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Abstract. The role of rare biosphere in maintaining the community diversity and metabolic activity has
recently been highlighted. However, it is still unclear whether the rare species play the same role in
maintaining the community diversity. Considering different responses of microbial species on
environment changes, we speculate rare species played different roles in maintaining the a-diversity. To
verify the speculation, we analyzed the prokaryotic species in three eutrophic rivers and one eutrophic
lake via Miseq sequencing of 16S rDNA amplicons. Although more than 50 phyla were identified from 20
samples, only seven were dominant. The dominant species were strictly restricted. The rare operational
taxonomic units (OTUs) belonging to the dominant phyla played a crucial role in maintaining the
community diversity. These results intensified our knowledge on the role of rare species in maintaining
the diversity of microbial community.
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Introduction

Enumerating microbial community diversity (MCD) and analyzing the mechanisms
that maintain the diversity are two basic ecological and environmental issues. The
application of DNA-based molecular tools, especially high-throughput sequencing
technologies, greatly enhances our understanding of the MCD as these techniques
circumvent the problems in classical culture-based techniques (Caporaso et al., 2011;
Rees et al., 2004; Sergeant et al., 2012). Lots of microbial communities that exist in
various habitats, such as soil (Sul et al., 2011; Vasileiadis et al., 2012), ocean (Gilbert et
al., 2009), human and animal guts (David et al., 2014; Lee et al., 2011; Ni et al., 2014)
and freshwater (Kara et al., 2013; Widder et al., 2014), have been investigated by these
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techniques. Based on the investigations, a lot of ecological principles that maintain the
MCD are described, such as the taxa-area relationship (Horner-Devine et al., 2004), the
cosmopolitan distribution of microbial subgroups (Chaffron et al., 2010) and the
distance-decay relationship (Bell, 2010). These ecological principles extend our
knowledge about the mechanisms that maintain the MCD (Ni et al., 2016). However,
although we know microbial communities are extremely diverse in natural
environments, and they are typically composed of a few dominant species followed by a
large number of rare species (Zhou et al., 2015), the roles of the rare species on
maintaining the community a-diversity are still largely unclear.

Recently, the role of rare species on maintaining the MCD and the metabolic activity
has been highlighted (Campbell et al., 2011; Coveley et al., 2015). Coveley et al. (2015)
point out a fraction of the rare species acts as a backup system for maintaining
ecosystem resilience in face of perturbation. When environment is disturbed, some rare
species rise to dominant species to maintain the diversity and metabolic activity of
microbial community. However, whether every rare species in a specific microbial
community plays the same role on maintaining the MCD is still unclear.

Shannon's index and Simpson index are the generally accepted indexes to indicate
the community a-diversity. Since both Shannon's index and Simpson index consider the
abundance of each species, the influences of species with different relative abundances
are distinct. Therefore, when the dominant species is absent causing by environmental
disturbance, the ability becoming to dominant species was a rational agent to character
the role of rare species on maintaining the community a-diversity. According to this
inference, the rare species that can become to dominant species under environmental
disturbance play more important roles than those cannot become to dominant species.
Therefore, through analyzing the fluctuation of species in different habitats, we can
infer the roles of rare species on maintaining the a-diversity.

To address the question that whether every rare species in a specific microbial
community plays the same role on maintaining the a-diversity, we analyzed the
fluctuation of prokaryotic species in three eutrophic rivers and one eutrophic lake via
Miseq sequencing of prokaryotic 16S rRNA gene amplicons.

Materials and Methods

Sampling sites and sample collection

Samples were collected in four seasons: September 2013 (autumn), December 2013
(winter), March 2014 (spring), and June 2014 (summer). In each season, five sites were
set at Nanfei River (NF, N31°51'00.11", E117°18'34.27"), Zhigao River (ZG,
N31°46'32.77", E117°44'55.04"), Hangbu River (HB, N31°25'19.08", E116°56'48.32"),
East Chaohu Lake (EC, E117735'52.2", N31736'21.0") and West Chaohu Lake (WC,
E117°17'44.7", N31°40'26.5") (Fig. 1). All sites were sampled within one day. Water of
500 ml and water of 1L was collected from each sampling site for chemical
characterization and for microbial DNA extraction, respectively. DNA extraction was
carried out within 24 h after sampling collection.
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Figure 1. Sampling sites of Chaohu Lake and three rivers. ZG, Zhigao River; HB, Hangbu River;
NF, Nanfei River; WC, West Chaohu Lake and EC, East Chaohu Lake.

Measurement of physical and chemical indexes

Water temperature (WT) was measured in at field simultaneously with sample
collection. Total phosphorus (TP), pH, total nitrogen (TN), nitrate (NOs3-N) and
ammonia nitrogen (NH;-N) were measured according to standard methods (Huang,
2000). The trophic level index (TLI) was calculated based upon the concentration of TP
according to the standard method (OECD, 1982).

DNA extraction and MiSeq sequencing of 16S rRNA gene amplicons

The microbial DNA was extracted using the standard phenol-chloroform method
with some modifications (Ni et al., 2010). The water samples for microbial DNA
extraction were filtered by polycarbonate membranes with 0.22 pum pore size. The filter
membranes were cut into pieces and transferred into 2.0 ml sterile centrifuge tubes.
Then the tubes were added 600 uL of extraction buffer (100 mM Tris-HCI (pH 8.0), 100
mM phosphate (pH 8.0), 100 mM EDTA (pH 8.0), 150 mM NaCl, 1% (wt/vol) CTAB
and 2 mg Lysozyme) and were incubated at 37°C for 90 min. After incubation, cells
were disrupted by three cycles of freezing (-80°C for 30 min) and thawing (65°C for 30
min). Cells were then incubated at 65°C for 30 min with 100 pL 20% SDS and 10 mg
proteinase K. The supernatant was treated with 0.2 volumes 8 M potassium acetate to
remove polysaccharides followed by treatment with an equal volume of phenol-
chloroform-isoamyl alcohol (25:24:1) to remove protein and cell debris. Residual
phenol was removed by the addition of an equal volume of chloroform-isoamyl alcohol.
Nucleic acids were precipitated from the supernatant by adding approximately an equal
volume of isopropanol and maintaining the samples at 4°C for at least 2 h. The solution
was centrifuged at 14,000 xg for 20 min. Residual of isopropanol were completely
removed by adding 70% (v/v) alcohol and centrifugation at 14,000 xg for 20 min.
Extracted genomic DNA samples were dissolved by 50 pL of Tris-EDTA (TE) buffer.
DNA concentration and quality were checked using a NanoDrop Spectrophotometer.
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The extracted DNA was diluted to 10 ng/uL and stored at -40°C for downstream use.

V4-V/5 hypervariable region of prokaryotic 16S rDNA was amplified using universal
primer 515F (5-GTGCCAGCMGCCGCGGTAA-3) and 909R (5-
CCCCGYCAATTCMTTTRAGT -3') with 12 nt unique barcode and sequenced as a
previous report (Li et al., 2016). The sequencing was performed on an Illumina Miseq
system using paired-end technology provided by Dongguan Meikang BioScience Inc.,
China.

Data analysis

The raw reads were spliced using FLASH 1.2.8. The merged sequences were
processed using QIIME Pipeline (Caporaso et al., 2010). All sequence reads were
trimmed and assigned to each sample based on their barcodes. The sequences with high
quality (length > 300 bp, without ambiguous base ‘N’, and average base quality score >
30) were used for downstream analysis. Chimera check was conducted using the
Uchime algorithm (Edgar et al., 2011). Non-chimera sequences were clustered into
operational taxonomic units (OTUs) at a 97% identity threshold. Taxonomy was
assigned using the Ribosomal Database Project classifier (Wang et al., 2007). Canonical
correspondence analysis (CCA) with Monte Carlo permutation test was carried out by
vegan package in R platform (Dixon, 2003).

The merged sequences were deposited into the NCBI short-reads archive database
(Accession Number: SRR2079561-SRR2079595 and SRR2079602).

Results and Discussion

A total of 320554 high-quality sequences from 20 samples were obtained in this
study. At the phylum level, except 0.7-3.8% reads were unclassified into archaeal and
bacterial phyla, 2 distinct archaeal phyla and 49 distinct bacterial phyla were identified.
However, only seven bacterial phyla, Actinobacteria, Bacteroidetes, Cyanobacteria,
Firmicutes, Planctomycetes, Proteobacteria and Verrucomicrobia were dominant phyla
(their relative abundance is more than 10%), and their reads occupied 88.7-95.7% of
total reads. Four of these seven phyla, i.e. Actinobacteria (13 sampling sites),
Bacteroidetes (14 sampling sites), Cyanobacteria (14 sampling sites) and Proteobacteria
(20 sampling sites) were the dominant phyla in more than ten sampling sites. These
results implied that although there were high biodiversity, the dominant phyla in
eutrophic rivers and lake were strictly restricted. In addition, there was no consistent
seasonal changing pattern among different sampling sites. For instance, in the sampling
site ZG, the relative abundance of Verrucomicrobia in winter was obviously higher than
other seasons, while those in autumn were obviously higher than others in the sampling
site HB (Fig. 2).

To analyze the randomness and succession of microorganisms in species (OTU) level,
we compared the trends of the dominant OTUs (their relative abundance is more than
1%) among different seasons. A total of 14,746 OTUs were detected from the 20
sampling sites. However, only 83 OTUs were dominant. All of the dominant OTUs
were classified into Bacteria. Except one dominant OTU was classified into phylum
Chlorobi and one dominant OTU was not classified into any phylum, others were
classified into the seven dominant phyla, i.e. Actinobacteria (7 OTUs), Bacteroidetes
(18 OTUs), Cyanobacteria (15 OTUs), Firmicutes (2 OTUs), Planctomycetes (4 OTUs),
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Proteobacteria (29 OTUs) and Verrucomicrobia (6 OTUs) (Fig. 3). It was consistent
with the dominant phyla. The result showed that even though there were more than
14,700 OTUs detected in the present study, the dominant OTUs were strictly restricted
into the seven dominant phyla. This result implied that although the role of rare species
in maintaining the community diversity has been highlighted in a highly diverse
ecosystem (Coveley et al., 2015), it did not mean that all of the rare OTUs played the
same role in maintaining the community o-diversity. The rare species belong to the
seven dominant phyla were more important in maintaining the community a-diversity.
The role of those rare OTUs that were not classified into the seven dominant phyla still
needs to illustrate.
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Figure 2. Relative abundances of prokaryotic phyla harboring in eutrophic rivers and Lake
Chaohu. ZG, Zhigao River; HB, Hangbu River; NF, Nanfei River; WC, West Chaohu Lake and
EC, East Chaohu Lake.

To elucidate the reasons causing the turnover of dominant OTUs, we analyzed the
relevance between the compositions of the dominant OTUs and the environmental
physicochemical factors containing WT, pH, TN, NH4, NO3, TP and TLI. According to
the TLI, ZGWI, HBWI, WCWI, WCSP were eutrophic, the other sites were
hypereutrophic. CCA with Monte Carlo permutation test showed neither total of
environmental factors (Permutation test with 999 permutations, Pseudo-F = 1.058, p =
0.404) nor each environmental factor significantly impacted on the dominant OTU
turnover.

To analyze fluctuating details of the dominant OTUs, we artificially differentiated the
dominant OTUs between two distinct factions according to their occurrence frequency
as dominant OTU in the samples: high-frequency dominant OTUs that appear more
than or equal half number of samples (>10) with the relative abundance more than 1%
and low-frequency dominant OTUs that appear less than half number of samples (< 10)
with the relative abundance more than 1%. A total of 5 OTUs were detected as
high-frequency dominant OTUs (Fig. 4) and they belonged to different phyla, i.e. each
two OTUs belonged to Proteobacteria and Actinobacteria, and one OTU belonged to
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Cyanobacteria. Seventy-eight OTUs were detected as low-frequency dominant OTUs,
in which 43 dominant OTUs were only detected from one samples (Fig. 4). This result
implied that stochastic process was a non-ignorable factor that influences the microbial
community structure, just as other evidences provided by previous reports (Chase,
Myers, 2011; Zhou et al., 2014).
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Figure 3. Heatmap profile of dominant OTUs. The data were transformed according to the
formula as follows, log;o(relative abundance of each otu * 100 + 1). ZG, Zhigao River; HB,
Hangbu River; NF, Nanfei River; WC, West Chaohu Lake and EC, East Chaohu Lake.
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Figure 4. Occurrence frequency of the dominant OTUs in the samples
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Conclusions

It was concluded that not all of the rare OTUs played the same role in maintaining
the community diversity. The rare OTUs belonging to seven dominant phyla played a
crucial role in maintaining the microbial community diversity and which OTUs in the
seven dominant phyla could become the dominant OTUs were conditionally stochastic.
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