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Abstract: [Background] The bacterial and microeukaryotic communities in activated sludge
(AS) play crucial roles in wastewater treatment. However, limited information is available
regarding the microbial generalists and specialists in AS. [Objective] Aims to study the
relationships between environmental factors and AS microbial generalists and specialists, and
explore the community assembly mechanisms, evolutionary rates, and diversification potential of
AS microbial generalists and specialists. [Methods] Amplicon sequencing and multivariate
statistical analysis were employed to explore the community structures of AS microbial
generalists and specialists from wastewater treatment plants located in the southeastern coastal
region of China. Additionally, the infer community assembly mechanisms by
phylogenetic-bin-based null model analysis (iCAMP) was conducted to explore the assembly
mechanisms of those groups, while the evolutionary rates were assessed by the binary-state
speciation and extinction (BiSSE) model. [Results] The community structures of bacterial
generalists and specialists were significantly correlated with electrical conductivity, ammonia
nitrogen, and nitrite nitrogen, while the total nitrogen was the primary factor influencing the
community structures of the microeukaryotic generalists and specialists. However, electrical
conductivity and nitrite nitrogen played major roles in shaping the microeukaryotic specialists.
Stochastic processes played a dominant role in the community assembly of both bacteria and
microeukaryotes in AS, especially for the generalists than the specialists as well as for the
microeukaryotes than the bacteria. Bacteria exhibited higher speciation rates and lower extinction
rates than microeukaryotes, which suggested higher diversification potential. The specialists
exhibited higher speciation rates, extinction rates, and diversification potential than the
generalists. [Conclusion] Ammonia nitrogen, nitrite nitrogen, and electrical conductivity were
significant environmental factors influencing the community structures of bacterial generalists
and specialists, and microeukaryotic specialists. Stochastic processes mainly drove the
community assembly of the generalists and specialists. Moreover, the AS generalists and
specialists exhibited different speciation rates.

Keywords: activated sludge; microbial generalists and specialists; community assembly;
speciation rate
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Figure 1 Principal coordinates analysis of the whole communities, generalists and specialists of the

microbiome in the activated sludge. A: Bacteria. B: Microeukaryote; W1-W7: seven wastewater treatment

plants.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3932 WAEY

FIER

Microbiol. China

SR RREE IR, AR RIRAE R A
RBEAE EHEW BARE 2). ZE HT ] (Proteobacteria,
32.3%) FlJEBE T | ] (Firmicutes, 27.2%) /% 40 12
FEFPROOESATT, 4RSI (Chloroflexi, 22.5%) .
AN GEFT 1] (Ignavibacteriae, 20.8%)F1725 T
I"J(Proteobacteria, 17.6%)7x 2 b 4 A il (1) AH X
FREE . 5 TR A ¥ (Opisthokonta, 62.4%)F1
T T4 (Archaeplastida, 25.1%) 2 15 ELA% A= )
AL L SR, T 2 30 B 26 (Alveolata,

73.6%) U LA AE W RE AL B AN = B R
2.2 ZUHFRSFEFSINERTFRIME XM
Spearman AHK/FHT4E R BIR, NO,-N 5
NH,-N, DL & TN 5 NO; -N Z [A] ¥ 5 & 3 1E A
K(P<0.01), IEEFI NH, -N £ B2 EH
%(P<0.05, & 3), Mantel test 4588, EC,
NH,"-N Fl NO, -N J& 5% 1 1 1 15 1 41 TR B (R
7 | IZACFPRUERE A Y 32 K (P<0.05), 1M 1
WANERRES NH,-N ERFAE B L8

* 1 EMEREMEMEELEIIN Adonis 421
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3§, Domain 412 Group [X ¥ Factor Adonis (R?) Adonis (P)
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A B
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Figure 2 Relative abundance of the whole communities, generalists and specialists of the microbiome in the
activated sludge. A: Bacteria, phylum level. B: Microeukaryote, supergroup level.
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Figure 3 Correlations between the microbial communities and environmental factors in the activated sludge. A:
Bacteria. B: Microeukaryote. COD _remov; COD removal rate, NH,-N remov: NH;-N removal rate;
TN_remov: TN removal rate, TP_remov: TP removal rate; The color of the rectangle represents the correlation
between biotic and abiotic environmental factors (based on the Spearman correlation coefficient); Mantel test was

used to examine the correlations between the microbial communities and environmental factors. The width of the
line represents the size of the Mantel’s R, and the color of the line represents the size of the Mantel’s P.
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Figure 4 Community assembly processes of the bacterial and microeukaryotic communities of the activated
sludge. A, B: The relative proportions of ecological processes among bacteria and microeukaryotes; C, D:

The relative contributions of stochastic and deterministic factors in the community assembly processes of
bacteria and microeukaryotes.
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Figure 5 Estimation of evolutionary characteristics for the microbial generalists and specialists based on the
binary-state speciation and extinction model. A: Bacteria. B: Microeukaryote. The width of the arrow

represents the relative speed size.
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