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Figure 1. Landward distribution map of different landscape components (A) based on the difference of habitats
and microtopography as well as environmental variables (B) in Xilin River basin.
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Figure 2. Taxonomic lineage of 21 Verrucomicrobial genera from Xilin River landscape. o: other; u: uncultured;
ub: uncultured_bacterium; uvb: uncultured_Verrucomicrobia_bacterium. The number represented the serial number
of each taxonomic group at genus level.
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Figure 3. Spatial heterogeneity of Verrucomicrobial populations from the different landscape components of Xilin
River basin. The same and different lowercase letters respectively indicated insignificant and significant differences
of samples (P<0.05) which were determined by one-way analysis of variance (ANOVA) followed by Dunnett’s test.
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Figure 4.

Spatial distribution dynamics (A) as well as similarity and dissimilarity analyses (B) of

Verrucomicrobial populations within and between the landscape components in Xilin River basin.
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Table 1. Pearson correlation between single Verrucomicrobial populations and single environmental variables in
Xilin River landscape

Populations Moisture pH Salinity TOC TN TP Ammonia Nitrate Clay  Silt Sand
Alterococcus. ub 1 0.076  0.505** 0.245 0.136 0104 0235 -0.230 -0.014 -0.087 0.247 —0.145
Opitutus ub 2 0.386* 0.649** 0.329 0.890** 0.464* 0.283 0.229 0.044 0.143 0.109 -0.124
Opitutus uvb 3 -0.161 0.143  0409* 0128 0321 037 -0274 0266 0.416* 0.523** —0.504**
Opitutus 0 4 0.570** 0.664** -0.008 0.052 —-0.209 -0.178 0.056 —0.369 -0.370 —0.218 0.275

Xiphinematobacter ub 5
Chthoniobacter ub 6
Chthoniobacter uvb 7
Chthoniobacter 0 8
DA101_soil_group_0.09
DA101_soil_group_ub. 0 10
DA101_soil_group_uvb. 0 11
Haloferula o 12

Haloferula ub 13
Prosthecobacter ub 14 0.016
Verrucomicrobiaceae_u. ub 15 0.657** 0.464*
Verrucomicrobiaceae_u. uvb 16
\errucomicrobiaceae_u. 0 17 0.056

0.418* 0.299

—0.695**-0.036 0.577** 0.174
—0.143 —0.702** —0.824**—0.506**—0.550**—0.567**—0.405* —0.441* —0.323 —0.444* 0.418*
—0.185 —0.725** —0.811**—0.539**—0.545**—0.545**—0.426* —0.420* —0.316 —0.425* 0.403*
—0.165 -0.714** —0.807**—0.519**—0.541**—0.555**—0.393* —0.407* —0.304 —0.423* 0.397*
—0.833**-0.196  0.699** 0.229
—0.760**-0.251  0.688** 0.235
—0.530**-0.214  0.548** 0.188
—0.049 0360 0.262 0.052
—0.249 0.574** -0.019 -0.179 0.263
—0.572** —0.794**-0.333 —0.514**-0.570**—0.213
—0.143 0.596** —0.066 —0.246 0.639** —0.293 -0.370 —0.466* 0.449*
0.482** 0.489** 0.127 0.021
—0.625** —0.873**—0.433* —0.641**-0.694**—0.107

0.609** 0.760** —-0.28  0.603** 0.430* 0.652** —0.599**

0.815** 0.872** —0.340 0.782** 0.805**0.812** —0.835**
0.831** 0.800** —0.325 0.793** 0.970**0.808** —0.887**
0.664** 0.565** —0.275 0.630** 0.916**0.683** —0.782**
0128 0241 -0269 0119 0054 0362 -0.272

—0.282 —0.304 —0.339 0.338

—0.496**—0.357 —0.531**0.490**
—0.186 —-0.143 0335 —0.183 -0.261 —0.065 0.132

—0.502**—0.466*—0.616**0.586**

Verrucomicrobiales _DEV007_ub. 0 18-0.145 —0.718** —0.833**—0.564**—0.584**-0.584**—0.401* —0.443* —0.342 —0.457* 0.434*

OPB35_soil_group_ub_0 0.019
OPB35_soil_group_o_0_0.020

0.415* 0.116

-0.002 -0.076 —-0.239 —0.339 0.765** 0.056
-0.335 -0.148 0.364 0.118
S-BQ2-57_soil_group_ub_o0_0.021 -0.389* —0.039 0.495** 0.149

—0.146 -0.316 0.270
0.411* 0.581**0.459* —0.514**
0.405* 0.678**0.699** —0.714**

0.416* 0.402* -0.230
0.475* 0.464* -0.290

*: Correlation was significant at the 0.05 level (2-tailed); **: Correlation was significant at the 0.01 level(2-tailed). TOC: total organic

carbon; TN: total nitrogen; TP: total phosphorus.
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Figure 6. Random forest analysis (RFA) between single Verrucomicrobial populations and combined
environmental variables in Xilin River landscape.
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of Verrucomicrobial populations from different landscape components in Xilin River basin. [Methods] Based on
the difference of habitat and microtopography, we selected the landscape components of aquatic riverbed center,
riverbed edge and oxbow lakebed, hygric low floodplain and high floodplain, xeric low terrace and high terrace.
Then we employed 16S rRNA gene high-throughput sequencing to study the landscape heterogeneity of soil
Verrucomicrobial populations from different landscape components. We also explored environmental variables
driving landscape heterogeneity of soil Verrucomicrobial populations combining with environmental variables (e.g.
soil moisture). [Results] Spatial distribution of Verrucomicrobial populations showed convergent characteristics
within landscape components and divergent characteristics between landscape components. The members of
Chthoniobacter from Spartobacteria class and Prosthecobacter from Verrucomicrobiae class were mainly
distributed in the aquatic riverbed center (RC), showing significant positive correlation with sand particle (P<0.05).
Those of Opitutae class were mainly distributed in hygric floodplain, showing positive correlation with pH (P<0.05
or P>0.05). DA101_soil_group members of Spartobacteria class were mainly distributed in the xeric terrace,
showing significant positive correlation with salinity and nutrients (P<0.01). Variation partitioning analyses of
single, two groups and three groups of environmental variables showed that moisture, salinity and pH explained
24.7% & 21.4%, 24.3% & 22.7% and 23.1% & 20.8% of landscape heterogeneity of Verrucomicrobial populations,
respectively. [Conclusion] Verrucomicrobial populations demonstrated landscape heterogeneity in Xilin River
basin. Members of Chthoniobacter and Prosthecobacter were indicators of the riverbed center landscape
component, DA101_soil_group was the indicator of the terrace landscape components. The combination of
moisture, salinity with pH co-drove the landscape heterogeneity of Verrucomicrobial populations.

Keywords: Xilin River, landscape components, Verrucomicrobia, spatial heterogeneity, combined environmental
variables
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