Reservoir had high
similarity in community characters. By contrast, the
samples in Haihe River were separated into different
diverse zones. Results indicated that the microbial
community composition in Yuqiao Reservoir was
more consistent than that in Haihe River (Fig.5)

3.5 Correlation between microbial community
composition with environmental variables

We used CCA to detect the correlations between
OTU abundance of 14 sampling sites with 9 selected
environmental variables (TN, TP, ratio of TN and TP,
ammonia, nitrite, WT, DO, SAL, and pH). As
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Fig.4 Cyanobacterial communities and eukaryotic algae with chloroplast based on the abundance of the samples

The OTUs with relative abundance greater than 0.001 were reserved; UC represents the unclassified.
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Fig.5 Principal component analysis for relative abundance of OTUs in two water areas, and all OTU numbers were added
one and then performed a logarithmic transformation
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+HH.TTE Group spatiotemporal dynamics of Microcystis populations
~HH.AMB ‘gg based on molecular genetic markers (Briand et al.,
| 2009). These studies revealed that many Microcystis
genotypes coexists in a certain bloom, and a succession
. YQLR of dominant genotypes occurs along the development
2 © HILSZLE Yo SEQ';V(I)‘WI of the bloom (Bozarth et al., 2010). Further studies
o0 DO‘ o — Z——=T 7 YQNR based on molecular biological methods showed that
§ SR &;ﬁo \ N YQSFyqpr picocyanobacterial ~ Synechococcus group could
HH.IBB A}EI.ZYHSR % lar.gely co-ocour and even'domlnate in 51.1perﬁ01ally
-1 = Microcystis-based blooms in southern Chinese lakes
HH.TIS (Li et al., 2014). In this study, we provided the
“HHBYP occurrence of both Microcystis- and Synechococcus-

-1.0 -0.5 0.0 0.5 1.0 1.5 i .
CCAL 69.23% dominated blooms along the reservoir-river water
Fig.6 CCA analysis for the relationship between system in the north of China, the latter one representing

environmental factors and the relative abundance of
bacteria

All OTU numbers were added one and then performed a
logarithmic transformation. The length of arrows shows the
contribution of environmental factors. The angles between samples
and environmental factors shows the correlation. An acute angle
means positive correlation, and an obtuse angle means negative
correlation.

presented in Fig.6, the water samples in Yugiao
Reservoir and Haihe River were clearly divided.
Among all the environmental factors, the investigated
communities were significantly distributed against
the gradient of DO, SAL, TN, and TP. Seems to be
mainly affected by these factors. In Yuqiao Reservoir,
TP and TN were positive factors to most sample sites,
and DO, SAL, NHi, and pH were negative factors.
YQ CR had weaker relation to these factors than
other Yuqiao sites. Interestingly, to the species in
Haihe River, the distribution in CCA plot was divided
in to three different groups. They have both positive
correlation to DO, SAL, and NH; but at different
levels. The HH_TTE, HH_AMB, HH_TJS, and HH_
BYP were weakly affected by the listed environmental
factors. HH_SZLB showed close relationship with
DO, SAL, and pH. HH JBB and HH ZYHSR were
affected by the different formations of nitrogen.

4 DISCUSSION

To elucidate the mechanism by which cyanobacterial
blooms form and factors control their formation,
various studies were conducted on the relationship
between  cyanobacterial = biomass, cyanotoxin
production, nutrients, water residence time, and
circulation (Vincent et al., 1993; Palikova et al., 2007,
Harvey, 2012; Romo et al., 2013; Sinang et al., 2013).
Specifically, for Microcystis-dominated blooms, an
increasing number of studies were focused on

the case with higher Synechococcus abundance than
the Microcystis one. Studies are rare providing
information on cyanobacterial blooms in a large water
body in northern China. Our study is the first study
aiming at the different cyanobacterial domination
patterns during a bloom and their relationship with
aquatic bacterial communities in northern China. Such
an integrated water system as Yuqiao Reservoir and
Haihe River offer a natural experiment model to
understand microbial community structures under
different cyanobacterial domination patterns.

In the present study, Illumina-based 16S rRNA
gene sequencing and subsequent analyses revealed
the significant differences in cyanobacterial
composition between Yuqgiao Reservoir and Haihe
Ricer (P<0.01), with more Synechococcus abundance
in Haihe River. Therefore, Yuqiao and Haihe were
spatially divided into Microcystis- and Synechococcus-
dominated patterns, respectively, during the bloom.
The higher eutrophication in Yuqgiao Reservoir was
suggested to cause the annual the Microcystis-
dominated blooms in recent years, and the nutrient
levels as shown in Table 1 also indicated the trophic
state in the reservoir. The dominance of Synechococcus
posed a very interesting finding. The dominance of
Synechococcus has been well known in both marine
and freshwater environments (Li, 1998; Takasu et al.,
2015). In marine systems, Synechococcus favors
mesotrophic conditions (Grob et al., 2007; Post et al.,
2011). However, the occurrence of Synechococcus in
freshwater was found in all trophic states, and
Synechococcus even dominated in oligotrophic lakes
in Germany (Ruber et al., 2016) and eutrophic lakes
in southern China (Cai et al., 2013). Compared with
Yugiao Reservoir, a lower trophic state in Haihe River
was implicated as the main potential factor to cause
the dominance of Synechococcus, in agreement with
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the finding of Ruber et al. (2016).

Further analyses showed that microbial community
structures in Yuqgiao Reservoir and Haihe River
largely differed, represented as higher Bacteroidetes
and Planctomycetes in Yuqiao Reservoir and higher
Firmicutes and Verrucomicrobia in Haihe River.
Bacteroidetes was the most representative group in
clone libraries of four bloom-forming lakes (Eiler and
Bertilsson, 2004). Hu et al. (2013) observed that
Bacteroidetes had an obvious correlation with the
dominant Microcystis-based bloom in Lake Erhai. Shi
et al. (2010) found that, by the semi-nested PCR and
DGGE  methods, Serratia  (Proteobacteria),
Pseudomonas (Proteobacteria), and Flexibacteraceae
(Bacteroidetes) were the dominant bacterial groups in
the M. flos-aquae, M. wesenbergii, and M. aeruginosa
blooms in Lake Taihu, respectively, consistent with
our analyses on the relative abundance of the microbial
community in Yuqiao samples. Thus, these findings
and the result obtained in this study may implicate the
role of Bacteroidetes in the formation of Microcystis-
dominated blooms. With regard to the association of
Planctomycetes with Microcystis blooms, Cai et al.
(2013) indicated that Planctomycetes tightly attached
to carpet-like mucilaginous cyanobacterial blooms
might play a key role in the carbon and nutrient
cycling. Further, they speculated that the ecological
role of Planctomycetes from the Lake Taihu blooms
was linked to the degradation of sulfated
polysaccharides produced by cyanobacteria. This
finding in Lake Taihu is meaningful to the case in
Yugiao Reservoir, and the higher abundance of
Planctomycetes in Yuqgiao Reservoir may signify the
degradation of the Microcystis bloom. Soon the same
bloom flowing into Haihe River would likely be
degraded by the combined effect of this microbial
community attached to the Microcystis colonies in
Yugiao Reservoir and environmental conditions in
Haihe  River.  Consequently,  Synechococcus
dominance would occur in Haihe River.

However, very few studies have been previously
conducted to reveal the association of bacterial
community with dominance of Synechococcus-like
picocyanobacteria in freshwaters, and more samples
from Synechococcus-dominated freshwater
environments are needed to detect their associated
microbial community structures in future studies.

An important ecological method for understanding
microbial community structures is to determine the
possible environmental factors and their contribution
to the variation of bacterial communities. Several

environmental factors, including WT (Moll et al.,
1999), DO (Stadler and Love, 2016), nitrogen (Robles
et al., 2015), and phosphorus (Carvalho et al., 2007),
were reported to be effective factors on the distribution
of aquatic bacterial communities. The CCA analyses
for bacterial communities in the two waters revealed
different patterns because they were significantly
related to different environmental factors. Among
them, DO, TN, and TP were strongly related to the
microbial community structure in the Yuqgiao and
Haihe.

In general, the interesting results obtained in the
present study were largely due to the fast development
of molecular biological technologies, especially for
the availability of high-throughput sequencing
method. By using the advanced approach,
Synechococcus detection was done using a large
amount, which is unlikely to be done under the
traditional microscopic examination. It is expected
that more studies in future will reveal more cases with
picocyanobacterial dominance in all trophic states in
freshwaters and possible linkage between this
dominance and microbial community structures.

5 CONCLUSION

By using next-generation sequencing, the
Microcystis- and Synechococcus-dominated patterns
were found in two water areas within a water system
along a cyanobacterial bloom in Tianjin City. Both
dominations were strongly related to several
environmental factors, such as TN, TP, and DO,
reflecting the role of trophic states. The Microcystis-
dominated pattern was shown to have a relatively
high abundance of Bacteroidetes and Planctomycetes,
whereas the Synechococcus dominance was possibly
related to the high abundance of Firmicutes and
Verrucomicrobia. The application of high-throughput
sequencing could offer a broader field of vision in
analyzing microbial community structures.
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