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Supplementary Fig. S1. Conservation and predicted structure of O. algarvensis MtoX compared with bacterial and animal homologs.
(a) Amino acid alignments of O. algarvensis MtoX with H. sapiens SELENBP1, C. elegans MTOX, and Methylophaga thiooxidans MtoX show 
conservation of two catalytic residues (G272 and H380, blue) known to coordinate the catalytic copper center, while H89 is replaced by serine. 
(b) Sequence logo highlighting conservation of the WD40-like β-propeller motif characteristic of the MtoX/SELENBP1 family. (c) AlphaFold2-
predicted tertiary structures for all homologs display the canonical eight-bladed β-propeller fold. (d) Structural overlays of O. algarvensis MtoX 
with H. sapiens SELENBP1 (left) and M. thiooxidans MtoX (right) show strong overall structural conservation despite the active-site 
substitution, suggesting potential retention of methanethiol-oxidase-like function.
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DMSP à DMS + Acryloyl-CoA 

Figure S3. DMSP lyase dddD detected in gutless-oligochaete metagenomes.
(a) Maximum-likelihood tree of DddD proteins including assembly-derived sequences from this study and reference sequences compiled from 
Chiou et al. 2023 and Liu et al. 2022, supplemented with GenBank/UniProt entries. Tip labels end with the accession number, host species are 
indicated for assembly-derived sequences, and where available, taxonomic annotations are shown in the outer ring. The tree also shows previously 
ratified proteins (bold). Light and dark grey shadings indicate metagenomes from gutless oligochaetes (Olavius/Inanidrillus) and yellow shadings 
indicate metagenomes from gut-bearing representatives. Protein sequences were aligned with Clustal Omega and the tree inferred with IQ-TREE 
v1.6.12 using ModelFinder. Branch supports was obtained with the ultrafast bootstrap (Hoang et al., 2018) from 1000 replicates, displayed for 
nodes with ≥80% support; scale bar shows substitutions per site. Samples that were investigated in the gene neighborhood analysis are indicated 
with a line and the name of the host. (b) Gene neighborhoods for representative dddD-positive contigs from gutless-oligochaete metagenomes 
and reference genomes (≤10 kb total span; scale bar = 1 kb). Co-localized genes are annotated. Arrows denote gene orientation.
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Inanidrilus sp NYSP (3557 P NODE 1485 length 3288, evalue 6.40e 72)

Inanidrilus triangulatus (ItriBAH1 NODE 664 length 6360, evalue 7.85e 71)

Inanidrilus triangulatus (ItriBAH2 NODE 609 length 6141, evalue 2.04e 71)

Inanidrilus leukodermatus (3557 F NODE 28 length 40495, evalue 5.64e 71)

Inanidrilus leukodermatus (3557 V NODE 346 length 7349, evalue 3.06e 70)

Olavius near avisceralis (4149 4289 AZ NODE 106069 length 1694, evalue 1.75e 71)

Inanidrilus manae (ImanLIZ1 NODE 43 length 80728, evalue 9.96e 73)

Olavius sp. (Oso1OAH1 NODE 229 length 30967, evalue 1.07e 71)

Olavius near algarvensis (4148 4289 Q NODE 22 length 107165, evalue 2.81e 75)

Olavius sp. (Osp1HER1 NODE 64 length 63457, evalue 3.14e 73)

Olavius loisae (3585 CP 4019 F NODE 89333 length 1659, evalue 5.22e 71)

Inanidrilus manae (ImanLIZ1 NODE 359 length 16656, evalue 3.33e 76)
Olavius furinus (4148 4289 D NODE 54 length 51091, evalue 1.01e 75)

Coralliodrilus regius (4149 4289 Z NODE 75 length 46638, evalue 3.98e 80)Olavius clavatus (3585 CK 4019 A NODE 64078 length 1108, evalue 7.88e 89)Inanidrilus scalprum (3557 AI NODE 320 length 5778, evalue 2.53e 100)Inanidrilus sp guadeloupe (3630 L NODE 358 length 11370, evalue 2.12e 99)
Inanidrilus sp guadeloupe (3630 K NODE 317 length 11390, evalue 1.88e 99)

Inanidrilus sp guadeloupe (3630 H NODE 327 length 10118, evalue 1.33e 99)

Inanidrilus leukodermatus (4515 F NODE 5 length 163166, evalue 1.06e 99)

Inanidrilus leukodermatus (Ileu1BER2 NODE 39 length 74230, evalue 3.36e 100)

Inanidrilus leukodermatus (4515 E NODE 4 length 163214, evalue 1.82e 99)

Inanidrilus leukodermatus (Ileu1BER1 NODE 12 length 122473, evalue 2.76e 99)

Inanidrilus leukodermatus (3557 X NODE 1382 length 2364, evalue 3.12e 105)

Inanidrilus sp (3557 AD NODE 10 length 95414, evalue 3.69e 100)

Inanidrilus sp guadeloupe (3630 O NODE 777 length 11282, evalue 2.19e 99)

Inanidrilus aduncosetis (3557 Q NODE 638 length 7037, evalue 2.93e 100)

Inanidrilus sp guadeloupe (3630 M NODE 529 length 11367, evalue 2.12e 99)

Inanidrilus sp guadeloupe (4515 C NODE 452 length 11275, evalue 2.24e 99)

Inanidrilus sp (3557 BK NODE 1427 length 3128, evalue 9.45e 103)

Inanidrilus sp guadeloupe (3630 J NODE 381 length 11276, evalue 1.96e 99)

Inanidrilus sp guadeloupe (4515 B NODE 362 length 11305, evalue 1.91e 99)

Olavius imperfectus (3557 AZ NODE 162 length 8887, evalue 4.94e 100)

Olavius imperfectus (3557 BA NODE 13 length 55731, evalue 1.21e 99)

Inanidrilus sp. 4515 K NODE 291 length 19674, evalue 2.09e 99)

Inanidrilus sp (3557 P NODE 2585 length 2306, evalue 4.32e 105)

Inanidrilus sp guadeloupe (4515 A NODE 450 length 11275, evalue 2.15e 99)

Inanidrilus sp (3557 AA NODE 198 length 15052, evalue 1.84e 99)

Inanidrilus sp (3557 J NODE 6 length 128782, evalue 2.18e 99)

Olavius nr avisceralis (3585 CN 4019 D NODE 3392 length 2359, evalue 3.08e 103)

Olavius sp. (3585 CO 4019 E NODE 284 length 4888, evalue 7.25e 99)

Inanidrilus sp (3557 I NODE 27 length 21182, evalue 1.45e 99)

Inanidrilus sp (3557 Z NODE 4 length 232489, evalue 2.46e 99)

Inanidrilus sp (3557 R NODE 9028 length 839, evalue 1.41e 72)

Inanidrilus leukodermatus (3557 G NODE 2742 length 1352, evalue 3.96e 90)

Olavius loisae (3585 CM 4019 C NODE 56135 length 1114, evalue 9.16e 86)

Inanidrilus sp guadeloupe (3630 I N
ODE 282 length 11305, evalue 1.58e 99)

Inanidrilu
s scalprum (3557 AB NODE 197 length 11561, evalue 2.65e 100)

Inanidrilu
s leukodermatus (3557 Y NODE 48 length 15675, evalue 3.08e 100)

Inanidrilu
s aduncosetis (3557 AQ NODE 36 length 34375, evalue 3.95e 100)

Inanidrilu
s sp (3557 BL NODE 211 length 18454, evalue 2.33e 100)

Inanidrilu
s sp guadeloupe (3630 N NODE 828 length 11

263, evalue 2.20e 99)

Inanidrilu
s le

ukoderm
atus (3

557 AF NODE 11
30 length 2124, evalue 9.71e 95)

Olaviu
s s

p (3
585 CL 4019 B NODE 1382 length 3032, evalue 2.67e 101)

Inanidrilu
s le

ukoderm
atus (

3557 AG NODE 1330 length 2524, e
value 2.17e 78)

Inanidrilu
s le

ukoderm
atus (

3557 BB NODE 5076 length 1242, e
value 1.90e 78)

Inanidrilu
s le

uko
derm

atus (
3557 BJ N

ODE 1 le
ngth 250299, e

va
lue 2.23e 99)

Inanidrilu
s r

eginae (4
148 4289 CM NODE 2543 le

ngth 2027, e
va

lue 1.03e 71)
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s a
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557 BN N
ODE 4370 le
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lue 5.35e 103)
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lavius sp (4148 4289 O

 N
O

D
E

 8 length 148543, evalue 1.39e 82)

O
lavius sp (4148 4289 B

T N
O

D
E

 12523 length 3353, evalue 1.16e 82)
O

lavius sp (4149 4289 B
K

 N
O

D
E

 11485 length 3355, evalue 1.15e 82)
Inanidrilus exum

ae (IexuB
A

H
1 N

O
D

E
 12 length 216222, evalue 3.11e 103)

Inanidrilus aduncosetis (3557 A
Q

 N
O

D
E

 904 length 6162, evalue 1.29e 104)
Inanidrilus aduncosetis (3557 A

S
 N

O
D

E
 44 length 25161, evalue 1.16e 104)

Inanidrilus aduncosetis (3557 Q
 N

O
D

E
 5391 length 1156, evalue 5.31e 106)

R
oseobacter denitrificans (W

P
 011568740.1)

R
oseobacter denitrificans O

C
h 114 (pdb 4B

28 A
)

R
uegeria sp. TM

1040 (Y
P

 613011.1)
R

oseobacter sp. S
K

209-2-6 (ZP
_01755203.1)

R
uegeria pom

eroyi (W
P 011048016.1)

R
uegeria lacuscaerulensis (W

P 005982391.1)

R
hodobacterales bacterium

 H
TC

C
2150 (ZP

_01741265.1)

R
oseovarius sp. TM

1035 (ZP
_01881042.1)

R
oseovarius sp. 217 (ZP_01036399.1)

Phaeobacter gallaeciensis BS107 (ZP_02144167.1)

Phaeobacter gallaeciensis (W
P 024096965.1)

Phaeobacter gallaeciensis 2.10 (ZP_02150063.1)

R
hodobacterales bacterium

 H
TC

C
2255 (ZP_01448542.1)

R
ubellim

icrobium
 therm

ophilum
 (W

P 021096729.1)

O
lavius sp (4148 4289 C

E N
O

D
E 76 length 21905, evalue 5.27e 178)

O
lavius sp (4148 4289 C

D
 N

O
D

E 2587 length 1762, evalue 4.95e 75)

O
lavius sp (4149 4289 BX N

O
D

E 121 length 9801, evalue 4.68e 178)

Jannaschia sp. C
C

S1 (W
P 011454901.1)

O
lavius vacuus (O

vacBAH
1 N

O
D

E 1707 length 11475, evalue 8.38e 165)

O
lavius vacuus (O

vacBAH
2 N

O
D

E 416 length 11365, evalue 5.58e 165)

O
lavius ullae (4148 4289 E NO

DE 150513 length 1355, evalue 1.01e 96)

O
lavius sp (4148 4289 CK NO

DE 457 length 4806, evalue 4.75e 167)

Inanidrilus sp (3557 AA NO
DE 2241 length 2493, evalue 1.47e 109)

Inanidrilus sp (3557 J NO
DE 1199 length 2716, evalue 1.34e 159)

Inanidrilus sp (3557 Z NO
DE 973 length 3088, evalue 1.56e 162)

O
lavius furinus (4148 4289 D NO

DE 97 length 35347, evalue 5.49e 161)

Olavius ilvae (3557 CM
 NODE 944 length 2467, evalue 9.85e 125)

Olavius ilvae (OilvSAN1 NODE 27 length 79512, evalue 2.79e 147)

Olavius ilvae (OilvSAN2 NODE 145975 length 1361, evalue 4.15e 110)

Olavius ilvae (OilvPIA1 NODE 14 length 100099, evalue 2.54e 147)

Olavius ilvae (OilvPIA2 NODE 33 length 100095, evalue 1.78e 147)

Gutless oligochaete (2699 A NODE 197650 length 623, evalue 2.60e 72)

Gutless oligochaete (2699 B NODE 76 length 20614, evalue 2.11e 146)

Olavius sp (4149 4289 AM NODE 30 length 101393, evalue 2.19e 148)

Olavius sp (4149 4289 AO NODE 1394 length 2374, evalue 6.48e 116)

Gutless oligochaete (2699 C NODE 50 length 35110, evalue 1.04e 149)

Gutless oligochaete (2699 D NODE 11 length 96140, evalue 9.35e 150)

Olavius sp (4149 4289 AS NODE 299 length 10187, evalue 8.58e 154)

Albanidrilus sp (4148 4289 AG NODE 22 length 76137, evalue 3.00e 140)

Inanidrilus leukodermatus (Ileu1BER1 NODE 66 length 47614, evalue 4.06e 147)

Inanidrilus leukodermatus (Ileu1BER2 NODE 72 length 51328, evalue 2.18e 148)

Inanidrilus leukodermatus (4515 D NODE 32 length 90166, evalue 5.10e 148)

Olavius algarvensis (3557 CE NODE 239 length 6117, evalue 1.16e 142)

Olavius algarvensis (OalgASAN2 NODE 37 length 60929, evalue 4.45e 141)

Olavius algarvensis (OalgASAN3 NODE 51 length 61011, evalue 5.71e 141)

Olavius algarvensis (3557 CH NODE 2367 length 2189, evalue 3.26e 152)

Olavius algarvensis (OalgBSAN2 NODE 57 length 60916, evalue 1.16e 140)

Olavius algarvensis (OalgASAN1 NODE 52 length 60958, evalue 4.67e 141)

Olavius algarvensis (OalgACAV2 NODE 50 length 60956, evalue 5.85e 141)

Olavius sp. (Osp2HER1 NODE 81 length 54046, evalue 5.44e 141)

Olavius algarvensis (OalgBSAN3 NODE 68 length 60925, evalue 4.73e 141)

Olavius algarvensis (3557 CD NODE 98 length 16923, evalue 5.03e 142)

Olavius algarvensis (OalgBSAN1 NODE 44 length 60925, evalue 4.59e 141)
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lavius sp (4148 4289 O
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D
E

 8 length 148543, evalue 1.39e 82)
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lavius sp (4148 4289 B

T N
O

D
E

 12523 length 3353, evalue 1.16e 82)
O

lavius sp (4149 4289 B
K

 N
O

D
E

 11485 length 3355, evalue 1.15e 82)
Inanidrilus exum

ae (IexuB
A

H
1 N

O
D

E
 12 length 216222, evalue 3.11e 103)

Inanidrilus aduncosetis (3557 A
Q

 N
O

D
E

 904 length 6162, evalue 1.29e 104)
Inanidrilus aduncosetis (3557 A

S
 N

O
D

E
 44 length 25161, evalue 1.16e 104)

Inanidrilus aduncosetis (3557 Q
 N

O
D

E
 5391 length 1156, evalue 5.31e 106)

R
oseobacter denitrificans (W

P
 011568740.1)

R
oseobacter denitrificans O

C
h 114 (pdb 4B

28 A
)

R
uegeria sp. TM

1040 (Y
P

 613011.1)
R

oseobacter sp. S
K

209-2-6 (ZP
_01755203.1)

R
uegeria pom

eroyi (W
P 011048016.1)

R
uegeria lacuscaerulensis (W

P 005982391.1)

R
hodobacterales bacterium

 H
TC

C
2150 (ZP

_01741265.1)

R
oseovarius sp. TM

1035 (ZP
_01881042.1)

R
oseovarius sp. 217 (ZP_01036399.1)

Phaeobacter gallaeciensis BS107 (ZP_02144167.1)

Phaeobacter gallaeciensis (W
P 024096965.1)

Phaeobacter gallaeciensis 2.10 (ZP_02150063.1)

R
hodobacterales bacterium

 H
TC

C
2255 (ZP_01448542.1)

R
ubellim

icrobium
 therm

ophilum
 (W

P 021096729.1)

O
lavius sp (4148 4289 C

E N
O

D
E 76 length 21905, evalue 5.27e 178)

O
lavius sp (4148 4289 C

D
 N

O
D

E 2587 length 1762, evalue 4.95e 75)

O
lavius sp (4149 4289 BX N

O
D

E 121 length 9801, evalue 4.68e 178)

Jannaschia sp. C
C

S1 (W
P 011454901.1)

O
lavius vacuus (O

vacBAH
1 N

O
D

E 1707 length 11475, evalue 8.38e 165)

O
lavius vacuus (O

vacBAH
2 N

O
D

E 416 length 11365, evalue 5.58e 165)

O
lavius ullae (4148 4289 E NO

DE 150513 length 1355, evalue 1.01e 96)

O
lavius sp (4148 4289 CK NO

DE 457 length 4806, evalue 4.75e 167)

Inanidrilus sp (3557 AA NO
DE 2241 length 2493, evalue 1.47e 109)

Inanidrilus sp (3557 J NO
DE 1199 length 2716, evalue 1.34e 159)

Inanidrilus sp (3557 Z NO
DE 973 length 3088, evalue 1.56e 162)

O
lavius furinus (4148 4289 D NO

DE 97 length 35347, evalue 5.49e 161)

Olavius ilvae (3557 CM
 NODE 944 length 2467, evalue 9.85e 125)

Olavius ilvae (OilvSAN1 NODE 27 length 79512, evalue 2.79e 147)

Olavius ilvae (OilvSAN2 NODE 145975 length 1361, evalue 4.15e 110)

Olavius ilvae (OilvPIA1 NODE 14 length 100099, evalue 2.54e 147)

Olavius ilvae (OilvPIA2 NODE 33 length 100095, evalue 1.78e 147)

Gutless oligochaete (2699 A NODE 197650 length 623, evalue 2.60e 72)

Gutless oligochaete (2699 B NODE 76 length 20614, evalue 2.11e 146)

Olavius sp (4149 4289 AM NODE 30 length 101393, evalue 2.19e 148)

Olavius sp (4149 4289 AO NODE 1394 length 2374, evalue 6.48e 116)

Gutless oligochaete (2699 C NODE 50 length 35110, evalue 1.04e 149)

Gutless oligochaete (2699 D NODE 11 length 96140, evalue 9.35e 150)

Olavius sp (4149 4289 AS NODE 299 length 10187, evalue 8.58e 154)

Albanidrilus sp (4148 4289 AG NODE 22 length 76137, evalue 3.00e 140)

Inanidrilus leukodermatus (Ileu1BER1 NODE 66 length 47614, evalue 4.06e 147)

Inanidrilus leukodermatus (Ileu1BER2 NODE 72 length 51328, evalue 2.18e 148)

Inanidrilus leukodermatus (4515 D NODE 32 length 90166, evalue 5.10e 148)

Olavius algarvensis (3557 CE NODE 239 length 6117, evalue 1.16e 142)
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lavius sp (4148 4289 O
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 8 length 148543, evalue 1.39e 82)
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lavius sp (4148 4289 B

T N
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D
E

 12523 length 3353, evalue 1.16e 82)
O

lavius sp (4149 4289 B
K

 N
O

D
E

 11485 length 3355, evalue 1.15e 82)
Inanidrilus exum

ae (IexuB
A

H
1 N

O
D

E
 12 length 216222, evalue 3.11e 103)

Inanidrilus aduncosetis (3557 A
Q

 N
O

D
E

 904 length 6162, evalue 1.29e 104)
Inanidrilus aduncosetis (3557 A

S
 N

O
D

E
 44 length 25161, evalue 1.16e 104)

Inanidrilus aduncosetis (3557 Q
 N

O
D

E
 5391 length 1156, evalue 5.31e 106)
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oseobacter denitrificans (W

P
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R
oseobacter denitrificans O

C
h 114 (pdb 4B

28 A
)

R
uegeria sp. TM

1040 (Y
P

 613011.1)
R

oseobacter sp. S
K

209-2-6 (ZP
_01755203.1)

R
uegeria pom

eroyi (W
P 011048016.1)

R
uegeria lacuscaerulensis (W

P 005982391.1)

R
hodobacterales bacterium
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TC

C
2150 (ZP

_01741265.1)

R
oseovarius sp. TM

1035 (ZP
_01881042.1)

R
oseovarius sp. 217 (ZP_01036399.1)

Phaeobacter gallaeciensis BS107 (ZP_02144167.1)

Phaeobacter gallaeciensis (W
P 024096965.1)

Phaeobacter gallaeciensis 2.10 (ZP_02150063.1)

R
hodobacterales bacterium
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TC
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2255 (ZP_01448542.1)
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ubellim

icrobium
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ophilum
 (W
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O
lavius sp (4148 4289 C
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D
E 76 length 21905, evalue 5.27e 178)

O
lavius sp (4148 4289 C

D
 N

O
D

E 2587 length 1762, evalue 4.95e 75)

O
lavius sp (4149 4289 BX N

O
D

E 121 length 9801, evalue 4.68e 178)

Jannaschia sp. C
C

S1 (W
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O
lavius vacuus (O

vacBAH
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O
D

E 1707 length 11475, evalue 8.38e 165)

O
lavius vacuus (O

vacBAH
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O
D

E 416 length 11365, evalue 5.58e 165)

O
lavius ullae (4148 4289 E NO

DE 150513 length 1355, evalue 1.01e 96)

O
lavius sp (4148 4289 CK NO

DE 457 length 4806, evalue 4.75e 167)

Inanidrilus sp (3557 AA NO
DE 2241 length 2493, evalue 1.47e 109)

Inanidrilus sp (3557 J NO
DE 1199 length 2716, evalue 1.34e 159)

Inanidrilus sp (3557 Z NO
DE 973 length 3088, evalue 1.56e 162)

O
lavius furinus (4148 4289 D NO

DE 97 length 35347, evalue 5.49e 161)

Olavius ilvae (3557 CM
 NODE 944 length 2467, evalue 9.85e 125)

Olavius ilvae (OilvSAN1 NODE 27 length 79512, evalue 2.79e 147)

Olavius ilvae (OilvSAN2 NODE 145975 length 1361, evalue 4.15e 110)

Olavius ilvae (OilvPIA1 NODE 14 length 100099, evalue 2.54e 147)

Olavius ilvae (OilvPIA2 NODE 33 length 100095, evalue 1.78e 147)

Gutless oligochaete (2699 A NODE 197650 length 623, evalue 2.60e 72)

Gutless oligochaete (2699 B NODE 76 length 20614, evalue 2.11e 146)
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Figure S4. DMSP lyase dddP in gutless-oligochaete metagenomes.
(a) Maximum-likelihood phylogeny of DddP. Assembly-derived DddP sequences from gutless-oligochaete metagenomes are placed 
among curated references. M24A peptidases (and representative M24B peptidase/prolidase/creatinase proteins) are included as 
outgroup/context. The clade that contains DddP homologs whose function has been confirmed biochemically is highlighted with a purple 
line. Fungal DddP homologs are indicated as a distinct clade (marked green). Light and dark grey shadings indicate metagenomes from 
gutless oligochaetes (Olavius/Inanidrillus) and yellow, brownish shadings indicate metagenomes from gut-bearing representatives. The 
outer ring denotes microbial class; tip labels end with accession numbers. Proteins were aligned with Clustal Omega (Geneious Prime 
v2021.0.3). The tree was inferred with IQ-TREE v1.6.12, ModelFinder model selection, and ultrafast bootstrap (UFBoot) = 1000. Support 
values are shown for nodes ≥75%; scale bar = substitutions per site. Reference sequences were used from Todd et al. (2009) and Wang 
et al. Samples that were investigated in the gene neighborhood analysis are indicated with a line and the name of the host/symbiont. 
(2015). (b) Gene neighbourhoods. Representative dddP-positive contigs from gutless-oligochaete assemblies and selected references 
are shown (≤10 kb span; 1 kb scale). Arrows indicate gene orientation. (Neighbourhood gene calls are from this study’s contig-level 
inspection.)
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O
D

E
 172382 length 833, evalue 6.79e 74)

Inanidrilus sp. (3557 O
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O
D

E
 3406

length 1490, evalue 9.76e 82)
O

lavius albidus (O
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E
R
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O

D
E

 15158 length 4498, evalue 1.17e 81)
O

lavius albidus (O
albH

E
R
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O

D
E

 10860 length 4506, evalue 1.08e 81)

O
lavius sp. near loisae (4148 4289 B

E
 N

O
D

E
 1564 length 4233, evalue 1.53e 82)

O
lavius sp. near loisae (4148 4289 B

A N
O

D
E

 96762 length 856, evalue 3.20e 60)

O
lavius loisae (O

loiLIZ1 N
O

D
E

 9396 length 5618, evalue 1.99e 81)

Inanidrilus exum
ae (IexuB

A
H

1 N
O

D
E

 10537 length 7692, evalue 4.37e 83)

O
lavius sp. near avisceralis (4148 4289 A

Z N
O

D
E

 821 length 9402, evalue 1.37e 83)

O
lavius loisae (O

loiLIZ2 N
O

D
E 8 length 189816, evalue 1.19e 83)

O
lavius loisae (3854 4020 C
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O

D
E 254 length 18030, evalue 6.12e 81)

O
lavius sp. (3854 4020 E N

O
D

E 253 length 18027, evalue 6.00e 81)

O
lavius sp okinaw

a (3630 C
 N

O
D

E 111617 length 1427, evalue 9.75e 89)

O
lavius sp. "faris" (3557 C

A N
O

D
E 743 length 3143, evalue 1.10e 86)

O
lavius sp. "faris" (3557 C

B N
O

D
E 20067 length 570, evalue 6.60e 59)

O
lavius sp. "faris" (3557 BV N

O
D

E 660 length 2556, evalue 1.12e 88)

O
lavius sp. "faris" (3557 BZ NO

DE 1685 length 2150, evalue 1.39e 78)

O
lavius sp. "faris" (3557 BW

 NO
DE 7412 length 786, evalue 4.54e 54)

O
lavius sp. "faris" (3557

CC NO
DE 507 length 3605, evalue 1.70e 86)

O
lavius sp. "faris" (3557 BX NO

DE 474 length 3669, evalue 4.04e 79)

O
lavius sp. "faris" (3557 BU NO

DE 7114 length 650, evalue 2.69e 63)

Peosidrilus sp (4148 4289 R NODE 16 length 264388, evalue 3.69e 84)

Coralliodrilus regius (4148 4289 Z NODE 807 length 29624, evalue 1.08e 83)

Dim
ethylsulfoniopropionate dem

ethylase, Litoreibacter arenae (W
P 021100146.1)

Dimethylsulfoniopropionate demethylase, Octadecabacter temperatus (W
P 049834197.1)

Dimethylsulfoniopropionate demethylase, Roseobacter sp. CCS2 (W
P 008234947.1)

Dimethylsulfoniopropionate demethylase, Shimia sp. SK013 (W
P 054001256.1)

Dimethylsulfoniopropionate demethylase, Sulfitobacter geojensis (W
P 025044868.1)

Dimethylsulfoniopropionate demethylase, Sulfitobacter guttiformis (W
P 025062221.1 )

Aminomethyl transferase family protein, Roseovarius sp. 217 (EAQ26389.1)

Dimethylsulfoniopropionate demethylase, Jannaschia sp. CCS1 (WP 011455500.1)

Dimethylsulfoniopropionate demethylase, Ruegeria atlantica (WP 058277888.1)

Aminomethyl transferase family protein, Roseobacter denitrificans OCh 114 (ABG31871.1)

Dimethylsulfoniopropionate demethylase, Rhodobacteraceae bacterium (HBG98344.1)

Glycine cleavage T protein, Alpha proteobacterium BAL199 (EDP61332.1)

Olavius sp. (4148 4289 CD NODE 345 length 3890, evalue 1.86e 101)

Olavius sp. (4148 4289 CE NODE 172 length 9704, evalue 4.44e 140)

Olavius sp. (4148 4289 BX NODE 9511 length 2045, evalue 6.87e 147)

Dimethylsulfonioproprionate demethylase DmdA, Ruegeria pomeroyi DSS 3 (AAV95190.1)

Dimethylsulfonioproprionate demethylase DmdA, Ruegeria pomeroyi strain ATCC 700808 (Q5LS57)

Dimethylsulfoniopropionate demethylase, Leisingera sp. ANG S5 (WP 039170873.1)

Dimethylsulfoniopropionate demethylase, Cognatishimia activa (WP 058315995.1)

Dimethylsulfoniopropionate demethylase, Rhizobiales bacterium (NNF77698.1)

Inanidrilus manae (ImanLIZ1 NODE 105 length 47969, evalue 8.04e 128)

Dimethylsulfoniopropionate demethylase, Hellea balneolensis (WP 026941315.1)

Dimethylsulfoniopropionate demethylase, Rhodospirillales bacterium (MAO92012.1)

Albanidrilus sp (4148 4289 AG NODE 17 length 106302, evalue 2.21e 122)

Gutless Oligochaete (2699 C NODE 15 length 79099, evalue 1.72e 120)

Gutless Oligochaete (2699 D NODE 16 length 79183, evalue 1.52e 120)

Olavius sp. (4148 4289 AM NODE 28 length 104537, evalue 6.19e 119)

Gutless Oligochaete (2699 B NODE 12 length 69109, evalue 7.24e 122)

Dimethylsulfoniopropionate demethylase, Gammaproteobacteria bacterium (NCF36818.1)

Olavius ilvae (OilvPIA1 NODE 8 length 239557, evalue 5.57e 116)

Olavius ilvae (OilvPIA2 NODE 14 length 239549, evalue 3.92e 116)

Olavius ilvae (OilvSAN1 NODE 29 length 73453, evalue 8.38e 116)

Olavius ilvae (OilvSAN2 NODE 117688 length 1533, evalue 4.47e 101)

Olavius ilvae (3557 CM NODE 9286 length 678, evalue 7.86e 81)

Dimethylsulfoniopropionate demethylase, Chromatiales bacterium (OED41420.1)

Hypothetical protein, GOS 485527 marine metagenome (EDI11852.1)
Probable aminomethyltransferase, Candidatus Pelagibacter sp. HTCC7211 (EDZ61098.1)Dimethyl sulfoniopropionate demethylase, Rhodobacter sp. BACL10 (KRO88788.1)

Hypothetical protein, GOS 2916990 marine metagenome (ECV34452.1)
Inanidrilus sp (3557 AA NODE 2236 length 2496, evalue 2.53e 138)

Inanidrilus sp (3557 J NODE 800 length 3384, evalue 6.62e 145)

Inanidrilus sp (3557 Z NODE 2746 length 1521, evalue 1.62e 103)

Dimethylsulfoniopropionate demethylase, Rhodospirillaceae bacterium (NQV47002.1)

Olavius sp. (4148 4289 AS NODE 1477 length 6150, evalue 4.68e 129)

Inanidrilus manae (ImanLIZ1 NODE 58 length 70661, evalue 7.26e 137)

Dimethylsulfoniopropionate demethylase, Rhodospirillales bacterium (MBC6439230.1)

Dimethylsulfoniopropionate demethylase, Aestuariispira insulae (WP 115938318.1)

Olavius algarvensis (OalgACAV2 NODE 646 length 14330, evalue 2.04e 96)

Olavius algarvensis (OalgCCAV1 NODE 221 length 37960, evalue 2.01e 96)

Olavius algarvensis (3557 CD NODE 419 length 7995, evalue 1.73e 97)

Olavius algarvensis (3557 CH NODE 673 length 4499, evalue 5.48e 98)

Olavius algarvensis (OalgACAV3 NODE 79 length 41558, evalue 2.84e 96)

Olavius sp. (O
sp2HER1 NODE 143 length 37917, evalue 1.97e 96)

Olavius algarvensis (O
algASAN2 NODE 330 length 14380, evalue 1.55e 96)

Olavius algarvensis (3557 CE NODE 18 length 111
76, evalue 1.36e 97)

Olavius algarvensis (O
algBSAN1 NODE 210 length 14379, evalue 1.59e 96)
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lavius loisae (O
loiH

E
R

2 N
O

D
E

 102 length 23586, evalue 4.76e 72)

O
lavius avisceralis (4148 4289 A

X
 N

O
D

E
 1691 length 3155, evalue 2.37e 76)

Inanidrilus sp (3557 A
A N

O
D

E
 3685 length 1592, evalue 8.45e 82)

Inanidrilus leukoderm
atus (3557 A

F N
O

D
E

 204 length 5840, evalue 3.99e 75)

Inanidrilus leukoderm
atus (3557 G

 N
O

D
E

 9 length 18668, evalue 8.54e 75)

Inanidrilus leukoderm
atus (3557 X

 N
O

D
E

 1430 length 2320, evalue 4.10e 77)

Inanidrilus scalprum
 (3557 A

I N
O

D
E

 963 length 3049, evalue 6.44e 77)

O
lavius im

perfectus (3557 B
A N

O
D

E
 27 length 41877, evalue 5.33e 76)

Inanidrilus sp. (3557 B
K

 N
O

D
E

 98 length 13198, evalue 4.79e 76)

D
im

ethylsulfonioproprionate dem
ethylase (D

m
dA

) A
lphaproteobacteria bacterium

 M
arineA

lpha3 B
in4 (P

P
R

75374.1)

O
lavius furinus (4148 4289 D

 N
O

D
E

 58 length 49700, evalue 1.94e 92)

Am
inom

ethyltransferase, H
om

o sapiens (P48728.1)

Am
inom

ethyltransferase, Pisum
 sativum

 (P49364.2)

Am
inom

ethyltransferase, Saccharom
yces cerevisiae S288C

 (P48015.2)

G
lycine cleavage system

T protein, R
uegeria pom

eroyi D
SS 3 (AAV97197.1)

G
lycine cleavage system

 protein T2, C
andidatus Pelagibacter ubique H

TC
C

1062 (AAZ21486.1)

G
lycine cleavage system

 T protein, D
esulfovibrio alaskensis G

20 (ABB38793.2 )

Am
inom

ethyltransferase, Escherichia coli K-12 (P27248.3)

Am
inom

ethyltransferase, Bacillus subtilis subsp. subtilis str. 168 (P54378.2)

Probable am
inom

ethyltransferase, Pyrococcus horikoshii O
T3 (O

58888.2)

Sarcosine dehydrogenase, Rattus norvegicus (Q
64380.2)

Sarcosine dehydrogenase, Roseovarius nubinhibens ISM
 (EAP75561.1)

FAD-dependent oxidoreductase, Paraburkholderia gram
inis C4D1M

 (EDT09370.1)

Dim
ethylglycine dehydrogenase, Sinorhizobium

 fredii NGR234 (AAQ87218.1)

FAD-dependent oxidoreductase, Ruegeria pom
eroyi DSS 3 (AAV96623.1)

Dim
ethylglycine dehydrogenase, Rattus norvegicus (Q63342.1)

Aminomethyl transferase family protein, Ruegeria pomeroyi DSS 3 (AAV94866.1)

Glycine cleavage T protein, Rhizobium leguminosarum bv. trifolii W
SM1325 (EDR75388.1)

Glycine cleavage system T protein, Ruegeria pomeroyi DSS 3 (AAV94849.2)

Aminomethyltransferase, Mycolicibacterium gilvum PYR GCK (ABP47600.1)

Olavius sp. (4148 4289 BJ NODE 895 length 3271, evalue 1.15e 54)

Olavius sp. (4148 4289 BK NODE 5 length 18849, evalue 2.01e 54)

Inanidrilus reginae (3557 AE NODE 4734 length 883, evalue 7.94e 48)

Inanidrilus scalprum (3557 AW NODE 784 length 3316, evalue 2.23e 57)

Inanidrilus sp (3557 AD NODE 95 length 22621, evalue 1.71e 54)

Olavius sp. (3630 F NODE 85052 length 2190, evalue 4.97e 56)

Olavius prodigus (4148 4289 B NODE 18 length 83264, evalue 5.31e 56)

Aminomethyltransferase protein, Marinobacter algicola DG893 (EDM49742.1)

Putative aminomethyltransferase, Candidatus Pelagibacter ubique HTCC1062 (AAZ22069.1)

Probable aminomethyltransferase, Haloarcula marismortui ATCC 43049 (AAV45054.1)

Tree scale: 1

bootstrap

75

81.25

87.5

93.75

100

Olavius "zimmermannae" (3557 BH NODE 288 length 9392, evalue 2.52e 88)

Olavius "zimmermannae" (4148 4289 CN NODE 2241 length 3944, evalue 6.37e 88)

Olavius "zimmermannae" (4148 4289 CO NODE 1131 length 3943, evalue 5.42e 88)

Inanidrilus scalprum (3557 AI NODE 455 length 4679, evalue 6.38e 90)

Inanidrilus leukodermatus (3557 BB NODE 1508 length 2893, evalue 8.15e 92)

Olavius sp. (3585 CL 4019 B NODE 24077 length 1541, evalue 3.61e 95)

Inanidrilus leukodermatus (3557 V NODE 2868 length 1641, evalue 1.33e 95)

Inanidrilus sp (3557 P NODE 9395 length 825, evalue 1.89e 60)

Inanidrilus sp (3557 AV NODE 4008 length 1161, evalue 8.33e 60)

Inanidrilus leukodermatus (3557 AX NODE 3729 length 1146, evalue 3.71e 92)Olavius sp (4148 4289 BZ NODE 868 length 3933, evalue 1.37e 91)Olavius sp (4148 4289 U NODE 117 length 22299, evalue 9.82e 85)
Olavius sp (4148 4289 V NODE 16 length 146767, evalue 1.46e 87)

Olavius sp. (Osp1DAH2 NODE 1120 length 10153, evalue 1.84e 85)

Olavius sp (4148 4289 BC NODE 31320 length 1301, evalue 4.76e 86)

Olavius sp. (4148 4289 BF NODE 5348 length 2159, evalue 5.16e 83)

Inanidrilus sp. "guadeloupe" (3630 I NODE 8 length 170939, evalue 1.87e 86)

Inanidrilus sp. "guadeloupe" (3630 K NODE 9 length 170939, evalue 2.22e 86)

Inanidrilus sp. "guadeloupe" (3630 O NODE 8 length 170939, evalue 2.59e 86)

Inanidrilus sp. "guadeloupe" (3630 J NODE 8 length 170939, evalue 2.32e 86)

Inanidrilus sp. "guadeloupe" (3630 H NODE 8 length 192600, evalue 1.59e 86)

Inanidrilus sp. "guadeloupe" (3630 L NODE 9 length 170939, evalue 2.50e 86)

Inanidrilus sp. "guadeloupe" (4515 C NODE 8 length 170939, evalue 2.65e 86)

Inanidrilus sp. "guadeloupe" (4515 B NODE 8 length 170939, evalue 2.26e 86)

Inanidrilus sp. "guadeloupe" (3630 M NODE 9 length 170939, evalue 2.50e 86)

Inanidrilus sp. "guadeloupe" (4515 A NODE 9 length 170939, evalue 2.54e 86)

Olavius finitimus (3557 AL NODE 134 length 20781, evalue 1.77e 87)

Olavius filicauda (OfilPIA1 NODE 2238 length 6392, evalue 4.44e 82)

Olavius filic
auda (OfilPIA2 NODE 2701 length 6389, evalue 4.48e 82)

Inanidrilus scalprum (3557 AB NODE 4455 length 1286, evalue 3.41e 88)

Inanidrilus scalprum (3557 AC NODE 2449 length 1700, evalue 1.62e 86)
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Hypothetical protein, GOS 2916990 marine metagenome (ECV34452.1)
Inanidrilus sp (3557 AA NODE 2236 length 2496, evalue 2.53e 138)

Inanidrilus sp (3557 J NODE 800 length 3384, evalue 6.62e 145)

Inanidrilus sp (3557 Z NODE 2746 length 1521, evalue 1.62e 103)

Dimethylsulfoniopropionate demethylase, Rhodospirillaceae bacterium (NQV47002.1)

Olavius sp. (4148 4289 AS NODE 1477 length 6150, evalue 4.68e 129)

Inanidrilus manae (ImanLIZ1 NODE 58 length 70661, evalue 7.26e 137)

Dimethylsulfoniopropionate demethylase, Rhodospirillales bacterium (MBC6439230.1)

Dimethylsulfoniopropionate demethylase, Aestuariispira insulae (WP 115938318.1)

Olavius algarvensis (OalgACAV2 NODE 646 length 14330, evalue 2.04e 96)

Olavius algarvensis (OalgCCAV1 NODE 221 length 37960, evalue 2.01e 96)

Olavius algarvensis (3557 CD NODE 419 length 7995, evalue 1.73e 97)

Olavius algarvensis (3557 CH NODE 673 length 4499, evalue 5.48e 98)

Olavius algarvensis (OalgACAV3 NODE 79 length 41558, evalue 2.84e 96)

Olavius sp. (O
sp2HER1 NODE 143 length 37917, evalue 1.97e 96)

Olavius algarvensis (O
algASAN2 NODE 330 length 14380, evalue 1.55e 96)

Olavius algarvensis (3557 CE NODE 18 length 111
76, evalue 1.36e 97)

Olavius algarvensis (O
algBSAN1 NODE 210 length 14379, evalue 1.59e 96)

Olaviu
s a

lgarve
nsis

 (O
algACAV1 NODE 165 length 37960, evalue 1.53e 96)

Olaviu
s a

lgarve
nsis

 (O
algBSAN2 NODE 370 length 14379, e

value 1.55e 96)

Olaviu
s a

lgarve
nsis

 (O
algBSAN3 NODE 385 length 14379, e

value 1.65e 96)

Olaviu
s a

lgarve
nsis

 (O
algASAN1 NODE 411

 le
ngth 14380, e

va
lue 1.62e 96)

Olaviu
s a

lgarve
nsis

 (3
557 C

I N
ODE 650 le

ngth 5782, e
va

lue 1.52e 97)

Olav
ius

 al
ga

rve
ns

is 
(O

alg
ASAN3 N

ODE 49
5 l

en
gth

 14
38

0, 
ev

alu
e 7.

22
e 9

6)

Ina
nid

rilu
s d

utc
ha

e A
 (Is

p1
OAH70

 N
ODE 88

0 l
en

gth
 88

77
, e

va
lue

 1.
10

e 9
3)

Ina
nid

rilu
s d

utc
ha

e A
 (Is

p1
OAH67

 N
ODE 12

53
 le

ng
th 

64
39

, e
va

lue
 1.

07
e 9

6)

Ina
nid

rilu
s d

utc
ha

e B
 (Is

p2
OAH49

 N
ODE 16

8 l
en

gth
 23

71
4, 

ev
alu

e 1
.45

e 9
6)

Olav
ius

 nr
 lo

isa
e (

35
86

 C
I 4

01
9 N

 N
ODE 23

33
 le

ng
th 

35
91

, e
va

lue
 1.

18
e 6

8)

Ina
nid

rilu
s d

utc
ha

e B
 (I

sp
1O

AH30
 N

ODE 11
46

7 l
en

gth
 29

01
, e

va
lue

 1.
13

e 9
8)

In
an

idr
ilu

s d
ut

ch
ae

 B
 (I

sp
2O

AH42
 N

ODE 1
28

43
 le

ng
th

 3
63

3,
 e

va
lue

 1
.6

9e
 6

8)

Dim
et

hy
lsu

lfo
nio

pr
op

ion
at

e 
de

m
et

hy
las

e,
 G

am
m

ap
ro

te
ob

ac
te

ria
 b

ac
te

riu
m

 (N
CF3

48
77

.1
)

Gut
les

s O
lig

oc
ha

et
e 

(2
69

9 
C N

ODE 
22

 le
ng

th
 6

96
22

, e
va

lue
 2

.5
2e

 9
9)

Gut
les

s O
lig

oc
ha

et
e 

(2
69

9 
D 

NO
DE

 7
 le

ng
th

 1
26

92
5,

 e
va

lue
 2

.2
4e

 9
9)

G
ut

le
ss

 O
lig

oc
ha

et
e 

(2
69

9 
B 

NO
DE

 3
3 

le
ng

th
 4

40
99

, e
va

lu
e 

3.
65

e 
95

)

O
la

viu
s 

ilv
ae

 (O
ilv

SA
N1

 N
O

DE
 1

 le
ng

th
 7

61
80

7,
 e

va
lu

e 
4.

37
e 

99
)

O
la

viu
s 

ilv
ae

 (O
ilv

PI
A1

 N
O

DE
 3

 le
ng

th
 4

99
72

0,
 e

va
lu

e 
1.

51
e 

98
)

O
la

viu
s 

ilv
ae

 (O
ilv

PI
A2

 N
O

DE
 4

 le
ng

th
 4

99
71

8,
 e

va
lu

e 
1.

07
e 

98
)

O
la

vi
us

 s
p.

 (4
14

8 
42

89
 A

M
 N

O
D

E 
9 

le
ng

th
 1

97
07

1,
 e

va
lu

e 
2.

04
e 

95
)

O
la

vi
us

 s
p.

 (4
14

8 
42

89
 A

O
 N

O
D

E 
22

7 
le

ng
th

 5
24

4,
 e

va
lu

e 
7.

25
e 

96
)

O
la

vi
us

 s
p.

 (4
14

8 
42

89
 B

L 
N

O
D

E 
91

94
 le

ng
th

 1
90

8,
 e

va
lu

e 
4.

21
e 

98
)

O
la

vi
us

 s
p.

 (4
14

8 
42

89
 C

F 
N

O
D

E 
56

04
6 

le
ng

th
 1

53
4,

 e
va

lu
e 

3.
30

e 
75

)

D
im

et
hy

ls
ul

fo
ni

op
ro

pi
on

at
e 

de
m

et
hy

la
se

, C
oc

le
im

on
as

 fl
av

a 
(W

P 
13

19
05

77
7.

1)

G
cv

T 
lik

e 
Am

in
om

et
hy

ltr
an

sf
er

as
e 

pr
ot

ei
n,

 C
an

di
da

tu
s 

Pe
la

gi
ba

ct
er

 u
bi

qu
e 

H
TC

C
10

62
 (A

AZ
21

06
8.

1)

D
im

et
hy

ls
ul

fo
ni

op
ro

pr
io

na
te

 d
em

et
hy

la
se

 D
m

dA
, P

el
ag

ib
ac

te
r u

bi
qu

e 
st

ra
in

 H
TC

C
10

62
 (Q

4F
P2

1)

Am
in

om
et

hy
ltr

an
sf

er
as

e,
 C

an
di

da
tu

s 
P

el
ag

ib
ac

te
r s

p.
 H

TC
C

72
11

 (E
D

Z6
04

47
.1

)

A
m

in
om

et
hy

l t
ra

ns
fe

ra
se

 fa
m

ily
 p

ro
te

in
, R

ho
do

ba
ct

er
al

es
 b

ac
te

riu
m

 H
TC

C
22

55
 (E

A
U

51
03

9.
1)

A
m

in
om

et
hy

l t
ra

ns
fe

ra
se

 fa
m

ily
 p

ro
te

in
, m

ar
in

e 
ga

m
m

a 
pr

ot
eo

ba
ct

er
iu

m
 H

TC
C

20
80

 (E
AW

42
45

1.
1)

In
an

id
ril

us
 le

uk
od

er
m

at
us

 (3
55

7 
N

 N
O

D
E

 3
54

9 
le

ng
th

 1
23

1,
 e

va
lu

e 
9.

66
e 

57
)

O
la

vi
us

 im
pe

rfe
ct

us
 (3

55
7 

B
O

 N
O

D
E

 5
87

54
 le

ng
th

 4
69

, e
va

lu
e 

1.
07

e 
38

)

In
an

id
ril

us
 le

uk
od

er
m

at
us

 (3
55

7 
Y

 N
O

D
E

 4
70

4 
le

ng
th

 1
15

8,
 e

va
lu

e 
1.

27
e 

68
)

In
an

id
ril

us
 re

gi
na

e 
(3

55
7 

A
O

 N
O

D
E

 3
49

5 
le

ng
th

 1
38

4,
 e

va
lu

e 
1.

74
e 

77
)

In
an

id
ril

us
 s

p 
(3

55
7 

R
 N

O
D

E
 2

02
4 

le
ng

th
 2

13
7,

 e
va

lu
e 

4.
54

e 
75

)

O
la

vi
us

 lo
is

ae
 (3

58
5 

C
P

 4
01

9 
F 

N
O

D
E

 1
95

80
4 

le
ng

th
 1

16
0,

 e
va

lu
e 

6.
88

e 
77

)

In
an

id
ril

us
 re

gi
na

e 
(3

55
7 

A
H

 N
O

D
E

 1
72

76
 le

ng
th

 7
22

, e
va

lu
e 

6.
23

e 
63

)

O
la

vi
us

 lo
is

ae
 (O

lo
iH

E
R

1 
N

O
D

E
10

7 
le

ng
th

 2
35

86
, e

va
lu

e 
4.

49
e 

72
)O

lavius loisae (O
loiH

E
R

2 N
O

D
E

 102 length 23586, evalue 4.76e 72)

O
lavius avisceralis (4148 4289 A

X
 N

O
D

E
 1691 length 3155, evalue 2.37e 76)

Inanidrilus sp (3557 A
A N

O
D

E
 3685 length 1592, evalue 8.45e 82)

Inanidrilus leukoderm
atus (3557 A

F N
O

D
E

 204 length 5840, evalue 3.99e 75)

Inanidrilus leukoderm
atus (3557 G

 N
O

D
E

 9 length 18668, evalue 8.54e 75)

Inanidrilus leukoderm
atus (3557 X

 N
O

D
E

 1430 length 2320, evalue 4.10e 77)

Inanidrilus scalprum
 (3557 A

I N
O

D
E

 963 length 3049, evalue 6.44e 77)

O
lavius im

perfectus (3557 B
A N

O
D

E
 27 length 41877, evalue 5.33e 76)

Inanidrilus sp. (3557 B
K

 N
O

D
E

 98 length 13198, evalue 4.79e 76)

D
im

ethylsulfonioproprionate dem
ethylase (D

m
dA

) A
lphaproteobacteria bacterium

 M
arineA

lpha3 B
in4 (P

P
R

75374.1)

O
lavius furinus (4148 4289 D

 N
O

D
E

 58 length 49700, evalue 1.94e 92)

Am
inom

ethyltransferase, H
om

o sapiens (P48728.1)

Am
inom

ethyltransferase, Pisum
 sativum

 (P49364.2)

Am
inom

ethyltransferase, Saccharom
yces cerevisiae S288C

 (P48015.2)

G
lycine cleavage system

T protein, R
uegeria pom

eroyi D
SS 3 (AAV97197.1)

G
lycine cleavage system

 protein T2, C
andidatus Pelagibacter ubique H

TC
C

1062 (AAZ21486.1)

G
lycine cleavage system

 T protein, D
esulfovibrio alaskensis G

20 (ABB38793.2 )

Am
inom

ethyltransferase, Escherichia coli K-12 (P27248.3)

Am
inom

ethyltransferase, Bacillus subtilis subsp. subtilis str. 168 (P54378.2)

Probable am
inom

ethyltransferase, Pyrococcus horikoshii O
T3 (O

58888.2)

Sarcosine dehydrogenase, Rattus norvegicus (Q
64380.2)

Sarcosine dehydrogenase, Roseovarius nubinhibens ISM
 (EAP75561.1)

FAD-dependent oxidoreductase, Paraburkholderia gram
inis C4D1M

 (EDT09370.1)

Dim
ethylglycine dehydrogenase, Sinorhizobium

 fredii NGR234 (AAQ87218.1)

FAD-dependent oxidoreductase, Ruegeria pom
eroyi DSS 3 (AAV96623.1)

Dim
ethylglycine dehydrogenase, Rattus norvegicus (Q63342.1)

Aminomethyl transferase family protein, Ruegeria pomeroyi DSS 3 (AAV94866.1)

Glycine cleavage T protein, Rhizobium leguminosarum bv. trifolii W
SM1325 (EDR75388.1)

Glycine cleavage system T protein, Ruegeria pomeroyi DSS 3 (AAV94849.2)

Aminomethyltransferase, Mycolicibacterium gilvum PYR GCK (ABP47600.1)

Olavius sp. (4148 4289 BJ NODE 895 length 3271, evalue 1.15e 54)

Olavius sp. (4148 4289 BK NODE 5 length 18849, evalue 2.01e 54)

Inanidrilus reginae (3557 AE NODE 4734 length 883, evalue 7.94e 48)

Inanidrilus scalprum (3557 AW NODE 784 length 3316, evalue 2.23e 57)

Inanidrilus sp (3557 AD NODE 95 length 22621, evalue 1.71e 54)

Olavius sp. (3630 F NODE 85052 length 2190, evalue 4.97e 56)

Olavius prodigus (4148 4289 B NODE 18 length 83264, evalue 5.31e 56)

Aminomethyltransferase protein, Marinobacter algicola DG893 (EDM49742.1)

Putative aminomethyltransferase, Candidatus Pelagibacter ubique HTCC1062 (AAZ22069.1)

Probable aminomethyltransferase, Haloarcula marismortui ATCC 43049 (AAV45054.1)

Tree scale: 1
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Olavius "zimmermannae" (3557 BH NODE 288 length 9392, evalue 2.52e 88)

Olavius "zimmermannae" (4148 4289 CN NODE 2241 length 3944, evalue 6.37e 88)

Olavius "zimmermannae" (4148 4289 CO NODE 1131 length 3943, evalue 5.42e 88)

Inanidrilus scalprum (3557 AI NODE 455 length 4679, evalue 6.38e 90)

Inanidrilus leukodermatus (3557 BB NODE 1508 length 2893, evalue 8.15e 92)

Olavius sp. (3585 CL 4019 B NODE 24077 length 1541, evalue 3.61e 95)

Inanidrilus leukodermatus (3557 V NODE 2868 length 1641, evalue 1.33e 95)

Inanidrilus sp (3557 P NODE 9395 length 825, evalue 1.89e 60)

Inanidrilus sp (3557 AV NODE 4008 length 1161, evalue 8.33e 60)

Inanidrilus leukodermatus (3557 AX NODE 3729 length 1146, evalue 3.71e 92)
Olavius sp (4148 4289 BZ NODE 868 length 3933, evalue 1.37e 91)Olavius sp (4148 4289 U NODE 117 length 22299, evalue 9.82e 85)Olavius sp (4148 4289 V NODE 16 length 146767, evalue 1.46e 87)

Olavius sp. (Osp1DAH2 NODE 1120 length 10153, evalue 1.84e 85)

Olavius sp (4148 4289 BC NODE 31320 length 1301, evalue 4.76e 86)

Olavius sp. (4148 4289 BF NODE 5348 length 2159, evalue 5.16e 83)

Inanidrilus sp. "guadeloupe" (3630 I NODE 8 length 170939, evalue 1.87e 86)

Inanidrilus sp. "guadeloupe" (3630 K NODE 9 length 170939, evalue 2.22e 86)

Inanidrilus sp. "guadeloupe" (3630 O NODE 8 length 170939, evalue 2.59e 86)

Inanidrilus sp. "guadeloupe" (3630 J NODE 8 length 170939, evalue 2.32e 86)

Inanidrilus sp. "guadeloupe" (3630 H NODE 8 length 192600, evalue 1.59e 86)

Inanidrilus sp. "guadeloupe" (3630 L NODE 9 length 170939, evalue 2.50e 86)

Inanidrilus sp. "guadeloupe" (4515 C NODE 8 length 170939, evalue 2.65e 86)

Inanidrilus sp. "guadeloupe" (4515 B NODE 8 length 170939, evalue 2.26e 86)

Inanidrilus sp. "guadeloupe" (3630 M NODE 9 length 170939, evalue 2.50e 86)

Inanidrilus sp. "guadeloupe" (4515 A NODE 9 length 170939, evalue 2.54e 86)

Olavius finitimus (3557 AL NODE 134 length 20781, evalue 1.77e 87)

Olavius filicauda (OfilPIA1 NODE 2238 length 6392, evalue 4.44e 82)

Olavius filic
auda (OfilPIA2 NODE 2701 length 6389, evalue 4.48e 82)

Inanidrilus scalprum (3557 AB NODE 4455 length 1286, evalue 3.41e 88)

Inanidrilus scalprum (3557 AC NODE 2449 length 1700, evalue 1.62e 86)

Inanidrilus scalprum (3557 AJ NODE 4033 length 1270, evalue 5.11e 83)

Inanidrilu
s scalprum (3557 AI NODE 11154 length 833, evalue 7.53e 82)

Inanidrilu
s makropetalos (Im

akBAH1 NODE 78 length 43916, evalue 1.44e 77)

Inanidrilu
s makropetalos (Im

akBAH2 NODE 248 length 15477, evalue 4.21e 77)

Inanidrilu
s m
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e (4

148 4289 CI N
ODE 5844 length 2128, evalue 1.36e 81)

Inanidrilu
s s

p. (3
557 BL NODE 250 length 17009, evalue 4.62e 83)
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s s
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515 K NODE 1 length 665748, e
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s s

p. (3
557 AD NODE 44569 le
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s s
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) Inanidrilus sp. (3557 A

U
 N

O
D

E
 3428 length 1804, evalue 3.56e 81)

O
lavius im

perfectus (3557 B
C

 N
O

D
E

 730 length 3356, evalue 2.10e 84)
O

lavius sp. (3585 C
O

 4019 E
 N

O
D

E
 172382 length 833, evalue 6.79e 74)

Inanidrilus sp. (3557 O
 N

O
D

E
 3406 length 1490, evalue 9.76e 82)

O
lavius albidus (O

albH
E

R
1 N

O
D

E
 15158 length 4498, evalue 1.17e 81)

O
lavius albidus (O

albH
E

R
2 N

O
D

E
 10860 length 4506, evalue 1.08e 81)

O
lavius sp. near loisae (4148 4289 B

E
 N

O
D

E
 1564 length 4233, evalue 1.53e 82)

O
lavius sp. near loisae (4148 4289 B

A N
O

D
E

 96762 length 856, evalue 3.20e 60)

O
lavius loisae (O

loiLIZ1 N
O

D
E

 9396 length 5618, evalue 1.99e 81)

Inanidrilus exum
ae (IexuB

A
H

1 N
O

D
E

 10537 length 7692, evalue 4.37e 83)

O
lavius sp. near avisceralis (4148 4289 A

Z N
O

D
E

 821 length 9402, evalue 1.37e 83)

O
lavius loisae (O

loiLIZ2 N
O

D
E 8 length 189816, evalue 1.19e 83)

O
lavius loisae (3854 4020 C

 N
O

D
E 254 length 18030, evalue 6.12e 81)

O
lavius sp. (3854 4020 E N

O
D

E 253 length 18027, evalue 6.00e 81)

O
lavius sp okinaw

a (3630 C
 N

O
D

E 111617 length 1427, evalue 9.75e 89)

O
lavius sp. "faris" (3557 C

A N
O

D
E 743 length 3143, evalue 1.10e 86)

O
lavius sp. "faris" (3557 C

B N
O

D
E 20067 length 570, evalue 6.60e 59)

O
lavius sp. "faris" (3557 BV N

O
D

E 660 length 2556, evalue 1.12e 88)

O
lavius sp. "faris" (3557 BZ NO

DE 1685 length 2150, evalue 1.39e 78)

O
lavius sp. "faris" (3557 BW

 NO
DE 7412 length 786, evalue 4.54e 54)

O
lavius sp. "faris" (3557 CC NO

DE 507 length 3605, evalue 1.70e 86)

O
lavius sp. "faris" (3557 BX NO

DE 474 length 3669, evalue 4.04e 79)

O
lavius sp. "faris" (3557 BU NO

DE 7114 length 650, evalue 2.69e 63)

Peosidrilus sp (4148 4289 R NODE 16 length 264388, evalue 3.69e 84)

Coralliodrilus regius (4148 4289 Z NODE 807 length 29624, evalue 1.08e 83)

Dim
ethylsulfoniopropionate dem

ethylase, Litoreibacter arenae (W
P 021100146.1)

Dimethylsulfoniopropionate demethylase, Octadecabacter temperatus (W
P 049834197.1)

Dimethylsulfoniopropionate demethylase, Roseobacter sp. CCS2 (W
P 008234947.1)

Dimethylsulfoniopropionate demethylase, Shimia sp. SK013 (W
P 054001256.1)

Dimethylsulfoniopropionate demethylase, Sulfitobacter geojensis (W
P 025044868.1)

Dimethylsulfoniopropionate demethylase, Sulfitobacter guttiformis (W
P 025062221.1 )

Aminomethyl transferase family protein, Roseovarius sp. 217 (EAQ26389.1)

Dimethylsulfoniopropionate demethylase, Jannaschia sp. CCS1 (WP 011455500.1)

Dimethylsulfoniopropionate demethylase, Ruegeria atlantica (WP 058277888.1)

Aminomethyl transferase family protein, Roseobacter denitrificans OCh 114 (ABG31871.1)

Dimethylsulfoniopropionate demethylase, Rhodobacteraceae bacterium (HBG98344.1)

Glycine cleavage T protein, Alpha proteobacterium BAL199 (EDP61332.1)

Olavius sp. (4148 4289 CD NODE 345 length 3890, evalue 1.86e 101)

Olavius sp. (4148 4289 CE NODE 172 length 9704, evalue 4.44e 140)

Olavius sp. (4148 4289 BX NODE 9511 length 2045, evalue 6.87e 147)

Dimethylsulfonioproprionate demethylase DmdA, Ruegeria pomeroyi DSS 3 (AAV95190.1)

Dimethylsulfonioproprionate demethylase DmdA, Ruegeria pomeroyi strain ATCC 700808 (Q5LS57)

Dimethylsulfoniopropionate demethylase, Leisingera sp. ANG S5 (WP 039170873.1)

Dimethylsulfoniopropionate demethylase, Cognatishimia activa (WP 058315995.1)
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ethyltransferase, Bacillus subtilis subsp. subtilis str. 168 (P54378.2)
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Aminomethyl transferase family protein, Ruegeria pomeroyi DSS 3 (AAV94866.1)
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Glycine cleavage system T protein, Ruegeria pomeroyi DSS 3 (AAV94849.2)

Aminomethyltransferase, Mycolicibacterium gilvum PYR GCK (ABP47600.1)

Olavius sp. (4148 4289 BJ NODE 895 length 3271, evalue 1.15e 54)

Olavius sp. (4148 4289 BK NODE 5 length 18849, evalue 2.01e 54)

Inanidrilus reginae (3557 AE NODE 4734 length 883, evalue 7.94e 48)
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Aminomethyltransferase protein, Marinobacter algicola DG893 (EDM49742.1)

Putative aminomethyltransferase, Candidatus Pelagibacter ubique HTCC1062 (AAZ22069.1)

Probable aminomethyltransferase, Haloarcula marismortui ATCC 43049 (AAV45054.1)
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P 021100146.1)
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Dimethylsulfoniopropionate demethylase, Shimia sp. SK013 (W
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Dimethylsulfoniopropionate demethylase, Sulfitobacter geojensis (W
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Dimethylsulfoniopropionate demethylase, Sulfitobacter guttiformis (W
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Aminomethyl transferase family protein, Roseovarius sp. 217 (EAQ26389.1)

Dimethylsulfoniopropionate demethylase, Jannaschia sp. CCS1 (WP 011455500.1)

Dimethylsulfoniopropionate demethylase, Ruegeria atlantica (WP 058277888.1)

Aminomethyl transferase family protein, Roseobacter denitrificans OCh 114 (ABG31871.1)

Dimethylsulfoniopropionate demethylase, Rhodobacteraceae bacterium (HBG98344.1)

Glycine cleavage T protein, Alpha proteobacterium BAL199 (EDP61332.1)

Olavius sp. (4148 4289 CD NODE 345 length 3890, evalue 1.86e 101)

Olavius sp. (4148 4289 CE NODE 172 length 9704, evalue 4.44e 140)

Olavius sp. (4148 4289 BX NODE 9511 length 2045, evalue 6.87e 147)

Dimethylsulfonioproprionate demethylase DmdA, Ruegeria pomeroyi DSS 3 (AAV95190.1)

Dimethylsulfonioproprionate demethylase DmdA, Ruegeria pomeroyi strain ATCC 700808 (Q5LS57)

Dimethylsulfoniopropionate demethylase, Leisingera sp. ANG S5 (WP 039170873.1)

Dimethylsulfoniopropionate demethylase, Cognatishimia activa (WP 058315995.1)

Dimethylsulfoniopropionate demethylase, Rhizobiales bacterium (NNF77698.1)

Inanidrilus manae (ImanLIZ1 NODE 105 length 47969, evalue 8.04e 128)

Dimethylsulfoniopropionate demethylase, Hellea balneolensis (WP 026941315.1)

Dimethylsulfoniopropionate demethylase, Rhodospirillales bacterium (MAO92012.1)

Albanidrilus sp (4148 4289 AG NODE 17 length 106302, evalue 2.21e 122)

Gutless Oligochaete (2699 C NODE 15 length 79099, evalue 1.72e 120)

Gutless Oligochaete (2699 D NODE 16 length 79183, evalue 1.52e 120)

Olavius sp. (4148 4289 AM NODE 28 length 104537, evalue 6.19e 119)

Gutless Oligochaete (2699 B NODE 12 length 69109, evalue 7.24e 122)

Dimethylsulfoniopropionate demethylase, Gammaproteobacteria bacterium (NCF36818.1)

Olavius ilvae (OilvPIA1 NODE 8 length 239557, evalue 5.57e 116)

Olavius ilvae (OilvPIA2 NODE 14 length 239549, evalue 3.92e 116)

Olavius ilvae (OilvSAN1 NODE 29 length 73453, evalue 8.38e 116)

Olavius ilvae (OilvSAN2 NODE 117688 length 1533, evalue 4.47e 101)

Olavius ilvae (3557 CM NODE 9286 length 678, evalue 7.86e 81)

Dimethylsulfoniopropionate demethylase, Chromatiales bacterium (OED41420.1)
Hypothetical protein, GOS 485527 marine metagenome (EDI11852.1)Probable aminomethyltransferase, Candidatus Pelagibacter sp. HTCC7211 (EDZ61098.1)
Dimethyl sulfoniopropionate demethylase, Rhodobacter sp. BACL10 (KRO88788.1)

Hypothetical protein, GOS 2916990 marine metagenome (ECV34452.1)

Inanidrilus sp (3557 AA NODE 2236 length 2496, evalue 2.53e 138)

Inanidrilus sp (3557 J NODE 800 length 3384, evalue 6.62e 145)

Inanidrilus sp (3557 Z NODE 2746 length 1521, evalue 1.62e 103)

Dimethylsulfoniopropionate demethylase, Rhodospirillaceae bacterium (NQV47002.1)

Olavius sp. (4148 4289 AS NODE 1477 length 6150, evalue 4.68e 129)

Inanidrilus manae (ImanLIZ1 NODE 58 length 70661, evalue 7.26e 137)

Dimethylsulfoniopropionate demethylase, Rhodospirillales bacterium (MBC6439230.1)

Dimethylsulfoniopropionate demethylase, Aestuariispira insulae (WP 115938318.1)
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Olavius algarvensis (OalgCCAV1 NODE 221 length 37960, evalue 2.01e 96)

Olavius algarvensis (3557 CD NODE 419 length 7995, evalue 1.73e 97)

Olavius algarvensis (3557 CH NODE 673 length 4499, evalue 5.48e 98)

Olavius algarvensis (OalgACAV3 NODE 79 length 41558, evalue 2.84e 96)
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E
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Inanidrilus sp (3557 A
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E
 3685 length 1592, evalue 8.45e 82)

Inanidrilus leukoderm
atus (3557 A
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E

 204 length 5840, evalue 3.99e 75)

Inanidrilus leukoderm
atus (3557 G
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E

 9 length 18668, evalue 8.54e 75)
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atus (3557 X
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 1430 length 2320, evalue 4.10e 77)
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Figure S5. DMSP demethylase dmdA in gutless-oligochaete metagenomes
(a) Maximum-likelihood phylogeny of DmdA. Assembly-derived DmdA sequences from gutless-oligochaete metagenomes are placed 
among curated references. The reference set was compiled from Reisch et al. 2008 and Hernández et al. 2020. Following Reisch et al., 
proteins of unknown function (non-DmdA homologs) were included as outgroup, together with GcvT (glycine-cleavage T-proteins) and selected 
dehydrogenases/oxidoreductases to anchor the boundary between bona fide DmdA and related enzymes. Tip labels end with accession 
numbers; the outer ring indicates microbial class. Proteins were aligned with Clustal Omega (Geneious Prime v2021.0.3); the tree was inferred 
with IQ-TREE v1.6.12 using ModelFinder and UFBoot=1000; support values are shown for nodes ≥75%; scale bar = substitutions/site. 
Sequences that fall within the “unknown-function/non-DmdA” clade are flagged and not scored as dmdA in prevalence summaries. Samples 
that were investigated in the gene neighborhood analysis are indicated with a line and the name of the microorganism or host/symbiont. (b) 
Gene neighbourhoods. Representative dmdA-positive contigs from gutless-oligochaete assemblies and selected references (≤10 kb span; 1 
kb scale) are shown. In Pelagibacter and two alphaproteobacterial symbiont-derived contigs, dmdA co-localizes with dmdB and often 
hydratase/hydrolase-like and dmdC genes, consistent with a contiguous dmdABC module. In other contigs, dmdA lies near a candidate acrylyl-
CoA reductase (AcuI/Acr-like). One Olavius algarvensis neighbourhood (OalgBSAN1 - Gamma3) also shows proximity to an enoyl-CoA 
hydratase (AcuH-like). Arrows denote gene orientation.
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)Inanidrilus sp. (3630 N
 N

O
D

E
 13 length 142504, evalue 1.14e 79)

Inanidrilus sp. (4515 A N
O

D
E

 11 length 150690, evalue 1.11e 79)

Inanidrilus sp. (3630 J N
O

D
E

 10 length 150659, evalue 1.01e 79)

Inanidrilus sp. (3630 H
 N

O
D

E
 12 length 142499, evalue 6.92e 80)

Inanidrilus sp. (3630 L N
O

D
E

 12 length 150693, evalue 1.09e 79)

Inanidrilus sp (4515
B

 N
O

D
E

 10 length 150799, evalue 9.85e 80)

Inanidrilus sp. (3630 M
 N

O
D

E
 11 length 150690, evalue 1.09e 79)

Inanidrilus sp. (3630 O
 N

O
D

E
 12 length 142632, evalue 1.13e 79)

Inanidrilus sp (3630 I N
O

D
E

 10 length 150799, evalue 8.18e 80)

Inanidrilus sp. (4515 C
 N

O
D

E
 10 length 150799, evalue 1.16e 79)

Inanidrilus sp N
Y

S
P (3557 B

F N
O

D
E

 1557 length 3689, evalue 9.14e 78)

O
lavius loisae (3585 C

P 4019 F N
O

D
E

 91898 length 1640, evalue 6.06e 81)

Inanidrilus sp N
Y

S
P (3557 R

 N
O

D
E

 1010 length 3308, evalue 3.94e 78)

O
lavius sp (3585 C

O
 4019 E

 N
O

D
E

 1476 length 3296, evalue 3.52e 77)

Inanidrilus sp N
Y

S
P (3557 A

U
 N

O
D

E
 6620 length 1188, evalue 2.37e 84)

Inanidrilus scalprum
 (3557 AW

 N
O

D
E 1 length 216431, evalue 4.24e 100)

Inanidrilus leukoderm
atus (3557 BB N

O
D

E 2290 length 2141, evalue 1.43e 80)

O
lavius "zim

m
erm

annae" (3557 BH
 N

O
D

E 842 length 3716, evalue 2.48e 77)

Inanidrilus scalprum
 (3557 AC

 N
O

D
E 5925 length 1019, evalue 1.15e 78)

O
lavius sp (4148 4289 BZ N

O
D

E 57 length 8783, evalue 2.60e 81)

O
lavius filicauda (O

filPIA1 N
O

D
E

2
length 177846, evalue 1.48e 76)

O
lavius filicauda (O

filPIA2 N
O

D
E 132 length 14671, evalue 1.41e 76)

O
lavius sp 11 (4148 4289 U

N
O

D
E 15 length 156407, evalue 1.72e 80)

O
lavius sp. (4148 4289 V N

O
D

E 46 length 86306, evalue 6.01e 79)

O
lavius sp. (O

sp1D
AH

2 N
O

D
E 25407 length 3285, evalue 3.09e 78)

Inanidrilus exum
ae (IexuBAH

1 N
O

D
E 4549 length 11358, evalue 8.01e 86)

Inanidrilus m
anae (Im

anLIZ1 NO
DE 15 length 131781, evalue 4.84e 86)

O
lavius near algarvensis (4148 4289 Q

 NO
DE 1 length 773646, evalue 3.03e 82)

O
laivus sp. (O

sp1HER1 NO
DE 226 length 20742, evalue 2.11e 83)

Inanidrilus exum
ae (IexuBAH1 NO

DE 1 length 994876, evalue 2.08e 82)

O
lavius sp (4148 4289 BF NO

DE 1483 length 2982, evalue 4.04e 86)

O
lavius sp. (O

sp1O
AH1 NO

DE 31 length 105663, evalue 1.34e 84)

G
utless O

ligochaete (4515 D NO
DE 159 length 26165, evalue 2.46e 80)

Inanidrilus leukoderm
atus (Ileu1BER1 NODE 57 length 54984, evalue 3.00e 80)

Inanidrilus leukoderm
atus (Ileu1BER2 NODE 1264 length 3632, evalue 2.60e 81)

Peosidrilus sp XX (4148 4289 R NODE 25 length 177729, evalue 4.33e 73)

Inanidrilus leukoderm
atus (4515 E NODE 821 length 9331, evalue 5.39e 83)

Inanidrilus leukoderm
atus (Ileu1BER2 NODE 567 length 9388, evalue 1.76e 83)

Inanidrilus leukoderm
atus (4515 F NODE 7396 length 5207, evalue 5.64e 83)

Inanidrilus mojicae (4148 4289 CI NODE 2043 length 2931, evalue 9.83e 85)

Gutless Oligochaete (2699 B NODE 4 length 95081, evalue 4.65e 86)

Olavius sp CAPE (4149 4289 AM NODE 3 length 404343, evalue 2.07e 87)

Gutless Oligochaete (2699 B NODE 86 length 18574, evalue 2.28e 81)

Olavius sp (4149 4289 AS NODE 284 length 10592, evalue 9.21e 79)

Inanidrilus manae (ImanLIZ1 NODE 18 length 123710, evalue 1.03e 82)

Olavius sp 11 (4148 4289 U NODE 64 length 50074, evalue 4.02e 78)

Inanidrilus sp FANT (3557 Z NODE 1013 length 2979, evalue 2.12e 79)

Inanidrilus manae (ImanLIZ1 NODE 20 length 118997, evalue 8.63e 91)

Coralliodrilus regius (4149 4289 Z NODE 726 length 30380, evalue 3.08e 91)

Coralliodrilus regius (4149 4289 Z NODE 42 length 51108, evalue 8.51e 74)

Thermococcus (WP 015850004.1)

M24B prolidase (5)

M24B aminopeptidase (3)Creatinase (4)

M24A peptidases (4)
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Olavius "zimmermannae" (3557 BH NODE 288 length 9392, evalue 2.52e 88)

Olavius "zimmermannae" (4148 4289 CN NODE 2241 length 3944, evalue 6.37e 88)

Olavius "zimmermannae" (4148 4289 CO NODE 1131 length 3943, evalue 5.42e 88)

Inanidrilus scalprum (3557 AI NODE 455 length 4679, evalue 6.38e 90)

Inanidrilus leukodermatus (3557 BB NODE 1508 length 2893, evalue 8.15e 92)

Olavius sp. (3585 CL 4019 B NODE 24077 length 1541, evalue 3.61e 95)

Inanidrilus leukodermatus (3557 V NODE 2868 length 1641, evalue 1.33e 95)

Inanidrilus sp (3557 P NODE 9395 length 825, evalue 1.89e 60)

Inanidrilus sp (3557 AV NODE 4008 length 1161, evalue 8.33e 60)

Inanidrilus leukodermatus (3557 AX NODE 3729 length 1146, evalue 3.71e 92)Olavius sp (4148 4289 BZ NODE 868 length 3933, evalue 1.37e 91)Olavius sp (4148 4289 U NODE 117 length 22299, evalue 9.82e 85)
Olavius sp (4148 4289 V NODE 16 length 146767, evalue 1.46e 87)

Olavius sp. (Osp1DAH2 NODE 1120 length 10153, evalue 1.84e 85)

Olavius sp (4148 4289 BC NODE 31320 length 1301, evalue 4.76e 86)

Olavius sp. (4148 4289 BF NODE 5348 length 2159, evalue 5.16e 83)

Inanidrilus sp. "guadeloupe" (3630 I NODE 8 length 170939, evalue 1.87e 86)

Inanidrilus sp. "guadeloupe" (3630 K NODE 9 length 170939, evalue 2.22e 86)

Inanidrilus sp. "guadeloupe" (3630 O NODE 8 length 170939, evalue 2.59e 86)

Inanidrilus sp. "guadeloupe" (3630 J NODE 8 length 170939, evalue 2.32e 86)

Inanidrilus sp. "guadeloupe" (3630 H NODE 8 length 192600, evalue 1.59e 86)

Inanidrilus sp. "guadeloupe" (3630 L NODE 9 length 170939, evalue 2.50e 86)

Inanidrilus sp. "guadeloupe" (4515 C NODE 8 length 170939, evalue 2.65e 86)

Inanidrilus sp. "guadeloupe" (4515 B NODE 8 length 170939, evalue 2.26e 86)

Inanidrilus sp. "guadeloupe" (3630 M NODE 9 length 170939, evalue 2.50e 86)

Inanidrilus sp. "guadeloupe" (4515 A NODE 9 length 170939, evalue 2.54e 86)

Olavius finitimus (3557 AL NODE 134 length 20781, evalue 1.77e 87)

Olavius filicauda (OfilPIA1 NODE 2238 length 6392, evalue 4.44e 82)

Olavius filic
auda (OfilPIA2 NODE 2701 length 6389, evalue 4.48e 82)

Inanidrilus scalprum (3557 AB NODE 4455 length 1286, evalue 3.41e 88)

Inanidrilus scalprum (3557 AC NODE 2449 length 1700, evalue 1.62e 86)

Inanidrilus scalprum (3557 AJ NODE 4033 length 1270, evalue 5.11e 83)

Inanidrilu
s scalprum (3557 AI NODE 11154 length 833, evalue 7.53e 82)

Inanidrilu
s makropetalos (Im

akBAH1 NODE 78 length 43916, evalue 1.44e 77)

Inanidrilu
s makropetalos (Im

akBAH2 NODE 248 length 15477, evalue 4.21e 77)

Inanidrilu
s m

ojica
e (4

148 4289 CI N
ODE 5844 length 2128, evalue 1.36e 81)

Inanidrilu
s s

p. (3
557 BL NODE 250 length 17009, evalue 4.62e 83)

Inanidrilu
s s
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515 K NODE 1 length 665748, e

value 4.33e 82)
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s s
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ngth 507, e
va
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s sp

. (4
515 L 
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va
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s s
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) Inanidrilus sp. (3557 A
U

 N
O

D
E

 3428 length 1804, evalue 3.56e 81)

O
lavius im

perfectus (3557 B
C

 N
O

D
E

 730 length 3356, evalue 2.10e 84)
O

lavius sp. (3585 C
O

 4019 E
 N

O
D

E
 172382 length 833, evalue 6.79e 74)

Inanidrilus sp. (3557 O
 N

O
D

E
 3406

length 1490, evalue 9.76e 82)
O

lavius albidus (O
albH

E
R

1 N
O

D
E

 15158 length 4498, evalue 1.17e 81)
O

lavius albidus (O
albH

E
R

2 N
O

D
E

 10860 length 4506, evalue 1.08e 81)

O
lavius sp. near loisae (4148 4289 B

E
 N

O
D

E
 1564 length 4233, evalue 1.53e 82)

O
lavius sp. near loisae (4148 4289 B

A N
O

D
E

 96762 length 856, evalue 3.20e 60)

O
lavius loisae (O

loiLIZ1 N
O

D
E

 9396 length 5618, evalue 1.99e 81)

Inanidrilus exum
ae (IexuB

A
H

1 N
O

D
E

 10537 length 7692, evalue 4.37e 83)

O
lavius sp. near avisceralis (4148 4289 A

Z N
O

D
E

 821 length 9402, evalue 1.37e 83)

O
lavius loisae (O

loiLIZ2 N
O

D
E 8 length 189816, evalue 1.19e 83)

O
lavius loisae (3854 4020 C

 N
O

D
E 254 length 18030, evalue 6.12e 81)

O
lavius sp. (3854 4020 E N

O
D

E 253 length 18027, evalue 6.00e 81)

O
lavius sp okinaw

a (3630 C
 N

O
D

E 111617 length 1427, evalue 9.75e 89)

O
lavius sp. "faris" (3557 C

A N
O

D
E 743 length 3143, evalue 1.10e 86)

O
lavius sp. "faris" (3557 C

B N
O

D
E 20067 length 570, evalue 6.60e 59)

O
lavius sp. "faris" (3557 BV N

O
D

E 660 length 2556, evalue 1.12e 88)

O
lavius sp. "faris" (3557 BZ NO

DE 1685 length 2150, evalue 1.39e 78)

O
lavius sp. "faris" (3557 BW

 NO
DE 7412 length 786, evalue 4.54e 54)

O
lavius sp. "faris" (3557

CC NO
DE 507 length 3605, evalue 1.70e 86)

O
lavius sp. "faris" (3557 BX NO

DE 474 length 3669, evalue 4.04e 79)

O
lavius sp. "faris" (3557 BU NO

DE 7114 length 650, evalue 2.69e 63)

Peosidrilus sp (4148 4289 R NODE 16 length 264388, evalue 3.69e 84)

Coralliodrilus regius (4148 4289 Z NODE 807 length 29624, evalue 1.08e 83)

Dim
ethylsulfoniopropionate dem

ethylase, Litoreibacter arenae (W
P 021100146.1)

Dimethylsulfoniopropionate demethylase, Octadecabacter temperatus (W
P 049834197.1)

Dimethylsulfoniopropionate demethylase, Roseobacter sp. CCS2 (W
P 008234947.1)

Dimethylsulfoniopropionate demethylase, Shimia sp. SK013 (W
P 054001256.1)

Dimethylsulfoniopropionate demethylase, Sulfitobacter geojensis (W
P 025044868.1)

Dimethylsulfoniopropionate demethylase, Sulfitobacter guttiformis (W
P 025062221.1 )

Aminomethyl transferase family protein, Roseovarius sp. 217 (EAQ26389.1)

Dimethylsulfoniopropionate demethylase, Jannaschia sp. CCS1 (WP 011455500.1)

Dimethylsulfoniopropionate demethylase, Ruegeria atlantica (WP 058277888.1)

Aminomethyl transferase family protein, Roseobacter denitrificans OCh 114 (ABG31871.1)

Dimethylsulfoniopropionate demethylase, Rhodobacteraceae bacterium (HBG98344.1)

Glycine cleavage T protein, Alpha proteobacterium BAL199 (EDP61332.1)

Olavius sp. (4148 4289 CD NODE 345 length 3890, evalue 1.86e 101)

Olavius sp. (4148 4289 CE NODE 172 length 9704, evalue 4.44e 140)

Olavius sp. (4148 4289 BX NODE 9511 length 2045, evalue 6.87e 147)

Dimethylsulfonioproprionate demethylase DmdA, Ruegeria pomeroyi DSS 3 (AAV95190.1)

Dimethylsulfonioproprionate demethylase DmdA, Ruegeria pomeroyi strain ATCC 700808 (Q5LS57)

Dimethylsulfoniopropionate demethylase, Leisingera sp. ANG S5 (WP 039170873.1)

Dimethylsulfoniopropionate demethylase, Cognatishimia activa (WP 058315995.1)

Dimethylsulfoniopropionate demethylase, Rhizobiales bacterium (NNF77698.1)

Inanidrilus manae (ImanLIZ1 NODE 105 length 47969, evalue 8.04e 128)

Dimethylsulfoniopropionate demethylase, Hellea balneolensis (WP 026941315.1)

Dimethylsulfoniopropionate demethylase, Rhodospirillales bacterium (MAO92012.1)

Albanidrilus sp (4148 4289 AG NODE 17 length 106302, evalue 2.21e 122)

Gutless Oligochaete (2699 C NODE 15 length 79099, evalue 1.72e 120)

Gutless Oligochaete (2699 D NODE 16 length 79183, evalue 1.52e 120)

Olavius sp. (4148 4289 AM NODE 28 length 104537, evalue 6.19e 119)

Gutless Oligochaete (2699 B NODE 12 length 69109, evalue 7.24e 122)

Dimethylsulfoniopropionate demethylase, Gammaproteobacteria bacterium (NCF36818.1)
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DMSP à MMPA à MMPA-CoA à MeSH

Figure S6. MMPA–CoA ligase dmdB in gutless-oligochaete metagenomes
Maximum-likelihood phylogeny of DmdB. Assembly-derived DmdB sequences from gutless-oligochaete metagenomes are shown 
alongside a curated reference set emphasizing the two canonical DmdB clades (clade1/clade2) reported previously (Bullock et al. 2014). 
Tip labels end with accession numbers, and the outer ring indicates microbial class. Proteins were aligned with Clustal Omega (Geneious 
Prime v2021.0.3); the tree was inferred with IQ-TREE v1.6.12 using ModelFinder and ultrafast bootstrap (UFBoot) = 1000; support values 
are shown for nodes ≥60%; scale bar = substitutions/site. Reference sequences were drawn from Bullock et al., 2014.
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Inanidrilus sp. (3630 L N
O

D
E

 43 length 67271, evalue 2.67e 171)
Inanidrilus sp. (3630 M

 N
O

D
E

 47 length 67274, evalue 2.68e 171)
Inanidrilus sp. (4515 A N

O
D

E
 52 length 67274, evalue 2.71e 171)

Inanidrilus sp. (4515 C
 N

O
D

E
 49 length 67274, evalue 2.83e 171)

Inanidrilus sp. (3630 O
 N

O
D

E
 46 length 67274, evalue 2.77e 171)

Inanidrilus sp. (3630 N
 N

O
D

E
 43 length 67274, evalue 2.78e 171)

O
lavius sp. (4148 4289 B

F N
O

D
E

 37612 length 1279, evalue 1.33e 112)

O
lavius filicauda (O

filP
IA

1 N
O

D
E

 116 length 28704, evalue 7.02e 175)

O
lavius filicauda (O

filP
IA

2 N
O

D
E

 63 length 28683, evalue 7.07e 175)

Inanidrilus reginae (4148 4289 C
M

 N
O

D
E 7521 length 1508, evalue 1.40e 131)

Inanidrilus leukoderm
atus (3557 V N

O
D

E 5635 length 1070, evalue 7.42e 94)

Inanidrilus leukoderm
atus (3557 BB N

O
D

E 3608 length 1581, evalue 1.72e 127)

Inanidrilus leukoderm
atus (3557 Y N

O
D

E 3273 length 1430, evalue 9.38e 151)

Inanidrilus leukoderm
atus (3557 BE N

O
D

E 1396 length 2682, evalue 0.0)

O
lavius "zim

m
erm

annae" (4148 4289 C
N

 N
O

D
E 956 length 6943, evalue 8.42e 175)

O
lavius "zim

m
erm

annae" (4148 4289 C
O

 N
O

D
E 188 length 9386, evalue 7.46e 174)

O
lavius "zim

m
erm

annae" (3557 BH NO
DE 188 length 13323, evalue 1.25e 174)

Inanidrilus reginae (3557 AH NO
DE 1620 length 2314, evalue 0.0)

Inanidrilus sp. (3557 R NO
DE 1262 length 2868, evalue 2.95e 116)

Inanidrilus sp. (3557 BF NO
DE 179 length 13355, evalue 1.40e 175)

Olavius loisae (3585 CP 4019 F NODE 320464 length 866, evalue 9.20e 98)

Olavius sp. (4148 4289 BZ NODE 3805 length 2741, evalue 0.0)

Inanidrilus m
akropetalos (Im

akBAH1 NODE 32 length 78110, evalue 1.41e 166)

Inanidrilus makropetalos (ImakBAH2 NODE 110 length 29458, evalue 1.29e 156)

Inanidrilus mojicae (4148 4289 CI NODE 19949 length 1496, evalue 1.81e 103)

Inanidrilus scalprum (3557 AW
 NODE 1818 length 2171, evalue 3.83e 136)

Inanidrilus scalprum (3557 AB NODE 416 length 6418, evalue 3.40e 170)

Inanidrilus scalprum (3557 AJ NODE 834 length 3256, evalue 4.86e 169)

Inanidrilus scalprum (3557 AC NODE 5218 length 1091, evalue 2.00e 117)

Inanidrilus scalprum (3557 AI NODE 2105 length 1951, evalue 5.90e 123)

Olavius ilvae (3557 CL NODE 515 length 3193, evalue 1.20e 176)

Olavius ilvae (4515 I NODE 81 length 41599, evalue 3.07e 166)

Olavius ilvae (OilvSAN1 NODE 83 length 41600, evalue 3.49e 166)

Olavius ilvae (OilvSAN2 NODE 91 length 41599, evalue 3.38e 166)

Olavius ilvae (3557 CP NODE 28 length 41602, evalue 2.39e 167)

Olavius ilvae (4515 G NODE 89 length 41384, evalue 3.35e 166)

Olavius ilvae (OilvOIA1 NODE 55 length 34611, evalue 3.26e 159)

Olavius ilvae (OilvPIA2 NODE 89 length 34636, evalue 2.30e 159)

Olavius sp. (4148 4289 B NODE 36 length 54437, evalue 9.32e 166)

Inanidrilus sp. (3557 AD NODE 359 length 8906, evalue 4.73e 159)

Inanidrilus sp. (4515 L NODE 12 length 274841, evalue 3.28e 158)

Inanidrilus sp. (3557 BK NODE 3376 length 1655, evalue 1.68e 166)

Inanidrilus sp. (3557 BL NODE 648 length 7835, evalue 1.55e 168)

Inanidrilus sp. (4515 K NODE 9 length 230134, evalue 2.65e 167)

Inanidrilus aduncosetis (3557 AQ NODE 152 length 16941, evalue 3.26e 171)

Inanidrilus aduncosetis (3557 Q NODE 5150 length 1193, evalue 9.85e 128)

Inanidrilus aduncosetis (3557 AS NODE 160 length 16208, evalue 5.68e 172)

Inanidrilus aduncosetis (3557 AR NODE 2421 length 2132, evalue 0.0)

Inanidrilus exumae (IexuBAH1 NODE 2 length 801193, evalue 6.57e 168)

Olavius sp. (4148 4289 BJ NODE 2719 length 2576, evalue 5.57e 124)

Olavius sp. (4148 4289 BT NODE 8919 length 3724, evalue 9.47e 124)

Olavius sp. (4148 4289 O NODE 1 length 1037429, evalue 1.10e 123)

Olavius "zimmermannae" (3557 BH NODE 652 length 4610, evalue 1.73e 163)

Olavius "zimmermannae" (4148 4289 CO NODE 953 length 4290, evalue 1.66e 163)
Olavius "zimmermannae" (4148 4289 CN NODE 12857 length 1824, evalue 1.02e 141)Olavius sp. (3585 CN 4019 D NODE 33429 length 1282, evalue 1.47e 95)
Inanidrilus sp. (3557 P NODE 5522 length 1240, evalue 3.79e 98)
Inanidrilus sp. (3557 AU NODE 212 length 6780, evalue 8.34e 160)

Inanidrilus sp. (3557 R NODE 329 length 6525, evalue 2.50e 160)

Inanidrilus sp. (3557 BF NODE 72 length 18611, evalue 4.19e 159)

Inanidrilus reginae (3557 AE NODE 1277 length 2078, evalue 6.61e 115)

Inanidrilus reginae (3557 AH NODE 31 length 33326, evalue 7.60e 158)

Olavius sp. (3585 CO 4019 E NODE 29150 length 1496, evalue 2.67e 151)

Inanidrilus scalprum (3557 AJ NODE 3780 length 1320, evalue 1.12e 125)

Olavius filicauda (OfilPIA1 NODE 108 length 31617, evalue 1.33e 158)

Olavius filicauda (OfilPIA2 NODE 56 length 31613, evalue 1.34e 158)

Olavius sp. (4148 4289 BZ NODE 789 length 4015, evalue 6.42e 128)

Olavius sp. (4148 4289 BC NODE 4370 length 2176, evalue 2.75e 112)

Olavius sp. (4
148 4289 BF NODE 2405 length 2634, evalue 3.50e 171)
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O
lavius sp. (4148 4289 C

K
 N

O
D

E
 5 length 46221, evalue 1.29e 148)

O
lavius sp. (O

sp4H
E

R
1 N

O
D

E
 380 length 15261, evalue 3.86e 151)

O
lavius

"zim
m

erm
annae" (4148 4289 C

N
 N

O
D

E
 2703 length 3534, evalue 1.22e 146)

O
lavius "zim

m
erm

annae" (4148 4289 C
N

 N
O

D
E

 102 length 44312, evalue 1.40e 141)

O
lavius sp. (4148 4289 C

J N
O

D
E

 22833 length 1306, evalue 5.26e 116)

O
lavius sp. (O

sp1P
H

I1 N
O

D
E

 45612 length 2600, evalue 4.12e 105)

R
uegeria lacuscaerulensis (S

L11571815)

R
uegeria lacuscaerulensis (S

L11572728)

R
uegeria pom

eroyi D
S

S
-3 (S

P
O

2045)

O
lavius loisae (O

loiLIZ1 N
O

D
E 119284 length 1483, evalue 0.0)

Peosidrilus sp. (4148 4289 R
 N

O
D

E 8 length 439894, evalue 0.0)

O
lavius sp. (4148 4289 BB N

O
D

E 4691 length 2625, evalue 0.0)

D
einococcus radiodurans (D

R
2507)

M
yxococcus xanthus (M

XAN
6374)

O
lavius crassitunicatus

(4148 4289 AA N
O

D
E 13 length 133758, evalue 1.86e 124)

O
lavius crassitunicatus (4148 4289 N

 N
O

D
E 12 length 133814, evalue 1.27e 124)

M
arine gam

m
a proteobacterium

 HTCC2143 (G
P214303393)

G
utless oligochaete (2699 C NO

DE 556 length 6790, evalue 5.78e 91)

G
utless oligochaete (2699 D NO

DE 733 length 6792, evalue 5.11e 91)

O
lavius near tenuissim

us (4148 4289 T NO
DE 146 length 29560, evalue 2.25e 98)

Inanidrilus scalprum
 (3557 AC NODE 5 length 94243, evalue 4.19e 95)

Pseudom
onas aeruginosa (PA3924)

Pelagibacter ubique HTCC1062 (SAR110248)

Pelagibacter ubique HTCC1002
(PU100205116)

Pelagibacter sp. HTCC7211 (PB7211589)

Alpha proteobacterium HIMB5 (HIMB500000070)

Puniceispirillum marinum IMCC1322 (SAR1161365)

Dinoroseobacter shibae (Dshi0833)

Marine gamma proteobacterium (GP214305525)

Puniceispirillum marinum IMCC1322 (SAR1160302)

Burkholderia thailandensis (BTHII1686)

Pseudomonas aeruginosa (PA4198)

Ruegeria pomeroyi DSS-3 (SPO0677)

Alpha proteobacterium (HIMB5900001640)

Olavius tantulus (3557 AK NODE 436 length 6812, evalue 5.69e 67)

Deinococcus radiodurans (DR0336)

Tree scale: 1

Colored ranges

Peosidrillus

Inanidrilus

Olavius

bootstrap

75

81.25

87.5

93.75

100

Microbial class

Alphaproteobacteria

Gammaproteobacteria

Deltaproteobacteria

Betaproteobacteria

Deinococci

Myxococcia

Olavius algarvensis (OalgACAV1 NODE 139 length 43648, evalue 4.14e 177)

Olavius algarvensis (OalgBSAN3 NODE 129 length 43664, evalue 4.64e 177)

Olavius algarvensis (OalgCCAV1 NODE 180 length 43669, evalue 5.45e 177)

Olavius sp. (Osp2HER1NODE 11129 length 6803, evalue 2.17e 178)

Olavius crassitunicatus (4148 4289 AA NODE 539 length 11082, evalue 0.0)

Olavius crassitunicatus (4148 4289 N NODE 622 length 11082, evalue 0.0)

Gutless oligochaete (2699 D NODE 6740 length 1798, evalue 4.99e 145)

Gutless oligochaete (2699 C NODE 1963 length 3068, evalue 0.0)

Gutless oligochaete (2699 B NODE 169569 length 645, evalue 9.48e 82)
Olavius ilvae (3557 CQ NODE 310 length 11775, evalue 9.66e 176)Olavius sp. (Osp1DAH1 NODE 91 length 52651, evalue 1.12e 179)

Olavius sp. (Osp1DAH2 NODE 165 length 25277, evalue 1.16e 179)
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Inanidrilus sp. (3630 L N
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 43 length 67271, evalue 2.67e 171)
Inanidrilus sp. (3630 M
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E

 47 length 67274, evalue 2.68e 171)
Inanidrilus sp. (4515 A N
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D

E
 52 length 67274, evalue 2.71e 171)

Inanidrilus sp. (4515 C
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D

E
 49 length 67274, evalue 2.83e 171)

Inanidrilus sp. (3630 O
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D

E
 46 length 67274, evalue 2.77e 171)

Inanidrilus sp. (3630 N
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O
D

E
 43 length 67274, evalue 2.78e 171)

O
lavius sp. (4148 4289 B

F N
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D
E

 37612 length 1279, evalue 1.33e 112)
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lavius filicauda (O

filP
IA

1 N
O

D
E

 116 length 28704, evalue 7.02e 175)

O
lavius filicauda (O

filP
IA

2 N
O

D
E

 63 length 28683, evalue 7.07e 175)

Inanidrilus reginae (4148 4289 C
M

 N
O

D
E 7521 length 1508, evalue 1.40e 131)

Inanidrilus leukoderm
atus (3557 V N

O
D

E 5635 length 1070, evalue 7.42e 94)

Inanidrilus leukoderm
atus (3557 BB N

O
D

E 3608 length 1581, evalue 1.72e 127)

Inanidrilus leukoderm
atus (3557 Y N

O
D

E 3273 length 1430, evalue 9.38e 151)

Inanidrilus leukoderm
atus (3557 BE N

O
D

E 1396 length 2682, evalue 0.0)
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lavius "zim

m
erm

annae" (4148 4289 C
N
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D
E 956 length 6943, evalue 8.42e 175)

O
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m
erm

annae" (4148 4289 C
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D
E 188 length 9386, evalue 7.46e 174)

O
lavius "zim

m
erm

annae" (3557 BH NO
DE 188 length 13323, evalue 1.25e 174)

Inanidrilus reginae (3557 AH NO
DE 1620 length 2314, evalue 0.0)

Inanidrilus sp. (3557 R NO
DE 1262 length 2868, evalue 2.95e 116)

Inanidrilus sp. (3557 BF NO
DE 179 length 13355, evalue 1.40e 175)

Olavius loisae (3585 CP 4019 F NODE 320464 length 866, evalue 9.20e 98)

Olavius sp. (4148 4289 BZ NODE 3805 length 2741, evalue 0.0)

Inanidrilus m
akropetalos (Im

akBAH1 NODE 32 length 78110, evalue 1.41e 166)

Inanidrilus makropetalos (ImakBAH2 NODE 110 length 29458, evalue 1.29e 156)

Inanidrilus mojicae (4148 4289 CI NODE 19949 length 1496, evalue 1.81e 103)

Inanidrilus scalprum (3557 AW
 NODE 1818 length 2171, evalue 3.83e 136)

Inanidrilus scalprum (3557 AB NODE 416 length 6418, evalue 3.40e 170)

Inanidrilus scalprum (3557 AJ NODE 834 length 3256, evalue 4.86e 169)

Inanidrilus scalprum (3557 AC NODE 5218 length 1091, evalue 2.00e 117)

Inanidrilus scalprum (3557 AI NODE 2105 length 1951, evalue 5.90e 123)

Olavius ilvae (3557 CL NODE 515 length 3193, evalue 1.20e 176)

Olavius ilvae (4515 I NODE 81 length 41599, evalue 3.07e 166)

Olavius ilvae (OilvSAN1 NODE 83 length 41600, evalue 3.49e 166)

Olavius ilvae (OilvSAN2 NODE 91 length 41599, evalue 3.38e 166)

Olavius ilvae (3557 CP NODE 28 length 41602, evalue 2.39e 167)

Olavius ilvae (4515 G NODE 89 length 41384, evalue 3.35e 166)

Olavius ilvae (OilvOIA1 NODE 55 length 34611, evalue 3.26e 159)

Olavius ilvae (OilvPIA2 NODE 89 length 34636, evalue 2.30e 159)

Olavius sp. (4148 4289 B NODE 36 length 54437, evalue 9.32e 166)

Inanidrilus sp. (3557 AD NODE 359 length 8906, evalue 4.73e 159)

Inanidrilus sp. (4515 L NODE 12 length 274841, evalue 3.28e 158)

Inanidrilus sp. (3557 BK NODE 3376 length 1655, evalue 1.68e 166)

Inanidrilus sp. (3557 BL NODE 648 length 7835, evalue 1.55e 168)

Inanidrilus sp. (4515 K NODE 9 length 230134, evalue 2.65e 167)

Inanidrilus aduncosetis (3557 AQ NODE 152 length 16941, evalue 3.26e 171)

Inanidrilus aduncosetis (3557 Q NODE 5150 length 1193, evalue 9.85e 128)

Inanidrilus aduncosetis (3557 AS NODE 160 length 16208, evalue 5.68e 172)

Inanidrilus aduncosetis (3557 AR NODE 2421 length 2132, evalue 0.0)

Inanidrilus exumae (IexuBAH1 NODE 2 length 801193, evalue 6.57e 168)

Olavius sp. (4148 4289 BJ NODE 2719 length 2576, evalue 5.57e 124)

Olavius sp. (4148 4289 BT NODE 8919 length 3724, evalue 9.47e 124)

Olavius sp. (4148 4289 O NODE 1 length 1037429, evalue 1.10e 123)

Olavius "zimmermannae" (3557 BH NODE 652 length 4610, evalue 1.73e 163)

Olavius "zimmermannae" (4148 4289 CO NODE 953 length 4290, evalue 1.66e 163)
Olavius "zimmermannae" (4148 4289 CN NODE 12857 length 1824, evalue 1.02e 141)Olavius sp. (3585 CN 4019 D NODE 33429 length 1282, evalue 1.47e 95)
Inanidrilus sp. (3557 P NODE 5522 length 1240, evalue 3.79e 98)
Inanidrilus sp. (3557 AU NODE 212 length 6780, evalue 8.34e 160)

Inanidrilus sp. (3557 R NODE 329 length 6525, evalue 2.50e 160)

Inanidrilus sp. (3557 BF NODE 72 length 18611, evalue 4.19e 159)

Inanidrilus reginae (3557 AE NODE 1277 length 2078, evalue 6.61e 115)

Inanidrilus reginae (3557 AH NODE 31 length 33326, evalue 7.60e 158)

Olavius sp. (3585 CO 4019 E NODE 29150 length 1496, evalue 2.67e 151)

Inanidrilus scalprum (3557 AJ NODE 3780 length 1320, evalue 1.12e 125)
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O
lavius sp. (4148 4289 C

K
 N

O
D

E
 5 length 46221, evalue 1.29e 148)

O
lavius sp. (O

sp4H
E

R
1 N

O
D

E
 380 length 15261, evalue 3.86e 151)

O
lavius

"zim
m

erm
annae" (4148 4289 C

N
 N

O
D

E
 2703 length 3534, evalue 1.22e 146)

O
lavius "zim

m
erm

annae" (4148 4289 C
N

 N
O

D
E

 102 length 44312, evalue 1.40e 141)

O
lavius sp. (4148 4289 C

J N
O

D
E

 22833 length 1306, evalue 5.26e 116)

O
lavius sp. (O

sp1P
H

I1 N
O

D
E

 45612 length 2600, evalue 4.12e 105)

R
uegeria lacuscaerulensis (S

L11571815)

R
uegeria lacuscaerulensis (S

L11572728)

R
uegeria pom

eroyi D
S

S
-3 (S

P
O

2045)

O
lavius loisae (O

loiLIZ1 N
O

D
E 119284 length 1483, evalue 0.0)

Peosidrilus sp. (4148 4289 R
 N

O
D

E 8 length 439894, evalue 0.0)

O
lavius sp. (4148 4289 BB N

O
D

E 4691 length 2625, evalue 0.0)

D
einococcus radiodurans (D

R
2507)

M
yxococcus xanthus (M

XAN
6374)

O
lavius crassitunicatus

(4148 4289 AA N
O

D
E 13 length 133758, evalue 1.86e 124)

O
lavius crassitunicatus (4148 4289 N

 N
O

D
E 12 length 133814, evalue 1.27e 124)

M
arine gam

m
a proteobacterium

 HTCC2143 (G
P214303393)

G
utless oligochaete (2699 C NO

DE 556 length 6790, evalue 5.78e 91)

G
utless oligochaete (2699 D NO

DE 733 length 6792, evalue 5.11e 91)

O
lavius near tenuissim

us (4148 4289 T NO
DE 146 length 29560, evalue 2.25e 98)

Inanidrilus scalprum
 (3557 AC NODE 5 length 94243, evalue 4.19e 95)

Pseudom
onas aeruginosa (PA3924)

Pelagibacter ubique HTCC1062 (SAR110248)

Pelagibacter ubique HTCC1002
(PU100205116)

Pelagibacter sp. HTCC7211 (PB7211589)

Alpha proteobacterium HIMB5 (HIMB500000070)

Puniceispirillum marinum IMCC1322 (SAR1161365)

Dinoroseobacter shibae (Dshi0833)

Marine gamma proteobacterium (GP214305525)

Puniceispirillum marinum IMCC1322 (SAR1160302)

Burkholderia thailandensis (BTHII1686)

Pseudomonas aeruginosa (PA4198)

Ruegeria pomeroyi DSS-3 (SPO0677)

Alpha proteobacterium (HIMB5900001640)

Olavius tantulus (3557 AK NODE 436 length 6812, evalue 5.69e 67)

Deinococcus radiodurans (DR0336)

Tree scale: 1
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Olavius algarvensis (OalgACAV1 NODE 139 length 43648, evalue 4.14e 177)

Olavius algarvensis (OalgBSAN3 NODE 129 length 43664, evalue 4.64e 177)

Olavius algarvensis (OalgCCAV1 NODE 180 length 43669, evalue 5.45e 177)

Olavius sp. (Osp2HER1NODE 11129 length 6803, evalue 2.17e 178)

Olavius crassitunicatus (4148 4289 AA NODE 539 length 11082, evalue 0.0)

Olavius crassitunicatus (4148 4289 N NODE 622 length 11082, evalue 0.0)

Gutless oligochaete (2699 D NODE 6740 length 1798, evalue 4.99e 145)

Gutless oligochaete (2699 C NODE 1963 length 3068, evalue 0.0)

Gutless oligochaete (2699 B NODE 169569 length 645, evalue 9.48e 82)
Olavius ilvae (3557 CQ NODE 310 length 11775, evalue 9.66e 176)Olavius sp. (Osp1DAH1 NODE 91 length 52651, evalue 1.12e 179)

Olavius sp. (Osp1DAH2 NODE 165 length 25277, evalue 1.16e 179)

Inanidrilus sp. (4515 K NODE 1773 length 8803, evalue 9.23e 176)

Inanidrilus sp. (4515 L NODE 2162 length 8779, evalue 9.20e 176)
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Inanidrilus sp. (3630 L N
O

D
E

 43 length 67271, evalue 2.67e 171)
Inanidrilus sp. (3630 M

 N
O

D
E

 47 length 67274, evalue 2.68e 171)
Inanidrilus sp. (4515 A N

O
D

E
 52 length 67274, evalue 2.71e 171)

Inanidrilus sp. (4515 C
 N

O
D

E
 49 length 67274, evalue 2.83e 171)

Inanidrilus sp. (3630 O
 N

O
D

E
 46 length 67274, evalue 2.77e 171)

Inanidrilus sp. (3630 N
 N

O
D

E
 43 length 67274, evalue 2.78e 171)

O
lavius sp. (4148 4289 B

F N
O

D
E

 37612 length 1279, evalue 1.33e 112)

O
lavius filicauda (O

filP
IA

1 N
O

D
E

 116 length 28704, evalue 7.02e 175)

O
lavius filicauda (O

filP
IA

2 N
O

D
E

 63 length 28683, evalue 7.07e 175)

Inanidrilus reginae (4148 4289 C
M

 N
O

D
E 7521 length 1508, evalue 1.40e 131)

Inanidrilus leukoderm
atus (3557 V N

O
D

E 5635 length 1070, evalue 7.42e 94)

Inanidrilus leukoderm
atus (3557 BB N

O
D

E 3608 length 1581, evalue 1.72e 127)

Inanidrilus leukoderm
atus (3557 Y N

O
D

E 3273 length 1430, evalue 9.38e 151)

Inanidrilus leukoderm
atus (3557 BE N

O
D

E 1396 length 2682, evalue 0.0)

O
lavius "zim

m
erm

annae" (4148 4289 C
N

 N
O

D
E 956 length 6943, evalue 8.42e 175)

O
lavius "zim

m
erm

annae" (4148 4289 C
O

 N
O

D
E 188 length 9386, evalue 7.46e 174)

O
lavius "zim

m
erm

annae" (3557 BH NO
DE 188 length 13323, evalue 1.25e 174)

Inanidrilus reginae (3557 AH NO
DE 1620 length 2314, evalue 0.0)

Inanidrilus sp. (3557 R NO
DE 1262 length 2868, evalue 2.95e 116)

Inanidrilus sp. (3557 BF NO
DE 179 length 13355, evalue 1.40e 175)

Olavius loisae (3585 CP 4019 F NODE 320464 length 866, evalue 9.20e 98)

Olavius sp. (4148 4289 BZ NODE 3805 length 2741, evalue 0.0)

Inanidrilus m
akropetalos (Im

akBAH1 NODE 32 length 78110, evalue 1.41e 166)

Inanidrilus makropetalos (ImakBAH2 NODE 110 length 29458, evalue 1.29e 156)

Inanidrilus mojicae (4148 4289 CI NODE 19949 length 1496, evalue 1.81e 103)

Inanidrilus scalprum (3557 AW
 NODE 1818 length 2171, evalue 3.83e 136)

Inanidrilus scalprum (3557 AB NODE 416 length 6418, evalue 3.40e 170)

Inanidrilus scalprum (3557 AJ NODE 834 length 3256, evalue 4.86e 169)

Inanidrilus scalprum (3557 AC NODE 5218 length 1091, evalue 2.00e 117)

Inanidrilus scalprum (3557 AI NODE 2105 length 1951, evalue 5.90e 123)

Olavius ilvae (3557 CL NODE 515 length 3193, evalue 1.20e 176)

Olavius ilvae (4515 I NODE 81 length 41599, evalue 3.07e 166)

Olavius ilvae (OilvSAN1 NODE 83 length 41600, evalue 3.49e 166)

Olavius ilvae (OilvSAN2 NODE 91 length 41599, evalue 3.38e 166)

Olavius ilvae (3557 CP NODE 28 length 41602, evalue 2.39e 167)

Olavius ilvae (4515 G NODE 89 length 41384, evalue 3.35e 166)

Olavius ilvae (OilvOIA1 NODE 55 length 34611, evalue 3.26e 159)

Olavius ilvae (OilvPIA2 NODE 89 length 34636, evalue 2.30e 159)

Olavius sp. (4148 4289 B NODE 36 length 54437, evalue 9.32e 166)

Inanidrilus sp. (3557 AD NODE 359 length 8906, evalue 4.73e 159)

Inanidrilus sp. (4515 L NODE 12 length 274841, evalue 3.28e 158)

Inanidrilus sp. (3557 BK NODE 3376 length 1655, evalue 1.68e 166)

Inanidrilus sp. (3557 BL NODE 648 length 7835, evalue 1.55e 168)

Inanidrilus sp. (4515 K NODE 9 length 230134, evalue 2.65e 167)

Inanidrilus aduncosetis (3557 AQ NODE 152 length 16941, evalue 3.26e 171)

Inanidrilus aduncosetis (3557 Q NODE 5150 length 1193, evalue 9.85e 128)

Inanidrilus aduncosetis (3557 AS NODE 160 length 16208, evalue 5.68e 172)

Inanidrilus aduncosetis (3557 AR NODE 2421 length 2132, evalue 0.0)

Inanidrilus exumae (IexuBAH1 NODE 2 length 801193, evalue 6.57e 168)

Olavius sp. (4148 4289 BJ NODE 2719 length 2576, evalue 5.57e 124)

Olavius sp. (4148 4289 BT NODE 8919 length 3724, evalue 9.47e 124)

Olavius sp. (4148 4289 O NODE 1 length 1037429, evalue 1.10e 123)

Olavius "zimmermannae" (3557 BH NODE 652 length 4610, evalue 1.73e 163)

Olavius "zimmermannae" (4148 4289 CO NODE 953 length 4290, evalue 1.66e 163)
Olavius "zimmermannae" (4148 4289 CN NODE 12857 length 1824, evalue 1.02e 141)Olavius sp. (3585 CN 4019 D NODE 33429 length 1282, evalue 1.47e 95)
Inanidrilus sp. (3557 P NODE 5522 length 1240, evalue 3.79e 98)
Inanidrilus sp. (3557 AU NODE 212 length 6780, evalue 8.34e 160)

Inanidrilus sp. (3557 R NODE 329 length 6525, evalue 2.50e 160)

Inanidrilus sp. (3557 BF NODE 72 length 18611, evalue 4.19e 159)

Inanidrilus reginae (3557 AE NODE 1277 length 2078, evalue 6.61e 115)

Inanidrilus reginae (3557 AH NODE 31 length 33326, evalue 7.60e 158)

Olavius sp. (3585 CO 4019 E NODE 29150 length 1496, evalue 2.67e 151)

Inanidrilus scalprum (3557 AJ NODE 3780 length 1320, evalue 1.12e 125)

Olavius filicauda (OfilPIA1 NODE 108 length 31617, evalue 1.33e 158)

Olavius filicauda (OfilPIA2 NODE 56 length 31613, evalue 1.34e 158)

Olavius sp. (4148 4289 BZ NODE 789 length 4015, evalue 6.42e 128)

Olavius sp. (4148 4289 BC NODE 4370 length 2176, evalue 2.75e 112)

Olavius sp. (4
148 4289 BF NODE 2405 length 2634, evalue 3.50e 171)

Inanidrilus sp (3630 J NODE 8 length 170939, evalue 3.15e 159)

Inanidrilu
s sp (4515 A NODE 9 length 170939, evalue 3.45e 159)

Inanidrilu
s sp (3630 N NODE 9 length 170939, evalue 3.53e 159)
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s sp (3630 K NODE 9 length 170939, evalue 3.01e 159)
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Figure S7. DMS monooxygenase A-subunit dmoA in gutless-oligochaete metagenomes.
Maximum-likelihood phylogeny of DmoA and related FMNH₂-dependent oxidoreductases. Assembly-derived candidates from gutless-
oligochaete metagenomes were placed among curated references (including sequences from Hammers et al. 2020). Dibenzothiophene 
desulfurization enzyme was used as an outgroup. Tip labels end with accession numbers. Proteins were aligned with Clustal Omega 
(Geneious Prime v2021.0.3); the tree was inferred with IQ-TREE v1.6.12 using ModelFinder; UFBoot = 1000; support values are shown 
for nodes ≥75%; scale bar indicates substitutions/site.
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Figure S8. ddhA (DMS dehydrogenase, catalytic subunit) in gutless-oligochaete metagenomes.
Maximum-likelihood phylogeny of DdhA within the DMSO-reductase family. Assembly-derived DdhA candidates from gutless-
oligochaete metagenomes are placed among curated references from Rhodovulum sulfidophilum and other DMSO-reductase family 
members (NarG/NapA/DmsA/SerA/EbdA etc.) from Yamazaki et al. 2020 and McDevitt et al.2002. The iron-sulfur subunit DmsB was 
included as an outgroup; additional DMSO-reductase family sequences were added as closely related context. Proteins were aligned 
with Clustal Omega (Geneious Prime v2021.0.3); tree was inferred with IQ-TREE v1.6.12 using ModelFinder; node support is 
UFBoot from 1000 replicates, shown for nodes ≥38%; scale bar = substitutions/site. Tip labels end with accession numbers; DMSO-
reductase family members are shown as a bar on the right side. Abbreviations: DmsA/DmsB, periplasmic bacterial DMSO reductase; 
NarG, respiratory nitrate reductase; FdhA/FdhG/FdhN, formate dehydrogenase; NapA, periplasmic nitrate reductase; TorA, 
trimethylamine N-oxide (TMAO) reductase; SerA, selenate reductase; PsrA, Polysulfide reductase;DdhA/DdhABC, DMS 
dehydrogenase; DorA, DMSO reductase; ArrA, respiratory arsenate reductases; NarB/NasA, assimilatory nitrate reductase; ClrA, 
chlorate reductase; BisC, biotin sulfoxide reductase.
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Figure S9. Maximum-likelihood phylogeny of Tmm and related FMOs.
Assembly-derived Tmm candidates from gutless-oligochaete metagenomes were placed with curated references (including Chen et al. 2011) 
and Baeyer-Villiger monooxygenases (BVMO) as outgroup. Light and dark grey shadings indicate metagenomes from gutless oligochaetes 
(Olavius/Inanidrillus) and yellow, brownish shadings indicate metagenomes from gut-bearing representatives. Tip labels end with accession 
numbers. The inner one of the outer ring shows microbial class. The second outer ring shows sampling location of gutless oligochaete 
metagenomes. Alignment was done with Clustal Omega (Geneious Prime v2021.0.3); tree was inferred with IQ-TREE v1.6.12 with 
ModelFinder, UFBoot = 1000; support is shown for nodes ≥75%; scale bar = substitutions/site. 
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 83989 length 1855, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 31671 length 3074, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 87391 length 1811, evalue 1.62e 174)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 15865 length 4056, evalue 0.0)

C
oralliodrilus regius (4149 4289 Z N

O
D

E
 12151 length 10869, evalue 0.0)

O
lavius sp. (4149 4289 A

O
 N

O
D

E
 49809 length 770, evalue 8.94e 115)

O
lavius sp. (4149 4289 AM

 N
O

D
E

 30 length 101393, evalue 0.0)

O
lavius sp. (4149 4289 AO

 N
O

D
E 1989 length 1993, evalue 1.66e 116)

O
lavius sp. (2699 C

 N
O

D
E 40 length 37715, evalue 0.0)

O
lavius sp. (2699 D

 N
O

D
E 11 length 96140, evalue 0.0)

O
lavius sp. (2699 B N

O
D

E 184 length 9644, evalue 3.15e 116)

O
lavius ilvae (O

ilvO
IA1 N

O
D

E 14 length 100099, evalue 0.0)

O
lavius ilvae (O

ilvSAN
1 N

O
D

E 27 length 79512, evalue 0.0)

O
lavius ilvae (O

ilvPIA2 N
O

D
E 33 length 100095, evalue 0.0)

O
lavius ilvae (3557 C

M
 N

O
D

E 3331 length 1213, evalue 0.0)

O
lavius ilvae (O

ilvSAN
2 N

O
D

E 401495 length 636, evalue 1.87e 92)

O
lavius sp. (4149 4289 BL NO

DE 180732 length 756, evalue 2.53e 116)

Trim
ethylam

ine (TM
A) m

onooxygenase, Ruegeria pom
eroyi DSS-3 (AAV94838.1)

Flavin-containing m
onooxygenase, Roseovarius sp. 217 (EAQ26624.1)

Peosidrilus sp. (4148 4289 R
NO

DE 35 length 130410, evalue 0.0)

Inanidrilus m
anae (Im

anLIZ1 NO
DE 12 length 140458, evalue 0.0)

Inanidrilus sp. (3557 J NO
DE 1064 length 2884, evalue 0.0)

Inanidrilus sp. (3557 Z NODE 1218 length 2549, evalue 0.0)

Inanidrilus sp. (3557 AA NODE 2446 length 2326, evalue 1.79e 122)

Flavin-containing m
onooxygenase, Methylophaga sp. strain SK1 (JC7986)

Flavin-containing m
onooxygenase, Methylocella silvestris BL2 (ACK52489.1)

Olavius sp. (4149 4289 C NODE 52168 length 1220, evalue 1.21e
170)

Olavius sp. (4149 4289 C NODE 168086 length 785, evalue 2.37e 100)

Olavius sp. (4149 4289 C NODE 63936 length 1141, evalue 5.48e 137)

Olavius sp. (4149 4289 C NODE 3158 length 2503, evalue 4.22e 180)

Flavin-containing monooxygenase, Candidatus Pelagibacter ubique HTCC1002 (EAS85405.1)

Flavin-containing monooxygenase FMO, Candidatus Pelagibacter sp. HTCC7211 (EDZ59919.1)

Flavin-containing monooxygenase, Saccharomyces cerevisiae (AAQ62539.1)

Flavin-dependent monooxygenase FMO1, Schizosaccharomyces pombe 972h (Q9HFE4.1)

Trimethylamine monooxygenase FMO3, Oryctolagus cuniculus (P32417.3)

Flavin-containing monooxygenase, Homo sapiens (AAA52457.1)

Dimethylaniline monooxygenase (Falvin-containing, FMO2), Homo Sapiens (Q99518.5)

Dimethylaniline monooxygenase (Falvin-containing, FMO4), Homo Sapiens (P31512.3)

Flavin-containing monooxygenase 5, Homo sapiens (AAA67849.1)

Flavin-containing YUCCA 3, Arabidopsis thaliana (NP 171955.1)

Flavin-binding monooxygenase family protein, Arabidopsis thaliana (NP 193062.1)

Flavin-binding monooxygenase family protein, Arabidopsis thaliana (NP 194980.1)

Steroid monooxygenase, Rhodococcus rhodochrous (BAA24454.1)

Cyclopentanone 1,2-monooxygenase, Comamonas testosteroni (CAD10798.1)

Baeyer-Villiger monooxygenase, Thermobifida fusca YX (Q47PU3.1)

Tree scale: 1
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Olavius near loisae (4149 4289 BD NODE 196986 length 952, evalue 1.20e 127)

Olavius loisae (OloiHER2 NODE 49960 length 3139, evalue 1.34e 152)

Olavius near loisae (4149 4289 BE NODE 113035 length 1230, evalue 8.35e 138)

Olavius loisae (OloiLIZ1 NODE 146200 length 1229, evalue 1.89e 104)

Olavius loisae (OloiLIZ2 NODE 156178 length 1062, evalue 3.38e 99)

Olavius avisceralis 4149 4289 AX NODE 40458 length 1480, evalue 8.56e 133)

Olavius near avisceralis (4149 4289 AY NODE 13980 length 2077, evalue 3.21e 177)

Olavius near avisceralis (4149 4289 AZ NODE 50008 length 2697, evalue 1.56e 174)

Olavius near loisae (4149 4289 BE NODE 29097 length 2081, evalue 5.98e 143)

Olavius loisae (OloiHER1 NODE 34468 length 3766, evalue 4.38e 145)

Olavius near loisae (4149 4289 BD NODE 38591 length 2154, evalue 7.29e 167)

Olavius near avisceralis (4149 4289 AZ NODE 55186 length 2557, evalue 1.24e 104)
Olavius loisae (OloiLIZ2 NODE 73264 length 1775, evalue 3.60e 129)Olavius loisae (OloiLIZ1 NODE 45231 length 2886, evalue 0.0)Olavius loisae (OloiHER1 NODE 1840 length 10692, evalue 1.36e 177)Olavius loisae (OloiHER2 NODE 4894 length 8674, evalue 1.16e 177)

Olavius near loisae (4149 4289 BE NODE 200745 length 889, evalue 3.96e 110)

Olavius near loisae (4149 4289 BE NODE 173766 length 977, evalue 5.42e 101)

Olavius loisae (OloiLIZ1 NODE 184660 length 951, evalue 5.48e 109)

Olavius loisae (OloiHER1 NODE 56486 length 2824, evalue 2.09e 180)

Olavius loisae (OloiHER2 NODE 54405 length 2970, evalue 8.53e 180)

Olavius near loisae (4149 4289 BA NODE 26010 length 1285, evalue 6.80e 124)

Olavius near loisae (4149 4289 BE NODE 112899 length 1230, evalue 5.04e 124)

Olavius near loisae (4149 4289 BD NODE 110753 length 1356, evalue 2.02e 123)

Olavius loisae (OloiHER2 NODE 132265 length 1422, evalue 1.56e 164)

Olavius loisae (OloiLIZ1 NODE 16071 length 4646, evalue 5.77e 173)

Olavius loisae (OloiLIZ2 NODE 165138 length 1012, evalue 3.75e 129)

Olavius loisae (OloiHER1 NODE 122826 length 1514, evalue 1.30e 138)

Olavius loisae (OloiHER2 NODE 64052 length 2652, evalue 6.45e 180)

Olavius near loisae (4149 4289 BD NODE 230117 length 838, evalue 3.17e 123)

Olavius loisae (OloiLIZ1 NODE 137693 length 1301, evalue 8.86e 120)

Olavius loisae (OloiLIZ2 NODE 114575 length 1344, evalue 3.44e 130)
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Olavius avisceralis (4149 4289 AX NODE 8044 length 2282, evalue 0.0)
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O
lavius sp. (3854 4020 A N

O
D

E
 91940 length 2386, evalue 3.11e 103)

O
lavius sp. (3854 4020 C

 N
O

D
E

 25834 length 4471, evalue 2.61e 134)
O

lavius sp. (3854 4020 B
 N

O
D

E
 177490 length 1529, evalue 2.40e 124)

O
lavius sp. (3854 4020 C

 N
O

D
E

 70807 length 2784, evalue 1.93e 139)
O

lavius "zim
m

erm
annae" (4148 4289 C

N
 N

O
D

E
 31335 length 1395, evalue 4.38e 172)

O
lavius sp. (4148 4289 B

T N
O

D
E

 83027 length 1583, evalue 6.31e 137)
O

lavius sp. (4149 4289 B
K

 N
O

D
E

 9248 length 3582, evalue 2.43e 173)

O
lavius sp. (4149 4289 B

U
 N

O
D

E
 21707 length 2412 evalue 0.0)

O
lavius sp. (4148 4289 B

J N
O

D
E

 41427 length 1339, evalue 0.0)

O
lavius sp. (4149 4289 B

S
 N

O
D

E
 6894 length 3518, evalue 0.0)

O
lavius sp. (4148 4289 O

 N
O

D
E

 70267 length 1994, evalue 0.0)

O
lavius sp. (4148 4289 B

Z N
O

D
E

 145579 length 921, evalue 3.01e 95)

O
lavius sp. (4148 4289 B

T N
O

D
E

 24008 length 2680, evalue 3.36e 110)

O
lavius sp. (4149 4289 B

S
 N

O
D

E
 29122 length 2275, evalue 1.49e 119)

O
lavius sp. (4149 4289 BU

 N
O

D
E 47990 length 1836, evalue 2.37e 123)

O
lavius sp. (4148 4289

O
 N

O
D

E 134971 length 1317, evalue 2.13e 127)

O
lavius sp. (4149 4289 BK N

O
D

E 72738 length 1690, evalue 9.63e 129)

O
lavius sp. (4148 4289 BJ N

O
D

E 72632 length 1122, evalue 1.74e 177)

O
lavius sp. (4149 4289 BK N

O
D

E 130055 length 1262, evalue 0.0)

O
lavius sp. (4149 4289 BU

 N
O

D
E 19442 length 2497, evalue 7.02e 173)

O
lavius sp. (4149 4289 BS N

O
D

E 31603 length 2212, evalue 1.00e 99)

O
lavius sp. (4149 4289 BK N

O
D

E 83274 length 1585, evalue 0.0)

O
lavius sp. (4149 4289 BU

 N
O

D
E 157792 length 1079, evalue 2.53e 176)

O
lavius sp. (4148 4289 O

 N
O

D
E 16043 length 4192, evalue 0.0)

O
lavius sp. (4148 4289 BT NO

DE 24194
length 2674, evalue 1.03e 169)

O
lavius sp. (4149 4289 BS NO

DE 61862 length 1711, evalue 5.40e 117)

O
lavius sp. (4149 4289 BS NO

DE 59082 length 1744, evalue 1.14e 121)

O
lavius sp. (4148 4289 O

 NO
DE 30026 length 3142, evalue 4.70e 141)

O
lavius sp. (4148 4289 BT NO

DE 65106 length 1776, evalue 5.28e 145)

O
lavius sp. (4149 4289 BK NO

DE 352034 length 624, evalue 4.30e 93)

Olavius sp. (4149 4289 BK NODE 11429 length 3360, evalue 2.89e 137)

Olavius sp. (4148 4289 BT NODE 222080 length 890, evalue 3.86e 134)

Olavius sp. (4148 4289 BZ NODE 94283 length 1103, evalue 8.17e 150)

Olavius albidus (OalbHER1NODE 155729 length 1381, evalue 5.87e 133)

Olavius albidus (OalbHER2NODE 163596 length 1283, evalue 0.0)

Olavius albidus (OalbHER1NODE 65353 length 2419, evalue 1.91e 103)

Olavius prodigus (4149 4289 B NODE 136770 length 893, evalue 8.21e 138)

Olavius albidus (OalbHER1NODE 11940 length 4860, evalue 0.0)

Olavius albidus (OalbHER1NODE 9351 length 5249, evalue 2.22e 100)

Olavius albidus (OalbHER2NODE 87653 length 1940, evalue 4.15e 106)

Olavius sp. (Osp3HER1 NODE 131411 length 1209, evalue 4.64e 119)

Olavius sp. (4148 4289 BB NODE 156984 length 837, evalue 8.72e 110)

Olavius sp. (4149 4289 H NODE 1264 length 16923, evalue 0.0)

Olavius nivalis (4149 4289 F NODE 139635 length 1352, evalue 3.35e 141)

Olavius sp. (4148 4289 BB NODE 27724 length 1621, evalue 4.73e 144)

Olavius sp. (Osp2HER1NODE 8689 length 7403, evalue 0.0)

Olavius sp. (Osp2HER1NODE 11611 length 6696, evalue 0.0)

Olavius sp. (Osp2HER1NODE 67961 length 2896, evalue 0.0)

Olavius sp. (Osp2HER1NODE 17614 length 5731, evalue 0.0)

Olavius algarvensis (OalgCCAV1 NODE 132251 length 1177, evalue 4.91e 131)

Olavius sp. (Osp2HER1NODE 69657 length 2846, evalue 3.68e 133)

Olavius algarvensis (OalgCCAV1 NODE 84131 length 1378, evalue 6.17e 117)

Olavius sp. (Osp2HER1NODE 5477 length 8590, evalue 1.23e 177)

Olavius albidus (OalbHER1 NODE 90120 length 2016, evalue 4.56e 127)

Olavius albidus (OalbHER2 NODE 38110 length 2910, evalue 0.0)

Olavius albidus (OalbHER1 NODE 90004 length 2017, evalue 9.36e 131)

Olavius albidus (OalbHER2 NODE 106056 length 1733, evalue 1.33e 151)

Olavius albidus (OalbHER1 NODE 112777 length 1747, evalue 0.0)

Olavius albidus (OalbHER2 NODE 85084 length 1973, evalue 0.0)

Olavius albidus (OalbHER2 NODE 84992 length 1974, evalue 6.87e 102)

Olavius albidus (OalbHER2 NODE 116495 length 1631, evalue 9.94e 96)

Olavius prodigus (4149 4289 B NODE 137401 length 891, evalue 8.40e 108)

Olavius prodigus (4149 4289 B NODE 58580 length 1261, evalue 5.35e 113)

Olavius albidus (OalbHER1NODE 45561 length 2896, evalue 0.0)

Olavius albidus (OalbHER2NODE 9506 length 4680, evalue 0.0)

Olavius sp. (3630 D NODE 22281 length 2196, evalue 4.84e 146)

Olavius sp. (3630 E NODE 16674 length 5870, evalue 6.95e 137)

Olavius sp. (3630 A NODE 50519 length 1847, evalue 7.63e 121)

Olavius sp. (3630 F NODE 16137 length 5963, evalue 8.36e 112)

Olavius sp. (4149 4289 AV NODE 104456 length 1677, evalue 2.06e 144)

Olavius sp. (2699 C NODE 103919 length 698, evalue 5.13e 96)

Olavius algarvensis (OalgASAN2 NODE 295214 length 812, evalue 1.79e 120)

Olavius algarvensis (OalgCCAV1 NODE 133828 length 1172, evalue 1.40e 171)

Olavius algarvensis (OalgACAV3 NODE 206087 length 1066, evalue 6.44e 131)

Olavius algarvensis (OalgBSAN3 NODE 72690 length 2141, evalue 2.93e 131)

Olavius algarvensis (OalgASAN3 NODE 212569 length 1223, evalue 6.02e 158)

Olavius algarvensis (OalgBSAN1 NODE 195502 length 1173, evalue 1.26e 114)

Olavius algarvensis (OalgBSAN2 NODE 37384 length 2542, evalue 0.0)

Olavius algarvensis (OalgACAV2 NODE 2024 length 10299, evalue 0.0)

Olavius algarvensis (OalgACAV1 NODE 77305 length 1811, evalue 5.37e 123)
Olavius sp. (2699 A NODE 251402 length 534, evalue 1.37e 88)
Olavius algarvensis (OalgACAV3 NODE 101816 length 1612, evalue 1.19e 123)Olavius algarvensis (OalgACAV2 NODE 31184 length 3997, evalue 5.32e 125)Olavius algarvensis (OalgASAN3 NODE 35066 length 3438, evalue 4.98e 125)

Olavius algarvensis (OalgBSAN3 NODE 143330 length 1468, evalue 2.73e 128)

Olavius sp. (Osp2HER1NODE 231344 length 905, evalue 1.40e 136)

Olavius algarvensis (OalgASAN1 NODE 121098 length 1727, evalue 0.0)

Olavius sp. (4149 4289 AS NODE 376230 length 634, evalue 2.66e 97)

Olavius sp. (4149 4289 AS NODE 8553 length 3868, evalue 3.93e 172)

Olavius sp. (4149 4289 AS NODE 8553 length 3868, evalue 3.93e 172)

Olavius sp. (4149 4289 AS NODE 87642 length 1637, evalue 0.0)

Olavius sp. (4149 4289 AS NODE 8034 length 3936, evalue 0.0)

Olavius loisae (3854 4020 C NODE 5212 length 7844, evalue 1.07e 118)

Olavius sp. (3854 4020 E NODE 99493 length 2259, evalue 2.07e 110)

Olavius clavatus (3854 4020 A NODE 66194 length 2875, evalue 1.02e 145)

Olavius sp. (3854 4020 E NODE 159299 length 1618, evalue 2.04e 113)

Olavius nr avisceralis (3854 4020 D NODE 262822 length 976, evalue 6.79e 156)

Olavius sp. (3854 4020 B NODE 103364 length 2273, evalue 0.0)

Olavius sp. (3854 4020 B NODE 9604 length 6441, evalue 6.19e 112)

Olavius loisae (3854 4020 C NODE 1490 length 11266, evalue 6.52e 112)

Olavius sp. (3854 4020 E NODE 24495 length 4511, evalue 6.85e 113)

Olavius clavatus (3854 4020 A NODE 2179 length 10117, evalue 6.57e 112)

Olavius imperfectus (3557 AM NODE 16810 length 813, evalue 1.19e 144)

Olavius imperfectus (3557 BC NODE 5010 length 877, evalue 2.01e 132)

Olavius im
perfectus (3557 BA NODE 18637 length 603, evalue 1.31e 101)

Olavius sp. (4
149 4289 BQ NODE 11

0417 length 907, evalue 4.91e 95)

Olavius "zimmermannae" (4
148 4289 CN NODE 18997 length 1619, evalue 0.0)

Olavius sp. (4
148 4289 BT NODE 103551 length 1412, evalue 1.98e 175)

Olaviu
s s

p. (4
149 4289 CA NODE 11

5163 length 654, evalue 5.06e 109)

Olaviu
s s

p. (4
148 4289 O NODE 33844 length 2960, evalue 1.69e 11

5)

Olaviu
s s

p. (4
149 4289 BU NODE 162678 length 1061, e

value 4.81e 11
6)

Olaviu
s s

p. (4
149 4289 BS NODE 314551 le

ngth 692, e
va

lue 2.88e 11
6)

Olaviu
s s

p. (4
148 4289 BZ NODE 6609 le

ngth 2406, e
va

lue 1.29e 149)

Olaviu
s a

lbidus (
3585 CQ 4019 G

 NODE 126493 le
ngth 1401, e

va
lue 1.11

e 153)
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s a
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O
lavius filicauda (O

filP
IA

1 N
O

D
E

 81594 length 1795, evalue 0.0)

O
lavius filicauda (O

filP
IA

2 N
O

D
E

 23115 length 3279, evalue 0.0)

P
eosidrilus sp. (4148 4289

R
 N

O
D

E
 19510 length 5362, evalue 0.0)

P
eosidrilus sp. (4148 4289 R

 N
O

D
E

 28904 length 4122, evalue 0.0)

O
lavius sp. (4149 4289 A

S
 N

O
D

E
 74 length 26645, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 Z N

O
D

E
 43127 length 3721, evalue 4.44e 156)

C
oralliodrilus bidentatus (4149 4289 Z N

O
D

E
 18996 length 8181, evalue 3.81e 168)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 76093 length 1970, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 83989 length 1855, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 31671 length 3074, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 87391 length 1811, evalue 1.62e 174)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 15865 length 4056, evalue 0.0)

C
oralliodrilus regius (4149 4289 Z N

O
D

E
 12151 length 10869, evalue 0.0)

O
lavius sp. (4149 4289 A

O
 N

O
D

E
 49809 length 770, evalue 8.94e 115)

O
lavius sp. (4149 4289 AM

 N
O

D
E

 30 length 101393, evalue 0.0)

O
lavius sp. (4149 4289 AO

 N
O

D
E 1989 length 1993, evalue 1.66e 116)

O
lavius sp. (2699 C

 N
O

D
E 40 length 37715, evalue 0.0)

O
lavius sp. (2699 D

 N
O

D
E 11 length 96140, evalue 0.0)

O
lavius sp. (2699 B N

O
D

E 184 length 9644, evalue 3.15e 116)

O
lavius ilvae (O

ilvO
IA1 N

O
D

E 14 length 100099, evalue 0.0)

O
lavius ilvae (O

ilvSAN
1 N

O
D

E 27 length 79512, evalue 0.0)

O
lavius ilvae (O

ilvPIA2 N
O

D
E 33 length 100095, evalue 0.0)

O
lavius ilvae (3557 C

M
 N

O
D

E 3331 length 1213, evalue 0.0)

O
lavius ilvae (O

ilvSAN
2 N

O
D

E 401495 length 636, evalue 1.87e 92)

O
lavius sp. (4149 4289 BL NO

DE 180732 length 756, evalue 2.53e 116)

Trim
ethylam

ine (TM
A) m

onooxygenase, Ruegeria pom
eroyi DSS-3 (AAV94838.1)

Flavin-containing m
onooxygenase, Roseovarius sp. 217 (EAQ26624.1)

Peosidrilus sp. (4148 4289 R
NO

DE 35 length 130410, evalue 0.0)

Inanidrilus m
anae (Im

anLIZ1 NO
DE 12 length 140458, evalue 0.0)

Inanidrilus sp. (3557 J NO
DE 1064 length 2884, evalue 0.0)

Inanidrilus sp. (3557 Z NODE 1218 length 2549, evalue 0.0)

Inanidrilus sp. (3557 AA NODE 2446 length 2326, evalue 1.79e 122)

Flavin-containing m
onooxygenase, Methylophaga sp. strain SK1 (JC7986)

Flavin-containing m
onooxygenase, Methylocella silvestris BL2 (ACK52489.1)

Olavius sp. (4149 4289 C NODE 52168 length 1220, evalue 1.21e
170)

Olavius sp. (4149 4289 C NODE 168086 length 785, evalue 2.37e 100)

Olavius sp. (4149 4289 C NODE 63936 length 1141, evalue 5.48e 137)

Olavius sp. (4149 4289 C NODE 3158 length 2503, evalue 4.22e 180)

Flavin-containing monooxygenase, Candidatus Pelagibacter ubique HTCC1002 (EAS85405.1)

Flavin-containing monooxygenase FMO, Candidatus Pelagibacter sp. HTCC7211 (EDZ59919.1)

Flavin-containing monooxygenase, Saccharomyces cerevisiae (AAQ62539.1)

Flavin-dependent monooxygenase FMO1, Schizosaccharomyces pombe 972h (Q9HFE4.1)

Trimethylamine monooxygenase FMO3, Oryctolagus cuniculus (P32417.3)

Flavin-containing monooxygenase, Homo sapiens (AAA52457.1)

Dimethylaniline monooxygenase (Falvin-containing, FMO2), Homo Sapiens (Q99518.5)

Dimethylaniline monooxygenase (Falvin-containing, FMO4), Homo Sapiens (P31512.3)

Flavin-containing monooxygenase 5, Homo sapiens (AAA67849.1)

Flavin-containing YUCCA 3, Arabidopsis thaliana (NP 171955.1)

Flavin-binding monooxygenase family protein, Arabidopsis thaliana (NP 193062.1)

Flavin-binding monooxygenase family protein, Arabidopsis thaliana (NP 194980.1)

Steroid monooxygenase, Rhodococcus rhodochrous (BAA24454.1)

Cyclopentanone 1,2-monooxygenase, Comamonas testosteroni (CAD10798.1)

Baeyer-Villiger monooxygenase, Thermobifida fusca YX (Q47PU3.1)

Tree scale: 1

Host

Coralliodrillus

Peosidrillus

Olavius

Inanidrilus

bootstrap

75

81.25

87.5

93.75

100

Microbial Class

Alphaproteobacteria

Gammaproteobacteria

Spirochaetia

Saccharomycetaceae

Deltaproteobacteria

Betaproteobacteria

Actinomycetia

Location

Western Australia

Bahamas

Mallorca

Elba

Belize

North America

Hawaii

South Africa
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Olavius loisae (OloiHER1 NODE 34468 length 3766, evalue 4.38e 145)
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lavius sp. (4148 4289 B

T N
O

D
E

 83027 length 1583, evalue 6.31e 137)
O
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Olavius albidus (OalbHER1NODE 155729 length 1381, evalue 5.87e 133)

Olavius albidus (OalbHER2NODE 163596 length 1283, evalue 0.0)

Olavius albidus (OalbHER1NODE 65353 length 2419, evalue 1.91e 103)

Olavius prodigus (4149 4289 B NODE 136770 length 893, evalue 8.21e 138)

Olavius albidus (OalbHER1NODE 11940 length 4860, evalue 0.0)

Olavius albidus (OalbHER1NODE 9351 length 5249, evalue 2.22e 100)
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Olavius sp. (4149 4289 H NODE 1264 length 16923, evalue 0.0)
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Olavius sp. (Osp2HER1NODE 67961 length 2896, evalue 0.0)
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Olavius algarvensis (OalgACAV1 NODE 77305 length 1811, evalue 5.37e 123)
Olavius sp. (2699 A NODE 251402 length 534, evalue 1.37e 88)
Olavius algarvensis (OalgACAV3 NODE 101816 length 1612, evalue 1.19e 123)Olavius algarvensis (OalgACAV2 NODE 31184 length 3997, evalue 5.32e 125)Olavius algarvensis (OalgASAN3 NODE 35066 length 3438, evalue 4.98e 125)

Olavius algarvensis (OalgBSAN3 NODE 143330 length 1468, evalue 2.73e 128)

Olavius sp. (Osp2HER1NODE 231344 length 905, evalue 1.40e 136)

Olavius algarvensis (OalgASAN1 NODE 121098 length 1727, evalue 0.0)

Olavius sp. (4149 4289 AS NODE 376230 length 634, evalue 2.66e 97)

Olavius sp. (4149 4289 AS NODE 8553 length 3868, evalue 3.93e 172)

Olavius sp. (4149 4289 AS NODE 8553 length 3868, evalue 3.93e 172)

Olavius sp. (4149 4289 AS NODE 87642 length 1637, evalue 0.0)

Olavius sp. (4149 4289 AS NODE 8034 length 3936, evalue 0.0)

Olavius loisae (3854 4020 C NODE 5212 length 7844, evalue 1.07e 118)

Olavius sp. (3854 4020 E NODE 99493 length 2259, evalue 2.07e 110)

Olavius clavatus (3854 4020 A NODE 66194 length 2875, evalue 1.02e 145)

Olavius sp. (3854 4020 E NODE 159299 length 1618, evalue 2.04e 113)

Olavius nr avisceralis (3854 4020 D NODE 262822 length 976, evalue 6.79e 156)

Olavius sp. (3854 4020 B NODE 103364 length 2273, evalue 0.0)

Olavius sp. (3854 4020 B NODE 9604 length 6441, evalue 6.19e 112)

Olavius loisae (3854 4020 C NODE 1490 length 11266, evalue 6.52e 112)

Olavius sp. (3854 4020 E NODE 24495 length 4511, evalue 6.85e 113)

Olavius clavatus (3854 4020 A NODE 2179 length 10117, evalue 6.57e 112)

Olavius imperfectus (3557 AM NODE 16810 length 813, evalue 1.19e 144)

Olavius imperfectus (3557 BC NODE 5010 length 877, evalue 2.01e 132)

Olavius im
perfectus (3557 BA NODE 18637 length 603, evalue 1.31e 101)

Olavius sp. (4
149 4289 BQ NODE 11

0417 length 907, evalue 4.91e 95)

Olavius "zimmermannae" (4
148 4289 CN NODE 18997 length 1619, evalue 0.0)

Olavius sp. (4
148 4289 BT NODE 103551 length 1412, evalue 1.98e 175)

Olaviu
s s

p. (4
149 4289 CA NODE 11

5163 length 654, evalue 5.06e 109)

Olaviu
s s

p. (4
148 4289 O NODE 33844 length 2960, evalue 1.69e 11

5)

Olaviu
s s

p. (4
149 4289 BU NODE 162678 length 1061, e

value 4.81e 11
6)

Olaviu
s s

p. (4
149 4289 BS NODE 314551 le

ngth 692, e
va

lue 2.88e 11
6)

Olaviu
s s

p. (4
148 4289 BZ NODE 6609 le

ngth 2406, e
va

lue 1.29e 149)

Olaviu
s a

lbidus (
3585 CQ 4019 G

 NODE 126493 le
ngth 1401, e

va
lue 1.11

e 153)

Olaviu
s a

lbidus (
3585 C

Q 4019 G
 N

ODE 464472 le
ngth 594, e

va
lue 7.10e 109)

Olav
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 al
bid
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 le
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O
lavius filicauda (O

filP
IA

1 N
O

D
E

 81594 length 1795, evalue 0.0)

O
lavius filicauda (O

filP
IA

2 N
O

D
E

 23115 length 3279, evalue 0.0)

P
eosidrilus sp. (4148 4289

R
 N

O
D

E
 19510 length 5362, evalue 0.0)

P
eosidrilus sp. (4148 4289 R

 N
O

D
E

 28904 length 4122, evalue 0.0)

O
lavius sp. (4149 4289 A

S
 N

O
D

E
 74 length 26645, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 Z N

O
D

E
 43127 length 3721, evalue 4.44e 156)

C
oralliodrilus bidentatus (4149 4289 Z N

O
D

E
 18996 length 8181, evalue 3.81e 168)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 76093 length 1970, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 83989 length 1855, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 31671 length 3074, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 87391 length 1811, evalue 1.62e 174)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 15865 length 4056, evalue 0.0)

C
oralliodrilus regius (4149 4289 Z N

O
D

E
 12151 length 10869, evalue 0.0)

O
lavius sp. (4149 4289 A

O
 N

O
D

E
 49809 length 770, evalue 8.94e 115)

O
lavius sp. (4149 4289 AM

 N
O

D
E

 30 length 101393, evalue 0.0)

O
lavius sp. (4149 4289 AO

 N
O

D
E 1989 length 1993, evalue 1.66e 116)

O
lavius sp. (2699 C

 N
O

D
E 40 length 37715, evalue 0.0)

O
lavius sp. (2699 D

 N
O

D
E 11 length 96140, evalue 0.0)

O
lavius sp. (2699 B N

O
D

E 184 length 9644, evalue 3.15e 116)

O
lavius ilvae (O

ilvO
IA1 N

O
D

E 14 length 100099, evalue 0.0)

O
lavius ilvae (O

ilvSAN
1 N

O
D

E 27 length 79512, evalue 0.0)

O
lavius ilvae (O

ilvPIA2 N
O

D
E 33 length 100095, evalue 0.0)

O
lavius ilvae (3557 C

M
 N

O
D

E 3331 length 1213, evalue 0.0)

O
lavius ilvae (O

ilvSAN
2 N

O
D

E 401495 length 636, evalue 1.87e 92)

O
lavius sp. (4149 4289 BL NO

DE 180732 length 756, evalue 2.53e 116)

Trim
ethylam

ine (TM
A) m

onooxygenase, Ruegeria pom
eroyi DSS-3 (AAV94838.1)

Flavin-containing m
onooxygenase, Roseovarius sp. 217 (EAQ26624.1)

Peosidrilus sp. (4148 4289 R
NO

DE 35 length 130410, evalue 0.0)

Inanidrilus m
anae (Im

anLIZ1 NO
DE 12 length 140458, evalue 0.0)

Inanidrilus sp. (3557 J NO
DE 1064 length 2884, evalue 0.0)

Inanidrilus sp. (3557 Z NODE 1218 length 2549, evalue 0.0)

Inanidrilus sp. (3557 AA NODE 2446 length 2326, evalue 1.79e 122)

Flavin-containing m
onooxygenase, Methylophaga sp. strain SK1 (JC7986)

Flavin-containing m
onooxygenase, Methylocella silvestris BL2 (ACK52489.1)

Olavius sp. (4149 4289 C NODE 52168 length 1220, evalue 1.21e
170)

Olavius sp. (4149 4289 C NODE 168086 length 785, evalue 2.37e 100)

Olavius sp. (4149 4289 C NODE 63936 length 1141, evalue 5.48e 137)

Olavius sp. (4149 4289 C NODE 3158 length 2503, evalue 4.22e 180)

Flavin-containing monooxygenase, Candidatus Pelagibacter ubique HTCC1002 (EAS85405.1)

Flavin-containing monooxygenase FMO, Candidatus Pelagibacter sp. HTCC7211 (EDZ59919.1)

Flavin-containing monooxygenase, Saccharomyces cerevisiae (AAQ62539.1)

Flavin-dependent monooxygenase FMO1, Schizosaccharomyces pombe 972h (Q9HFE4.1)

Trimethylamine monooxygenase FMO3, Oryctolagus cuniculus (P32417.3)

Flavin-containing monooxygenase, Homo sapiens (AAA52457.1)

Dimethylaniline monooxygenase (Falvin-containing, FMO2), Homo Sapiens (Q99518.5)

Dimethylaniline monooxygenase (Falvin-containing, FMO4), Homo Sapiens (P31512.3)

Flavin-containing monooxygenase 5, Homo sapiens (AAA67849.1)

Flavin-containing YUCCA 3, Arabidopsis thaliana (NP 171955.1)

Flavin-binding monooxygenase family protein, Arabidopsis thaliana (NP 193062.1)

Flavin-binding monooxygenase family protein, Arabidopsis thaliana (NP 194980.1)

Steroid monooxygenase, Rhodococcus rhodochrous (BAA24454.1)

Cyclopentanone 1,2-monooxygenase, Comamonas testosteroni (CAD10798.1)

Baeyer-Villiger monooxygenase, Thermobifida fusca YX (Q47PU3.1)

Tree scale: 1

Host

Coralliodrillus

Peosidrillus

Olavius

Inanidrilus

bootstrap

75

81.25

87.5

93.75

100

Microbial Class

Alphaproteobacteria

Gammaproteobacteria

Spirochaetia

Saccharomycetaceae

Deltaproteobacteria

Betaproteobacteria

Actinomycetia

Location

Western Australia

Bahamas

Mallorca

Elba

Belize

North America

Hawaii

South Africa

Olavius near loisae (4149 4289 BD NODE 196986 length 952, evalue 1.20e 127)

Olavius loisae (OloiHER2 NODE 49960 length 3139, evalue 1.34e 152)

Olavius near loisae (4149 4289 BE NODE 113035 length 1230, evalue 8.35e 138)

Olavius loisae (OloiLIZ1 NODE 146200 length 1229, evalue 1.89e 104)

Olavius loisae (OloiLIZ2 NODE 156178 length 1062, evalue 3.38e 99)

Olavius avisceralis 4149 4289 AX NODE 40458 length 1480, evalue 8.56e 133)

Olavius near avisceralis (4149 4289 AY NODE 13980 length 2077, evalue 3.21e 177)

Olavius near avisceralis (4149 4289 AZ NODE 50008 length 2697, evalue 1.56e 174)

Olavius near loisae (4149 4289 BE NODE 29097 length 2081, evalue 5.98e 143)

Olavius loisae (OloiHER1 NODE 34468 length 3766, evalue 4.38e 145)

Olavius near loisae (4149 4289 BD NODE 38591 length 2154, evalue 7.29e 167)

Olavius near avisceralis (4149 4289 AZ NODE 55186 length 2557, evalue 1.24e 104)
Olavius loisae (OloiLIZ2 NODE 73264 length 1775, evalue 3.60e 129)Olavius loisae (OloiLIZ1 NODE 45231 length 2886, evalue 0.0)Olavius loisae (OloiHER1 NODE 1840 length 10692, evalue 1.36e 177)Olavius loisae (OloiHER2 NODE 4894 length 8674, evalue 1.16e 177)

Olavius near loisae (4149 4289 BE NODE 200745 length 889, evalue 3.96e 110)

Olavius near loisae (4149 4289 BE NODE 173766 length 977, evalue 5.42e 101)

Olavius loisae (OloiLIZ1 NODE 184660 length 951, evalue 5.48e 109)

Olavius loisae (OloiHER1 NODE 56486 length 2824, evalue 2.09e 180)

Olavius loisae (OloiHER2 NODE 54405 length 2970, evalue 8.53e 180)

Olavius near loisae (4149 4289 BA NODE 26010 length 1285, evalue 6.80e 124)

Olavius near loisae (4149 4289 BE NODE 112899 length 1230, evalue 5.04e 124)

Olavius near loisae (4149 4289 BD NODE 110753 length 1356, evalue 2.02e 123)

Olavius loisae (OloiHER2 NODE 132265 length 1422, evalue 1.56e 164)

Olavius loisae (OloiLIZ1 NODE 16071 length 4646, evalue 5.77e 173)

Olavius loisae (OloiLIZ2 NODE 165138 length 1012, evalue 3.75e 129)

Olavius loisae (OloiHER1 NODE 122826 length 1514, evalue 1.30e 138)

Olavius loisae (OloiHER2 NODE 64052 length 2652, evalue 6.45e 180)

Olavius near loisae (4149 4289 BD NODE 230117 length 838, evalue 3.17e 123)

Olavius loisae (OloiLIZ1 NODE 137693 length 1301, evalue 8.86e 120)

Olavius loisae (OloiLIZ2 NODE 114575 length 1344, evalue 3.44e 130)

Olavius near avisceralis (4149 4289 AY NODE 104046 length 1067, evalue 3.78e 132)

Olavius near avisceralis (4149 4289 AZ NODE 157561 length 1226, evalue 4.07e 164)

Olavius near avisceralis (4149 4289 AZ NODE 109422 length 1656, evalue 6.63e 112)

Olavius loisae (OloiHER1 NODE 87224 length 2061, evalue 6.80e 160)

Olavius avisceralis (4149 4289 AX NODE 8044 length 2282, evalue 0.0)

Olavius near avisceralis (4149 4289 AZ NODE 59902 length 2444, evalue 0.0)

Olavius loisae (OloiHER1 NODE 72708 length 2374, evalue 3.21e 115)

Olavius loisae (OloiHER2 NODE 74200 length 2385, evalue 1.18e 115)

Olavius near loisae (4149 4289 BD NODE 173909 length 1039, evalue 1.36e 118)

Olavius near loisae (4149 4289 BE NODE 107601 length 1259, evalue 4.60e 134)

Olavius loisae (O
loiHER2 NODE 80655 length 2235, evalue 1.82e 127)

Olavius loisae (O
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IA
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O

D
E

 23115 length 3279, evalue 0.0)

P
eosidrilus sp. (4148 4289

R
 N

O
D

E
 19510 length 5362, evalue 0.0)

P
eosidrilus sp. (4148 4289 R

 N
O

D
E

 28904 length 4122, evalue 0.0)

O
lavius sp. (4149 4289 A

S
 N

O
D

E
 74 length 26645, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 Z N

O
D

E
 43127 length 3721, evalue 4.44e 156)

C
oralliodrilus bidentatus (4149 4289 Z N

O
D

E
 18996 length 8181, evalue 3.81e 168)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 76093 length 1970, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 83989 length 1855, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 31671 length 3074, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 87391 length 1811, evalue 1.62e 174)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 15865 length 4056, evalue 0.0)

C
oralliodrilus regius (4149 4289 Z N

O
D

E
 12151 length 10869, evalue 0.0)

O
lavius sp. (4149 4289 A

O
 N

O
D

E
 49809 length 770, evalue 8.94e 115)

O
lavius sp. (4149 4289 AM

 N
O

D
E

 30 length 101393, evalue 0.0)

O
lavius sp. (4149 4289 AO

 N
O

D
E 1989 length 1993, evalue 1.66e 116)

O
lavius sp. (2699 C

 N
O

D
E 40 length 37715, evalue 0.0)

O
lavius sp. (2699 D

 N
O

D
E 11 length 96140, evalue 0.0)

O
lavius sp. (2699 B N

O
D

E 184 length 9644, evalue 3.15e 116)

O
lavius ilvae (O

ilvO
IA1 N

O
D

E 14 length 100099, evalue 0.0)

O
lavius ilvae (O

ilvSAN
1 N

O
D

E 27 length 79512, evalue 0.0)

O
lavius ilvae (O

ilvPIA2 N
O

D
E 33 length 100095, evalue 0.0)

O
lavius ilvae (3557 C

M
 N

O
D

E 3331 length 1213, evalue 0.0)

O
lavius ilvae (O

ilvSAN
2 N

O
D

E 401495 length 636, evalue 1.87e 92)

O
lavius sp. (4149 4289 BL NO

DE 180732 length 756, evalue 2.53e 116)

Trim
ethylam

ine (TM
A) m

onooxygenase, Ruegeria pom
eroyi DSS-3 (AAV94838.1)

Flavin-containing m
onooxygenase, Roseovarius sp. 217 (EAQ26624.1)

Peosidrilus sp. (4148 4289 R
NO

DE 35 length 130410, evalue 0.0)

Inanidrilus m
anae (Im

anLIZ1 NO
DE 12 length 140458, evalue 0.0)

Inanidrilus sp. (3557 J NO
DE 1064 length 2884, evalue 0.0)

Inanidrilus sp. (3557 Z NODE 1218 length 2549, evalue 0.0)

Inanidrilus sp. (3557 AA NODE 2446 length 2326, evalue 1.79e 122)

Flavin-containing m
onooxygenase, Methylophaga sp. strain SK1 (JC7986)

Flavin-containing m
onooxygenase, Methylocella silvestris BL2 (ACK52489.1)

Olavius sp. (4149 4289 C NODE 52168 length 1220, evalue 1.21e
170)

Olavius sp. (4149 4289 C NODE 168086 length 785, evalue 2.37e 100)

Olavius sp. (4149 4289 C NODE 63936 length 1141, evalue 5.48e 137)

Olavius sp. (4149 4289 C NODE 3158 length 2503, evalue 4.22e 180)

Flavin-containing monooxygenase, Candidatus Pelagibacter ubique HTCC1002 (EAS85405.1)

Flavin-containing monooxygenase FMO, Candidatus Pelagibacter sp. HTCC7211 (EDZ59919.1)

Flavin-containing monooxygenase, Saccharomyces cerevisiae (AAQ62539.1)

Flavin-dependent monooxygenase FMO1, Schizosaccharomyces pombe 972h (Q9HFE4.1)

Trimethylamine monooxygenase FMO3, Oryctolagus cuniculus (P32417.3)

Flavin-containing monooxygenase, Homo sapiens (AAA52457.1)

Dimethylaniline monooxygenase (Falvin-containing, FMO2), Homo Sapiens (Q99518.5)

Dimethylaniline monooxygenase (Falvin-containing, FMO4), Homo Sapiens (P31512.3)

Flavin-containing monooxygenase 5, Homo sapiens (AAA67849.1)

Flavin-containing YUCCA 3, Arabidopsis thaliana (NP 171955.1)

Flavin-binding monooxygenase family protein, Arabidopsis thaliana (NP 193062.1)

Flavin-binding monooxygenase family protein, Arabidopsis thaliana (NP 194980.1)

Steroid monooxygenase, Rhodococcus rhodochrous (BAA24454.1)

Cyclopentanone 1,2-monooxygenase, Comamonas testosteroni (CAD10798.1)

Baeyer-Villiger monooxygenase, Thermobifida fusca YX (Q47PU3.1)

Tree scale: 1
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Microbial Class
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Olavius near loisae (4149 4289 BD NODE 196986 length 952, evalue 1.20e 127)

Olavius loisae (OloiHER2 NODE 49960 length 3139, evalue 1.34e 152)

Olavius near loisae (4149 4289 BE NODE 113035 length 1230, evalue 8.35e 138)

Olavius loisae (OloiLIZ1 NODE 146200 length 1229, evalue 1.89e 104)

Olavius loisae (OloiLIZ2 NODE 156178 length 1062, evalue 3.38e 99)

Olavius avisceralis 4149 4289 AX NODE 40458 length 1480, evalue 8.56e 133)

Olavius near avisceralis (4149 4289 AY NODE 13980 length 2077, evalue 3.21e 177)

Olavius near avisceralis (4149 4289 AZ NODE 50008 length 2697, evalue 1.56e 174)

Olavius near loisae (4149 4289 BE NODE 29097 length 2081, evalue 5.98e 143)

Olavius loisae (OloiHER1 NODE 34468 length 3766, evalue 4.38e 145)

Olavius near loisae (4149 4289 BD NODE 38591 length 2154, evalue 7.29e 167)

Olavius near avisceralis (4149 4289 AZ NODE 55186 length 2557, evalue 1.24e 104)
Olavius loisae (OloiLIZ2 NODE 73264 length 1775, evalue 3.60e 129)Olavius loisae (OloiLIZ1 NODE 45231 length 2886, evalue 0.0)Olavius loisae (OloiHER1 NODE 1840 length 10692, evalue 1.36e 177)Olavius loisae (OloiHER2 NODE 4894 length 8674, evalue 1.16e 177)

Olavius near loisae (4149 4289 BE NODE 200745 length 889, evalue 3.96e 110)

Olavius near loisae (4149 4289 BE NODE 173766 length 977, evalue 5.42e 101)

Olavius loisae (OloiLIZ1 NODE 184660 length 951, evalue 5.48e 109)

Olavius loisae (OloiHER1 NODE 56486 length 2824, evalue 2.09e 180)

Olavius loisae (OloiHER2 NODE 54405 length 2970, evalue 8.53e 180)

Olavius near loisae (4149 4289 BA NODE 26010 length 1285, evalue 6.80e 124)

Olavius near loisae (4149 4289 BE NODE 112899 length 1230, evalue 5.04e 124)

Olavius near loisae (4149 4289 BD NODE 110753 length 1356, evalue 2.02e 123)

Olavius loisae (OloiHER2 NODE 132265 length 1422, evalue 1.56e 164)

Olavius loisae (OloiLIZ1 NODE 16071 length 4646, evalue 5.77e 173)

Olavius loisae (OloiLIZ2 NODE 165138 length 1012, evalue 3.75e 129)
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Olavius near loisae (4149 4289 BD NODE 230117 length 838, evalue 3.17e 123)
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O
lavius filicauda (O

filP
IA

1 N
O

D
E

 81594 length 1795, evalue 0.0)

O
lavius filicauda (O

filP
IA

2 N
O

D
E

 23115 length 3279, evalue 0.0)

P
eosidrilus sp. (4148 4289

R
 N

O
D

E
 19510 length 5362, evalue 0.0)

P
eosidrilus sp. (4148 4289 R

 N
O

D
E

 28904 length 4122, evalue 0.0)

O
lavius sp. (4149 4289 A

S
 N

O
D

E
 74 length 26645, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 Z N

O
D

E
 43127 length 3721, evalue 4.44e 156)

C
oralliodrilus bidentatus (4149 4289 Z N

O
D

E
 18996 length 8181, evalue 3.81e 168)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 76093 length 1970, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 83989 length 1855, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 31671 length 3074, evalue 0.0)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 87391 length 1811, evalue 1.62e 174)

C
oralliodrilus bidentatus (4149 4289 A

C
 N

O
D

E
 15865 length 4056, evalue 0.0)

C
oralliodrilus regius (4149 4289 Z N

O
D

E
 12151 length 10869, evalue 0.0)

O
lavius sp. (4149 4289 A

O
 N

O
D

E
 49809 length 770, evalue 8.94e 115)

O
lavius sp. (4149 4289 AM

 N
O

D
E

 30 length 101393, evalue 0.0)

O
lavius sp. (4149 4289 AO

 N
O

D
E 1989 length 1993, evalue 1.66e 116)

O
lavius sp. (2699 C

 N
O

D
E 40 length 37715, evalue 0.0)

O
lavius sp. (2699 D

 N
O

D
E 11 length 96140, evalue 0.0)

O
lavius sp. (2699 B N

O
D

E 184 length 9644, evalue 3.15e 116)

O
lavius ilvae (O

ilvO
IA1 N

O
D

E 14 length 100099, evalue 0.0)

O
lavius ilvae (O

ilvSAN
1 N

O
D

E 27 length 79512, evalue 0.0)

O
lavius ilvae (O

ilvPIA2 N
O

D
E 33 length 100095, evalue 0.0)

O
lavius ilvae (3557 C

M
 N

O
D

E 3331 length 1213, evalue 0.0)

O
lavius ilvae (O

ilvSAN
2 N

O
D

E 401495 length 636, evalue 1.87e 92)

O
lavius sp. (4149 4289 BL NO

DE 180732 length 756, evalue 2.53e 116)

Trim
ethylam

ine (TM
A) m

onooxygenase, Ruegeria pom
eroyi DSS-3 (AAV94838.1)

Flavin-containing m
onooxygenase, Roseovarius sp. 217 (EAQ26624.1)

Peosidrilus sp. (4148 4289 R
NO

DE 35 length 130410, evalue 0.0)

Inanidrilus m
anae (Im

anLIZ1 NO
DE 12 length 140458, evalue 0.0)

Inanidrilus sp. (3557 J NO
DE 1064 length 2884, evalue 0.0)

Inanidrilus sp. (3557 Z NODE 1218 length 2549, evalue 0.0)

Inanidrilus sp. (3557 AA NODE 2446 length 2326, evalue 1.79e 122)

Flavin-containing m
onooxygenase, Methylophaga sp. strain SK1 (JC7986)

Flavin-containing m
onooxygenase, Methylocella silvestris BL2 (ACK52489.1)

Olavius sp. (4149 4289 C NODE 52168 length 1220, evalue 1.21e
170)

Olavius sp. (4149 4289 C NODE 168086 length 785, evalue 2.37e 100)

Olavius sp. (4149 4289 C NODE 63936 length 1141, evalue 5.48e 137)

Olavius sp. (4149 4289 C NODE 3158 length 2503, evalue 4.22e 180)

Flavin-containing monooxygenase, Candidatus Pelagibacter ubique HTCC1002 (EAS85405.1)

Flavin-containing monooxygenase FMO, Candidatus Pelagibacter sp. HTCC7211 (EDZ59919.1)

Flavin-containing monooxygenase, Saccharomyces cerevisiae (AAQ62539.1)

Flavin-dependent monooxygenase FMO1, Schizosaccharomyces pombe 972h (Q9HFE4.1)

Trimethylamine monooxygenase FMO3, Oryctolagus cuniculus (P32417.3)

Flavin-containing monooxygenase, Homo sapiens (AAA52457.1)

Dimethylaniline monooxygenase (Falvin-containing, FMO2), Homo Sapiens (Q99518.5)

Dimethylaniline monooxygenase (Falvin-containing, FMO4), Homo Sapiens (P31512.3)

Flavin-containing monooxygenase 5, Homo sapiens (AAA67849.1)

Flavin-containing YUCCA 3, Arabidopsis thaliana (NP 171955.1)

Flavin-binding monooxygenase family protein, Arabidopsis thaliana (NP 193062.1)

Flavin-binding monooxygenase family protein, Arabidopsis thaliana (NP 194980.1)

Steroid monooxygenase, Rhodococcus rhodochrous (BAA24454.1)

Cyclopentanone 1,2-monooxygenase, Comamonas testosteroni (CAD10798.1)

Baeyer-Villiger monooxygenase, Thermobifida fusca YX (Q47PU3.1)

Tree scale: 1

Host

Coralliodrillus

Peosidrillus

Olavius

Inanidrilus

bootstrap
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100

Microbial Class

Alphaproteobacteria

Gammaproteobacteria

Spirochaetia

Saccharomycetaceae

Deltaproteobacteria
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Actinomycetia

Location

Western Australia

Bahamas
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Elba

Belize

North America

Hawaii

South Africa



DmsA, Escherichia coli strain K12

DmsA, Escherichia coli

DmsA, Phytobacter diazotrophicus

DmsA, Enterobacter cloacae
DmsA, Rahnella victoriana

DmsA, Haemophilus influenzae strain ATCC 51907 (P45004)
DmsA, Vibrio parahaemolyticus

DmsA, Vibrio sp. JCM 19236 (GAM71807.1)DmsA, Aliivibrio fischeri ES114DmsA, Escherichia coli strain K12
DmsA, Kosakonia pseudosacchari
DmsA, Obesumbacterium proteus

DmsA, Escherichia coli strain K12

DmsA, Yersinia pestis CO92

DmsA, Yersinia kristensenii

DmsA, Enterovibrio norvegicus

Olavius sp. (4148 4289 V NODE 162 length 36303, evalue 1.54e 165)

Olavius finitimus (4148 4289 X NODE 8235 length 5646, evalue 4.57e 143)

Olavius sp. (4148 4289 U NODE 21947 length 2661, evalue 0.0)

Olavius finitimus (4148 4289 P NODE 2445 length 9182, evalue 0.0)

Olavius tenuissimus (4148 4289 W NODE 258 length 17293, evalue 4.28e 163)

Olavius geniculatus (OgenHER1 NODE 45 length 101593, evalue 0.0)

Olavius geniculatus (OgenHER2 NODE 15635 length 6472, evalue 1.88e 176)

Olavius geniculatus (OgenLIZ1 NODE 120 length 26927, evalue 0.0)

Olavius geniculatus (OgenLIZ2 NODE 58 length 70554, evalue 0.0)

Olavius sp. (O
sp1PHI1 NODE 263 length 39380, evalue 0.0)

Olavius prodigus (4148 4289 B NODE 346 length 6768, evalue 4.58e 167)

Olavius near algarvensis (4148 4289 Q NODE 991 length 5516, evalue 0.0)

Olavius near te
nuissimus (4148 4289 T NODE 4974 length 7615, evalue 0.0)

Olavius ilvae (3557 CF NODE 3783 length 1449, evalue 1.02e 98)
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O
lavius geniculatus (O

genLIZ1 N
O

D
E

 329 length 15270, evalue 0.0)
Inanidrilus exum

ae (IexuB
A

H
1 N

O
D

E
 11 length 225974, evalue 0.0)

D
m

sA
, C

utibacterium
 acnes (H

A
P

96887.1)
D

m
sA

, C
utibacterium

 acnes (P
ZQ

71267.1)
D

m
sA

, C
utibacterium

 acnes (A
E

W
80846.1)

O
lavius nr loisae (3586 C

I 4019 N
 N

O
D

E
 1 length 51509, evalue 0.0)

O
lavius vacuus (4148 4289 B

M
 N

O
D

E
 461 length 1015, evalue 5.53e 116)

D
m

sA
, C

utibacterium
 acnes (K

E
Y

34458.1)

D
m

sA
, C

utibacterium
 acnes P

R
P

-38 (E
IA

12424.1)

D
m

sA, D
esulfitobacterium

 hafniense

D
m

sA, Photorhabdus thracensis

Anaerobic dim
ethyl sulfoxide reductase chain A, O

lavius sp. associated proteobacterium
 D

elta 1 (C
AB1059744.1)

Anaerobic dim
ethyl sulfoxide reductase chain A, O

lavius sp. associated proteobacterium
 D

elta 1 (C
AB1059744.1)

Anaerobic dim
ethyl sulfoxide reductase chain A, O

lavius sp. associated proteobacterium
 D

elta 1 (C
AB1059744.1)

O
lavius algarvensis (O

algBSAN
3 N

O
D

E 4641 length 5656, evalue 4.56e 152)

O
lavius algarvensis (O

algACAV1 NO
DE 84 length 59575, evalue 2.66e 150)

O
lavius algarvensis (O

algCCAV1 NO
DE 5045 length 3076, evalue 1.23e 158)

O
lavius crassitunicatus (4148 4289 AA NO

DE
131 length 31190, evalue 6.12e 146)

O
lavius crassitunicatus (4148 4289 N NO

DE 146 length 30719, evalue 4.17e 146)

Olavius sp. (Osp1DAH1 NODE 91 length 52651, evalue 6.97e 139)

Olavius ilvae (3557 CQ NODE 579 length 8556, evalue 6.44e 128)

Olavius ilvae (4515 G NODE 4787 length 4812, evalue 8.98e 152)

Olavius ilvae (4515 H NODE 4476 length 4811, evalue 8.46e 152)

Olavius ilvae (OilvSAN2 NODE
5518 length 4811, evalue 8.94e 152)

Olavius ilvae (4515 I NODE 3355 length 4811, evalue 8.11e 152)

Olavius ilvae (OilvSAN1 NODE 6425 length 4812, evalue 9.37e 152)

Olavius algarvensis (OalgACAV1 NODE 920 length 9188, evalue 2.24e 151)

Olavius algarvensis (OalgACAV3 NODE 719 length 9235, evalue 4.74e 135)

Olavius algarvensis (OalgASAN2 NODE 790 length 9098, evalue 4.92e 135)

Olavius algarvensis (OalgASAN3 NODE 2048 length 9246, evalue 6.05e 135)

Olavius algarvensis (OalgASAN1 NODE 1471 length 9088, evalue 5.82e 135)

Olavius algarvensis (OalgACAV2 NODE 3098 length 9110, evalue 6.66e 134)

Olavius algarvensis (OalgBSAN2 NODE 784 length 9103, evalue 5.05e 134)

Olavius geniculatus (OgenHER1 NODE 58 length 87622, evalue 9.02e 153)
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Figure S10. (a) Maximum-likelihood phylogeny of DmsA in gutless-oligochaete metagenomes within the DMSO-reductase family.
Assembly-derived DmsA sequences from gutless-oligochaete metagenomes were placed among curated references representing the 
DMSO-reductase superfamily (e.g., NarG/NapA/FdhA/TorA/DorA) from Yamazaki et al. 2020 and McDevitt et al.2002 used as close context. 
Light and dark grey shadings indicate metagenomes from gutless oligochaetes (Olavius/Inanidrillus) and yellow shadings from gut-bearing 
representatives. Proteins were aligned with Clustal Omega (Geneious Prime v2021.0.3); tree was inferred with IQ-TREE v1.6.12 using 
ModelFinder; node support is UFBoot from 1000 replicates and shown for nodes ≥60%; scale bar = substitutions per site. Tip labels end 
with accession numbers, and the outer ring indicates microbial class. Samples that were investigated in the gene neighborhood analysis are 
indicated with a line and the name of the host/symbiont. (b) Gene neighbourhoods. Representative dmsA-positive contigs from gutless-
oligochaete assemblies and selected references (≤10 kb span; 1 kb scale) are shown. dmsA co-localized with dmsB (Fe-S subunit) and 
dmsC (membrane anchor). Windows ≤10 kb total span; scale bar = 1 kb. Arrows denote gene orientation.
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Figure S12. mtoX (methanethiol oxidase; SBP56-family) in gutless-oligochaete metagenomes. (a) Maximum-likelihood phylogeny of 
MtoX. Assembly-derived MtoX candidates from gutless-oligochaete metagenomes were placed alongside curated references, including 
sequences from Eyice et al. (2018) and Kröber et al. (2022). The tree also includes animal methanethiol oxidase homologs (SELENBP1) from 
e.g. O. algarvensis, C. elegans, and human, which form a distinct clade from bacterial mtoX, confirming their independent evolutionary origin. 
Tip labels end with accession numbers; the outer ring indicates microbial class. Proteins were aligned with Clustal Omega (Geneious Prime 
v2021.0.3); tree was inferred with IQ-TREE v1.6.12 using ModelFinder; UFBoot = 1000; support values are shown for nodes ≥75%; scale bar 
= substitutions/site. Samples that were investigated in the gene neighborhood analysis are indicated with a line and the name of the 
host/symbiont. (b) Genomic context (schematic). Representative reference genomes illustrate the common mtoX-SCO1/senC-mauG 
arrangement (sometimes SCO1-mauG fusion); gutless-derived mtoX-positive contigs are variable/fragmentary and shown where sufficient 
flanking sequence exists. (Window ≤10 kb; scale bar = 1 kb.)
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Transcriptional Regulator
Methanethiol oxidase (mtoX)

Hypothetical protein/ Unknown 
function

mauG

1000 bp

mtoX
Methylocystis sp. Rockwell (ATCC49242)

SCO1 

mauGSCO1

Hyphomicrobium denitrificans (ATCC51888)
mtoX mauGSCO1

Hyphomicrobium zavarzinii (ATCC27496)
mtoX mauGSCO1

soxY
soxZ
soxB
soxC
soxD

Thiobacillus thioparus (DSM505)
mtoX mauGSCO1

Silicibacter pomeroyi DSS-3
mtoX mauGSCO1

Formaldehyde dehydrogenase

Pseudovibrio sp. (TunPHSC045I4)
mtoX mauGSCO1

Pseudovibrio ascidiaceicola (DSM16392)
mtoX mauGSCO1

Thioalkalivibrio sp. (AL5)
mtoX mauGSCO1

Peroxiredoxin

Methylophaga sulfidovorans (DSM11578)
mtoX SCO1/mauG

SCO1/mauG fusion

Methylophaga thiooxidans (DMS010)
mtoX SCO1/mauG

Sulfur dioxygenase
Sulfide:Quinone oxidoreductase
Sulfate Permease - sulP

Methylococcus capsulatus str. Bath
mtoX SCO1/mauG

Sedimenticola sp. CUZ
mtoX SCO1/mauGSCO1

Sedimenticola thiotaurini (SIP-G1)
mtoX SCO1/mauGSCO1

Inanidrillus manae - Alpha 3 (ImanLIZ1)
mtoX mauGSCO1

Olavius albidus - Alpha 3 (OalbHER2)

Olavius albidus - Alpha 3 (OalbHER1)

mtoX mauGSCO1

mtoX SCO1

mtoX SCO1

Inanidrillus leukodermatus - Alpha 3 (4515 F)

Inanidrillus sp. - Alpha 3 (3557 J)

mtoX mauGSCO1

Inanidrillus leukodermatus - Alpha 1 (4515 F)
mtoX

mtoX SCO1

Olavius albidus - Alpha 3 (OalbHER1)

Olavius ilvae - Gamma 3 (OilvPIA2)
mtoX SenCSCO1/mauG

Olavius ilvae - Gamma 3 (OilvPIA2)
mtoX SCO1/mauG SenC

b


