
Table S1. Functional evidences and constraints used for retrieving metagenomic sequences. 

 Cluster/subgroup Pfam BLAST query Cut-off 
length 
(aa) 

P450 I PF00067 Cytochrome P450 from 
Mycobacterium (GB 
WP_011560601.1 ) 

300 

II PF00067 Cytochrome P450 from 
Parvibaculum lavamentivorans (GB 
WP_012110862.1) 

300 

III PF00067 Cytochrome P450 from 
Phenylobacterium zucineum (GB  
WP_012521375.1) 

300 

IV PF00067 Cytochrome P450 from 
Sphingopyxis alaskensis 
(WP_011543134.1) 

300 

FDM - 
BVMO 

Cyclohexanone 
monooxygenase (CHMO) 

PF00743 CHMO from Rhodococcus sp. HI-
31 (GB BAH56677) 

250 

Steroid monooxygenase 
(STMO) 

PF00743 Steroid monooxygenase from 
Rhodococcus rhodochrous (GB 
BAA24454)  

250 

Hydroxyacetophenone 
monooxygenase (HAPMO) 

 

PF00743 HAPMO from Pseudomonas 
fluorescens (GB Q93TJ5.1) 

 

250 

Phenylacetone 
monooxygenase (PAMO)  

PF00743 PAMO from Thermobifida fusca 
(GB Q47PU3) 

250 

 
aa: amino acid. FDM-BVMO:  Flavin-dependent Monooxygenases, Baeyer-Villiger type. GB: 
GenBank accession number. 



k_HPXO_KL:OX
k_W_GMdichlorophenol_YMmonooxygenase_Streptomyces_albus

k_rifampin_monooxygenase_Rhodococcus_equi
k_GMhydroxybenzoate_CMmonooxygenase_Dradyrhizobium_sp

TDF_OR_ARG05_123mDRAFT_10060111
SA_S2_NOR13_50mDRAFT_100000719
SA_S1_NOR08_45mDRAFT_100049353

JJ

SA_S2_NOR15_50mDRAFT_100662491
J.

v77
D_NHMO_PQYQ.G_Ustilago_maydis
D_NHMO_XP_77jGQYvCG_Lipotes_vexilliferxillifer
D_NHMO_NP_WQv7jY_Pseudomonas_aeruginosa

JJ

D_NHMO_XP_jQQv7C_kspergillus_fumigatus
Qv
Q.

D_NHMO_WP_7vvQJj7QG_Rhodococcus

jY

D_NHMO_wkPvQG.v_Halobacterium_salinarum
D_NHMO_kGDCCQWW_Natrinema_pellirubrum

JG

D_NHMO_kkKYQJW7_Sinorhizobium_meliloti
D_NHMO_QGGjG7_Dordetella_bronchiseptica
D_NHMO_XP_77QJ.WQGG_Pantholops_hodgsonii

j.

D_NHMO_YP_GGG7Yv_:scherichia_coli
D_NHMO_XP_77QJYGWvv_Pantholops_hodgsonii

jC

D_NHMO_WP_7vvQJJC.Q_Rhodococcus_jostii
JG

.Y

v77

gi_jG.vCQWYG_ref_WP_7CJjv7QGY5v_hypothetical_protein_Scytonema_millei
BS_KBA_SWE12_21mDRAFT_100048563
BS_KBA_SWE21_205mDRAFT_100020953

J.

BS_KBA_SWE21_205mDRAFT_100048316
BS_KBA_SWE12_21mDRAFT_100049932

JJ

jj
gi_YGjYWG.Yv_ref_WP_7WQ.J.C.Y5v_hypothetical_protein_Sneathiella_glossodoripedis

XP_77WCjJJ7C_monooxygenase_kspergillus_flavus
XP_77WCjjQJ7_dimethylaniline_monooxygenase_kspergillus_flavus

v77

HCJQW7_OT:MO_Pseudomonas_putida 9CUOZ8
jY

DkwWWYQW_cyclopentanone_v_WMmonooxygenase_womamonas_sp
XP_77jjjvJJY_cyclohexanone_monooxygenase_woniophora_puteana
XP_77vG77jJW_steroid_monooxygenase_kspergillus_niger
XP_77WC.C7GC_steroid_monooxygenase_kspergillus_flavus

JY

XP_77WCjQGYY_dimethylaniline_monooxygenase_kspergillus_flavus
XP_77WCjQYQj_dimethylaniline_monooxygenase_kspergillus_flavus 9QJjX8
XP_77WCjQCGC_steroid_monooxygenase_kspergillus_flavus

XP_77jC..YQ._cyclopentanone_v_WMmonooxygenase_Punctularia_strigosozonataQY
Q7

j.

XP_77j.GQ7j7_cyclohexanone_monooxygenase_Moniliophthora_roreri

.Y

kDIvQjvv_DaeyerMVilliger_monooxygenase_Pseudomonas_veronii
DkM.7J7W_steroid_monooxygenase_wyanidioschyzon_merolae
DkFGCjJv_acetone_monooxygenase_Gordonia_sp

.7
JJ

Q7

kkG7vW.J_cyclohexanone_monooxygenase_Drevibacterium_sp
WP_77jWY7.Q7_cyclohexanone_monooxygenase_Natronolimnobius_innermongolicus
WP_7vWJGGJGW_cyclohexanone_monooxygenase_Haloterrigena_turkmenica

Jv

:WGv7CGY_flavinMcontaining_monooxygenase_Dacillus_firmus
WP_7v.j7.7v7_Dacillus_fordii
WP_7WvW.JYGQ_Virgibacillus_sp

JG
v77

:TWJJ.jW_cyclohexanone_monooxygenase_wandidatus_:ntotheonella_sp
KGI_S2_ANT06_2345mDRAFT_10189803

gi_Jv.jQ7vJG_ref_WP_7QWY7CWQj5v_monooxygenase_kctinobacteria_bacterium_IMwwWYW7jv
KGI_S1_ANT01_95mDRAFT_100355441
KGI_S1_ANT02_95mDRAFT_100042425

v77
JQ

kkLvGWCC_cyclododecanone_monooxygenase_Rhodococcus_ruber
gi_Q7v7QJvjv_ref_WP_7vWvv7QC75v_monooxygenase_Parvibaculum_lavamentivorans

Jv

JG

SA_S1_NOR08_45mDRAFT_100666731
DkN.G7jj_cyclopentadecanone_v_WMmonooxygenase_Pseudomonas_sp
gi_Q7v7Q.Y.C_ref_WP_7vWvv77Qv5v_monooxygenase_Parvibaculum_lavamentivorans

jG

.W

XP_77jCG.vJ._kuricularia_delicataata
kI:vjGY7_wcsD_kspergillus_clavatusus_clavatus

YG

JY

KGI_S1_ANT01_95mDRAFT_100919181
gi_QWWvJ7YYv_ref_WP_7W7YJJW7J5v_hypothetical_protein_Reyranella_massiliensisYv

XP_77QjYvQ7Q_:miliania_huxleyi

W

kw+QGjWQ_Trkk_monooxygenase_kdineta_vagaineta_vaga
WP_7vvQ7WWjJ_cyclohexanone_monooxygenase_Rhodopseudomonas_palustris
WP_7WGQvjWJj_cyclohexanone_monooxygenase_Dradyrhizobium_sp

Jj

:TRj.jJj_cyclohexanone_monooxygenase_kfipia_sp
JJ

DkkWGGQG_steroid_monooxygenase_Rhodococcus_rhodochrous 9GkOS8
XP_77vjQ.YvC_Physcomitrella_patenstens
KGI_S1_ANT02_95mDRAFT_100635511

C

WP_7vvWJvJWv_phenylacetone_monooxygenase_Thermobifida_fusca 9vWGX8
gi_Q7YGv7W.j_ref_WP_7vQJC777Y5v_cyclohexanone_monooxygenase_Methylobacterium_nodulans
XP_jGjvY7_steroid_monooxygenase_kspergillus_fumigatus

kkGv77Wv_cyclohexanone_monooxygenase_kcinetobacter_sp
kDQv7YQC_cyclohexanone_monooxygenase_krthrobacter_sp
DkHQYYjj_cyclohexanone_monooxygenase_Rhodococcus_sp5 HIMCv 9CGW+8
v77

.J

XP_77WCjjYWY_dimethylaniline_monooxygenase_kspergillus_flavus
XP_jQQWjG_cyclohexanone_monooxygenase_kspergillus_fumigatus
XP_77WCj.7WW_cyclohexanone_monooxygenase_kspergillus_flavusooxygenase_kspergillus_flavus
XP_77vCJQQjv_cyclohexanone_v_WMmonooxygenase_kspergillus_niger

YC
J.

k:T.777v_cycloalkanone_monooxygenase_Ilyonectria_destructansgenase_Ilyonectria_destructans

JC

JY

j7

jj

XP_77QjYJvCv_:miliania_huxleyi
XP_77Qj..jvJ_:miliania_huxleyi
v77

KGI_S1_ANT01_95mDRAFT_100237442
gi_JQCQQ7CJY_ref_WP_7Q.7WCQGY5v_Fk+Mcontaining_monooxygenase_:thk_Psychrobacter_piscatorii
KGI_S2_ANT06_2345mDRAFT_10022933

v77

gi_JGvGYjQQJ_ref_WP_7QQvWQGWG5v_Fk+Mcontaining_monooxygenase_:thk_Psychrobacter_glacincola
KGI_S2_ANT06_2345mDRAFT_10120781

v77
JW

KGI_S2_ANT05_2345mDRAFT_100010021
gi_JvYWYQYY._ref_WP_7Qv777jvG5v_Fk+Mcontaining_monooxygenase_:thk_Psychrobacter_sp5_PkMw_WvvvJv

v77

Q.

gi_QWvWQj.CJ_ref_WP_7W7GGGG7G5v_Fk+Mcontaining_monooxygenase_:thk_Psychrobacter_sp5_Gv

JJ

XP_77QJjCvJW_Pantholops_hodgsoniinii

JQ

gi_jCYJ7vWWj_ref_WP_7CGJ777jG5v_Fk+Mcontaining_monooxygenase_:thk_Paraglaciecola_psychrophila
TDF_OR_ARG05_123mDRAFT_10344461

v77

XP_77QJj...C_Pantholops_hodgsoniinii
gi_jCj7QGvQY_ref_WP_7CQ7GJWYj5v_Fk+Mcontaining_monooxygenase_:thk_waulobacter_henricii

JJ

gi_Qv.CCGjWj_ref_WP_7vJQ7GJCG5v_hypothetical_protein_Pleurocapsa_sp5_Pww_jCvJv
WP_7vJQ7GJCG_Pleurocapsa_sp
v77

SA_S2_NOR15_50mDRAFT_100588171
.Q

TDF_OR_ARG05_123mDRAFT_10318251
KGI_S1_ANT01_95mDRAFT_100353521
gi_j.77C.Jj._ref_WP_7GQGGjWJW5v_Fk+Mcontaining_monooxygenase_:thk_Tepidicaulis_marinus
gi_GJGGCCQjQ_ref_WP_77jWWY.QG5v_flavinMcontaining_monooxygenase_FMO_marine_gamma_proteobacterium_HTwwWvGCvC

KGI_S2_ANT04_2345mDRAFT_100063311
gi_Qvj.Q.YvJ_ref_WP_7vJ7W..Wj5v_hypothetical_protein_wolwellia_piezophila

v77
jC

v77

KGI_S2_ANT05_2345mDRAFT_10317701
KGI_S1_ANT01_95mDRAFT_100032397

v77

gi_YGjYWQGWY_ref_WP_7WQ.J.JQ75v_Fk+Mcontaining_monooxygenase_:thk_Sneathiella_glossodoripedisis
JJ

J.

gi_Q7vv.vC.j_ref_WP_7vWWWGQ7W5v_Fk+Mcontaining_monooxygenase_wandidatus_Microthrix_parvicella
gi_QWv7GQGGv_ref_WP_7W7CjjGYQ5v_hypothetical_protein_wandidatus_Microthrix_parvicella

v77

KGI_S1_ANT01_95mDRAFT_100199353
KGI_S1_ANT02_95mDRAFT_100655071
KGI_S1_ANT01_95mDRAFT_100026088

v77
JG
JY

jC

KGI_S1_ANT01_95mDRAFT_100744141
KGI_S1_ANT02_95mDRAFT_100580351

v77

WP_7vvJQjvCG_Roseiflexus_sp
XP_77Qj.G.Wv_:miliania_huxleyi
XP_77QjY7jW7_:miliania_huxleyi
v77

Yj

Wv.Cjv_monooxygenase_Mycobacterium_tuberculosis

YW

gi_Q7QWJGJCW_ref_WP_7vQG.W7CG5v_flavoprotein_involved_in_K0_transport_Polaribacter_sp5_M:+vQWv
SA_S1_NOR08_45mDRAFT_100243532
SA_S1_NOR05_45mDRAFT_100333791v77

v77

KGI_S1_ANT02_95mDRAFT_100125381
SA_S1_NOR08_45mDRAFT_100070122
KGI_S2_ANT04_2345mDRAFT_10134551

KGI_S1_ANT01_95mDRAFT_100101331
JJ

KGI_S2_ANT04_2345mDRAFT_10198302
gi_GJGWW.QQJ_ref_WP_77jvCjQYC5v_monooxygenase_flavinMbinding_family_Flavobacterium_frigoris
KGI_S2_ANT04_2345mDRAFT_10024617
KGI_S1_ANT01_95mDRAFT_100008569v77

v77

J.

JJ

XP_77WC.7QjQ_monooxygenase_kspergillus_flavus
XP_77WC.WGvY5v_dimethylaniline_monooxygenase_kspergillus_flavus

Jj

XP_77WC.vCJG_flavinMbinding_monooxygenase_kspergillus_flavus
XP_jGYJGJ_flavinMbinding_monooxygenase_kspergillus_fumigatus
XP_77WC.GJGJ_dimethylaniline_monooxygenase_kspergillus_flavus

JJ
jG
j.

XP_77WCj.GQY5v_monooxygenase_kspergillus_flavus

Jv

.J

wDYvGvYJ_Oikopleura_dioica
wDYG7JQ7_Oikopleura_dioicav77

gi_Qvjv7GjvQ_ref_WP_7v.WJCQCC5v_hypothetical_protein_Mariprofundus_ferrooxydans
gi_GJjQCYQYv_ref_WP_77J.Q7jQJ5v_flavinMcontaining_monooxygenase_FMO_Mariprofundus_ferrooxydans

v77

TDF_OR_ARG05_123mDRAFT_10097593
BS_KBA_SWE02_21mDRAFT_100535511
BS_KBA_SWE21_205mDRAFT_100067072
BS_KBA_SWE12_21mDRAFT_100165192

v77
..
YQ
J.

KGI_S1_ANT02_95mDRAFT_100046172
KGI_S1_ANT01_95mDRAFT_100318991j.

SA_S2_NOR15_50mDRAFT_10041661
SA_S2_NOR15_50mDRAFT_100191551

JJ
j.

KGI_S1_ANT02_95mDRAFT_100161633
gi_jYYjGGGCv_ref_WP_7GG.Cvv..5v_flavinMcontaining_monooxygenase_FMO_Thalassomonas_actiniarum
gi_jYYjYWvCJ_ref_WP_7GG.CJv.75v_flavinMcontaining_monooxygenase_FMO_Thalassomonas_viridans

v77

TDF_OR_ARG04_113mDRAFT_10137881

J.

TDF_OR_ARG05_123mDRAFT_10364231
WP_7vG.7Cv7W_GMhydroxyacetophenone_monooxygenase_TurneriellaMparva
gi_JvjWjY.GG_ref_WP_7Qv..CQQY5v_GMhydroxyacetophenone_monooxygenase_Salinisphaera_hydrothermalis

j7
.7

SA_S2_NOR15_50mDRAFT_100161223
WP_7vjjC7.JQ_Nafulsella_turpanensisensis
XP_77QJj.C.W_Pantholops_hodgsoniinii
YP_GGGCJv_Salinibacter_ruber
WP_7vJ77JvYY_+einococcus_aquatilisilis
WP_7vJQ.j.Q._+einococcus_apachensisensis
:YDYJG.j_+einococcus_phoenicis

JG
JJ

WP_77jJvQYJ._GMhydroxyacetophenone_monooxygenase_Ktedonobacter_racemifer
jQ

BS_KBA_SWE12_21mDRAFT_100019903
BS_KBA_SWE21_205mDRAFT_100043896v77

BS_KBA_SWE12_21mDRAFT_100190642
Jv

gi_YQJ.jWj7v_ref_WP_7WJJvJQQQ5v_GMhydroxyacetophenone_monooxygenase_Nevskia_soli
gi_JvjQjGWGY_ref_WP_7QWvYY7Gv5v_GMhydroxyacetophenone_monooxygenase_wupriavidus_sp5_WSYj

jC

Q7

QJ

WP_77.Q.J.Cj_GMhydroxyacetophenone_monooxygenase_Leptospira_licerasiae
XP_77QJj.vGW_Pantholops_hodgsoniinii
XP_jQY7.G_flavinMbinding
XP_77WC.WCJC_flavinMbinding_monooxygenase_kspergillus_flavus

JW

WP_77.vJ7Q7C_Moorea_producens
gi_QvvjQjGYY_ref_WP_7vYCJ7jjJ5v_flavinMcontaining_monooxygenase_FMO_wycloclasticus_sp5_PYJjMv

gi_QQvYvWGC7_ref_XP_77Qj.jWG75v_:miliania_huxleyi_wwMPvQvYv
gi_JvYQCjCC7_ref_WP_7QvvGGGQG5v_monooxygenase_Nevskia_ramosa
BS_KBA_SWE02_21mDRAFT_100603151
BS_KBA_SWE12_21mDRAFT_100320951
v77

XP_jQGvvJ_flavinMbinding_monooxygenase_kspergillus_fumigatus
XP_77vG77JY._flavinMbinding_monooxygenase_kspergillus_niger
XP_77WCj.YCW_flavinMbinding_monooxygenase_kspergillus_flavus

v77

XP_Q7WJQG_Yarrowia_lipolytica
XP_Q7C.v._Yarrowia_lipolytica

Jj

Jj

XP_77j.Y7Q7C_flavinMbinding_monooxygenase_Gloeophyllum_trabeum
XP_77WCjJvJG_flavinMbinding_monooxygenase_kspergillus_flavus
XP_jGjjjG_flavinMbinding_monooxygenase_kspergillus_fumigatus
XP_77vCJQj.J_flavinMbinding_monooxygenase_kspergillus_niger

.Y
JJ

JW

jJ

XP_77WC.vjj._monooxygenase_kspergillus_flavu
DkK7vWG7_Hordeum_vulgare
XP_77WCjJJ7Q_dimethylaniline_monooxygenase_kspergillus_flavus

JY

XP_77WC.W7Yv_flavinMbinding_monooxygenase_kspergillus_flavus
XP_jQvWQQ_flavinMbinding_monooxygenase_kspergillus_fumigatus
XP_77vCJGjjv_dimethylaniline_monooxygenase_kspergillus_niger

J.
.G
JC

XP_77vCJ7QWC_dimethylaniline_monooxygenase_kspergillus_niger
XP_77WCjWvjC_dimethylaniline_monooxygenase_kspergillus_flavusJj

XP_77vCJYCvJ_kspergillus_niger
kkSJ7v7._MoxY_kspergillus_flavus
kkSJ77.C_MoxY_kspergillus_flavus
kkSJ77Cj_MoxY_kspergillus_flavus
kkSJ77vQ_MoxY_kspergillus_flavus

kkSYY7WC_monooxygenase_kspergillus_parasiticus
.C
.C
Yv
JJ

.7

XP_jQWW7G_flavinMbinding_monooxygenase_kspergillus_fumigatus
XP_77WCjJYC7_dimethylaniline_monooxygenase_kspergillus_flavusv77

XP_77vCJGYWJ_monooxygenase_kspergillus_niger
XP_Q7CY.Y_Yarrowia_lipolytica
XP_Q7CGGQ_Yarrowia_lipolytica
XP_Q7QJW._Yarrowia_lipolytica

v77
JJ

jY

XP_77WCj.YYv_monooxygenase_kspergillus_flavuser
XP_77WCjjYW._dimethylaniline_monooxygenase_kspergillus_flavus

JG

CW

.G

XP_77WCjG7GQ_dimethylaniline_monooxygenase_kspergillus_flavusonooxygenase_kspergillus_flavus

.G

Y7

kkKQG7jC_GMhydroxyacetophenone_monooxygenase_Pseudomonas_fluorescens
kwJCjGWC_GMhydroxyacetophenone_monooxygenase_Pseudomonas_putida

JJ

gi_Q7vQvGGWC_ref_WP_7vWQWWCY75v_GMhydroxyacetophenone_monooxygenase_Phenylobacterium_zucineum
TDF_OR_ARG05_123mDRAFT_10411251YY

JY
D_FMO_YUwwk_JkwjYQQ7_Tetraselmis_spis_sp
gi_Gj7CJjWYC_ref_XP_77GCCQWvC5v_Flavinbinding_monooxygenaseMlike_subfamily_protein_kcanthamoeba_castellanii_str5_Neffv

D_FMO_XP_77WvYGYvY_Hydra_vulgarisris
Qv

KGI_S1_ANT01_95mDRAFT_100337423
KGI_S2_ANT06_2345mDRAFT_10027692v77

SA_S1_NOR05_45mDRAFT_100132011
SA_S1_NOR08_45mDRAFT_100617541

v77

gi_QQ.QYQYJJ_ref_WP_7WCGJQ.GG5v_flavoprotein_involved_in_K0_transport_Methyloglobulus_morosus
J.

JG

KGI_S2_ANT06_2345mDRAFT_10015932
gi_JvYQjW7.Y_ref_WP_7QvvjJvjj5v_hypothetical_protein_Nocardia_concava

JG

gi_JGjQ77JQj_ref_WP_7QYvYQ7GQ5v_monooxygenase_kcidovorax_sp5_Leafj.v
SA_S1_NOR08_45mDRAFT_100145531

v77

gi_jJjWv7JJv_ref_WP_7GQ.jvJCY5v_K0_transporter_Tolypothrix_sp5_Pww_jY7vv
QC

.j

gi_jGYQ.7JYC_ref_WP_7CJY7JvWJ5v_hypothetical_protein_Pseudoalteromonas_luteoviolacea
KGI_S2_ANT04_2345mDRAFT_10002434
KGI_S1_ANT01_95mDRAFT_100653812
KGI_S2_ANT05_2345mDRAFT_10001345
KGI_S1_ANT03_95mDRAFT_10071241

QY

v77

gi_YYG7.QQCC_ref_WP_7C7YWCj7Y5v_MULTISP:wI:ST_hypothetical_protein_Streptomyces

..

..

BS_KBA_SWE21_205mDRAFT_100017044
gi_Qv.GJJ.7._ref_WP_7vJYj77vQ5v_hypothetical_protein_:udoraea_adriatica
KGI_S2_ANT06_2345mDRAFT_10015534
SA_S1_NOR08_45mDRAFT_100315273

Q.

SA_S1_NOR05_45mDRAFT_100058401
SA_S1_NOR08_45mDRAFT_100421263

v77

SA_S2_NOR15_50mDRAFT_100063343
SA_S1_NOR08_45mDRAFT_100329482v77

KGI_S1_ANT02_95mDRAFT_100246592
v77

v77

.Y

D_FMO_WP_77j.WQYv._Streptomyces_sp
D_FMO_kDGJWQjQ_Rhodococcus_jostii

JQ

D_FMO_WP_7vQCC777Q_Fibrella_aestuarina
D_FMO_WP_7v.YvJJ.J_Spirosoma_luteum

v77

KGI_S1_ANT01_95mDRAFT_1000044310
gi_jYCCYjGQv_ref_WP_7GGWWGJvG5v_hypothetical_protein_Phaeodactylibacter_xiamenensis

Jj
jY

j.

gi_.7CQjvGvj_ref_WP_7GY7jjJJY5v_Fk+Mdependent_oxidoreductase_Halomonas_sp5_HG7vv
D_FMO_wwQCY.CG_Natronomonas_moolapensis
SA_S1_NOR05_45mDRAFT_100053483
gi_Q7WWYv.7C_ref_WP_7vWjGQWGv5v_Fk+Mdependent_oxidoreductase_Variovorax_paradoxus

.v
Y7

KGI_S2_ANT06_2345mDRAFT_10017304
QG

JY

D_FMO_kDGJjGjQ_Rhodococcus_jostii
D_FMO_WP_7vvQJj.WW_Rhodococcus

v77

JY

QW

D_FMO_NP_77v7YYCCQ_Oryza_sativa
D_FMO_XP_77vjQC.Cv_Physcomitrella_patens
D_FMO_XP_77vjjYCjj_Physcomitrella_patens

JW

D_FMO_NP_77v7QW7.._Oryza_sativa
D_FMO_YUwwk_kkLWCjQ7_krabidopsis_thaliana
D_FMO_YUwwk_kFGvYJvQ_Fragaria_ananassa
D_FMO_YUwwk_XP_77j7vCj.W_Theobroma_cacao
D_FMO_YUwwk_XP_77GvC.jGG_wucumis_sativus
D_FMO_YUwwk_XP_77WQvQQJC_Ricinus_communis

QC
GG
GJ
J7

jQ

.W

jY

jj

D_FMO_NP_vjYGGY_krabidopsis_thaliana
D_FMO_NP_vjYjYv_krabidopsis_thaliana

JJ

gi_jCJGvGGQj_ref_WP_7CjWjG.v.5v_potassium_transporter_Roseovarius_mucosus
gi_jG7vQJYGJ_ref_WP_7C.77CvY75v_potassium_transporter_Thalassobacter_sp5_vYPkLIMkR7J
SA_S1_NOR08_45mDRAFT_100449832
SA_S2_NOR15_50mDRAFT_100390461

v77

gi_GJYGGJGJW_ref_WP_77JvQ.CCj5v_potassium_transporter_Thalassobium_sp5_RWkYW
Qj

SA_S1_NOR08_45mDRAFT_100222644
gi_JCCjjjQGQ_ref_WP_7QGCCJ.7Y5v_potassium_transporter_Neptunomonas_antarctica
KGI_S2_ANT06_2345mDRAFT_10021253
KGI_S1_ANT02_95mDRAFT_100134064

v77

KGI_S2_ANT04_2345mDRAFT_10170832
KGI_S1_ANT02_95mDRAFT_100316841
KGI_S1_ANT01_95mDRAFT_100331001

Y7
JY

KGI_S1_ANT01_95mDRAFT_100580221
gi_YGjvQYCGW_ref_WP_7WQYQCvCv5v_MULTISP:wI:ST_potassium_transporter_Psychrobacter
KGI_S2_ANT06_2345mDRAFT_10210741
gi_JGvGYYYGv_ref_WP_7QQvWGQ7Y5v_potassium_transporter_Psychrobacter_glacincola

..
Qv
jY

Jj

JQ

KGI_S1_ANT01_95mDRAFT_100373582
KGI_S1_ANT01_95mDRAFT_100073895
KGI_S2_ANT05_2345mDRAFT_10131742

v77

KGI_S1_ANT01_95mDRAFT_100001938
gi_GJQ.CWCCv_ref_WP_77.QQYJv75v_potassium_transporter_Rhodobacterales_bacterium_YGIv
gi_jGYvvJYCJ_ref_WP_7CJv.QG7j5v_potassium_transporter_Leisingera_sp5_kNGMMjv
gi_QY.CWCW.C_ref_WP_7WG7Jv.CY5v_potassium_transporter_Leisingera_methylohalidivorans

YQ
v77

KGI_S2_ANT06_2345mDRAFT_10059661
SA_S1_NOR05_45mDRAFT_100128432
SA_S2_NOR15_50mDRAFT_1000021411
SA_S1_NOR05_45mDRAFT_100031835
SA_S1_NOR08_45mDRAFT_1000063418

YG
v77
.v

SA_S1_NOR05_45mDRAFT_100452972
SA_S1_NOR05_45mDRAFT_100245192

YC

SA_S2_NOR15_50mDRAFT_100648142
v77

v77

J.

JJ

QC

JJ

JQ

KGI_S2_ANT05_2345mDRAFT_100012812
gi_JQvC.Cj.Q_ref_WP_7QjjQJJvG5v_monooxygenase_Psychrobacter_sp5_PvvGCv

v77

TDF_OR_ARG05_123mDRAFT_10155822
gi_Jvj7C7jCj_ref_WP_7QvYCjGGJ5v_monooxygenase_Rhodococcus_sp5_UNwCYCMFTsuQ5v

J.

BS_KBA_SWE12_21mDRAFT_100032182
BS_KBA_SWE21_205mDRAFT_100132132v77

gi_Q7QQ.GGQJ_ref_WP_7vQYjj7CQ5v_flavinMbinding_monooxygenaseMlike_protein_Leptospira_yanagawae

JJ

JW

D_FMO_XP_77WvYCQQY_Hydra_vulgaris
D_FMO_:KwWC..Q_wrassostrea_gigas
D_FMO_XP_77QJQjW.J_Pantholops_hodgsonii
D_FMO_XP_77G7vCjG7_Ovis_aries

v77

D_FMO_XP_77QJjCGjC_Pantholops_hodgsonii
D_FMO_XP_77WYJG7YW_Dos_taurus

v77

D_FMO_kkDvJ.GG_rabbits
D_FMO_XP_77QJjCGjW_Pantholops_hodgsonii
D_FMO_XP_77CvC7vGW_Sus_scrofa

jG

D_FMO_NP_77..WQ_Homo_sapiens
Cv
JJ

v77

D_FMO_NP_7CYJWG_Rattus_norvegicus
D_FMO_XP_77WJCGvJC_Xenopus_tropicalis

D_FMO_NP_77vGQv_Homo_sapiens
D_FMO_XP_77QJQjWJW_Pantholops_hodgsonii
D_FMO_NP_77v7Y.YC7_Dos_taurus

v77

D_FMO_XP_77j7..j.j_Panthera_tigris
.v
v77

Q7

YW

D_FMO_XP_77GQ.JCQG_Ochotona_princeps
D_FMO_XP_77QJY7vY7_Pantholops_hodgsonii
D_FMO_NP_77v7jQjvG_Oryctolagus_cuniculus

v77
QG

D_FMO_XP_77QCj7vY._Microtus_ochrogaster
D_FMO_XP_77GYQvjJ7_Jaculus_jaculusQG

D_FMO_XP_77GQ.JCQQ_Ochotona_princeps
JJ

j7

.Y

YJ

Jv

jW

1.0

Figure S1. Phylogenetic tree of metagenomic sequences and Group B FlavinSdependent Monooxygenase reference sequencesL Metagenomic sequences are shown in boldL Reference sequences for NHMO) FMO and
BVMO [k)z] are shown in cyan) green and blue respectivelyL Orange corresponds to outgroup sequences ]Class A FlavinSdependent Monooxygenases(L Sequences identified as first matches in a BLASTP search of
metagenomic sequences against NCBI Representative Genomes database are shown starting with the gi identificationL Red stars highlight metagenomic sequences modeled in this work and green circles indicate
crystallized BVMOsL The phylogenetic tree was constructed by maximumSlikelihood in RaXMLL Bootstrapping was performed with kII replications) only bootstrap values higher than 5I are shown in the nodesL



Table S2. Parameters calculated for selection of templates for homology modeling a. Only the two top 
template structures are shown.  

Sequence length (aa) Top Hits Score  seq ID % 
query 
HMM coverage % 

template 
HMM coverage % 

NOR08_100070122  482 3gwd 476.8 23 1-475 98.55 
12-539 
(548) 96.17 

3uox 473.3  24 1-477 98.96 5-545 (545) 99.08 

NOR08_100243532  484 1w4x 480,6 23 1-477  98.55 
12-542 
(542) 97.79 

3gwd 485 24 1-478  98.76 8-541 (548) 97.09 

ANT01_100008569 483  
5j7x 479.1 23 1-478 88.03 8-541 (549) 97.09 

3uox 469.9 26 1-479 88.21 5-544 (545) 98.90 

ANT01_100032397  527 
3uox 480.1 24 36-520 91.84 1-543 (545) 99.45 

4ap1 477.0 25 24-520 94.12 1-545 (549) 99.09 

ANT04_100063311  499 
1w4x 470.2 23 1-492  98.40 1-540 (542) 99.45 

4ap1 462.6 24 1-492 98.40 6-545 (549) 98.18 

ANT01_100026088 510  
1w4x 492.1 25 11-498 95.00 2-540 (542) 99.00 

4ap1 485.4 23 7-498 96.00 3-545 (549) 99.00 

ANT05_100010021 527 
3gwd 501.1 20 20-520 95.00 1-529 (541) 98.00 

5j7x 505.6 20 17-522 96.00 2-541 (549) 98.00 

SWE12_100019903 489 
1w4x 603.6 32 1-487 99.00 9-538 (542) 98.00 

4ap1 595.1 32 1-487 99.00 
14-543 
(549) 96.00 

SWE21_100067072 524 
1w4x 575.9 26 25-523 95.00 9-542 (542) 98.00 

3gwd 574.6 26 21-524 96.00 5-542 (548) 98.00 

ANT02_100046172 499 
1w4x 596.1 27 1-498 99.00 

10-542 
(542) 98.00 

3gwd 591.3 26 1-499 100.00 
10-542 
(548) 97.00 

SWE21_100020953 492 
1w4x 598.2 31 2-491 99.59 8-542 (542) 99.00 

3uox 594.7 30 2-491 99.00 1-545 (545) 100.00 

ANT02_100042425 609 1w4x 606.2 32 58-601  89.16 
12-542 
(542)  97.78 

5m10 599.4 29 58-607  90.14 4-539 (541)  98.89 
a Parameters were calculated by using the server HHPred [3]. 
In bold the templates selected for homology modeling of each metagenomic sequence are highlighted.  
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Figure S2. Phylogenetic tree of metagenomic sequences clustering with cytochrome P450 reference sequences. Metagenomic sequences grouping with CYP153 reference sequences are in bold. Full-length sequences selected for further analysis are identified with red stars



Table S3. Compound identification numbers (CID) in PubChem database of ligands (substrates 
and products) assayed in docking analysis.  

Ligand molecule PubChem CID 

Cyclohexanone (CYH) 7967 

Cyclopentanone (CYP) 8452 

2-Oxo-delta(3)-4,5,5-trimethylcyclopentenylacetic acid (OTE) 441234 

4-hidroxyacetophenone (4-HAP) 7469 

Phenylacetone (PA) 7678 

Cyclododecanona (CYD) 13246 

Progesterone (PGT) 5994 

Ethinoamide (Eth) 2761171 

(1S,4S)-Dihydorcarvone (DHC) 443183 

Bornanone (BRN) 159055 

Bicyclo[3.2.0]hept-2-en-6-one (BHO) 297183 

2-Phenylcyclohexanone (PCH) 95592 

Androstenedione (AND) 6128 

Indanone (IND) 6735 

 Methylphenyl sulfoxide (MPS) 14516 

ε-Caprolactone 10401 

3-Methyloxepan-2-one 200238 

7-Methyl-2-oxepanone 543693 

(4R,7R)-4 isopropenyl-7-methyloxepan-2-one 443168 

(3R,6R)-6-isopropenyl-3-methyloxepan-2-one 25201860 

10-methyloxecan-2-one 566646 

3-methyloxecan-2-one 91147742 
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