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Fig. S1 Map of sampling sites in mangrove sediments across Southeastern China.
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Fig. S2 Maximum-likelihood phylogenetic tree of HgcA amino acid sequences. (1000 bootstraps; values >90% 
are shown by grey dots at the nodes). The 1087 HgcA sequences in this study are highlighted in blue. HgcA 
sequences retrieved from public databases are shown in black. HgcA paralogues from non-methylating 
microorganisms were used as outgroups and are shown in gray.



0 20 40 60 80 100

SZ (12-14 cm) MetaT

SZ (6-8 cm) MetaT

SZ (0-2 cm) MetaT

SZ (28-30 cm)

SZ (20-22 cm)

SZ (12-14 cm)

SZ (6-8 cm)

SZ (0-2 cm)

DZ

DZG

LZ

YX

XMD

Deltaproteobacteria Euryarchaeota Bacteroidetes Chloroflexi

Nitrospirae Lokiarchaeota Spirochaetes Planctomycetes

Zixibacteria Armatimonadetes Others

1.52 

2.75 

1.75 

1.91 

2.50 

2.75 

2.56 

2.73 

1.54 

1.63 

1.39 

1.65 

1.57 

0.00 0.50 1.00 1.50 2.00 2.50 3.00 

Fig. S3 Relative abundances of hgcA genes affiliated to different taxonomic groups and RPKM values of the 
sum of hgcA genes and transcripts in different mangrove sediment samples. Gene abundances and transcript abundances, 
represented as RPKM values, are normalized by gene length and sequence. MetaT represent metatranscriptomic.

Overall hgcA+ contigs abundance 
(Log10FPKM)

Proportion (%)



6 7 8 9
0

1

2

3

4

pH

M
eH

g/
TH

g
(%

)
Y = -0.2591*X + 2.789

R2=0.05133*

0 20 40 60
0

1

2

3

4

Salinity (‰)

M
eH

g/
TH

g
(%

)

Y = -0.006779*X + 1.078
R2=0.005325

0 5 10 15
0

1

2

3

4

TOC (mg/g)

M
eH

g/
TH

g
(%

)

Y = -0.03353*X + 0.9589
R2=0.009886

0 2 4 6 8
0

1

2

3

4

TN (mg/g)

M
eH

g/
TH

g
(%

)

Y = -0.04113*X + 0.9700
R2=0.003894

0 10 20 30 40
0

1

2

3

4

Cl- (mg/g)

M
eH

g/
TH

g
(%

)

Y = -0.04913*X + 1.690
R2=0.1447***

10 20 30 40
-1

0

1

2

3

4

SO4
2- (mg/g)

M
eH

g/
TH

g
(%

)

Y = -0.03158*X + 1.144
R2=0.08602**

0 10 20 30 40 50
0

1

2

3

4

NH4
+-N (mg/kg)

M
eH

g/
TH

g
(%

)

Y = -0.002789*X + 0.9108
R2=0.001606

0.0 0.5 1.0 1.5
0

1

2

3

4

NO3
--N (mg/kg)

M
eH

g/
TH

g
(%

)

Y = -0.3047*X + 1.039
R2=0.01870

0 200 400 600
0

1

2

3

4

hgcA FPKM

M
eH

g/
TH

g
(%

)

Y = 0.004299*X + 0.7338
R2=0.6867 **

       
             

 
   

Fig. S4 Correlations between environmental factors, hgcA RPKM and MeHg/THgratios.
The black lines are the slopes. Significance level is as follows: *p < 0.05; **p < 0.01; ***p < 0.001
.
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Fig. S6 Multiple Asgard HgcA and HgcB sequence alignment. The sequence alignment shows conserved regions of 
77 HgcA and HgcB sequences in Asgard. Sequence logo above the alignment shows the occurrence of each amino 
acid in each position. 
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Fig. S7 Metabolic potentials of the hgcA-carrying Asgard  MAGs. Taxonomic classifications of MAGs are 
represented at the bottom of heatmap. Corresponding numbers of MAGs are shown in parentheses. 
Genes are shown at the right of heatmap. Color of each cell refers to ratios of numbers of MAGs containing the 
corresponding gene to the total number of MAGs.



628000 629000 630000 631000 632000 633000

24000 25000 26000 27000 28000

11000 12000 13000 14000 15000

85000 86000 87000 88000 89000

26000 28000 30000

19000 20000 21000 22000

284000 285000 286000 287000 288000

4000 5000 6000 7000 8000

5000 6000 7000 8000 9000 10000

13000 14000 15000 16000 17000 18000

54000 55000 56000 57000 58000

59000 60000 61000 62000 63000

25000 26000 27000 28000 29000 30000

4269000 4270000 4271000 4272000 4273000

52000 53000 54000 55000 56000
(GCA_004524515.1)

(GCA_008000775.1)

(GCA_008080735.1)

(GCA_011364975.1)

(GCA_014730295.1)

(GCA_016839315.1)

(GCA_016839765.1)

(GCA_016839905.1)

(GCA_016840165.1)

(GCA_016840545.1)

(GCA_016926735.1)

(GCA_019057575.1)

(GCA_019057865.1)

(GCA_019058355.1)

(GCA_019058445.1)

arsR

arsB

hgcA

hgcB

arsM

arsC

arsA

Lokiarchaeota

Lokiarchaeota

Lokiarchaeota

Lokiarchaeota

Lokiarchaeota

Lokiarchaeota

Lokiarchaeota

Lokiarchaeota

Lokiarchaeota

Lokiarchaeota

Lokiarchaeota

Lokiarchaeota

Lokiarchaeota

Lokiarchaeota

Lokiarchaeota

Others

Fig. S8 Gene clusters of Asgard methylators containing hgcA and ars regions. Colors correspond to predicted 
functions of each gene. HgcAB sequences were identified based on HMMs, while all other genes were based on 
prodigal predictions.
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Fig. S9 Maximum likelihood phylogeny of HgcA and the WL pathway carbon monoxide dehydrogenase/
acetyl-CoA synthase gamma subunit (CdhE).  HgcA and HgcAB clades were collapsed. Bootstrap support at nodes 
is indicated by white circles (>50). Some archaeal and bacterial taxa were collapsed and color-coded. 
CdhE sequences belonging to Euryarchaeota, TACK and Asgard are represented by orange, blue and red, respectively.
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