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Text S1: Methods of total RNA extraction and metatranscriptomic analysis

Total MRNA was extracted from 2 g of soil by using RNeasy® PowerSoil® Tatal RNA
Kit (MoBio Laboratories, Carlsdad, CA, USA), and RNase-free DNase was employed to
remove the contaminating DNA before RNA sequence. The concentration and quality of
RNA were checked using a NanoDrop 2000 spectrophotometer (NanoDrop Technologies,
Wilmington, DE, USA). The metatranscriptomic sequencing was performed on the lllumina

HiSeq platform.

Poor-quality bases of raw reads, reads with “N” bases, and those with lengths of < 50 bp
were discarded using were Sickle. ! Then, the rRNA reads were removed in a BLAST search
of the SILVA short subunit (SSU; 16S/18S) and SILVA long subunit (LSU; 23S/28S) database
using the SortMeRNA software. ? Putative mRNA reads were assembled de novo using the
Trinity software,®> and characterized with BLASTX comparisons against the integrated
National Center for Biotechnology Information (NCBI) nr (nonredundant) protein database
(E-values < 10™).* The LCA-based algorithm implemented in MEGAN was used to
determine the taxonomic level of each gene. Then open reading frames (ORFs) were
predicted based on the assembled contigs using the TransGeneScan software.> All the ORFs
were clustered using the CD-HIT software (95% identity, 90% coverage) to establish the
non-redundancy gene set.® BLASTP  (the BLASTP program at the E value of 10°) was used
to query the predicted proteins sequence reads against the integrated nr protein database.
Functional annotation was performed using the Kyoto Encyclopedia of Genes and Genomes
(KEGG) annotations. The transcript expression was normalized using fragment per kilobase

of transcript per million mapped (FPKM).®

We did not find the merA and merB genes by searching in the KEGG annotations
directly. Thus, hidden Markov models (HMMs) were used to search metatranscriptomic data
for MerA and MerB homologs using the HMMER package. ° A profile HMM of the entire
MerA sequence was generated from 252 representative MerA sequences from NCBI RefSeq
database. The MerA sequences were obtained by merging and translating the raw reads
sequence, then these protein sequences were searched using HMM. The obtained MerA

homologs were validated by BLASTN searches with an E-value cutoff of 1 x 10” against the
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nr nucleotide database maintained by the NCBI. Similarly, a profile HMM for MerB was

generated from 334 known MerB sequences.
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Table S1. Site information and initial soil geochemical properties from Hunan, Guizhou and Hubei provinces.

Sites Longitude Latitude oH NH,* NO3 MeHg THg
(3] (N) (mg kg™) (mg kg™) (ngkg™) (ngkg™)
Hunan 111.48893 28.90259 5.5+ 0.07 17.5+0.35 6.6 + 0.82 1.01 +0.02 73.58 +£3.62
. 2911.52 +
Guizhou 109.21369 27.51796 6.9+0.34 1.47 +0.74 70.92 + 6.42 2.03 £0.01 2051.07
Hubei 109.48817 30.27217 7.44 +0.06 3.09+0.09 215.84 + 26.84 0.35+0.04 59.76 +6.12

Note: The mean values and standard deviations are presented.
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Table S2. Primer sets and amplification programs used in the quantitative PCR.

Gene Primer Sequence (5'-3) Protocol Ref
Delta-F GCCAACTACAAGMTGASCTWC ~ 94°C3min;95°C15s,

hgcA 65 °C 10 s, 65 °C 10 s, 10
Delta-R CCSGCNGCRCACCAGACRTT 40 cycles; 72 °C 4min
DSR1F ACSCACTGGAAGCACG 95 °C 40 s; 94°C 1 min,

dsrA 56°C 40 s, 72°C 2 min, 11
DSR4R GTGTAGCAGTTACCGCA

40 cycles; 72°C 4 min
DSRp2060F CAACATCGTYCAYACCCAGGG 95°C 30 5; 95°C 55, 55

dsrB °C 34's,72°C 345,40 12
DSR4R GTGTAGCAGTTACCGCA eycles; 72°C 4 min
oon Mias GGTGGTGTMGGDTTCACMCARTA 228 Z 4m's”’79; é: :2 2 13
McrA-R  CGTTCATBGCGTAGTTVGGRTAGT ’ e
40 cycles; 72°C 4 min
94°C 2 min; 94°C 45 s,
omon L89! GGNGACTGGGACTTCTGG 53°C 1 min, 72°C 2, ..
Mb661r CCGGMGCAACGTCYTTACC min, 40 cycles; 72°C 4 ’

min
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Table S3. The methanotrophic genera in the Cu addition soil based on 16S rRNA
sequencing analysis.

Genera Relative abundance (%)
Methylomonas ~0.02
Methylosarcina ~0.003
Type | Methylobacter ~0.02
Methylocaldum ~0.01
Methylococcus ~0.003

Type Il Methylocystis 0.1~0.3
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Table S4. Correlation coefficients (Pearson's p) between MeHg degradation (%) and
the ecological modules (Mod), identified based on microbial co-occurrence network
using default parameters from the interactive platform Gephi.

Mod 0 Mod 1 Mod 2 Mod 3

MeHg Degradation (%) -.232* -.187 -.135 0.265**

Note: * represents p < 0.05; *:* represents p < 0.01
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Table S5. Random forest analysis identifying remaining genera of Mod 3 associated
with MeHg degradation, in addition to those showed in Figure 3b.

Genera %IncMSE

Isosphaera 15.525
Sporichthya 15.491
Clostridium_sensu_stricto_10 15.453
uncultured_ge 14.563
Variibacter 8.335
Rhodanobacter 7.786
Singulisphaera 7.754
uncultured 6.247

Oryzihumus 4.774
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Table S6. The microbial taxa associated with MeHg degradation in the Hunan paddy
soil.

Families Average relative abundances (%)
Mycobacteriaceae 0.68
Frankiaceae 0.35
Thermomonosporaceae 0.04

Catenulisporaceae 0.24

S10



Table S7. The selected, differentially expressed genes are provided as a separate
excel file.

Table S8. Number of MerA and MerB sequences identified using hidden Markov
models (HMMs).

Reads

Samples
MerA MerB

To 565 3

Tasg 471 2
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Figure S1. Methylmercury (MeHg) degradation (%) at 48 h in these paddy soils
from Hunan, Guizhou and Hubei provinces.
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Figure S2. The mercury (Hg) transformation related genes abundance (a) and
relative abundances of main phyla in the sterilized soil (b). SRB (dsrA and dsrB),
methanogens (mcrA) and methanotrophs (pmoA) have been implicated in MeHg
degradation.
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Figure S3. The Hg-transformation related genes abundances in the un-sterilized (CT)
and sterilized soils.
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Figure S4. Linear discriminant analysis effect size (LEfSe) for microbial taxa
biomarkers at the phylum level under water unsaturated conditions at 120 d. CN
represents no MeHg addition, and CT represents spiked with MeHg.

cen et

Armatimonadetes

Gracilibacteria

LDA Score (log10)

S15



Figure S5. The effect of Cu addition on soil microbial community composition. (a)
relative abundance of dominant bacteria at the phylum level, and (b) relative
abundance heatmap of the main genera.
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Figure S6. The effects of (a) Cu, (b) molybdate (MoO,) and (c) bromoethanesulfonic
acid (BES) on the abundances of functional genes related to Hg transformation at O,
60 and 120 d.
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Figure S7. The effects of MoO, and BES addition on microbial community
composition at the (a) phylum and (b) genus level. CTy represents control of the
water-saturated condition.
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Figure S8. Changes in copy numbers of functional genes related to Hg transformation
at 0, 60 and 120 d. NH4 represents added NH4CI treatment; NO3 represents added

NaNO; treatment.
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Figure S9. Changes of microbial community composition in soils at 60 d (a, b) and
120 d (c, d). (a) and (c) at the phylum level, (b) and (d) at the genus level.
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Figure S10. Random forest analysis identifying statistically significant (p < 0.05)

microbial predictors of MeHg degradation at the family level.
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Figure S11. Random forest analysis identifying statistically significant (p < 0.05)
microbial predictors for MeHg degradation at the family level within the Mod 3.
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Figure S12. The LEfSe analysis for taxonomic biomarkers at the phylum level. The
identified taxa were derived from RNA-based metatranscriptomic analysis.
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Figure S13. The changes of soil total Hg concentration during 120 d incubation.
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