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Effects of silt particles, ammonia nitrogen and water content on
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Abstract: [Background] Anaerobic ammonium oxidation (anammox) bacteria, members of the phylum
Planctomycetes, which drive effective N-removal of high concentration ammonia from municipal or
industrial wastewater, are designated as eco-friendly microorganisms. However, the structural and
functional differentiation of Planctomycetes communities across space and the main environmental drivers
have not been paid much attention. [Objective] To elucidate the spatial differentiation of Planctomycetes
community structure and the main environmental factors driving associated anammox or denitrification.
[Methods] 16S rRNA gene high-throughput sequencing was used to detect the spatial distribution changes
of Planctomycetes community structure in sandy or silty sediments/soils of river ecosystem from the
temperate semi-arid region. Meanwhile, statistical method was used to analyze the effect of
physicochemical factors such as silt particles and water content on the structural differentiation of
Planctomycetes communities. [Results] OM190 ub o o. ol population was mainly distributed in
oligotrophic sandy sediments, only positively driven by sand particles. OM190 o o o. 02 and SM1A02. ub5
populations were mainly distributed in mesotrophic silty-sandy soils, positively driven by water content
and pH, etc. AKYGS587. ub3, Plad lineage o o o. 06, Singulisphaera o7, Singulisphaera ub8 and
Planctomycetaceae_u. ub9 populations were mainly distributed in copiotrophic silty soils, positively
driven by the clay and silt particles, salinity, organic carbon, total nitrogen, total phosphorus and nitrate
nitrogen. Although Phycisphaera ub4 population was preferentially distributed in mesotrophic silty-sandy
soils, it displayed a tendency from mesotrophs to copiotrophs, negatively driven by nitrate nitrogen. The
entire populations were negatively driven by ammonia nitrogen. Variation partitioning analysis showed
that silt particles, ammonia nitrogen, water content contributed to the spatial variation of Planctomycetes
communities with 52.7%, 10.4%, 10.3%, respectively. [Conclusion] Planctomycetes communities of river
ecosystem in temperate semiarid showed obvious spatial differentiation characteristics, mainly driven by
soil/sediment silt particles, ammonia nitrogen and water content. Planctomycetes communities in
copiotrophic silty soil might be particle-attached heterotrophic denitrifying bacteria, while Planctomycetes
communities in oligotrophic silty soils might be free-living autotrophic ammonia oxidizing or denitrifying
bacteria with high affinity for ammonia nitrogen and nitrate nitrogen, respectively. This study provides a
scientific basis for the efficient application of ammonia oxidizing bacteria and denitrifying bacteria
associated with Planctomycetes to biological removal of high concentration ammonia from polluted
systems.

Keywords: Temperate semi-arid region, River ecosystem, Planctomycetes community, Structural and functional
differentiation, Main environmental factors
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Figure 1

Environmental factors affecting differentiation of Planctomycetes communities related to anammox or

denitrification (A) and the design of sampling sites in this study (B)
T T, T2: BiFREERREIRAG; WL W2 BFRILZ i rhESRIREE; R2. R3: BPRIZEXI LA B IR IAEE; R B4

XTI SEE TR IR

Note: T1 and T2: Copiotrophic environment with rich silt and clay particles; W1 and W2: Mesotrophic environment deficient in silt and clay
particles; R2 and R3: Eutrophic environment dominated by rich silt particles; R1: Oligotrophic environment dominated by rich sand

particles.
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Table 1 The physicochemical properties of sediment/soil from Xilin River ecosystem of semiarid region

A Fke kL A Koy pH & AR SR SR ALK A AR
Sample Clay (%) Silt (%) Sand (%) WC (%) DS (mg/kg) AM (mg/kg)NR (mg/kg) TOC (g/kg) TN (g/kg) TP (g/kg)
R11 0.00 0.03 99.97 17.95 8.03 0.3l 1.04 5.17 2.57 0.44 0.08
R12 0.00 0.06 99.94 17.85 8.05 0.29 1.12 5.83 2.53 0.42 0.11
R13 0.00 0.04 99.96 17.92 8.04 032 1.06 5.25 2.55 0.43 0.13
R14 0.00 0.02 99.98 17.84 791 022 1.00 3.77 2.34 0.32 0.08
RI15 0.00 0.03 99.97 17.92 8.04 0.3l 1.05 5.17 2.57 0.43 0.09
R16 0.00 0.02 99.98 17.94 8.02 032 1.03 5.16 2.58 0.45 0.07
R21 1.61 4.40 93.99 20.23 836 1.27 38.42 14.53 7.17 0.99 0.22
R22 1.65 4.60 93.75 20.18 831 1.18 26.48 5.89 7.19 1.06 0.27
R23 1.61 4.40 93.99 20.22 835 1.29 39.47 14.58 7.17 0.98 0.23
R24 1.61 4.30 94.09 20.23 837 126 36.38 14.49 7.15 0.99 0.22
R31 1.66 4.50 93.84 23.17 875 124 23.74 7.63 24.54 1.97 0.36
R32 1.64 4.70 93.66 24.05 8.67 1.21 26.89 11.15 24.27 1.92 0.33
R33 1.63 4.60 93.77 24.14 8.65 1.18 20.74 5.91 24.35 1.88 0.31
R34 1.67 4.50 93.83 23.19 8.74 123 2391 8.28 24.60 1.98 0.36
R35 1.65 4.40 93.95 22.16 873 122 23.86 8.22 24.57 1.96 0.37
Wil 0.00 1.53 98.47 22.24 8.62 1.08 7.73 4.51 8.88 1.14 0.26
W12 0.02 1.59 98.39 21.19 872 1.13 10.95 6.31 9.13 1.23 0.31
W13 0.00 1.51 98.49 2221 8.59 1.07 8.18 5.01 8.89 1.12 0.27
w14 0.00 1.56 98.44 22.25 8.66 1.09 8.17 5.07 8.87 1.16 0.28
w21 2.86 16.19 80.95 20.88 8.64 132 7.92 9.42 10.69 1.26 0.33
w22 2.17 16.62 81.21 20.69 8.67 1.29 6.41 10.68 10.91 1.29 0.32
w23 3.89 19.96 76.15 19.28 8.49 1.39 6.86 8.08 11.05 1.37 0.38
T11 13.22 24.84 61.94 15.78 8.35 1.81 6.73 17.69 14.54 2.83 0.61
T12 15.18 22.14 62.68 15.19 823 1.84 6.50 17.94 15.02 2.88 0.66
T13 14.74 23.29 61.97 15.26 8.19 1.76 5.73 19.28 14.50 2.92 0.63
T14 16.02 24.01 59.97 15.37 828 1.79 5.38 16.31 15.05 2.95 0.64
T15 13.21 2491 61.88 15.76 831 1.82 6.76 17.73 14.52 2.79 0.63
T16 13.17 24.68 62.15 15.79 837 1.81 6.74 17.68 14.57 2.86 0.57
T21 6.15 22.04 71.81 14.37 841 175 6.91 16.17 13.97 2.59 0.69
T22 6.88 22.19 70.93 14.96 839 1.83 5.44 18.86 13.99 2.64 0.72
T23 5.79 21.67 72.54 14.55 842 1.74 9.17 21.24 13.45 2.55 0.68
T24 6.18 22.03 71.79 14.36 8.43 1.75 6.88 16.64 13.98 2.56 0.71
T25 6.16 22.06 71.78 14.38 8.42 1.76 6.97 16.67 13.95 2.58 0.68
T26 5.18 20.15 74.67 14.42 8.49 1.81 6.38 16.33 13.35 2.43 0.65

W RPBUENE 3 ANEENFIE; Bk <2pm; Byki: 2-20 pm; BPKZ: >20 pm.
Note: The values represented the average of three replicates. Clay: <2 pm; Silt: 2—20 pum; Sand: >20 um. WC: Water content; DS: Dissolved
salt; AM: Ammonia nitrogen; NR: Nitrate nitrogen; TOC: Total organic carbon; TN: Total nitrogen; TP: Total phosphorus.
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{d7F Trimmomatic 1 FLASH # /A AL B3GR 5t
1P, i UPARSE HAFE 97% AU KF I
W1 844324 Fi T (operational taxonomic unit, OTU)
REOREHIBR A1, FIH RDP classifier X}4F
SRITHNIA T2, ARIUIEIRE] 97%09 OTU IH
] —Fhanwh, R RAITS SILVA $idEE
(SSU128)iH1 T8 LA (FEXTBE 70%), FAFHARRY
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Table 2  All bacterial species from phylum Planctomycetes

[ 51 3 r S5 HEAS R 221 . SR SPSS 20.0 AT
Pearson AHCHESMT. MEBEAEY =iHHE Y&
(BMKCloud)/ & R 1575 #17 Heatmap & 47
H CANOCO 5.0 Xf Planctomycetes B35 S5HVKL . K5
R FEARL. KA. pH. WEMEMEEY . ALK . 4
A, . AR . SRS RFHTIUR ST
(redundancy analysis, RDA), LINFAANIREEE T3
W Planctomycetes % 25k 2 (B84 0 A8 AL EE 73
Mr(variation partitioning analysis, VPA).

2 GRS
21 SEBEENFERIHT

34 AU/ LSRR AR LT 3 115 787 A54IJ5
J¥511(459 bp), 7 97% UL FXi73 43 830 4>
OTU #1791 FhefTa, HJEmT 37 12K, YR
BHEFET 5 AT 1284FE Proteobacteria 357 Fili
Bacteroidetes 88 Tl | Actinobacteria 87 Fh |
59 FF . Firmicutes 45 |
Planctomycetes 9 FHl Tenericutes 55 11 A~ 128445
A 1YIF . 37T IR s AR B
HAFFEE T T (Bacteroidetes) (R16, 18.79%), FJEH
B W ok B R FF B 1] (Acidobacteria) (T21 ,
11.03%), % &l ] (Planctomycetes) i L 3FvHy
FhAEXT EEEHEE M EE 191 7, SRARHEEI]
(Planctomycetes) ] 9 4l [ 3K J8 T OM190 .
Phycisphaerae . Plad lineage . Planctomycetaci %

AN 8 R, THERLER 2.

Acidobacteria

I £ H 28 & i G

Phylum Class Order Family Genus Species Codes

Planctomycetes OM190 Uncultured bacterium Other Other Other OM190 ub o o.ol
Other Other Other Other OM190 o o 0.02

Phycisphaerae  Phycisphaerales

Pla4 lineage Other Other
Planctomycetacia Planctomycetales

Phycisphaeraceae AKYG587

Planctomycetaceae Singulisphaera Other

Uncultured bacterium AKYG587. ub3
Phycisphaera  Uncultured bacterium Phycisphaera ub4
SM1A02 Uncultured bacterium SM1A02. ub5

Other Other Pla4 lineage o o 0. 06
Singulisphaera o7
Uncultured bacterium Singulisphaera ub8

Uncultured Uncultured_bacterium Planctomycetaceae u. ub9

Note: u: Uncultured; o: Other; ub: Uncultured bacterium; The number represented the serial number of each species.
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Figure 2 Spatial differentiation of single and total populations from Planctomycetes communities in river ecosystem,
temperate semi-arid region
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Figure 3 Similarity analysis among samples based on heatmap of different populations from Planctomycetes
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Table 3 Pearson correlations between sediment/soil environmental factors and different populations of Planctomycetes

Tl e Mk WL fkiE pH WL SA 2R e AR HSA
Populations Clay Silt Sand WwC DS TOC N TP AM NR
OM190_ub_o_o. ol —0.122 —0.213  0.188 —0.286 —0.697** —0.621** —0.475** —0.380* —0.363* —0.623** —0.314
OM190_o_o_o. 02 —0.168 0.070 0.011 0.330 0.450** 0.023 -0.032 —-0.165 —0.113 —-0.150 —-0.235
AKYG587. ub3 0.457*%*% 0.701** —.0639** —0.675** —0.019  0.579** 0.179 0.614** 0.737** —0.269  0.638**
Phycisphaera ub4 0.050  0.089 —0.078  0.242 0.378*  0.114 0.008 0.010 0.008 —0.202  —0.135
SMI1AO02. ub5 —0.488%*—0.446** 0.476** 0.455** (.144 —0.472%* —0.349* —0.539** —0.507** —0.306 —0.663**
Pla4_lineage_o_o_0.06 0.634** 0.715** —0.710%* —0.597** —0.006  0.639** 0.244 0.669** 0.692** —0.170  0.709**
Singulisphaera o7 0.702** 0.649** —0.689** —0.616** —0.152  0.560** 0.187 0.645** 0.651** —0.269  0.651%**
Singulisphaera ub8 0.769** 0.695*%* —0.744** —0.598** —0.144  0.583** 0.194 0.665** 0.665** —0.297  0.654**
Planctomycetaceae_u.ub9 0.664** 0.787** —0.770** —0.658** 0.007 0.661** 0.203 0.691** 0.768** —0.331  0.683**

TE: e 7E 0.05 ZKP-COUI) b BEARIG s **: £E 0.01 ACF-CRUIN)_E 12 5 A1
Note: *: Correlation was significant at the 0.05 level (2-tailed); **: Correlation was significant at the 0.01 level (2-tailed). WC: Water content;
DS: Dissolved salt; TOC: Total organic carbon; TN: Total nitrogen; TP: Total phosphorus; AM: Ammonia nitrogen; NR: Nitrate nitrogen.
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Figure 4 Redundancy analysis of different populations from Planctomycetes communities and environmental factors (A)
and variation partitioning analysis of environmental factors (B)

Note: Plan-1: OM190 ub o o. ol; Plan-2: OM190 o o o. 02; Plan-3: AKYG587. ub3; Plan-4: Phycisphaera ub4; Plan-5: SM1A02. ub5;
Plan-6: Pla4 lineage o o o. 06; Plan-7: Singulisphaera o7; Plan-8: Singulisphaera ub8; Plan-9: Planctomycetaceae u. ub9.
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Figure 5 The relationship between different populations from Planctomycetes communities and silt particles (A), water
content (WC) (B) and ammonia nitrogen (AM) (C) based on linear regression analysis
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Figure 6 Redundancy analysis of anammox populations from Planctomycetes communities™ based on 16S rRNA gene and

environmental factors (A) and variation partitioning analysis (B)
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