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Chemolithoautotrophic diazotrophs dominate dark nitrogen fixation

in mangrove sediments
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Fig. S1. Location of the sampling habitats at the Zhangzhou Mangrove wetland,
China, which is dominated by Kandelia obovata. In this study site, one sediment
core was collected using a custom-made sampler with a 20-cm depth and a 11-cm
diameter. The sediment core was subdivided into 10-depths: 0-2, 2-4, 4-6, 6-8, 8-10,
10-12, 12-14, 14-16, 16-18, and 18-20 cm.
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rRNA gene from ten mangrove sediment samples. Standard deviations are

indicated by error bars.
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Fig. S3. Vertical distribution of various physicochemical characteristics across

the depths of mangrove sediments. Data include the concentrations of TC (A), TOC

(B), TN (C), NOs (D), NO2 (E), NH4* (F), TS (G), AVS (H), SO+* (I), Eh (J),

moisture (K), pH (L), and salinity (M). Error bars represent standard deviation.
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Fig. S4. Relationships between physicochemical properties and depth of
mangrove sediments. Curve regression analysis of sediments properties TC (A),
TOC (B), TN (C), NOs (D), NO2 (E), NH4* (F), TS (G), AVS (H), SO4* (I), Eh (J),
moisture (K), pH (L), and salinity (M) and depths. Black lines and gray shaded areas
represent linear regressions and 95% confidence intervals, respectively. R? was
obtained by linear regression analysis and P was obtained by Pearson’s correlation

analysis.
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Fig. SS. Relative abundances of nifH genes at the class level at the metagenomics
(A) and metatranscriptomics (B) from different mangrove sediment samples.

Different taxonomic groups are represented by different colors. “Other” represents the

unknown classification of the communities.
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Fig. S6. Correlations between the transcriptional expression of nifH gene and
other functional genes including ac/B, rbcL, acsB, sqr, soxB, and hydB in
mangrove sediments. Each point represents an individual sample. The solid line
indicates the linear regression of the nifH gene and the functional genes. R?> was
obtained by linear regression analysis and significance levels are denoted with * (0.01

< P <0.05), ** (0.001 <P <0.01), and *** (P < 0.001).
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superfamily sequences are shown in the region of active site residues responsible for

MgATP binding and hydrolysis Fes-S4 iron sulfur cluster binding.

mTTmTTm

F
F
F
F
E
E
S
£
E
E
F
E
=
=
F
F
E
E
F
E
=
=
E



P-cluster ligand FeMoco ligand
Cys88 Cys154 Cys275 His442

Y

Rhodopseudomonas palustris BisB5|YP 568213.1
Rhodospirillum centenum SW|YP 0022998431
Rhodospiriflum rubrum|WP 011388766.1
D4 bin11

D7 bin30 1
D10 bin17 NifD
D10 bin20
D5 bin8
D8 bin28
D8 bin38
Chiorobium phaeobacteroides BS1|YP 001960154.1
Desulfocapsa sulfexigens|WP 015402619.1
Desulfobulbus propionicus|WP 015725713.1
D5 bin20
D6 bin19
D7 bin13
D7 bind5
D7 bin55
D7 bin57
D9 bin8
vamb bin19
vamb bin2
vamb bin23
D10 bin18
D10 bin28
D10 bin35
D10 bin37
D10 bind0
hermobacter marbL is Marburg|YP 003849071.1
'Rhodomicrobium vannielii ATCC 17100|YP 004013646.1
Rhodopseudomonas palustris DX-1|YP 004109435.1
Methanopyrus kandler)WP 011019753.1
Meth i il |WP 011023536.1
Methanosarcina WP 011032467.1
Paenibacillus riograndensis|WP 020429361.1
Endomicrobium proavitum|AKL98064.1
Clostridium [jungdahliil WP 063557082.1
Rhodobacter capsulatus|WP 013066409.1
Rhodobacter capsulatus|WP 013066432.1
Rhodospirillum rubrum|WP 014626485 1
D8 bin14
D10 bin2
vamb bin14

<< << << << << << << <<
mMTTmTmTT
-
<< << << << =<

mTm

m

<<TM<<<<=<
<<<TT@nn

W
W
W
W
W
W
W
W
W
W
-]
i
i
N
Y
ne
A
Y
A
1
0e
0
i\
X
Wi
Y
Y
B
ne
0/
)
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Fig. S12. Maximum-likelihood tree of amino acid sequences of RbcL, a marker
for carbon fixation. The tree shows sequences from mangrove sediments
metagenome-assembled genomes obtained in this study (blue) alongside
representative reference sequences (black). Only bootstrap values > 50% (based on

1000 bootstrap replicates) are shown at nodes as closed circles.
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Fig. S13. Maximum-likelihood tree of amino acid sequences of AcsB, a marker
for carbon fixation. The tree shows sequences from mangrove sediments
metagenome-assembled genomes obtained in this study (blue) alongside
representative reference sequences (black). Only bootstrap values > 50% (based on

1000 bootstrap replicates) are shown at nodes as closed circles.
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Fig. S15. Maximum-likelihood tree of amino acid sequences of Sqr, a marker for
sulfide oxidation. The tree shows sequences from mangrove sediments
metagenome-assembled genomes obtained in this study (different colors for group
I-VI) alongside representative reference sequences (black). Only bootstrap values >

50% (based on 1000 bootstrap replicates) are shown at nodes as closed circles.

18



Ther inis mir ., WP 079654435.1

Aquifex asolicus, WP 010881174.1
P Persephonella hydrogeniphila, WP ( 1
= Ift sp. NBC37-1, WP 011980194.1
hd sp. AR, WP 008245272.1
o iruptor sp. SB155-2, WP 012083195.1

vun sp. MLSB, WP 329658701.1
Sulfuricurvurm, WP 298691678.1
Sulfuricurvum kujiense, WP 013459313.1
Sulfurimonas denitrificans, WP 011371900.1
D8 bin.28, 486
Sulfurimonas indica NW8BN, WP 152183038.1
Sulfurimonas paralvinellae GO25, WP 193111756.1
Sulfurimonas aufotrophica, WP 013326800.1
Sulfurimonas sediminis S2-6, WP 193149967.1
Sulfurimonas hydrogeniphila NW10, WP 151900146.1
Sulfurimonas aquatica H1576, WP 207560813.1
Sulfurimonas marina B2, WP 193113360.1
Candidatus Sulfurimonas marisnigri SoZ1, WP 194386909.1
Candidatus Sulfurimonas baltica GD2, WP 194369283.1
Sulfurimonas hongkongensis, WP 021286687.1
Sulfurimonas goflandica, WP 008340308.1

Ir P , WP 076400645.1
Hoefiea phototrophica, WP 040449241.1

Roseibium alexandrii, WP 008194011.1

Rhodospira trueperi, WP 092785690.1

Rubrimonas cliftonensis, WP 093254549.1
Rubellimicrobium thermaophilum, WP 021097921.1
Tropicimonas isoalkanivorans, WP 093362251.1
Paracoccus sediminis, WP 089386714.1
Hyphomicrobium denitrificans, WP 013214743.1
Candic i ica, WP 069189482.1
Variibacter gotiawalensis, WP 096354179.1
Methylobacterium gossipiicola, WP 091971983.1
Rubritepida flocculans, WP 027284263.1

Bosea thiooxidans, WP 055728613.1
Methylotuvimicrobium buryafense, WP 017842264.1
Bradyrhizobium, WP 028179929.1

WP 013641173.1

pil pirans, WP 069478791.1
Beggiatoa leptomitoformis, WP 062150026.1

I
-

Tree scale: 0.1 L_'i
A

g ii, WP 074201233.1
Thiohalophilus thiocyanatoxydans, WP 134082632.1
D10 bin.17, 3922

D5 bin.11, 2520

Neptunomonas gingdaonensis, WP 090730752.1
Allochromatium vinosum, WP 012971360.1
Polynucieobacter, WP 068948425.1
Polycyclovorans algicola, WP 029888393.1
Fontimonas thermophila, WP 091531826.1
Ralstonia pickettii, WP 024973999.1

Ramiibacter tataouinensis, WP 013800703.1
Caldimonas manganoxidans, WP 019560465.1
Serpentinimonas barnesii, WP 045475653.1
Hydrogenophiius thermoluteolus, WP 119334860.1
Thiomonas intermedia, WP 079418922 1
Acidiferrobacter thiooxydans, WP 065971768.1
Thioalkalivibrio paradoxus, WP 006745886.1
Halothiobacillus neapolitanus, WP 012824771.1
Thiothrix lacustris, WP 028489660.1
Thiohalobacter, WP 096365581.1

Thi ivibri . WP 018650180.1

Fig. S16. Maximum-likelihood tree of amino acid sequences of SoxB, a marker

for thiosulfate oxidation. The tree shows sequences from mangrove sediments

metagenome-assembled genomes obtained in this study (blue) alongside

representative reference sequences (black). Only bootstrap values > 50% (based on

1000 bootstrap replicates) are shown at nodes as closed circles.
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Fig. S17. Maximum-likelihood tree of amino acid sequences of
[NiFe]-hydrogenase large subunit, which are markers for hydrogen oxidation.
The tree shows sequences from mangrove sediments metagenome-assembled
genomes obtained in this study (different colors for group I, II, and IV) alongside
representative reference sequences (black). Only bootstrap values > 50% (based on

1000 bootstrap replicates) are shown at nodes as closed circles.
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Fig. S18. Taxonomic compositions of microbial communities at the genus level
based on 16S rRNA gene fragments extracted from metagenomes using the
phyloFlash pipeline. For each plot, all taxa present in a relative abundance of > 1.0%

in at least one of the samples are shown, whereas those present in < 1.0% relative

abundance are grouped in the “others” category.
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Fig. S19. Taxonomic distribution produced by 16S rRNA gene amplicon

sequencing among the ten mangrove sediments at the genus level. For each plot,

all taxa present in a relative abundance of > 1.0% in at least one of the samples are

shown, whereas those present in < 1.0% relative abundance are grouped with

unassigned sequences in the “others” category. The bold fonts represent the

chemolithoautotrophic taxa.
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Fig. S20. AAI values between genomes of ten isolates and genomes of type strains

of Sulfurimonas in the phylum Campylobacterota. The asterisk represents the

strains isolated in this study.
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Fig. S21. The maximum-likelihood phylogenetic tree of ten pure cultures from

Campylobacterota and their closely related taxa, based on the whole-genome
sequence data. The red font indicates the isolates in this study, and the green font

indicates the Campylobacterota MAGs from this study. The background colors of red,

yellow, and light green represent three putative new genera. The bar represents 0.3
substitutions per position.
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Fig. S22. Nitrogen fixation activities from representative strains in the presence
of different oxygen concentration and different inorganic or organic nitrogenous

compounds. Standard deviations are indicated by error bars.
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