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Abstract: [Objective] This study aimed to elucidate the landward differentiation characteristics of
potential anoxygenic photosynthetic bacteria (AnPB) and their influencing factors in Xilin River Basin.
[Methods] Soil samples were collected along a landward gradient from the turbulent flow zone with no
plant (Np), sluggish flow zone with Juncellus serotinus (Js) and stagnant flow zone with
bacterioplankton (Pb) in riverbed, the riparian zones including semi-aquatic (hygrophytic) Juncus
effusus (Je) and semi-xerophytic (hygrophytic) Potentilla anserina (Pa) to terrace zones including
xerophytic Leymus chinensis (Lc) and Stipa grandis (Sg). The database for AnPB at family level
wasestablished based on literature informatics. In addition, landward differentiation of potential AnPB
populations at family level and their relative abundance was analyzed by 16S rRNA gene
high-throughput sequencing. Furthermore, the environmental influence of physicochemical factors on
landward differentiation of potential AnPB was studied based on Pearson correlation analysis,
redundancy analysis (RDA), multivariate regression tree (MRT) and structural equation modeling
(SEM). [Results] Purple sulfur bacteria (Ectothiorhodospiraceae) and purple non-sulfur bacteria
(Rhodobacteraceae, Rhodocyclaceae, Acetobacteraceae, Comamonadaceae and Holophagaceae)
populations were mainly distributed in aquatic and semi-aquatic (hygrophytic) habitats, whereas purple
non-sulfur bacteria (Rhodospirillaceae, Bradyrhizobiaceae, Hyphomicrobiaceae and Rhodobiaceae),
Gemmatimonadaceae, Acidobacteriaceae and green non-sulfur bacteria (Roseiflexaceae) populations
were mainly distributed in semi-xerophytic (hygrophytic) and xerophytic habitats. Herein, the relative
abundance of the potential AnPB populations in aquatic and semi-aquatic (hygrophytic) habitats
showed positive correlation with moisture content (P<0.05 or P<0.01), while that in semi-xerophytic
(hygrophytic) and xerophytic habitats was positively correlated with salinity and total nitrogen content
(P<0.05 or P<0.01). MRT analysis indicated that the total explanation of salinity, moisture and total
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nitrogen for the landward differentiation of the potential AnPB populations was 62.39%, 14.01%, and
12.68%, respectively. SEM revealed the positively direct links between salinity and Rhodocyclaceae as
well as between moisture/TN and Rhodobacteraceae. |[Conclusion] The landward differentiation of
potential AnPB populations in Xilin River Basin is clear. Salinity, moisture and total nitrogen are main
environmental factors directly or indirectly co-driving the landward differentiation. This study
contributes to a better understanding of the biodiversity and ecosystem function of AnPB community in
Xilin River Basin, and also underpins the implementation of an innovative strategy for reducing

atmospheric carbon dioxide concentration and increasing soil carbon sequestration.

Keywords: Xilin River Basin; potential anoxygenic photosynthetic bacteria; landward differentiation;
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Figure 1

Landward gradient of seven sampling zones from the Xilin River Basin. Seven sampling zones

included long-term flooding riverbed (Np, Js, Pb), seasonal flooding riverside (Je, Pa) and no-flooding
terrace (Lc, Sg); Np, Js, Pb respectively represented the turbulent flow zone, sluggish flow zone, stagnant
flow zone in aquatic habitat; Je and Pa respectively represented semi-aquatic and semi-xerophytic
hygrophytic habitats; Lc and Sg respectively represented xerophytic Leymus chinensis and Stipa grandis.
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Figure 2 Landward differentiation of the soil physicochemical factors from seven sampling zones in
riverbed (Np, Js, Pb)-riverside (Je, Pa)-terrace (Lc, Sg) in Xilin River Basin. The same and different
lowercase letters respectively indicated insignificant (P>0.05) and significant (P<0.05) differences of
samples which were determined by one-way analysis of variance (ANOVA) followed by Games-Howell’s test;

all indicators were detected in triplicate.
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Figure 3 Phylogenetic tree of potential anoxygenic photosynthetic bacteria (AnPB) based on 16S rRNA
gene sequences in Xilin River Basin. The up-triangle and down-triangle respectively represented the AnPB
and out-group bacteria detected in this study. All detected and reference AnPB as well as out-group bacteria
were uncultured; dark purple, light purple, orange, dark green, yellow and light green represented purple
non-sulfur bacteria (PNSB), purple sulfur bacteria (PSB), green non-sulfur bacteria (GNSB), green sulfur
bacteria (GSB), Acidobacter and Gemmatimonadete, respectively; while blue color represented out-group
bacteria.
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Figure 4 Landward differentiation of potential anoxygenic photosynthetic bacteria (AnPB) from seven
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sampling zones in riverbed (Np, Js, Pb)-riverside (Je, Pa)-terrace (Lc, Sg) in Xilin River Basin. The same and

different lowercase letters respectively indicated insignificant (P>0.05) and significant (P<0.05) differences
of samples which were determined by one-way analysis of variance (ANOVA) followed by Games-Howell’s test.
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Figure 5 Heat-map based clustering analysis of different groups of potential anoxygenic photosynthetic
bacteria (AnPB) from seven sampling zones in riverbed (Np, Js, Pb)-riverside (Je, Pa)-terrace (Lc, Sg) in
Xilin River Basin.
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Table 1 Pearson correlation between the soil physicochemical factors and potential anoxygenic photosynthetic
bacteria (AnPB) from seven sampling zones in riverbed (Np, Js, Pb)-riverside (Je, Pa)-terrace (Lc, Sg) in Xilin
River Basin

AnPB families Moisture Salinity TOC TN pH Clay Silt Sand
Chromatiaceae 0.138 0.094 -0.281 0295  -0.046  -0.192  -0.130  0.155
Ectothiorhodospiraceae 0.544" -0.261 —0.128 -0.412 0.457" -0.418 —-0.156 0.249
Rhodobacteraceae 0.643" -0.121 0.720"  0.029 0.552"  -0.324 —0.407 0.394
Rhodocyclaceae 0.614" -0.060 -0.108 —0.423 0.286 -0.450"  -0.474"  0.482"
Rhodospirillaceae -0.490" 0.673"  0.137 0.592"  0.189 0.613" 0867  -0.812"
Acetobacteraceae 0.796"" -0.095 0.654"  —0.041 0.696"  -0.418 -0.494"  0.486
Bradyrhizobiaceae -0.736"  0.763""  0.195 0.748"  —-0.013 0.789™  0.980"  -0.949"
Hyphomicrobiaceae -0.350 0.536" 0.084 0.454" 0.151 0.599"  0.796"  -0.757"
Rhodobiaceae -0.737"  0.759"  0.137 0.789”  —0.109 0.881"°  0.876"  —0.908"
Comamonadaceae 0.735™" -0.731"  -0.109 —0.729""  0.040 -0.776"  -0.912""  0.898"
Chlorobiaceae 0.324 0.358 -0.049  —0.047 0.359 -0.100  -0.079  0.089
Roseiflexaceae -0.416 0.560”  0.129 0.493" 0.005 0.728"  0.846"  —0.835"
Acidobacteriaceae -0.438" 0.626”  0.160 0.565"  0.031 0.778""  0.870"  -0.869"
Holophagaceae 0.526" ~0.051 -0.039  -0.326 0.196 0390  -0.518"  0.493"
Gemmatimonadaceae -0.493" 0.873"  0.625"  0.884"  0.207 0.795  0.887"  —0.886"

*: correlation was significant at the 0.05 level (2-tailed); **: correlation was significant at the 0.01 level (2-tailed).
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Figure 6 Redundancy analysis (RDA) between the
soil  physicochemical factors and potential
anoxygenic photosynthetic bacteria (AnPB) from
seven sampling zones in riverbed (Np, s,
Pb)-riverside (Je, Pa)-terrace (Lc, Sg) in Xilin River
Basin.
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Figure 7 Multivariate regression tree (MRT) analysis between the soil physicochemical factors and
potential anoxygenic photosynthetic bacteria (AnPB) populations from seven sampling zones in riverbed (Np,
Js, Pb)-riverside (Je, Pa)-terrace (Lc, Sg) in Xilin River Basin.
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Table 2 Explaination of multivariate regression tree (MRT) analysis between the soil physicochemical
factors and potential anoxygenic photosynthetic bacteria (AnPB) from seven sampling zones in riverbed (Np,
Js, Pb)-riverside (Je, Pa)-terrace (Lc, Sg) in Xilin River Basin

Species variance explained by tree splits and whole tree/%

Species Salinity<1.305 Salinity<1.255 TN<1.56  Moisture<20.08 Moisture<17.53 Tree total Species total
Chromatiaceae 0.00 0.00 0.01 0.00 0.00 0.01 0.01
Ectothiorhodospiraceae  0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rhodobacteraceae 1.07 0.02 0.39 3.45 0.01 4.94 4.97
Rhodocyclaceae 9.35 1.83 11.49 0.49 3.84 26.99 32.05
Rhodospirillaceae 1.95 0.01 0.01 0.06 0.28 2.31 2.90
Acetobacteraceae 0.29 0.01 0.06 0.49 0.11 0.97 0.98
Bradyrhizobiaceae 6.47 0.16 0.17 0.00 0.03 6.83 7.53
Hyphomicrobiaceae 1.32 0.11 0.03 0.05 0.11 1.61 2.59
Rhodobiaceae 0.01 0.00 0.00 0.00 0.00 0.02 0.02
Comamonadaceae 32.82 2.56 0.06 1.46 1.81 38.71 41.88
Chlorobiaceae 0.00 0.00 0.02 0.00 0.02 0.04 0.05
Roseiflexaceae 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acidobacteriaceae 0.01 0.00 0.00 0.00 0.00 0.01 0.01
Holophagaceae 0.28 0.00 0.22 0.03 0.07 0.60 0.84
Gemmatimonadaceae 3.98 0.11 0.22 1.72 0.01 6.05 6.16
Total interpretation 57.56 4.83 12.68 7.74 6.27 89.09 100.00
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Figure 8 Structural equation modeling (SEM) between the soil physicochemical factors and dominant
anoxygenic photosynthetic bacteria (AnPB) from seven sampling zones in riverbed (Np, Js, Pb)-riverside (Je,
Pa)-terrace (Lc, Sg) in Xilin River Basin. Dashed and solid arrows represented insignificant and significant
relationships, respectively; the size of the pathway coefficients was defined as important values, and green
and red arrows indicated positive and negative relationships, respectively.

x3 TEELGHESSHRATRNKS
Table 3 Metabolic coupling of the elements carbon, nitrogen and sulfur in anoxygenic photosynthetic
bacteria (AnPB)

Cycle Metabolic pathway PNSB PSB GNSB GSB
Carbon cycle Calvin cycle + + + +
Wood-Ljungdahl +
3-HP bicycle +
DC/HB and HP/HB cycles + + + +
rTCA (ACL) N
Fermentation + + + +
Nitrogen cycle Dissimilatory nitrate reduction + + + +
Nitrogen fixation + + + +
Denitrification + + + +
0,/NO respiration + + +
Sulfur cycle Dissimilatory sulfate reduction + + + +
Sulfur oxidation system + + + +

PNSB from Alphaproteobacteria and Betaproteobacteria; PSB from Gammaproteobacteria; GNSB from Chloroflexi; GSB
from Chlorobi; 3-HP: 3-hydroxyproprionate; DC/HB: dicarboxylate/hydrobutyrate; HP/HB: 3-hydroxyproprionate/
4-hydrobutyrate; rTCA: reverse tricarboxylic acid cycle. +: presence of the metabolic pathway.
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