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Fig. 1 The study area and sampling sites location

Three H samples (W G4IE, & ARXFEFH )
Three M samples (RH, ALIL#F3H) | Km
Three C samples (&%H, AI#FRH) S Km

*Sample at each site was collected in triplicates.
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Heavy metal contents (Cd, Cr, Cu, Zn, Fe )
Nemerow Index (W2 7K 5 445240




Methods

DNAZREX, PCRY 18, Illumina /5

0.5g soil sample

Power Soil DNA kit

The V3—-V4 regions of the bacterial 16S rRNA gene

338F5'-barcode-ACTCCTACGGGAGGCAGCA-3’
806R 5'-GGACTACHVGGGTWTCTAAT-3'

[1lumina MiSeq platform (Majorbio, Shanghai)
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Raw FASTQ files were de-multiplexed and quality-filtered
using QIIME (version 1.17)

Operational taxonomic units (OTUs) with 97 % similarity
cutoff were clustered using UPARSE (version 7.1)

chimeric sequences were 1dentified and removed using UCHIME.
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The rarefaction analysis based on Mothur v.1.21.1
diversity indices ( Chao, ACE, and Shannon diversity indices )

Principal component analysis (PCA) using the community ecology package, R-forge
Venn diagrams were implemented by Venn Diagram

Mantel test, Redundancy analysis (RDA), and Heatmap figures were performed in Vegan
packages in R



Results

Pollution site background

VN

Table 1  pH value and heavy metal contents of soil samples
Sampling sites pH Water Organic Available NH,~ NO;™ Heavy metal contents Nemerow
contents matter (g'kg) phosphorus (mg'kg) (mg'kg) mdex
(%4) imgkg) Cd (mg'kg) Cr(mgkg) Cu{mgkg) Zn(mgkeg) Fe(gke)

HF 723 (=0.12) 7.69(=0.35) 0.77(=0.001) 4.12 (x0.11) 2.09(x0.05) 0.14(=0.01) 0.69(=0.01) 2ZR0.60 (=10.09) 47.32(=1.09) 101.23 (=3.48) R§9.27(=325)} 3.01
HM 769 (=0.20) 9.10(=0.19) 0.91 (=0.001) 5.54 (=0.14) 7.11(x0.29) 0.57(=0.01) 075(=0.03) 32444 (=5.20) 62.11(=2.31) 79.12(£329) 104.01 (=4.08) 3.17
HT T.B1 (=0.35) R34(=0.31) 0.55(=0.002) 3.79(x032) 1.35(=004) 6.03(x0.04) 0.68(=0.02) 29435 (=7.28) 6129(=3.37) 10230 (=3.24) 12570 (=2.75) 3.02
Mean value 758 E.38 0.72 4.48 348 224 0.71 209.76 59.91 94.22 106.33 3.06
MC 726 (=0.11) 19.72 (=0.98) 1.01 (=0.004) 60.27(=292) 1.09(=0.03) 0.22(=0.01) 049(=003) 15629 (=5.09) 35.76(=097) 95.52(x4.12) 2936(x1.02) 2.05
MF 7.19 (=0.42) 1B.39(=1.02) 1.14 (=0.004) 2754 (=122) O0.78 (=0.01) 19.13 (x1.B8) 0.50(=0.02) 134.76 (=4.29) 50.67 (=4.05) 117.45(=4.38) 3LE3(=0.96) 2.12
MV 7.56 (=D.18) 21.95 (=D.68) 1.39(=0.002) 5854 (=2.16) 021 (=0.01) 24.02 (x1.27) 049 (=0.01) 19930 (=R.68) 47.44(=3.55) 106.83 (=3.27) 30.02 (=]1.88) 2.14
Mean value 7.34 20.02 1.18 48.78 0.69 14.45 0.49 163.45 44.62 106.60 30.40 2.10
cC 727 (=0.20) 1931 (=0.B7) 0.87 (=0.001) 5.24 (=z041) B57(=0.02y 547(=0.02) 0.19(=0.01) 11049 (=3.94) 49.01 (=2.04) B7.10(=4.03) 24.14 (=052} 098
CF 771 (=0.36) 17.91 (£1.05) 0.72 (=0.002) 26.12(=1.52) 0098 (=0.01) 1242 (x0.54) 0.17(=0.02) 98.75 (£2.05) 3249 (=1.56) T6.3B(x2.40) 27.67 (D81} 08B
Cv 507 (=0.45) 22.42 (£1.51) 1.07(=0.005) 1388 (=0.79) 1.56(x0.01) 51.33 (z1.B8) 0.00(=0.02) 13237 (=5.91) 36.70(=1.95) 92.39(x4.57) 2822(x0.74) 0.76
Mean value 6.68 19.88 0.89 15.08 3.70 23.07 0.15 113.584 39.40 85.29 26.68 0.87
Background heavy 0.12 208 18.7 575

metal contents

in Beijing
Background m 0.20 20 35 100

China

Walues represent average+standard deviation

HF heavily polluted sites from ore treatment factory, M heavily polluted sites from ore mining region, HT heavily polluted sites from tailing dam, MC moderately polluted sites from croplands, MF
moderately polluted sites from planted forest, MV moderately polluted sites from vegetable fields from village X, CC clear sites from croplands, CF clear sites from planted forest, CF clear sites from
vegetable fields from village Y
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Fig. 2 Rarefaction curves of the OTU number at 97 % similarity boxplot
for every samples



Results Diversity indices

Table 2 MiSeq sequencing results and diversity estimates for each
sampling site

Sample Sequencing results  Diversity estimates”

Total Total ACE Chao Shannon
sequences OTUs"

HF BET7 804 1081+57 1091+78 5.97+0.03 S'Zi’;"l E,‘J é&*ﬁ"s‘z_ﬂ{E

HM 7957 1150 140765 142688 6.23+0.03 Q Q Q
HT 12,721 1289 149248 1522+R2 6.24+0.02 H'E-6 1 5 ’ M'H-6 1 1 ’ C'H-557 °
Mean value Q851 1111 1327 1346 6.15
MC 16,209 1340 1577=60 1603+89 6.16=0.02
MF 13,384 1323 1522253 1534+73 a.08+0.03 LER + =7 e —3h > t A7 42

: X dk2 A TR HIX iE FIM [X 13 '
MV 22327 1483 1633244 167071  6.08=0.02 XELERRA, ZERAHREMMRXIE ST
Mean value 17,306 1382 1577 1602 6.11 E‘%Z;EF_TZ.Q_ 5J‘LE

= 193 2<A CIZ

ce 20324 1327 1519253 1535275  5.98=0.02 = ,J °
CF 11,014 724 031=68 1020138 5.43=+0.03
Cv 13,805 914 1157=69 1164+03 5.3+0.03
Mean value 15,048 978 1202 1242 5.57

ACE abundance-based coverage estimator, Chao Chao’s species richness
estimator, Shannon Shannon-Weiner Index

* Species level, 97 % similarity threshold used to define operational tax-
onomic units (OTUs)
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Fig. 3 Taxonomic distribution of soil samples.

a Phylum distribution of all samples.

b Class distribution of Proteobacteria phylum.

Taxonomy composition
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Results Correlation between community structure and environmental factors

RDAZ 24.37T%
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Fig. 4 RDA ordination plot showed the relationship between the bacteria

community structure and soil properties (a) or heavy metal (b)
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Table 3  Significance of environmental variables in explaining the
bacteria community structure obtained from the RDA results

2

- P value

Soil

Water contents 0.309 0.315 BITRDAKGE R AT USRI A EEE

pH 0.952 0.001%* .

A

Organic matter 0.066 0.826 EHIS A

Available phosphorus 0.002 0.994

NH4" 0.038 0.899 e

o 111

NO;™ 0.042 0.832 £EBREKABA, Cd, Cr, Cu, Fe #1t1%pH &
Heavy metal =EFRHRERTUNREERE.

Cd 0.862 0.001%**

Cr 0.674 0.011%

Cu 0.622 0.033%

Zn 0.375 0.232

Fe 0.576 0.046%

»* indicates the decision coefficient of environmental variables on the
community structure
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Multivariate analysis based on information at phylum, genus, and OTU levels.

a PCA based on phylum distribution
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Multivariate analysis based on information at phylum, genus, and OTU levels.
b, PCA based on genus distribution
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Comparison of bacterial community structure among groups
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Multivariate analysis based on information at phylum, genus, and OTU levels.
¢ PCA based on total OTU level information
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Comparison of bacterial community structure among groups
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Results Differences between the bacterial genera among different pollution levels

Venn diagram

Proteobacteria: Sulfuricels,
Candidatus_Nitrotoga,;
Bacteroidetes: Emiicicia,
Larkinalia;

Actinobactana: Modestobacter;

Proteabactsria: Anaeromyxobacier,
Candidimonas, Castellanelia, Dyella ;
Holgphaga , Telmalobacter ;

Shared genera
show in Fig. S1

Azoarcus, Geminicoccus, Halomonas,
Pelagibivs, Pseudofulvimonas,
Fusilimonas, Rheinheimera, Rhodobacter,
Rhodowvibrio;

Fig. 6 Venn drawing showing the detected bacterial genera found in the
three different groups of H, M, and C. Overlaps between the groups are
indicated by the arrangement of the circles

H L3410 E, FEEHBT.76%BETHEZRNE.
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HF HM HT MC MF MV CC CF CV

[

0 0.01 Q.15 2,58 46.69

Relative abundance of community (%)

Fig. 7 Bacterial distribution of
the top 100 abundant genera
among the nine samples. The
bacterial phylogenetic tree was
calculated using the neighbor-
joining method. The heatmap plot
depicts the relative abundance of
each bacterial genera (variables
clustering on the vertical axis)
within each sample. The relative
values for bacterial genera are
indicated by color intensity with
the legend indicated at the top
right corner
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Fig. 8 Relative abundance of dominant genera in different groups. The
genera with an average abundance of >1 % in at least one group were
defined as dominant
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Fig. 8 Relative abundance of dominant genera in different groups. The
genera with an average abundance of >1 % in at least one group were
defined as dominant
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Bacteria with potential resistance to heavy metals
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