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Supplementary Figure 1. Geographical distributions of 13 cold seep sites analyzed in
this study. Colors indicate the type of samples collected at each site: metagenome (blue);
metatranscriptome (orange). The numbers indicate the number of samples for

metagenomes or metatranscriptomes. Further details for each metagenome and

metatranscriptome can be found in Supplementary Data 1.
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Supplementary Figure 2. The abundances of As-cycling gene across different
sediment depths with drsA gene as a comparison. One-way analysis of variance
(ANOVA) was performed for the comparison, followed by least significant difference
(LSD) test. Boxplot components: center line, median values; box limits, upper and

lower quartiles; whiskers, 1.5% interquartile range; points, outliers.
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Supplementary Figure 3. The abundances of As-cycling gene across different types of
cold seep ecosystems with drs4 gene as a comparison. One-way analysis of variance
(ANOVA) was performed for the comparison, followed by least significant difference
(LSD) test. Boxplot components: center line, median values; box limits, upper and

lower quartiles; whiskers, 1.5x interquartile range; points, outliers.



arsC1

GPM

arrA

10°

arsC2

arxA

100

aioA

100

ars/

10*

arsB

10

arsH

arsM

acr3

arsP

SH-W20A-766
SH-W20A-3880
SH-W20A-3080
SH-W20A-2180
SH-W20A-1310
QDN-WO04B-580
QDN-WO04B-4900
QDN-WO04B-480
QDN-W04B-4228
QDN-WO03B-480
QDN-WO03B-2880
QDN-W01B-1949
JL_0.14

JL_01

JL_0.08

JL_o.0z2
Haima5_0.3
Haima5_0.22
Haima5_0.1
Haima_S11_4.3
Haima_S11_4.1
Haima_S11_3.7
Haima_S11_3.3
Haima_S11_2.9
Haima_S11_2.5
Haima_811_2.1
Haima_S11_1.7
Haima_S11_1.3
Haima_S11_0.9
Haima_S11_0.5
Haima_811_0.3

Haima_S11_0.1

Supplementary Figure 4. The abundance of As-cycling transcripts in 33 sediment

metatranscriptomes. The transcript abundance of each gene was normalized by the gene

length and sequencing depth and represented as TPM (transcripts per million) value.



CAAB3748.1| Clostridium pasteurianum

AAX87237.1| Haemophilus influenzae 86-028NP

NP_415423.1| Escherichia coli str. K-12 substr. MG1655

WP 113671576.1|Vallitalea guaymasensis

SF_GA-2- -9|Desulfobacterota

RDE10937.1|Candidatus Thorarchaeota archaeon
AABB9800.1|Archaeoglobus fulgidus
WP_048096020.1|Geoglobus ahangari

AlY89297.1|Geoglobus acetivorans

HMR26_1|Chloroflexota Archaea-type AssA
QDN-W04B-4228_sbin_40|Deferribacterota
WP_113675332.1|Vallitalea guaymasensis
SF_GA-2-9|Desulfobacterota
QDN-W04B-4228_sbin_40|Deferribacterota
HMR_S11_1_36|Bacteroidota
SF_Co_bin_105 Chloroflexota Group V AssA
WP_027352796.1| Desulfosarcina sp. BuS5

WP_036747468.1| Peptococcaceae bacterium SCADC1 2248
KFI38250.1| Peptococcaceae bacterium SCADC1_2_3
KJS01634.1| Peptococcaceae bacterium BRH_c4a

ADJ51097.1| Desulfoglaeba alkanexedens ALDC

KQC08433.1| Smithella sp. SDB

KFZ44314.1| Smithella sp. D17

WP_040625488.1| Smithella sp. ME1

KGL06511.1| Smithella sp. SCADC

AIB50972.1| uncultured bacterium

,KFO69021.1| Smithella sp. SCADC

*AHI85732.1| Smithella sp. SCADC AssA
AlIB50974.1| uncultured bacterium

AIB50973.1| uncultured bacterium

ETR70664.1| Magnetoglobus multicellularis str. Araruama
CBK27727.1| Aromatoleum sp. OcN1

CAO03074.1| Azoarcus sp. HxN1

WP_073475853.1| Desulf: im alk

WP_051327391.1| Desulfatibacillum allphatlcnvorans

ACL03892. 1| Desulfatibacillum aliphaticivorans
WP_015946967.1| Desulfatibacillum aliphaticivorans
ABH11461.1| sulfate-reducing bacterium AK-01
WP_073472347.1| Dasulfatlbac,lllum alkemvorans
WP_028315530.1| Desulfati orans
ACL03428.1| Desulfatibacillum allphatlcuvorans
WP_012610862.1| Desulfatibacillum aliphaticivorans
ABH11460.1| sulfate-reducing bacterium AK-01

AIB50975.1| uncultured bacterium

CBX29403.1| uncultured Desulfobacterium sp.

ADB04297.1| bacterium enrichment culture clone N47
CAQ72222.1| delta proteobacterium NaphS6 NmsA
CA072220.1| delta proteobacterium NaphS3

CAO72219.1| delta proteobacterium NaphS2

WP_006966105.1| Desulfotignum

WP_014957066.1| Desulfobacula toluolica

WP_014956012.1| Desulfobacula toluolica

WP_006524672.1| Desulfallas gibsoniae

KJS47223.1| Peptococcaceae bacterium BRH_c23

AIB50980.1| uncultured bacterium

AIB50977.1| uncultured bacterium

WP_006524663.1| Desulfallas gibsoniae

ADJ93876.1| Clostridia bacterium enrichment culture clone BF
KUO78313.1| Desulfosporosinus sp. BRH_c37

ABO30980.1| bacterium bssA-1

KUK64052.1| Desulfotomaculum sp. 46_80

KUK52067.1| Desulfotomaculum sp 46 296

WP_01 1| Desulf

CCK7831 0.1| Desulfobacula toluolica Tol2

WP_012647520.1| Geobacter daltonii BssA
WP_004511527.1| Geobacter metallireducens

ABM92938.1| Geobacter toluenoxydans JCM 15764
WP_012647530.1| Geobacter daltonii

AIB50978.1| uncultured bacterium

WP_025917638.1| Herminiimonas sp. CN

BADA42366.1| Magnetospirillum sp. TS-6

CAA05052.1| Thauera aromatica

WP_011236884.1| Aromatoleum aromaticum

CAI07159.1] Aromatoleum aromaticum EbN1

ABK15654.1| Azoarcus sp. CIB

AAK50372.1| Azoarcus sp. T

Tree scale: 1

| |

BAC05501.1

WP_0189929

Thauera sp. DNT-1
85.1| Azoarcus toluclasticus

AAC38454.1| Thauera aromatica

Supplementary Figure S. Phylogenetic analysis of identified AssA protein sequences
in arrA4-carrying MAGs. Bootstrap values >70% are shown as black dots on branch

nodes. Scale bar represents amino acid substitutions per site.



