sxtA: polyketide synthase

100

55

100

98

99 Proteobacteria-Burkholderia_ambifaria AMMD_115360667
4'-_Proteobacteria-8urkholderia_ubonensis_Bu_1 67588068
Proteobacteria-Myxococcus_xanthus DK 1622 108760503
Dinophyceae-Alexandrium_catenella 186964724 sxtA1(+)
10pCyanobacteria-Anabaena_circinalis_ ACBU02_sxtA1(+)
Cyanobacteria-Anabaena_circinalis AWQCI131C 114462387 sxtAl(+)
Cyanobacteria-Cylindrospermopsis_raciborskii_T3 114462352 sxtAl(+)
Proteobacteria-Geobacter uraniireducens Rf4 148265129

88 |
Proteobacteria-Candidatus_Endobugula_sertula 121624848

5 Bacteroidetes-Flavobacteriales_bacterium_ALC-1_163788868

100 Bacteroidetes-Flavobacterium_johnsoniae UW101 146299776

IO\

Bacteroidetes-Psychroflexus_torquis ATCC_700755_ 91218228
Bacteroidetes-Dokdonia_donghaensis MED134 86131935
Bacteroidetes-Kordia_algicida OT-1_163754777
Cyanobacteria-Nostoc_punctiforme PCC 73102 _186683360(-)
100 Actinobacteria-Frankia sp Ccl3 86742422
Actinobacteria-Frankia_sp EANIpec 158312847
1alCyanobacteria-Anabaena_circinalis. AWQCI31C 114462387 sxtA2(+)
Lréyanobacteria-Anabaena_circinalis_AC BU02_sxtA2(+)
Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462352 sxtA2(+)
Archaea-Pyrococcus_furiosus DSM_3638 18976637
Archaea-Pyrococcus_abyssi GE5 14521874
100 I Deinococcus-Thermus-Thermus_thermophilus HB27 46199521
Deinococcus-Thermus-Thermus_thermophilus HB8 55981551
03 Acidobacteria-Acidobacteria_bacterium_Ellin345 94970945
Acidobacteria-Solibacter_usitatus Ellin6076_ 116624248
Bacteroidetes-Porphyromonas_gingivalis ATCC 33277 188995585
Bacteroidetes-Porphyromonas_gingivalis W83 34541403

99

100 I:Proteobacteria-Pseudomonas_syringae _pv_phaseolicola_ 71736009

Proteobacteria-Pseudomonas_fluorescens PfO-1 77461396



sxtB: Cytidine deaminase

— Entamoebidae-Entamoeba_histolytica. HM-1IMSS 67481983
|Entamoebidae-Entamoeba_dispar SAW760 167386580

94

Viridiplantae-Physcomitrella_patens_patens 168016627

[ Viridiplantae-Arabidopsis_thaliana 4836445

8|4Viridiplantae-Arabidopsis_thaliana_3 818574
Viridiplantae-Arabidopsis_thaliana 15233625

Proteobacteria-Vibrionales bacterium SWAT-3 148975892

Proteobacteria-Vibrio_shilonii AK1 149190024

Proteobacteria-Photobacterium_profundum_ SS9 54308878

100 [ Proteobacteria-Photobacterium_sp SKA34 89074286

93

100

Proteobacteria-Vibrio_angustum S14 90578667
Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462351(+)
Cyanobacteria-Anabaena_circinalis ACBU02_2326845 2327855(+)
Cyanobacteria-Anabaena circinalis AWQCI131C 114462386(+)

100




sxtC: Amidohydrolase

94 r~ Cyanobacteria-Anabaena_circinalis ACBU02_ 2326474 2326758(+)
746| L Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462350(+)
Firmicutes-Bacillus_halodurans C-125 15613056

o8 [ Actinobacteria-Streptomyces_sp Mgl 197331967

1 99 [ Proteobacteria-Vibrio_fischeri ES114 59713896
IProteobacteria-Vibrio_fischeri MJ11_197336726
Proteobacteria-Sulfurimonas_denitrificans DSM_ 1251 78777575

0.8



sxtD: sterole desaturase

81

100

100

Lyanobacteria-Anabaena_circinalis AWQCI131C_114462389(+)

1
4Eyanobacterla-Anabaena circinalis. ACBU02_2332769 2333527(+)
Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462347(+)

100

_I——Cyanobacterla -Trichodesmium_erythraeum IMS101_113476676(-)
Cyanobacteria-Trichodesmium_erythraeum IMS101_113476677(-)
Nitrospirae-Candidatus_Nitrospira_defluvii_190343238
100 Actinobacteria-Mycobacterium_ gllvum PYR-GCK 145224004
50 Actinobacteria-Mycobacterium_vanbaalenii PYR-1_ 120404150
Bacteroidetes-Microscilla_marina ATCC 23134 124003480

Proteobacteria-Pseudomonas fluorescens Pf-5 70733272

L Proteobacteria-Pseudomonas_entomophila L48 104784241
Verrucomicrobia-Verrucomicrobium_spinosum DSM 4136 171915943

Bacteroidetes-Gramella forsetii KT0803 120435326

Chlorobi-Chloroherpeton_thalassium ATCC 35110 193216270

Planctomycetes-Gemmata_obscuriglobus UQM 2246 168703580

31
_|—Ac1dobacter1a Solibacter usitatus Ellin6076 116625382

Bacteroidetes-Pedobacter_sp BAL39 149279928
Proteobacteria-Hahella_chejuensis KCTC 2396 83644444
Verrucomicrobia-bacterium_Ellin514 186460209
Proteobacteria-Roseobacter_sp CCS2_ 126735552

100 — Planctomycetes-Gemmata_ obscurlglobus UQM 2246 168698780

100

L Bacteroidetes-Microscilla_marina ATCC 23134 124005318
Proteobacteria-Marinobacter_aquaeolei_ VT8 120556721
— Cyanobacteria-Nodularia_spumigena CCY 9414 119508881(-)

83

100

0.8

99

L— Cyanobacteria-Nostoc_sp PCC_7120 17230150( )
Planctomycetes-Blastopirellula_marina DSM_3645 87311986

Chlorobi-Chlorobium ferrooxidans DSM 13031 110598326
Bacteroidetes-Flavobacteriales_bacterium HTCC2170 88712125




sxtE: Chaperone-like protein

Proteobacteria-Vibrio_harveyi ATCC BAA-1116 156974255

0 Proteobacteria-Shewanella_woodyi ATCC 51908 170725823
4' 100 yProteobacteria-Shewanella_denitrificans OS217 91791508
L— Proteobacteria-Shewanella_denitrificans OS217 91791573
Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462353(+)
94)Cyanobacteria-Anabaena_circinalis ACBU02 2331778 2332113(+)
Cyanobacteria-Anabaena_circinalis AWQCI31C_114462388(+)

100

0.3



sxtF, sxtM: sodium-driven multidrug and toxic compound extrusion protein

100

79

100— Cyanobacteria-Anabaena_circinalis ACBU02 3809000 3809710(+)
_‘_l_Cyanobacteria Anabaena_circinalis AWQC131C_114462402(+)

100

Cyanobacteria-Cylindrospermopsis_raciborskii_ T3 114462361(+)
L Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462354(+)
Cyanobacteria-Synechococcus_elongatus PCC 6301_56752400(-)
Cyanobacteria-Synechococcus_elongatus PCC 7942 81300508(-)
Cyanobacteria-Synechococcus_sp PCC_7335_196191344(-)

100 Cyanobacteria-Synechococcus_sp PCC_7335 196187404(-)

Cyanobacteria-Synechocystis sp PCC 6803 16331648(-)
100 —— Proteobacteria-Pseudomonas_fluorescens Pf-5 70733313

80

95

L Proteobacteria-Pseudomonas_syringae B728a_ 66043344
100 Proteobacteria-Agrobacterium_tumefaciens C58 15889451
63 Proteobacteria-Sinorhizobium medicae WSM419 150396481
Proteobacteria-Hoeflea_phototrophica DFL-43 163761145
Proteobacteria-Rhodobacter _sphaeroides ATCC 17029 126463183
Proteobacteria-Rhodobacter sphaeroides ATCC 17025 146276463

Proteobacteria-Rhodobacterales bacterium HTCC2654 84687914
Proteobacteria-Roseobacter litoralis Och 149 163733483
Proteobacteria-Sagittula_stellata E-37 126731984

100

100

100

Proteobacteria-Roseobacter sp_ CCS2_ 126735166
Proteobacteria-Jannaschia_sp CCS1_ 89054421

0.4

Proteobacteria-Labrenzia aggregata IAM 12614 118588376
Proteobacteria-Magnetospirillum_gryphiswaldense MSR-1 144899429
Proteobacteria-Nitrobacter hamburgensis X14 92118608
Proteobacteria-Sphingomonas_wittichii RW1 148554851
Proteobacteria-Brucella_suis ATCC 23445 163842627
Proteobacteria-Ochrobactrum anthropi ATCC 49188 153007785
Proteobacteria-Bordetella_bronchiseptica RB50 33601413
Proteobacteria-Haemophilus_influenzae 163857228
Proteobacteria-Mesorhizobium loti MAFF303099 13474102




sxtG: Amidinotransferase

100

100

68

— Opisthokonta-Nematostella_vectensis 156369535

Opisthokonta-Mus_musculus_74222089

o |Op1sth0k0nta -Rattus_norvegicus_13591949

pisthokonta-Mus_musculus_13385454
Opisthokonta-Mus_musculus_74191429

55

100

Actinobacteria-Propionibacterium_acnes KPA171202 50842119
osCyanobacteria-Aphanizomenon_ovalisporum_623632109(-)

yanobacteria-Aphanizomenon_ovalisporum_21039045(-)
Cyanobacteria-Umezakia natans TAC101_62363208(-)

yanobacteria-Cylindrospermopsis_raciborskii AWT205 161213729(-)
yanobacteria-Cylindrospermopsis_raciborskii AWT205 62363218(-)
#Cyanobacteria-Cylindrospermopsis_raciborskii_62363224(-)
Cyanobacteria-Cylindrospermopsis_raciborskii 62363220(-)
Cyanobacteria-Cylindrospermopsis_raciborskii_62363214(-)
Cyanobacteria-Cylindrospermopsis_raciborskii_Goon_62363222(-)
Cyanobacteria-Cylindrospermopsis_raciborskii_62363212(-)

ﬁyanobacterla—Aphamzomenon issatschenkoi CAWBGO02 109632218(-)

Actinobacteria-Saccharopolyspora_erythraca NRRL 2338 134100869
Planctomycetes-Gemmata_obscuriglobus UQM 2246 168704701
100 — Actinobacteria-Streptomyces_glaucescens 20140030

4

953

0.9

L Actinobacteria-Streptomyces_griseus_griseus NBRC 182439726
Cyanobacteria-Microcystis_aeruginosa NIES-843 166364859(-)
Actinobacteria-Streptomyces_rimosus_paromomycinus_85813865
Proteobacteria-Nitrobacter_winogradskyi_Nb-255_75676506
Cyanobacteria-Acaryochloris_ marina MBIC11017_158333717(-)

Proteobacteria-Methylobacterium_populi_BJ0O01 188582888
Proteobacteria-Methylobacterium_sp 4-46_ 170744379
Proteobacteria-Beggiatoa sp PS 153869891
Cyanobacteria-Aphanizomenon _flos-aquaec NH-5 194740203(+)
Cyanobacteria-Lyngbya wollei CarmichaelAlabama 194740201(+)
Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462355(+)
Cyanobacteria-Anabaena_circinalis AWQC118C_194740207(+)
Cyanobacteria-Anabaena_circinalis AWQCI150E_194740211(+)
Cyanobacterla Anabaena_circinalis AWQC134C 194740209(+)
Cyanobacterla -Anabaena_circinalis AWQC323A 194295394(+)
Cyanobacteria-Anabaena_circinalis AWQC150A 194295396(+)
Cyanobacterla Anabaena_circinalis AWQCI131C_194740215(+)
Cyanobacterla-Anabaena circinalis_ ACBU02_983107_983523(+)
Cyanobacteria-Anabaena_circinalis AWQC131C_114462400(+)

100 [Proteobacterla-Methylobacterlum nodulans_ ORS_ 2060 163705856



sxtH, sxtT: Phenylpropionate dioxygenase

100

54 Cyanobacteria-Anabaena_circinalis AWQC131C_114462397(+)
73] Cyanobacteria-Anabaena_circinalis AWQC173A 194740229(+)
e8| Cyanobacteria-Anabaena_circinalis AWQC323A 194295400(+)
1%f]Cyanobacteria-Anabaena_circinalis AWQC118C_194740227(+)
Cyanobacteria-Anabaena_circinalis. ACBU02 2517485 2518054(+)
Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462367(+)
o Cyanobacteria-Anabaena_circinalis ACBU02_752579 753505(+)
I Cyanobacteria-Anabaena_circinalis AWQC131C_114462401(+)

Cyanobacterla Aphanizomenon_flos-aquae NH-5 194740219(+)
tCyanobacterla Cylindrospermopsis_raciborskii_ T3 114462356(+)
Cyanobacteria-Lyngbya wollei CarmichaelAlabama 194740217(+)

100

93

Verrucomicrobia-Methylacidiphilum_infernorum V4 189220343

100 Proteobacteria-Acidovorax_avenae subsp citrulli. AAC00-1_ 12060982

_C‘—_Proteobacterla—Delftla “acidovorans SPH-1 160897586
Proteobacteria-Comamonas_testosteroni KF-1 118048993

Proteobacteria-Methylibium_petroleiphilum PM1_ 124266000
Proteobacteria-Ralstonia_eutropha H16 113866094

79

Firmicutes-Paenibacillus_sp JDR-2 169191463
100 Proteobacteria-Janthinobacterium _sp_Marseille 152981997
Proteobacteria-Burkholderia_phytofirmans PsIN 187918962

73

Proteobacteria-Burkholderia_phytofirmans PsJN 187918963

Proteobacteria-Janthinobacterium_sp Marseille 152981998

100

Verrucomicrobia-Methylacidiphilum_infernorum V4 189219789
Cyanobacteria-Gloeobacter violaceus PCC_7421 37519596(-)
Cyanobacteria-Cyanothece sp PCC_7425 196240293(-)
Cyanobacteria-Cyanothece sp PCC_7425 196240292(-)
Cyanobacteria-Microcoleus chthonoplastes PCC 7420 196179242(-)

58

100

Cyanobacteria-Nodularia_spumigena_CCY 9414 119513069(-)
Cyanobacteria-Nodularia_spumigena CCY 9414 119513068(-)

68 Cyanobacteria-Synechococcus_elongatus PCC_7942 81300845(-)
Cyanobacteria-Synechococcus_elongatus PCC_7942 81300844(-)
opProteobacteria-Acinetobacter baumannii ATCC 17978 193078401

Proteobacteria-Acinetobacter_baumannii ATCC 17978 126642992
10 Proteobacteria-Bradyrhizobium_japonicum USDA 110 169634931

Proteobacteria-Haemophilus_influenzae Rd_KW20 184156337

0.7

Proteobacteria-Granulibacter bethesdensis CGDNIHI 114327332
78 1 Actinobacteria-Frankia alni_ACN14a_111219909

i:Proteobactena -Klebsiella_oxytoca M5al 195973390

Proteobacteria-Xanthomonas_campestris_pv_campestris_str ATCC_339
Proteobacteria-Xanthomonas_campestris_pv_campestris_188989719



sxtl: O-carbamoyltransferase

100

Cyanobacteria-Anabaena_circinalis AWQC323A 184186438(+)
59| Cyanobacteria-Anabaena_circinalis. AWQC283A 184186444(+)
[ Cyanobacteria-Anabaena_circinalis. AWQCI150E_184186440(+)
a9l Cyanobacteria-Anabaena_circinalis AWQC173A_184186442(+)
Cyanobacteria-Anabaena_circinalis. AWQC134C_184186436(+)
Cyanobacteria-Anabaena_circinalis AWQC118C_184186434(+)
Cyanobacteria-Anabaena_circinalis ACBU02 3809698 3811536(+)
Cyanobacteria-Anabaena_circinalis AWQC131C_114462403(+)
Cyanobacteria-Aphanizomenon_flos-aquae NH-5 184186432(+)
Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462357(+)
Cyanobacteria-Lyngbya sp PCC_8106_119484492(-)
Cyanobacteria-Trichodesmium_erythraecum IMS101_113475380(-)
100 [ Cyanobacteria-Cyanothece_sp ATCC_51142 172039069(-)

-i— Cyanobacteria-Cyanothece_sp CCY_0110  126659023(-)

Cyanobacteria-Crocosphaera_watsonii WH_8501_67922344(-)

L Cyanobacteria-Cyanothece_sp PCC 8801 177665793(-)
Cyanobacteria-Synechocystis_sp PCC_6803 16330859(-)
Cyanobacteria-Synechococcus_sp RCC307 148241248(-)

99

95— Cyanobacteria-Prochlorococcus marinus_str MIT 9215 157414131(-)
78 Cyanobacteria-Prochlorococcus_marinus_str MIT 9515 123966941(-)
98 Cyanobacteria-Prochlorococcus_marinus_str MIT 9312 78778700(-)

Cyanobacteria-Prochlorococcus_marinus_str MIT 9215 157412762(-)
100 Actinobacteria-Frankia alni ACN14a 111224081
100 Proteobacteria-Burkholderia_ubonensis Bu_ 167584402
Proteobacteria-Pseudomonas_chlororaphis 87042338

r Proteobacteria-Ralstonia_solanacearum GMI1000 17549710

Ll L Proteobacteria-Ralstonia_solanacearum UWS551 83749434
Proteobacteria-Pseudomonas_entomophila L48 104781157

100

Proteobacteria-Hahella_chejuensis KCTC 2396 83643118
Proteobacteria-Magnetospirillum_gryphiswaldense_MSR-1_144900368
Proteobacteria-Magnetospirillum_magnetotacticum MS-1_46201088
Proteobacteria-Erythrobacter sp SD-21 83309134
Proteobacteria-Labrenzia aggregata IAM 12614 118591868
Proteobacteria-Bradyrhizobium sp ORS278 146339264
Proteobacteria-Methylocella_silvestris BL2 177676427
Proteobacteria-Beijerinckia_indica subsp indica ATCC 9039 182678
Proteobacteria-Sinorhizobium_meliloti 1021 16264202
Proteobacteria-Sinorhizobium_medicae. WSM419 150397178
Proteobacteria-Rhodobacterales_bacterium HTCC2150 126724677

Proteobacteria-Magnetococcus_sp MC-1_ 117924072

0.3



sxtd: Hypothetical protein

r Cyanobacteria-Synechococcus_sp RCC307_148241249(-)
— Cyanobacteria-Prochlorococcus_marinus_ MIT_9215_157412763(-)

2 Cyanobacteria-Prochlorococcus_marinus_pastoris. CCMP1986 33861806(-)

Cyanobacteria-Prochlorococcus_marinus MIT 9215 157414130(-)

Cyanobacteria-Synechocystis sp PCC_6803 16331354()

» B Proteobacteria-Cellvibrio_japonicus_Uedal07_192359302
Proteobacteria-Hahella_chejuensis KCTC 2396 83643119

53

[ 22 | Cyanobacteria-Cyanothece_sp ATCC 51142 172039070(-)
|:Cyanobacterla—Crocosphaera watsonii WH_8501_67922345(-)
28 56 Cyanobacteria-Trichodesmium_erythracum IMS101 113475367(-)
52 Proteobacteria-Mariprofundus_ferrooxydans PV-1_ 114778093
—— Cyanobacteria-Lyngbya sp PCC 8106 119484490(-)
100 100 Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462358(+)
Cyanobacteria-Anabaena_circinalis. ACBU02 3811580 3811798(+)
Cyanobacteria-Anabaena_circinalis AWQC131C_114462404(+)

0.4



sxtK: Hypothetical protein

Proteobacteria-Hahella_chejuensis KCTC 2396 83643120

27

8 Cyanobacteria-Cyanothece sp CCY_0110_126659025(-)

Cyanobacteria-Cyanothece sp PCC_8801 177665791(-)

s;— Cyanobacteria-Prochlorococcus_marinus_pastoris CCMP1986 15898721(-)
Cyanobacteria-Prochlorococcus_marinus MIT 9312 78778698(-)

—— Cyanobacteria-Prochlorococcus_marinus MIT 9215 157412764(-)

p4—— Cyanobacteria-Synechococcus_sp RCC307_148241250(-)

Cyanobacteria-Prochlorococcus_marinus MIT 9215 157414129(-)

671 Cyanobacteria-Anabaena_circinalis. AWQCI131C_114462405(+)

_l— Cyanobacteria-Cylindrospermopsis_raciborskii_T3 114462359(+)

Cyanobacteria-Anabaena_circinalis_ ACBU02_contig053_88890_ 88810(+)

Cyanobacteria-Trichodesmium_erythracum IMS101 113475366(-)

Cyanobacteria-Lyngbya_sp PCC_8106_119484489(-)

1ﬁ.:Cyanobacteria—Crocosphaera_watsonii_WH_85O 1 _67922346(-)

68

100

o

100

Proteobacteria-Magnetospirillum_magneticum AMB-1 83309133
Proteobacteria-Cellvibrio_japonicus Uedal07_192362176

27

Proteobacteria-Mariprofundus_ferrooxydans PV-1 114778094
Bacteroidetes-Kordia_algicida OT-1_163757105

48

L s3 Bacteroidetes-Parabacteroides_merdae ATCC_ 43184 154489909
l Proteobacteria-Desulfococcus_oleovorans. Hxd3 158520994

0.2



sxtL: GDSL-lipase

100 |Cyanobacteria-Anabaena_circinalis ACBU02_860275_861546(+)
[ I Cyanobacteria-Anabaena_circinalis AWQCI131C 114462406(+)
L Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462360(+)
= Cyanobacteria-Trichodesmium_erythraeum IMS101 113475364(-)

59 = Cyanobacteria-Lyngbya sp PCC 8106 119484488(-)
100 Cyanobacteria-Lyngbya sp PCC_8106 119484487(-)
Cyanobacteria-Trichodesmium_erythracum IMS101 _113475363(-)

- Cyanobacteria-Cyanothece_sp PCC_8801 177664011(-)
_|IC Cyanobacteria-Crocosphaera_watsonii. WH_8501_67921855(-)
Cyanobacteria-Cyanothece_sp ATCC 51142 172038996(-)
L Cyanobacteria-Synechocystis_sp PCC_6803 16331310(-)

100

0.3



sxtN: Sulfotransferase

Viridiplantae-Cicer_arietinum_28949887

Viridiplantae-Vitis_vinifera 157347276
Viridiplantae-Oryza_sativa_Japonica_Group 108708268
Viridiplantae-Oryza_sativa Japonica Group 125586326
Viridiplantae-Oryza sativa Japonica Group 108708269
Viridiplantae-Oryza_sativa Japonica Group 115453099
Viridiplantae-Oryza_sativa Japonica Group 108708267

) Proteobacteria-Rhodobacter sphaeroides ATCC 17025 146278685

91 |

Proteobacteria-Roseobacter sp AzwK-3b 149912903
_|—Pr0teobacter1a -Roseobacter sp CCS2 126734424
Proteobacteria-Dinoroseobacter shibae DFL 12 159046009
Proteobacteria-Rhodobacterales bacterium HTCC2255 114769465
Proteobacteria-Rhodobacterales_bacterium HTCC2150 126724512
Proteobacteria-Silicibacter pomeroyi DSS-3 56694943
99 — Proteobacteria-Proteobacteria-Roseobacter sp MED193 86136772
oo Proteobacteria-Phaeobacter gallaeciensis BS107 163737978
Proteobacteria-Phaeobacter gallaeciensis 210 163742626
Cyanobacteria-Lyngbya sp PCC_ 8106 119484762(-)
£Cyanobacterla -Cylindrospermopsis_raciborskii AWT205 161213728(-)
Cyanobacteria-Trichodesmium_erythraeum IMS101 113477514(-)
Cyanobacterla Cylindrospermopsis_raciborskii_T3 114462362(+)
|_|— Cyanobacteria-Anabaena_circinalis ACBU02_ 2515455 2516534(+)
Cyanobacteria-Anabaena_circinalis AWQC131C_114462399(+)

100

100

98

0.4



sxtO: Adenylylsulfate kinase

100 ,Cyanobacteria-Anabaena_circinalis_ ACBU02_859688 860257(+)
80 ICyanobacteria-Anabaena_circinalis AWQCI131C_114462407(+)
6 [ 100 ;Cyanobacteria-Anabaena_circinalis ACBU02_3159153 3159689(+)
ICyanobacteria-Anabaena_circinalis ACFR02_2221865 2222401(-)
Cyanobacteria-Trichodesmium_erythracum IMS101_113475590(-)
Cyanobacteria-Nostoc_punctiforme PCC_73102_186684781(-)
Cyanobacteria-Synechococcus_sp PCC_7002_170078103(-)
_:Cyanobacterla Lyngbya sp PCC_8106_119485198(-)
89| Cyanobacteria-Cyanothece_sp PCC_7424 186899052(-)
87 | Cyanobacteria-Microcystis_aeruginosa NIES-843 166365874(-)
54l -~ Cyanobacteria-Crocosphaera_watsonii WH_8501 _67920875(-)
Cyanobacteria-Cyanothece_sp ATCC 51142 _172038885(-)

100 Cyanobacteria-Cyanothece_sp CCY 0110 _126658402(-)
Cyanobacteria-Cyanothece sp PCC 8801 177663634(-)
Cyanobacteria-Synechococcus_sp_JA- 3-3Ab_86606200(-)
Firmicutes-Halothermothrix_orenii H_168 89209676

1 Cyanobacteria-Cylindrospermopsis_raciborskii AWT205_161213733(-)
_|:Cyanobacteria—Cylindrospermopsis raciborskii_T3_114462373(+)
29 100 Proteobacteria-Magnetospirillum_magneticum AMB-1_ 83311311
TProteobacterla—Magnetosplrlllum magnetotacticum MS-1 46202255
22 Proteobacteria-alpha_proteobacterium_BAL199 163793287
_L—Flrmlcutes—Geobacﬂlus sp. WCH70 171323687
100 100 Firmicutes-Geobacillus_kaustophilus HTA426 7806 56418949
Firmicutes-Geobacillus_thermodenitrificans NG80-2 138894060

Cyanobacteria-Synechococcus_sp BL107_116072045(-)
leanobacterla Synechococcus_sp CC9902 78185667(-)

0.3



o

sxtP: Saxitoxin-binding protein

o Cyanobacteria-Gloeobacter violaceus PCC 7421 37521020(-)
Cyanobacteria-Gloeobacter violaceus PCC_7421 37520161(-)
Cyanobacteria-Gloeobacter violaceus PCC_7421 37522008(-)

Cyanobacteria-Gloeobacter violaceus PCC_7421 37520916(-)

Cyanobacteria-Gloeobacter violaceus PCC_7421 37520283(-)
100 (— Cyanobacteria-Gloeobacter violaceus PCC_7421 37520211(-)

6 Cyanobacteria-Gloeobacter violaceus PCC_7421 37520210(-)

27 Cyanobacteria-Gloeobacter violaceus PCC_7421 37520522(-)

Cyanobacteria-Gloeobacter violaceus PCC_7421 37520464(-)
Cyanobacteria-Gloeobacter violaceus PCC_7421 37520461(-)

2 Cyanobacteria-Lyngbya_sp PCC 8106 _119492945(-)
100~ Cyanobacteria-Gloeobacter violaceus PCC 7421 37520564(-)
99 Cyanobacteria-Gloeobacter violaceus PCC_7421 37520563(-)
2 Cyanobacteria-Gloeobacter violaceus PCC_ 7421 37523785(-)

Cyanobacteria-Gloeobacter violaceus PCC_7421 37521019(-)
Cyanobacteria-Gloeobacter violaceus PCC_7421 37523016(-)
42 _:Cyanobacterla Gloeobacter violaceus PCC_7421 37523689(-)
100 — Opisthokonta-Monosiga brevicollis. MX1 167525783
7_1 L Bacteroidetes-Flavobacteria_bacterium BAL38 126663436
Opisthokonta-Monosiga_brevicollis MX1_ 167537961
78 Bacteroidetes-Microscilla marina ATCC 23134 124006232
I Planctomycetes—Rhodoplrellula baltica SH 1 32470725
9 Proteobacteria-Stigmatella_aurantiaca DW43-1 115378782
1 I Actinobacteria-Streptomyces_sp_ Mgl 194344569
Proteobacteria-Stigmatella_aurantiaca DW43-1 115372719
Verrucomicrobia-bacterium_EllinS14 186454770
Verrucomicrobia-bacterium_Ellin514 186460321
Chlorobi-Chlorobium_chlorochromatii_CaD3_ 78189520
Proteobacteria-Sorangium_cellulosum_So ce 162449506

83

100

18 [ Cyanobacteria-Crocosphaera_ watsonii. WH_8501_67924159(-)
24 L Acidobacteria-Solibacter usitatus_Ellin6076 116619760
83 Proteobacteria-Methylobacterium_nodulans ORS 2060 163700143

Acidobacteria-Acidobacteria_bacterium_Ellin345 94968415
Actinobacteria-Salinispora_tropica CNB-440 145593181
Actinobacteria-Salinispora_tropica CNB-440 145593177
Proteobacteria-Plesiocystis_pacifica_ SIR-1 149922443
Cyanobacteria-Acaryochloris_marina MBIC11017_158334417(-)
Cyanobacteria-Acaryochloris_marina MBIC11017_158341502(-)

100 Opisthokonta-Adineta_vaga 188501486

97 Opisthokonta-Adineta vaga 188501512
Opisthokonta-Philodina roseola 188501671
Cyanobacteria-Anabaena_variabilis ATCC 29413 75906805(-)

ﬁ‘__|_—Cyanobacterla -Trichodesmium_erythraecum IMS101_113474447(-)
Cyanobacteria-Cyanothece sp ATCC 51142 172054906(-)

99 Chlorobi-Chlorobium_chlorochromatii_CaD3_ 78189852
L‘_: Chlorobi-Chlorobium _chlorochromatii CaD3 78188993

10 Chlorobi-Chlorobium_phaeobacteroides DSM 266 119358090
97 Chloroflexi-Herpetosiphon_aurantiacus ATCC 23779 159898452
— Chloroflexi-Herpetosiphon_aurantiacus. ATCC 23779 159898338
Acidobacteria-Solibacter usitatus Ellin6076 116619849
Acidobacteria-Acidobacteria_bacterium_Ellin345 94970007
Acidobacteria-Acidobacteria_bacterium_Ellin345 94971044
Verrucomicrobia-bacterium_Ellin514 186459332
Cyanobacteria-Nostoc_punctiforme PCC 73102 186680837(-)
op Cyanobacteria-Trichodesmium_erythracum IMS101_113474457(-)
Cyanobacteria-Trichodesmium_erythraeum IMS101_113474508(-)
Cyanobacteria-Trichodesmium_erythraecum IMS101_113475445(-)
Cyanobacteria-Trichodesmium_erythracum IMS101_113477895(-)
Cyanobacteria-Trichodesmium_erythraecum IMS101_113477896(-)
Cyanobacteria-Trichodesmium_erythraecum IMS101 113475444(-)
Cyanobacteria-Trichodesmium_erythraeum IMS101_113475573(-)
Cyanobacteria-Trichodesmium_erythraesum IMS101 113474455(-)
Cyanobacteria-Trichodesmium_erythraeum IMS101 113474517(-)
Cyanobacteria-Trichodesmium_erythracum IMS101 113477379(-)
1opCyanobacteria-Anabaena_circinalis. ACBU02 2333604 2335052(+)
Cyanobacteria-Anabaena_circinalis AWQC131C_114462390(+)
Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462372(+)
Cyanobacteria-Nostoc_punctiforme PCC 73102 _186686591(-)




sxtQ: Unknown

Firmicutes-Bacillus_sp SG-1 149181618

Firmicutes-Bacillus_thuringiensis Al Hakam 118477139
Firmicutes-Bacillus_anthracis Ames_30261700
98 Proteobacteria-Burkholderia_graminis C4D1M_170694643
Proteobacteria-Burkholderia_xenovorans_ LB400 91780073
34 — Archaea-Haloquadratum_walsbyi DSM_ 16790 110668212

100 Firmicutes-Bacillus_cereus_G9241 47566081
%Firmicutes—Bacillusthuringiensisserovarkonkukian49480529

e Archaea-Halobacterium_sp NRC-1_ 15790191
3 Archaea-Haloarcula marismortui ATCC 43049 55378806
Proteobacteria-Chromohalobacter salexigens DSM 3043 92113215
Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462371(+)
|_| Cyanobacteria-Anabaena_circinalis ACBU02_ 2335134 2335853(+)
Cyanobacteria-Anabaena_circinalis AWQCI131C_114462391(+)

100

0.7



sxtR: Acyl-CoA N-acyltransferase

Actinobacteria-Streptomyces_clavuligerus ATCC 27064 197767566

100
63 ] Actinobacteria-Streptomyces_griseus subsp griseus NBRC 13350 182
99 Actinobacteria-Brevibacterium_linens BL2 62424506
Actinobacteria-Janibacter sp HTCC2649 84496325
70 Proteobacteria-Proteus_mirabilis HI4320_197286931
96 _l— Proteobacteria-Photorhabdus luminescens_subsp laumondii TTO1 375

Proteobacteria-Providencia_stuartii. ATCC 25827 183597180

23] 100 Cyanobacteria-Cyanothece sp PCC 7822 196202466(-)
100 — Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462370(+)
52

89

00 LI Cyanobacteria-Anabaena_circinalis AWQCI131C_114462392(+)
Cyanobacteria-Anabaena_circinalis ACBU02_15481_16347(+)

Proteobacteria-Aurantimonas_sp_SI85-9A1 90418506
Proteobacteria-Legionella_pneumophila_str Paris 54296038

Cyanobacteria-Lyngbya majuscula_160877803(-)

0.9



sxtS: Phytanoyl-CoA dioxygenase

100

Bacteroidetes-Microscilla_marina ATCC 23134 124006461

64

67

Actinobacteria-Mycobacterium_ulcerans Agy99 118618777

o1 Actinobacteria-Streptomyces_collinus_164511453
E Actinobacteria-Mycobacterium_tuberculosis H37Rv_15610769
Proteobacteria-Rhodopseudomonas_palustris CGA009 39933518

Opisthokonta-Tribolium_castaneum 91086459

100

Bacteroidetes-Cytophaga hutchinsonii ATCC 33406 110639962
100 Proteobacteria-alpha proteobacterium_ BAL199 163796577
Opisthokonta-Nematostella_vectensis_156405176

34

Proteobacteria-Rhodopseudomonas_palustris BisB18 90425360

Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462368(+)
—L—g Cyanobacteria-Anabaena_circinalis_ ACBU02_2674632_2675357(+)

Cyanobacteria-Anabaena_circinalis. AWQCI131C_114462396(+)

0.8



sxtU: Short-chain alcohol dehydrogenase

100

100

Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462366(+)

100
1001 Cyanobacteria-Anabaena_circinalis AWQCI131C 114462398(+)

100

s

79

Cyanobacteria-Anabaena_circinalis ACBU02_2516587_2517336(+)
Cyanobacteria-Nostoc_punctiforme PCC 73102 186683844(-)

&lﬂtea-Haloquadratum_walsbyi_DSM_1 6790 110667917

Archaea-Haloarcula_marismortui ATCC 43049 55378678
Archaea-Haloferax_volcanii DS2 2459737

100 — Actinobacteria-Frankia_alni_ ACN14a_ 111224129

L Actinobacteria-Frankia sp CcI3 86739389

100 I— Actinobacteria-Streptomyces_clavuligerus ATCC 27064 2764536

xr,Actinobacteria—Streptomyces_clavuli gerus_134104757
Actinobacteria-Streptomyces_clavuligerus 134104749
Proteobacteria-Caulobacter_sp K31 167644131

Proteobacteria-Sinorhizobium_meliloti 1021 16262626

65

100

100

92

Archaea-Cenarchacum_symbiosum_A 118577028
Archaea-Nitrosopumilus_maritimus_ SCM1 161529294

69

Proteobacteria-Roseovarius_sp HTCC2601 114762717
100 Proteobacteria-Zymomonas_mobilis_6580780
Proteobacteria-Zymomonas_mobilis_subsp_mobilis ZM4 56552472

100

100 Proteobacteria-Rhizobium_leguminosarum_bv_trifolii WSM1325 16736
Proteobacteria-Rhizobium_leguminosarum_bv_viciae 3841 116249210

&: Proteobacteria-Burkholderia_cenocepacia_J2315 195944502
Firmicutes-Streptococcus_pneumoniae_ SP9-BS68 86159637

Chlorobi-Chloroherpeton_thalassium ATCC 35110 193214497
Proteobacteria-Caulobacter_sp K31 167648800

100

o Proteobacteria-Gluconobacter oxydans 621H 58040329
—'Eteobacteria-Serratia _proteamaculans_568 157372100
Proteobacteria-Pseudomonas_mendocina_ymp 146309592

B Proteobacteria-Rhizobium_etli CFN_42 86355945
_{ 100 Proteobacteria-Pseudomonas_syringae pv_syringae B728a 66043464

Proteobacteria-Pseudomonas_fluorescens PfO-1 77458695
L Proteobacteria-Myxococcus_xanthus DK 1622 108757629
Proteobacteria-Sphingomonas_wittichii RW1 148553930

97

— Proteobacteria-Marinobacter_algicola_DG893 149375531

97

0.3

100

L Proteobacteria-Marinobacter sp ELB17 126665352
— Proteobacteria-Idiomarina_loihiensis_L2TR_56459800

L Proteobacteria-Idiomarina_baltica_OS145 85711330

Proteobacteria-Bradyrhizobium sp ORS278 88799685

89
_l— Firmicutes-Exiguobacterium_sibiricum 255-15 172057573



sxtV: succinate dehydrogenase/fumarate reductase

9 Actinobacteria-Mycobacterium_gilvum PYR-GCK 145223744
Actinobacteria-Mycobacterium_sp JLS 126435202
— Actinobacteria-Mycobacterium_smegmatis str MC2 155 118471552
Proteobacteria-Sorangium_cellulosum So ce 56 162451310
Proteobacteria-Variovorax_paradoxus S110 221080438

99

)

- gyanobacteria—Nostoc _punctiforme PCC 73102 186467710(-)
100 II-—I

L33 Ggyanobacteria-Cylindrospermopsis_raciborskii_T3_1 14462365(+)
3 l_ Cyanobacteria-Anabaena_circinalis ACBU02 2332425 2332577(+)
45 38 Cyanobacteria-Anabaena variabilis ATCC 29413 75704928(-)
_@ Firmicutes-Paenibacillus_sp JDR-2 169185306
Firmicutes-Geobacillus_sp Y412MC10 192808174
80 P

roteobacteria-Ralstonia_metallidurans CH34 94313260

'@ Proteobacteria-Beijerinckia indica subsp indica ATCC 9039 182677
Proteobacteria-Bradyrhizobium_sp BTAil 148256215

100 Actinobacteria-Rhodococcus_jostii. RHA1 111018639
Actinobacteria-Nocardia_farcinica IFM 10152 54026312

Cyanobacteria-Synechococcus_sp PCC 7335 196189446(-)
100 Firmicutes-Pelotomaculum_thermopropionicum_SI 147677826
57

100

Chlorobi-Prosthecochloris_aestuarii. DSM 271 194335043
Chloroflexi-Herpetosiphon_aurantiacus ATCC 23779 159899970
100

L: Planctomycetes-Blastopirellula_marina DSM_3645 87309236
64 Planctomycetes-Rhodopirellula_baltica SH 1 32472749

——— Acidobacteria-Acidobacteria_bacterium_Ellin345 94969277
100 — Firmicutes-Geobacillus_thermodenitrificans_ NG80-2_138896168
L— Firmicutes-Geobacillus_kaustophilus HTA426 56421136

100

0.9



sxtW: ferredoxin

Firmicutes-Paenibacillus_sp JDR-2 169185309
Firmicutes-Geobacillus_sp Y412MC10 192808179
88 Firmicutes-Paenibacillus_sp JDR-2 169185305
Firmicutes-Geobacillus_sp Y412MC10 192808175
Proteobacteria-Sinorhizobium meliloti 1021 15966328
— Actinobacteria-Nocardia_farcinica IFM_10152 54026313
28] Actinobacteria-Rhodococcus sp RHA1 111018602
e e Actinobacteria-Mycobacterium_smegmatis MC2 155 118471643
—E‘:Actinobacteria—Mycobacterium_gilvum_PYR-GCK_ 145223743
Actinobacteria-Mycobacterium_sp JLS 126435201
Cyanobacteria-Nostoc_punctiforme PCC 73102 186685920(-)
Cyanobacteria-Anabaena_variabilis ATCC 29413 75911197(-)
Proteobacteria-Sorangium_cellulosum So ce 162451311
Proteobacteria-Variovorax_sp SB10 113927353
Proteobacteria-Pseudomonas_putida 4884715
Proteobacteria-Ralstonia_metallidurans CH34 94313259
Cyanobacteria-Anabaena_variabilis ATCC 29413 75911204(-)
q-fyanobacteria-No stoc_punctiforme PCC 73102 186685257(-)
Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462364(+)

0.4



sxtX: Cephalosporin hydroxylase

Actinobacteria-Streptomyces_clavuligerus ATCC 27064 3328166

ctinobacteria-Streptomyces_clavuligerus 93278867

100 % Actinobacteria-Amycolatopsis_lactamdurans_438198

37

Actinobacteria-Streptomyces_clavuligerus 93278918

67

Firmicutes-Paenibacillus larvae larvae BRL-230010 167463340

,—Proteobacterla Chondromyces_crocatus_110681408

Proteobacteria-Mesorhizobium loti MAFF303099 13472228
Proteobacteria-Myxococcus_xanthus DK 1622 108760832

86

Opisthokonta-Nematostella_vectensis 156391849

0.8

96

100 Proteobacteria-Rickettsia bellii RML369-C 91205292
|:Proteobacterla Rickettsia_felis URRWXCal2 67459489

Cyanobacteria-Lyngbya sp PCC_8106_119492164(-)
— Cyanobacteria-Lyngbya sp PCC_8106_119486813(-)
Cyanobacteria-Trichodesmium_erythraeum IMS101_113475091(-)
Cyanobacteria-Aphanizomenon_flos-aquae NH-5 194740235(+)
Cyanobacteria-Lyngbya wollei_CarmichaelAlabama_194740233(+)
Cyanobacteria-Cylindrospermopsis_raciborskii_ T3 114462363(+)

100



sxtY: Phosphate uptake regulator

100

Cyanobacteria-Nostoc_punctiforme_PCC_73102_186684338 (-)
Cyanobacteria-Nodularia_spumigena CCY 9414 119510888(-)

100 Cyanobacteria-Anabaena_variabilis ATCC 29413 75909573(-)
Cyanobacteria-Nostoc_sp PCC_7120 17231993(-)

100 yCyanobacteria-Anabaena_circinalis ACFR02_3592783 3593460(-)

59

99

45

L Cyanobacteria-Anabaena_circinalis ACBU02_ 3850784 3851173(+)
Cyanobacteria-Cylindrospermopsis_raciborskii T3 114462375(+)
Cyanobacteria-Cyanothece sp PCC_7424 186901477(-)

45 fECyanobacterla Cyanothece sp ATCC 51142 172038432(-)

) Cyanobacteria-Cyanothece_sp CCY 0110 _126657139(-)
2 94 Cyanobacteria-Crocosphaera_watsonii. WH_8501 67920826(-)
L Cyanobacteria-Cyanothece_sp_PCC 8801 177664586(-)
68 100 Cyanobacteria-Microcystis_aeruginosa_ NIES-843166368007(-)
03 Cyanobacteria-Microcystis_aeruginosa_ PCC_7806_159027074(-)

Cyanobacteria-Synechocystis sp PCC_6803 16329285(-)
Cyanobacteria-Synechococcus_sp PCC_7002_170078315(-)
100 ,Cyanobacteria-Synechococcus_sp JA-2-3B_86609960(-)

L— Cyanobacteria-Synechococcus_sp JA-3-3Ab_86604908(-)
Cyanobacteria-Acaryochloris_marina MBIC11017_158337339(-)

Cyanobacteria-Synechococcus_elongatus PCC_6301 56752192(-)

0.4



sxtZ: Two-component sensor histidine kinase

Viridiplantae-Zea_mays 194698076
— Viridiplantae-Musa_acuminata AAA_Group 27462549
Viridiplantae-Malus_x_domestica 60281000

Viridiplantae-Musa_acuminata AAA_Group_27462551
Proteobacteria-Geobacter metallireducens_GS-15_78221421
Proteobacteria-Sorangium_cellulosum_So ce 162448655
Cyanobacteria-Nostoc_punctiforme PCC_73102_186683692(-)
Cyanobacteria-Anabaena_variabilis ATCC 29413 75911003(-)

I—Bactermdetes -Bacteroides intestinalis . DSM_17393 189463907
Bacteroidetes-Bacteroides caccae ATCC 43185 153805826

%Bactermdetes -Bacteroides_intestinalis DSM_17393 189466645
Bacteroidetes-Parabacteroides_merdae ATCC 43184 154493674
Firmicutes-Geobacillus_sp Y412MC10_ 192808795
Actinobacteria-Kineococcus_radiotolerans SRS30216 152964863
Proteobacteria-Parvularcula_bermudensis HTCC2503 84702575
Proteobacteria-Granulibacter bethesdensis CGDNIH1 114329026
Proteobacteria-Rhodospirillum_rubrum_ATCC 11170 83594872
Thermotogae-Thermosipho melanesiensis_B1429 150021705
——— Firmicutes-Paenibacillus larvae larvae BRL-230010 167464857
Rhizaria-Paulinella chromatophora 194477156
b7r Cyanobacteria-Prochlorococcus_marinus_pastoris CCMP1986 33861897(-)
Cyanobacteria-Prochlorococcus_marinus_AS9601_123969074(-)
Chloroflexi-Herpetosiphon_aurantiacus ATCC 23779 159897332
Chloroflexi-Roseiflexus_castenholzii DSM_13941 156740993
Chloroflexi-Roseiflexus_sp RS-1 148657916
Chloroflexi-Chloroflexus_aggregans DSM_9485 118048391
Chloroflexi-Chloroflexus_sp_Y-400-fl 187601396
Firmicutes-Heliobacterium_modesticaldum_Icel 167629664
Firmicutes-Clostridium_bolteae ATCC_BAA-613_ 160938729
Actinobacteria-Streptomyces_clavuligerus. ATCC_27064 169247750
Actinobacteria-Micrococcus_luteus NCTC 2665 177673089
Actinobacteria-Corynebacterium_jeikeium K411 68536617
Actinobacteria-Saccharopolyspora_erythraea NRRL 2338 134097368
Cyanobacteria-Gloeobacter violaceus PCC_7421 37519987(-)
Cyanobacteria-Synechococcus_elongatus PCC_7942 391922(-)
Cyanobacteria-Synechococcus_elongatus PCC 7942 81299820(-)
Cyanobacteria-Thermosynechococcus_ elongatus BP-1_22298468(-)
Cyanobacteria-Acaryochloris_marina MBIC11017_158338365(-)
Cyanobacteria-Synechococcus_sp PCC_7002_170078701(-)
Cyanobacteria-Synechocystis_sp PCC 6803 16331293(-)
Cyanobacteria-Cyanothece_sp PCC_8801 177665798(-)
Cyanobacteria-Microcystis_aeruginosa_ NIES-843 166368006(-)
Cyanobacteria-Crocosphaera_watsonii. WH_8501_67920827(-)
Cyanobacteria-Nodularia_spumigena CCY 9414 119510887(-)
Cyanobacteria-Nostoc _punctiforme PCC 73102 186684337(-)
1do1opCyanobacteria-Nostoc_sp_PCC_7120 ) 17231994(-)
Cyanobacteria-Anabaena_variabilis ATCC 29413 75909574(-)
o7 || ,Cyanobacteria-Anabaena_circinalis ACFR02_3593493 3594803(-)
Cyanobacteria-Anabaena_circinalis ACBU02_3849161_3850462(+)
Cyanobacteria-Cylindrospermopsis_raciborskii_T3 114462376(+)

|
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