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Abstract 
 

Sediment bacteria are the main exerciser of nutrient metabolism in most lake ecosystems and play a key role in the process of 

material circulation and energy transfer. The bacterial diversity is also an important indicator of the stability of the water 

ecosystems. In order to understand the composition and seasonal variation characteristics of bacterial community in eutrophic 

lake sediments, we analyzed sediments of Lake Dian by applying the sec-generation sequencing technology to sequence the 

V4 region of 16S rDNA of Lake Dian sediments in summer and winter. The data were interpreted to comparatively map the 

bacterial diversity and nature in both summer and winter seasons. Alpha diversity analysis showed that Shannon index and 

Chao1 index of samples collected in summer were significantly higher than those collected in winter, indicating higher 

diversity and richness of bacterial communities in summer sediments similar to the abundance rarefaction curve. The PCA 

principal component analysis further demonstrated that seasonal changes resulted in significant distribution change of bacterial 

communities. Sediment bacteria in summer mainly belonged to the Proteobacteria, followed by Planctomycetes, Chloroflexi 

and Bacteroidetes phyla. Major sediment bacteria in winter were mainly grouped in Planctomycetes phylum. In summer, the 

average relative abundance of sediment bacteria belonging to the Planctomycetes phylum was significantly lower than that of 

winter, whereas other 9 phyla were significantly higher than that of winter season. The species and abundance of sediment 

dominant bacterial flora showed significant seasonal variations. With the decreased classification level, the abundance of rare 

bacteria in the sediments of summer samples were increased. At each classification level, the abundance of rare bacteria in 

sediments of summer samples was significantly higher than that of winter samples, indicating that the low-abundance species 

in sediments in summer was significantly higher than that in winter. The sediment in summer has higher diversity and richness 

of bacterial community. The species and richness of sediment dominant flora showed significant seasonal differences. © 2020 

Friends Science Publishers 
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Introduction 
 

Lake Dian is a famous plateau-lake located in the Southern 

suburb of Kunming city of Yunnan province of China. It 

enjoys a water area of 306 km
2
 with total average water 

storage of 1.57 billion M
3
 (Fan et al. 2017). Ever since 

middle and later periods of the 1970s to 1980s, especially in 

the 1990s, water eutrophication in Lake Dian became worse. 

Although environmental degradation of the Lake Dian 

obtained certain degree of ease after 20 years of pollution 

control, the pollution levels in Lake Dian has not been 

completely eliminated. At present, water quality of the Lake 

is still lower than VV class, belonging to inferior V-class 

water and cannot meet the standards of utilizable water 

(Sun et al. 2017). Lake Eutrophication is an important 

environmental problem in the field of water resources in 

China. Sediment is the source and collection of water 

substance and an important source of lake nutrients. It 

carries an important impact on water body Eutrophication 

(Yang et al. 2018). Sediment bacteria are the main exerciser 

of nutrient metabolism in most lake ecosystems (Gibbons et 

al. 2014), and play a key role in the process of material 

circulation and energy transfer (Ibekwe et al. 2016). They 

are also one of the important indicators to determine the 

stability of water ecosystems (Conn et al. 2015). 

Haglund et al. (2002) have found that the metabolic 

capacity of bacteria in lake sediments is much higher than 

that of bacteria plankton in water. Bacteria can influence the 
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distribution and transformation of nutrient elements in 

sediments through assimilation and alienation (Johnson et 

al. 2014). The study on the structure and composition of 

bacterial community in lake sediments is of great 

significance to understand the cycling process of nutrient 

elements in the lake ecosystem. Secly, the study on the 

seasonal change of bacterial community structure in 

sediments is helpful to understand the feedback effect of 

bacteria on the environment (Yang et al. 2016). Several 

studies have mapped the microbial diversity in water; Jiang 

et al. (2016) have identified that the OTU number of 

bacteria community in sediments of Poyanghu Lake is 

correlated with heavy metal elements such as copper and 

lead to different degrees. Bier et al. (2015) have found that 

the composition of bacterial communities in river 

sediments changes significantly due to mine drainage, 

and the community diversity is highly related to the 

concentrations of cadmium, manganese, zinc and 

nickel. Li et al. (2013) have reported that the diversity 

of microbial community structure in water is 

significantly different in horizontal and vertical 

directions, and that the microbial community structure 

is significantly correlated to environmental factors such 

as water depth, pH value etc. Over the past few decades, 

studies have conducted on Lake Dian mainly focused on the 

control of non-point source pollution, ecology and 

biogeochemical cycle of biogenic elements (Zou et al. 

2017). However, understanding on the response mode of 

microorganisms caused by seasonal changes within the 

unique sediment ecosystem remained to be explored. 

In this study, the sediments of Lake Dian were 

obtained and the diversity of bacteria in the sediments in 

both summer and winter seasons were analyzed and 

compared using the sec-generation sequencing technology. 

The generated data provided novel insights in the 

composition and seasonal characteristics of bacteria 

community in the eutrophic lake sediments. 

 

Materials and Methods 
 

Sample collection 

 

Summer sediment samples (DD1.1, DD1.2 and DD1.3) 

and winter sediment samples (DX1.1, DX1.2 and 

DX1.3) were collected from Lake Dian during May at 

the turn of spring and summer 2018, and during 

November at the turn of autumn and winter 2018, 

respectively. The longitude coordinates of the sampling 

location was E102°41 '8" and latitude coordinates was 

N24°55' 59". Surface sediments (0–10 cm) were 

collected using grab-type sediment sampler. Repeated 

random sampling was carried out in summer and winter 

for 3 times with intervals of 10 months. The collected 

sediment samples were quickly sealed with sealing bags 

and stored into a low-temperature freezer and shipped 

to the analyzing laboratories. 

DNA extraction and PCR amplification 

 

Soil DNA Kit (D5625-01) from Omega Ltd. was used to 

extract genomic DNA from each sample and was quality 

controlled at gel electrophoresis (0.8% agarose). The 

PCR was performed using specific primers 515F (5 '-

GTGCCAGCMGCCGCGGTAA-3’) and 806R (5’-

GGACTACHVGGGTWTCTAAT-3’) targeting the 

barcode region of the 16S rDNA-V4 (Hugerth et al. 

2014). The reaction mixture contained 10 μL of 5×Taq 

Buffer, 1 μL of dNTP (10 mM), 1 U of KOD-Plus-Neo 

high-fidelity DNA polymerase and 1 μL upstream and 

downstream primers (10 μM). The mixture was 

supplemented with DNA template (50 ng) and the 

reaction was brought up to 50 μL using sterilized water. 

Reaction conditions included: pre-denaturation at 94°C 

for 2 min; denaturation at 94°C for 30 s, renaturation at 

60°C for 30 s, extension at 72°C for 30s; 35 cycles, 

extension at 72°C for 5 min; 10°C heat preservation. 

After the completion, a total of 3 μL PCR products were 

run on 2% agarose gel electrophoresis. The PCR 

products were recovered by AxyPrepDNA gel recovery 

kit and were sequenced by the Beijing Novogene 

Biological Information Technology Co., Ltd. 

 

Quality control and analysis of off-line data 

 

The data were divided into different datasets according to 

the label of sample collection. Barcode sequence and PCR 

amplification primer sequence were trimmed to utilize the 

gene sequences only for downstream analysis. FLASH 

software (Caporaso et al. 2011) was used to determine 

splicing events. The filtered sequences obtained by Qiime 

software (Hess et al. 2011) were compared with known 

sequences in Golddatabase. Afterwards, UCHIME software 

(Edgar et al. 2011) was used to remove chimeric sequences 

and obtain effective sequences. Uparse software (Edgar, 

2013) was used to classify the operational classification 

units at 97% similarity levels. The representative sequences 

were annotated by RDP classifier software (Wang et al. 

2007) and species annotation was performed using 

GreenGene database (Desantis et al. 2006). The Mothur 

software was used to estimate the dilution curve and 

calculate coverage. The calculation methods for Chao1 and 

Shannon indices were adapted from Caporaso et al. (2011). 

Differences between samples were shown by PCA principal 

component analysis using Canoco software. Fastunifrac 

software was used to analyze the distance matrix between 

samples, and the UPGMA clustering tree was constructed 

based on Weighted Unifrac distance. 

 

Data statistics 

 

SPSS v18.0 statistical analysis software was used to 

conduct variance analysis and Duncan's new multiple 

range test. 
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Results 
 

Sequencing quality assessment 

 

The effective sequence ratio and parameter Q30 were 

analyzed (Table 1). The effective sequence proportion of 

each sample was over 84%, and the Q30 value was over 

96%. These parameters indicate that there is no unqualified 

condition such as poor database construction or 

contamination by other factors in the process and the 

sequencing quality meets the requirements of subsequent 

analysis. The average sequence length was 254 bp, which 

was consistent with the length of the 16S r dna-v4 region 

sequence (Table 1). 

 

Sequencing depth assessment 

 

The rationality of sequencing depth and richness of species 

in samples were analyzed through the dilution curve (Fig. 1). 

With the increase in sequence number, the dilution curve of 

each sample tends to be flat, indicating that the amount of 

sequencing data is reasonable and covers all bacterial species 

in the sample. The span of the 6 samples on the vertical axis, 

namely, the classification richness was DD1.2, DD1.1, 

DD1.3, DX1.3, DX1.2 and DX1.1 from large to small, 

indicating that the species richness of the sediments in 

summer was significantly higher than that in winter (Fig. 1). 

 

Alpha diversity analysis 

 

The valid sequences (Taxon Tags) can be classified as 

operational taxonomic units (OTU) (Fig. 2). The OTU 

clustering was unavailable only with a few sequences 

(Unclassified Tags and Unique Tags). The number of OTU 

in each sample sequence (DX1.1, DX1.2, DX1.3 and 

DD1.1, DD1.2, DD1.3) was 1223, 1192, 963 and 405, 420, 

460, respectively. It is evident that a prominent difference in 

the number of OTU which were measured in sediments of 

summer and winter seasons. The OUT number for summer 

sediments was almost 2 or 3 times that of winter sediment. 

Alpha diversity analysis showed that the Shannon index and 

Chao1 index of summer samples were significantly higher 

than those of winter samples, indicating that summer 

sediments carried higher diversity and richness of bacterial 

communities, which was consistent with the results of 

richness dilution curve (Table 2). 

 

Beta diversity analysis 

 

The Weighted Unifrac distance matrix was used for 

UPGMA clustering analysis, and the clustering results were 

integrated and presented with the relative richness of species 

in each sample at the phylum level (Fig. 3). It can be seen 

that the summer sediment and winter sediment samples 

were clustered into two large branches with a relatively long 

distance, indicating relatively low species similarity 

between summer and winter samples. The PCA principal 

component analysis (Fig. 4) showed that the principal 

component 1 (PC1) and principal component 2 (PC2) 

contributed with 55.08 and 24.85% for sample difference 

(79.93% in total), being the main source of the difference. It 

is also clearly depicted from the analysis of principal 

component that samples DX1.1, DX1.2 and DX1.3 were all 

located in the negative region of PC2 and PC1, and samples 

DX1.1, DX1.2 and DX1.3 were all located in the negative 

region of PC2 and the positive region of PC1. This further 

indicated that seasonal changes result in the significant 

change in bacterial community distribution. 

 

Species annotation analysis 

 

A total of 89.28% of the sequences were annotated to 

Kingdom, 88.76% to Phylum, 88.46% to Class, 85.68% to 

Order, 79.04% to Family, 71.03% to Genus, and only 0.40% 

to Species levels (Fig. 5). 

 

Species richness analysis 

 

According to the annotation analysis results, the relative 

richness of the species with top 10 richness at the phylum, 

class and genus levels was selected for variance analysis. As 

for the classification level of phylum (Table 3), in reference 

to the average relative richness. Proteobacteria was the main 

type of sediment bacteria in summer sediments with an 

average relative richness of 53.28%, followed by 

Planctomycetes, Chloroflexi and Bacteroidetes with an 

average relative richness of 10.51~7.53%. The average 

relative richness of remaining phylum was less than 3.00%. 

Bacteria in winter sediment mainly belonged to the 

Planctomycetes phylum with an average relative richness of 

95.71%. Average relative richness of the other phylum is 

less than 3.00%. These figures indicate that average relative 

richness of bacteria belonging to Proteobacteria phylum (the 

summer's most advantage bacterium groups) was greatly 

reduced in winter, becoming the non-advantage bacterium 

group. However, the average relative richness of the 

planctomycetes phylum bacteria were increased in summer 

significantly and becomes the most advantage bacterium 

group. These observations highlight that the most 

advantaged bacteria groups in winter sediment and summer 

sediment were entirely different, presenting obvious 

seasonal differences. The results of variance analysis 

showed that the average relative richness of Planctomycetes 

phylum in summer was significantly lower than that in 

winter, while that of the other 9 phyla was significantly 

higher than that observed in winter. 



 

Chen et al. / Intl J Agric Biol, Vol 23, No 3, 2020 

 562 

On the classification level of “class” and in the aspect 

of average relative richness, the most dominant flora in 

summer sediments was Betaproteo bacteria class with an 

average relative richness of 25.48%, followed by 

Gammaproteo, Deltaproteo, Brocadiae and Anaerolineae 

classes, with an average relative richness of 12.57~7.73%  

(Table 4). The average relative richness of other five phyla 

was less than 5.0%. Bacteria in sediments collected in winter 

were mainly belonging to Brocadiae class with an average 

relative richness of 95.66%, and the average relative richness 

of remaining 9 phyla was less than 1.00%. These results 

highlight that the dominant flora in sediments collected in 

winter was dominated by a single species. Secly, the average 

relative richness of Betaproteo bacteria, which was the most 

dominant bacteria group in summer sediment, was greatly 

reduced and became the non-dominant bacteria group in 

winter. On the other hands, the average relative abundance of 

Brocadiae bacteria, the sec-dominant bacteria group in 

summer sediment, was greatly increased and became the 

most dominant bacteria group in winter sediment. According 

to the results of variance analysis, average relative richness 

of the Brocadiae class in summer sediment was significantly 

lower than that in winter sediment, however, the average 

relative richness of other 9 classes was significantly higher 

than that observed in winter sediment. 

On the classification level of Genus and in the aspect 

of average relative richness, the most dominant flora in 

summer sediments was Dechloromonas with an average 

relative richness of 10.78%, followed by Candidatus 

Brocadia with an average relative abundance of 8.22% 

(Table 5). The average relative richness of the remaining 8 

phyla was less than 3.00%. Bacteria in winter sediment 

were mainly composes of Candidatus Brocadia genus 

with an average relative richness of 92.96%, and the 

average relative richness of remaining 9 phyla was less than 

0.2%. These results indicate that some species account for 

very tiny proportion in the whole bacterial community. 

The average relative richness of Dechloromonas genus, 

which was the most dominant bacterial group in 

summer sediment, was greatly reduced and became the 

non-dominant bacterial group in winter. The average 

relative abundance of Candidatus Brocadia bacteria, the 

sec-dominant bacteria group in summer sediment, was 

greatly increased and appeared to be the most dominant 

 
 

Fig. 1: Dilution curve of bacteria OTUs abundance 
 

 
 

Fig. 2: Statistics of sample tag number and OUT number 

Table 1: Sequence statistics and quality analysis 
 

Sample name Raw PE Effective tags AvgLen (bp) Q30 (%) Effective Sequence Ratio 

DD1.1 31,114 27079 253 96.24 87.03 
DD1.2 24,945 21176 254 96.06 84.89 

DD1.3 13,628 11894 254 96.27 87.28 

DX1.1 40,755 35455 254 96.52 87.00 
DX1.2 40,247 35001 254 96.52 86.97 

DX1.3 44,995 38580 254 96.44 85.74 
Note: Raw PE represents the number of PE reads of the original offline; Effective Tags refer to the number of Tags sequences that are finally used for subsequent analysis after 

filtering the chimera. AvgLen means the average length of Effective Tags; Q30 refers to the base mass value (percentage) in Effective Tags with base mass greater than 30 

(sequencing error rate less than 0.1%). The Effective Sequence Ratio represents the percentage between the number of Effective Tags and the number of Raw PE 

 

Table 2: Alpha diversity index 
 

Sample name Shannon index Chao1 index 

DD1.1 7.86  1201.77  
DD1.2 8.16  1308.19  

DD1.3 8.01  1998.51  

DX1.1 2.21  330.59  

DX1.2 2.11  345.42  

DX1.3 2.15  443.25  
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bacteria group in winter sediment. It is plausible to conclude 

from the result of the variance analysis that average relative 

richness of Candidatus Brocadia in summer sediment was 

significantly lower than that of winter sediment, and there 

was no significant difference between the average relative 

richness of Neisseria and Clostridium in summer and winter 

sediment. The average relative richness of the remaining 7 

genera of summer sediment was significantly higher than 

that was observed in winter sediment. 

 

Discussion 

 
Lake sediments are an important part of lake ecosystem and 

sediment microorganisms play an important role in the geo-

biological-chemical circulation of the entire lake ecosystem 

(Taylor and Cunliffe 2015). It is of great significance to 

understand the response mode of sediment microorganisms 

to seasonal changes in order to maintain the stability of lake 

ecosystem. High-throughput sequencing technology can 

reveal the genetic diversity of microbial communities at the 

gene level. Currently, reports of using this technology in the 

study of microorganisms in lake water and sediment are 

increasing and highlighting the importance of this domain 

(Sun et al. 2014). 

In this study, the MiSeq sequencing platform of 

Illumina was used to study the composition of bacterial 

communities of surface sediments of Lake Dian in both 

summer and winter seasons. The results showed that 

bacteria of Lake Dian sediment with top 10 richness 

belonged to the Planctomycetes, Proteobacteria, 

Chloroflexi, Bacteroidetes, Actinobacteria, Acidobacteria, 

Firmicutes, Verrucomicrobia, Spirochaetes and OP3. These 

results co-relate with observations noticed at China's major 

freshwater lakes such as Taihu Lake and Poyanghu lake (Jin 

et al. 2017; Xue et al. 2017, 2018). All together, these 

studies show that sediment bacterial communities play an 

important role in the degradation of organic pollutants, 

carbon cycle and geo-biological-chemical circulation of 

the aquatic ecosystems (Cheng et al. 2014). A recent study 

indicated that Proteobacteria were usually the main 

prokaryotes in the water environment (Ke et al. 2015), 

including phototrophic, chemoautotrophic and 

chemoheterotrophic bacteria, which are generally 

distributed in the water environment. 

Proteobacteria were the main bacteria in the summer 

sediment of Lake Dian, whereas in winter season, the 

average relative richness of Proteobacteria genus was 

greatly reduced, making it a non-dominant bacteria group. It 

is speculated that this might be related to damp and rainy 

climate in summer, and dry and less rain climate in winter. 

The amount of water flowing into the lake in summer is 

larger than that in winter, which brings more nutrients into 

Lake Dian and thus leading to an increase of organic matter 

content in this region. Appropriate nutritional conditions 

make it favorable for rapid multiplication of Proteobacteria, 

which became the most dominant bacteria group. It has 

been reported that Proteobacteria plays an important role in 

the degradation of organic matter. A variety of nitrogen-

fixing bacteria have been found in this phylum (Xue et al. 

2018). In addition, it was found that the average relative 

richness of Proteobacteria, which was the most dominant 

bacteria group in summer, has significantly decreased 

levels in winter and became the non-dominant bacteria 

group. The average relative richness of Planctomycetes, 

the secary dominant bacteria group, was significantly 

increased and became the most dominant bacteria group. 

This may be related to the low dissolved oxygen in surface 

sediments in winter. Temperature of sediments in winter 

is low and the metabolism of aquatic plants is weakened. 

 
 

Fig. 3: Cluster analysis of bacteria relative abundance in phylum level 

 

 
 

Fig. 4: PCA results of bacterial community 
 

 
 

Fig. 5: Number of sequences at each classification level 
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The substance exchange between plant roots and sediments 

is reduced, and the amount of water running into the lake 

drops sharply. As a result, the interaction between water and 

surface sediments is reduced resulting in decreased dissolved 

oxygen. This is favorable for Planctomycetes propagation in 

the lake. The selective propagation of Planctomycetes 

inhibits the growth of Proteobacteria. Planctomycetes is 

mainly facultative anaerobic bacteria, while the others are 

strictly anaerobic autotrophic bacteria (Marinho et al. 2017). 

Study finds that some of the floating molds can perform 

anaerobic ammonia oxidation reaction under anaerobic 

conditions (Yao et al. 2017). It can be inferred that there may 

be anammox activities in the surface sediments of Lake Dian 

especially in winter. Chloroflexi is a photoautotrophic 

bacterium responsible for degradation of organic pollutants. 

The eutrophic conditions of Lake Dian provide this type of 

bacterium an obvious survival advantage (Jiang et al. 2018). 

Secly, this group is the main group in the sediments with low 

hydrate but abundant organic matter. The frequency of 

finding such groups in the sediments without hydrate is 

much higher than that in the sediments with hydrate. The 

presence or absence of this group can be used as an 

important indicator to determine whether the sediments 

contain hydrate or not (Wasmund et al. 2015). 

Our results demonstrate that more and more sequences 

and OTU cannot be classified into already known taxon with 

the reduction of classification level. At the genus level, 

nearly 28.97% of the bacteria have not been classified, which 

means that there are still many unknown bacteria species to 

be discovered in the sediments of Lake Dian. It also indicates 

that the detection capability of the MiSeq sequencing 

platform developed by Illumina decreases with the decrease 

of classification level. This is related to the short MiSeq 

sequencing reading. Since MiSeq sequencing cannot 

sequence all the 9 variable regions of 16S rDNA, only 1–3 

variable regions are usually selected as sequencing regions. 

In this study, only one variable region (V4 region) of 16S 

rDNA was selected for sequencing. The average length of 

the sequence was about 254 bp. Because of the short reading 

length, the resolution of species annotation for gene-level 

sequences was subsequently low. With the decrease of the 

classification level, the richness of rare bacteria (Others 

group) in the sediments in summer and winter increased, and 

the richness of bacteria in summer was significantly higher 

than that observed in winter, indicating that the species of 

low-richness group in the sediments in summer was 

significantly higher than that noticed in winter. 
 

Conclusion 
 

The sediment in summer had higher diversity and richness 

of bacterial community than in winter season. The bacteria 

of summer sediments mainly belonged to the Proteobacteria 

phylum, followed by Planctomycetes, Chloroflexi and 

Bacteroidetes phyla. The bacteria of winter sediments 

mainly belonged to the Planctomycetes phylum. In summer, 

the average relative richness of Planctomycetes phylum was 

significantly lower than that of winter, and that of remaining 

9 phyla was significantly higher than that noticed in winter. 

The species and richness of sediment dominant flora 

showed significant seasonal differences. 
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Table 3: The relative abundance of bacteria in phylum level 
 

Season Planctomycetes Proteobacteria Chloroflexi Bacteroidetes Actinobacteria Acidobacteria Firmicutes Verrucomicrobia Spirochaetes OP3 Others 

Summer 10.51 ±  
1.20 b 

53.28 ±  
4.67 a 

7.99 ±  
1.62 a 

7.53 ±  
0.92 a 

2.86 ±  
0.49 a 

2.62 ±  
0.40 a 

2.03 ±  
0.79 a 

1.93 ±  
0.70 a 

1.41 ±  
0.30 a 

1.21 ±  
0.52 a 

8.64 ±  
2.37 a 

Winter 95.71 ±  

0.74 a 

2.68 ±  

0.78 b 

0.17 ±  

0.05 b 

0.36 ±  

0.08 b 

0.36 ±  

0.10 b 

0.11 ±  

0.02 b 

0.03 ±  

0.00 b 

0.09 ±  

0.02 b 

0.05 ±  

0.01 b 

0.02 ±  

0.01 b 

0.42 ±  

0.08 b 
Note: Different lowercase letters indicate significant difference at alpha =0.05 level, same below 

 

Table 4: The relative abundance of bacteria in class level 
 

Season Brocadiae Betaproteobact

eria 

Gammaprote

obacteria 

Deltaprote

obacteria 

Anaerolineae Bacteroidia Alphaproteob

acteria 

Actinobact

eria 

Sphingobacte

riia 

Verruco-5 Others 

Summer 9.07 ± 
 1.88 b 

25.48 ±  
4.37 a 

12.57 ±  
0.77 a 

10.83 ±  
1.35 a 

7.73 ±  
1.64 a 

4.85 ± 
0.78 a 

4.31 ±  
0.72 a 

2.36 ± 
0.52 a 

1.45 ±  
0.24 a 

1.18 ±  
0.50 a 

20.16 ±  
3.98 a 

Winter 95.66 ± 

 0.75 a 

0.66 ±  

0.24 b 

0.95 ±  

0.34 b 

0.37 ±  

0.03 b 

0.14 ± 

0.05 b 

0.10 ±  

0.02 b 

0.69 ±  

0.17 b 

0.33 ±  

0.10 b 

0.18 ±  

0.06 b 

0.06 ±  

0.01 b 

0.86 ±  

0.12 b 

 

Table 5: The relative abundance of bacteria in genus level 
 

Season Candidatus 
Brocadia 

Dechloromonas Thiobacillus Neisseria Crenothrix Sulfuritalea Dok59 Geobacter Desulfobacterium Clostridium Others 

Summer 8.22 ±  

1.70 b 

10.78 ±  

2.68 a 

2.87 ±  

0.69 a 

0.92 ±  

1.43 a 

1.53 ±  

0.46 a 

1.01 ±  

0.44 a 

0.93 ±  

0.49 a 

0.90 ±  

0.45 a 

1.10 ±  

0.12 a 

0.66 ±  

0.47 a 

71.08 ±  

4.21 a 

Winter 92.96 ±  
0.60 a 

0.10 ±  
0.05 b 

0.04 ±  
0.01 b 

0.00 ±  
0.00 a 

0.05 ±  
0.00 b 

0.01 ±  
0.00 b 

0.01 ±  
0.00 b 

0.02 ±  
0.01 b 

0.04 ±  
0.01 b 

0.01 ±  
0.00 a 

6.75 ±  
0.68 b 

 



 

Bacterial Diversity of Lake Sediment / Intl J Agric Biol, Vol 23, No 3, 2020 

 565 

References 
 

Bier RL, KA Voss, ES Bernhardt (2015). Bacterial community responses to 

a gradient of alkaline mountaintop mine drainage in central 
appalachian streams. ISME J 9:1378–1390 

Caporaso JG, CL Lauber, WA Walters, D Berg-Lyons, CA Lozupone, PJ 

Turnbaugh, N Fierer, R Knight (2011). Global patterns of 16S rRNA 
diversity at a depth of millions of sequences per sample. Proc Natl 

Acad Sci USA 108:4516–4522 

Cheng W, JX Zhang, Z Wang, M Wang, SG Xie (2014). Bacterial 
communities in sediments of a drinking water reservoir. Ann 

Microbiol 2:875–878 

Conn KE, MY Habteselassie, BA Denene, RT Noble (2015). Microbial 
water quality before and after the repair of a failing onsite 

wastewater treatment system adjacent to coastal waters. J Appl 

Microbiol 1:214–224 
Desantis TZ, P Hugenholtz, N Larsen, M Rojas, EL Brodie, K Keller, T 

Huber, D Dalevi, P Hu, GL Andersen (2006). Greengenes, a chimera 

- checked 16S rRNA gene database and workbench compatible with 
ARB. Appl Environ Microbiol 7:5069‒5072 

Edgar RC (2013). Uparse: highly accurate OTU sequences from microbial 

amplicon reads. Nat Meth 10:996–998 
Edgar RC, BJ Haas, JC Clemente, C Quince, R Knight (2011). Uchime 

improves sensitivity and speed of chimera detection. Bioinformatics 

16:2194–2200 
Fan S, B Wang, H Liu, S Gao, T Li, S Wang, Y Liu, X Liu, Y Wan (2017). 

Trophodynamics of organic pollutants in pelagic and benthic food 

webs of Lake Dianchi: importance of ingested sediment as uptake 
route. Environ Sci Technol 24:14135‒14143 

Gibbons SM, E Jones, A Bearquiver, F Blackwolf, W Roundstone, N Scott, 

J Hooker, R Madsen, ML Coleman, JA Gilbert (2014). Human and 
environmental impacts on river sediment microbial communities. 

PLoS One 5:1‒9 

Haglund AL, E Tornblom, B Bostrom, L Tranvik (2002). Large differences 
in the fraction of active bacteria in plankton, sediments, and biofilm. 

Microb Ecol 2:232–241 

Hess M, A Sczyrba, R Egan, TW Kim, H Chokhawala, G Schroth, SJ Luo, 
DS Clark, F Chen, T Zhang, RI Mackie, LA Pennacchio, SG Tringe, 

A Visel, T Woyke, Z Wang, EM Rubin (2011). Metagenomic 

discovery of biomass - degrading genes and genomes from cow 

rumen. Science 616:463–467 

Hugerth LW, HA Wefer, S Lundin, HE Jakobsson, M Lindberg, S Rodin, L 
Engstr, AF Andersson 2014. DegePrime, a program for degenerate 

primer design for broad – taxonomic - range PCR in microbial 

ecology studies. Appl Environ Microbiol 16:5116–5123 
Ibekwe AM, J Ma, SE Murinda (2016). Bacterial community composition 

and structure in an urban river impacted by different pollutant 

sources. Sci Total Environ 566‒567:1176‒1185 
Jiang QH, JN Wang, WP Li, X Li, JQ Bao, XY Wang (2018). Spring 

phytoplankton community structure in Nanhai Wetland and its 

relationship with water quality. Arid Land Plant Resour., Proc Intl 
Arid Lands Conf 8:166–171 

Jiang YM, C Zhang, XL Huang, CY Ni, JF Wang, PF Song, ZB Zhang 

(2016). Effect of heavy metals in the sediment of Poyang Lake 
estuary on microbial communities structure base on Mi - seq 

sequencing. Chin Environ Sci 11:3475–3486 

Jin X, W Kou, H Yu, Y Liu (2017). Environmental factors influencing the 

spatial distribution of sediment bacterial community structure and 
function in Poyang Lake. Res J Environ Sci 4:529–536 

Johnson GC, JL Krstolic, BJ Ostby (2014). Influences of water and 

sediment quality and hydrologic processes on mussels in the Clinch 
River. J Amer Water Resour Assoc 4:878–897 

Ke X, C Wang, D Jing, Y Zhang, H Zhang (2015). Assessing water quality 

by ratio of the number of dominant bacterium species between 
surface/subsurface sediments in Haihe River Basin. Mar Pollut Bull 

1‒2:267‒273 

Li YH, QG Xu, Y Zhao, Q Li, ZM Wei, XY Zhao (2013). Bacterial 
community structure in different spatial distribution of Songhua 

Lake. J Agro-Environ Sci 4:764–770 

Marinho MC, OM Lage, J Catita, SC Antunes (2017). Adequacy of 
planctomycetes as supplementary food source for daphnia magna. 

Anton Van Leeuwenhook 3:1–16 

Sun PP, B Xie, YM Song, H Yang, YH Wang (2017). Historical trends of 
polycyclic aromatic hydrocarbons in the reservoir sediment of the 

Dianchi Watershed, Southwest china. Bull Environ Contam Toxicol 

1:117–124 

Sun ZH, WJ Liu, QH Bao, JC Zhang, QC Hou, L Kwok, TS Sun, HP Zhang 

(2014). Investigation of bacterial and fungal diversity in tarag using 

high - throughput sequencing. J Dairy Sci 10:6085–6096 
Taylor JD, M Cunliffe (2015). Polychaete burrows harbour distinct 

microbial communities in oil - contaminated coastal sediments. 

Environ Microbiol Rep 4:606–613 
Wang Q, GM Garrity, JM Tiedje, JR Cole (2007). Naive Bayesian classifier 

for rapid assignment of rRNA sequences into the new bacterial 
taxonomy. Appl Environ Microbiol 16:5261–5267 

Wasmund K, C Algora, J Müller, M Krüger, KG Lloyd, R Reinhardt, L 

Adrian (2015). Development and application of primers for the class 
dehalococcoidia (phylum chloroflexi) enables deep insights into 

diversity and stratification of subgroups in the marine subsurface. 

Environ Microbiol 10:3540–3556 
Xue YG, XD Jiang, M Sun, F Liu, JQ Teng, JJ Geng, WL Xie, H Zhang, 

XY Chen (2018). The diversity of bacterial communities in the 

sediment of different Ake zones of Lake Taihu in winter. Chin 
Environ Sci 2:719–728 

Xue YG, XD Jiang, M Sun, F Liu, JQ Teng, JJ Geng, WL Xie, H Zhang 

(2017). Structure and diversity profiles of planktonic and sediment 
bacteria communities in the zhushan bay of Lake Taihu in winter 

based on high - throughput sequencing. J Ecol Rural Environ 

11:992–1000 
Yang J, LA Ma, H Jiang, G Wu, H Dong (2016). Salinity shapes microbial 

diversity and community structure in surface sediments of the 

Qinghai - Tibetan Lakes. Sci Rep 1:1‒6 
Yang WQ, H Xiao, Y Li, DR Miao (2018). Vertical distribution and 

release characteristics of phosphorus forms in the sediments from 

the river inflow area of Dianchi lake, China. Chem Speciat 
Bioavail 1:14–22 

Yao F, B Liu, DP Wang, XY Hou (2017). Start - up of anammox enrichment 

with different inoculated sludge and analysis of microbial 
community structure shift. Acta Sci Circumst 7:2543–2551 

Zou R, Z Wu, L Zhao, YH Chen, YH Yu, Y Liu (2017). Nutrient cycling 

flux of lake dianchi: a three - dimensional water quality modelling 
approach. J Lake Sci 4:819–826 

http://med.wanfangdata.com.cn/Paper/Search?q=%e4%bd%9c%e8%80%85%3a(Christopher%2c+Quince)
https://www.ncbi.nlm.nih.gov/pubmed/29161512
http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=GHZH201808025&v=MTEzODdmYitkdkZDbmxWci9CSWlYUlpyRzRIOW5NcDQ5SFlZUUtESDg0dlI0VDZqNTRPM3pxcUJ0R0ZyQ1VSTE8=&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EWnB6dGRCc0cwcjRLY1NFT284SHNqaz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=GHZH201808025&v=MTEzODdmYitkdkZDbmxWci9CSWlYUlpyRzRIOW5NcDQ5SFlZUUtESDg0dlI0VDZqNTRPM3pxcUJ0R0ZyQ1VSTE8=&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EWnB6dGRCc0cwcjRLY1NFT284SHNqaz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=GHZH201808025&v=MTEzODdmYitkdkZDbmxWci9CSWlYUlpyRzRIOW5NcDQ5SFlZUUtESDg0dlI0VDZqNTRPM3pxcUJ0R0ZyQ1VSTE8=&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EWnB6dGRCc0cwcjRLY1NFT284SHNqaz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=GHZH201808025&v=MTEzODdmYitkdkZDbmxWci9CSWlYUlpyRzRIOW5NcDQ5SFlZUUtESDg0dlI0VDZqNTRPM3pxcUJ0R0ZyQ1VSTE8=&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EWnB6dGRCc0cwcjRLY1NFT284SHNqaz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=ZGHJ201802042&v=Mjk4NjBGckNVUkxPZmIrZHZGQ25sVnIvQlB5ckRaTEc0SDluTXJZOUJab1FLREg4NHZSNFQ2ajU0TzN6cXFCdEc=&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EWnB6dGRCc0cwcjRLY1NFT284SHNqaz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=ZGHJ201802042&v=Mjk4NjBGckNVUkxPZmIrZHZGQ25sVnIvQlB5ckRaTEc0SDluTXJZOUJab1FLREg4NHZSNFQ2ajU0TzN6cXFCdEc=&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EWnB6dGRCc0cwcjRLY1NFT284SHNqaz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=ZGHJ201802042&v=Mjk4NjBGckNVUkxPZmIrZHZGQ25sVnIvQlB5ckRaTEc0SDluTXJZOUJab1FLREg4NHZSNFQ2ajU0TzN6cXFCdEc=&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EWnB6dGRCc0cwcjRLY1NFT284SHNqaz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=ZGHJ201802042&v=Mjk4NjBGckNVUkxPZmIrZHZGQ25sVnIvQlB5ckRaTEc0SDluTXJZOUJab1FLREg4NHZSNFQ2ajU0TzN6cXFCdEc=&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EWnB6dGRCc0cwcjRLY1NFT284SHNqaz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=NCST201711006&v=MTIxODc0SDliTnJvOUZZb1FLREg4NHZSNFQ2ajU0TzN6cXFCdEdGckNVUkxPZmIrZHZGQ25sVnIvQkt5N1llckc=&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EWnB6dGRCc0cwcjRLY1NFT284SHNqaz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=NCST201711006&v=MTIxODc0SDliTnJvOUZZb1FLREg4NHZSNFQ2ajU0TzN6cXFCdEdGckNVUkxPZmIrZHZGQ25sVnIvQkt5N1llckc=&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EWnB6dGRCc0cwcjRLY1NFT284SHNqaz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=NCST201711006&v=MTIxODc0SDliTnJvOUZZb1FLREg4NHZSNFQ2ajU0TzN6cXFCdEdGckNVUkxPZmIrZHZGQ25sVnIvQkt5N1llckc=&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EWnB6dGRCc0cwcjRLY1NFT284SHNqaz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=NCST201711006&v=MTIxODc0SDliTnJvOUZZb1FLREg4NHZSNFQ2ajU0TzN6cXFCdEdGckNVUkxPZmIrZHZGQ25sVnIvQkt5N1llckc=&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EWnB6dGRCc0cwcjRLY1NFT284SHNqaz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=NCST201711006&v=MTIxODc0SDliTnJvOUZZb1FLREg4NHZSNFQ2ajU0TzN6cXFCdEdGckNVUkxPZmIrZHZGQ25sVnIvQkt5N1llckc=&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EWnB6dGRCc0cwcjRLY1NFT284SHNqaz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

