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Community structure and function predication of bacterial
communities in the upper reaches of the Three Gorges of the
Yangtze River
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School of Biological Sciences and Biotechnology, Beijing Forestry University, Beijing 100083, China

Abstract: [Objective] This paper aims to reveal the bacterial community structure in the Three Gorges of
the Yangtze River, the topological properties of co-occurrence network and its hub microorganisms, and the
metabolic functions of the bacterial community. [Methods] Water samples were collected from the
mainstream and four tributaries (Xiangxi River, Daning River, Zhuyi River, and Meixi River) of the
Yangtze River. PacBio 16S rRNA high-throughput sequencing and bioinformatics analysis were performed
to elucidate the bacterial community structure and Tax4Fun was employed to predict the metabolic
functions of the community. [Results] (1) The dominant phyla in the upper reaches of the Three Gorges of
the Yangtze River were Proteobacteria (66.4%), Bacteroidetes (13.2%), and Cyanobacteria (6.2%). In
Proteobacteria, Gammaproteobacteria was most abundant and followed by Alphaproteobacteria. The
diversity index and richness index implied the rich microbial species in the study area. (2) Co-occurrence
network formed a “small world” topology, and Sphingomonadaceae, Chloroflexi, Gemmataceae,
Flectobacillus, and Cryomorphaceae were the central microorganisms which played a crucial part in
maintaining the community structure and diversity. (3) A total of 6 functions in level 1 and 42 functions in
level 2, which mainly involved in metabolism and genetic information processing, were found in Tax4Fun
function prediction, suggesting the active metabolism of the bacterial community. [Conclusion] Bacterial
community in the upper reaches of the Three Gorges was of high diversity, and the hub microorganisms
were mainly rare microorganisms which played an important role in maintaining the community structure.
The bacterial community in the upper reaches of the Three Gorges featured abundant metabolic pathways,
which was beneficial to the health of the water body. Clarifying the distribution and interaction
characteristics of microbial community could lay a scientific basis for the healthy ecosystem development,

water resource utilization, and water environment improvement of the Yangtze River.

Keywords: upper reaches of the Three Gorges; bacterial community structure; co-occurrence network;
Tax4Fun function prediction
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Figure 2 Alpha diversity of samples of mainstream and tributaries. Richness index (A) and Shannon index
(B) of mainstream and tributaries. XX: Xiangxi River (#%{%i1); DN: Daning River (KT*i); ZY: Zhuyi
River (KA {T); MX: Meixi River (##7%77); CJ: mainstream of the Yangtze Rive (K7L ¥i).
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Figure 3 Microbial community structure and microbial indictors of the mainstream and tributaries. The
differences in microbial community structure were analyzed by NMDS (A), community composition of
bacteria in the phylum level (B), the family level (C), the genus level (D) and LEfSe analyses the differences
of four tributaries (E).

&1 ADONIS SiiEMBEZEMER
Table I ADONIS analyses the differences of community structure

Groups Df Sums of Sqs Mean Sqs F.Model R? Pr (>F)
ZY-XX 1(4) 0.231 68 (0.284 91)  0.231 682 (0.071 227) 3.2528 0.448 49 (0.551 51)  0.001 389
ZY-DN 14 0.482 86 (0.775 62)  0.482 86 (0.193 90) 2.490 2 0.383 69 (0.616 31)  0.001 389
ZY-MX 1(4) 0.18561(0.31760)  0.185 609 (0.079 401) 23376 0.368 85 (0.631 15)  0.001 389
XX-DN 1(4) 0.508 83 (0.725 65)  0.508 83 (0.181 41) 2.8049 0.412 18 (0.58782) 0.1
XX-MX 1(4) 0.229 61 (0.267 63)  0.229 609 (0.066 908) 3.4317 0.461 77 (0.538 23) 0.1
DN-MX 1(4) 0.379 23 (0.758 34)  0.379 23 (0.189 59) 2.000 3 0.333 37 (0.666 63) 0.2
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Table 2 Topological properties of the co-occurrence network and random network of the Yangtze River

Network Modularity Clustering coefficient Average path length Diameter Graph density Average degree
Real network 0.576 0.362 3.746 10 0.053 4.175
Random network  0.395 0.051 2.919 6 0.053 4.175
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B4 4T =0k biiFokisEaY 230 M 2%
Figure 4 Co-occurrence network in the upper reaches of the Three Gorges. (A) The nodes in network (right)
are colored by phylum, (left) are colored by modularity class. (B) Distribution patterns of the“hub nodes”.

R3 HIAMZHOPOHABEY

Table 3  Lists of central species of co-ooccurrene network

ID Phylum Class Order Family Genus Category
OTU_18  Proteobacteria  Alphaproteobacteria Sphingomonadales Sphingomonadaceae CRAT
OTU_22  Chloroflexi CRAT
OTU_102 Planctomycetes Planctomycetacia Unidentified Gemmataceae CRT
OTU_6 Bacteroidetes ~ Bacteroidia Cytophagales Spirosomaceae Flectobacillus ~ CRAT
OTU_74  Bacteroidetes  Bacteroidia Flavobacteriales ~ Cryomorphaceae CRAT
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