
This Supplementary Information contains Supplementary Figures 1-7. The full legend for 
each tree is located beneath it. 
 
Supplementary Figure 1: Maximum likelihood tree of ß-PFTx sequences. 
Supplementary Figure 2: Maximum likelihood tree of PCPDP sequences. 
Supplementary Figure 3: Maximum likelihood tree of PAD sequences. 
Supplementary Figure 4: Maximum likelihood tree of DUF3472 sequences. 
Supplementary Figure 5: Maximum likelihood tree of GEOTX02 sequences. 
Supplementary Figure 6: Maximum likelihood tree of unchar05 sequences. 
Supplementary Figure 7: Maximum likelihood tree of unchar16 sequences. 
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Supplementary Fig. 1. Maximum likelihood tree of ß-PFTx sequences. The tree was reconstructed 
using the WAG+R7 model and is displayed as midpoint rooted. Bootstrap support values are shown 
at each node. Nodes with support <50% are collapsed into polytomies. 
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Supplementary Fig. 2. Maximum likelihood tree of PCPDP sequences. The tree was reconstructed 
using the VT+G4 model and is displayed as midpoint rooted. Bootstrap support values are shown at 
each node. Nodes with support <50% are collapsed into polytomies. 
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100
Bacteroidetes____Sphingobacterium_haloxyli____WP__105716983.1

100
Bacteroidetes____Sphingobacterium_paludis____WP__133639320.1Bacteroidetes____Sphingobacterium_deserti____KGE15626.1

93

100

100
Bacteroidetes____Sphingobacterium_sp._HAL-9____WP__136903241.1Bacteroidetes____Sphingobacterium_alkalisoli____WP__136822068.1

100
100

Bacteroidetes____Sphingobacterium_yanglingense____WP__133586459.1

100100
Bacteroidetes____Sphingobacterium_sp._M05W1-28____WP__121124555.1Bacteroidetes____Sphingobacterium_siyangense____WP__120333162.1Bacteroidetes____Sphingobacterium_thalpophilum____WP__028071518.1

100 100 94
Bacteroidetes____Sphingobacterium_alimentarium____WP__132778043.1Bacteroidetes____Sphingobacterium_sp._T2____WP__052258805.1Bacteroidetes____Empedobacter_falsenii____WP__125350328.1Bacteroidetes____Sphingobacterium_nematocida____WP__079644953.1

89
99 96

Bacteroidetes____Sphingobacterium_daejeonense____VTQ02164.1Bacteroidetes____Sphingobacterium_cellulitidis____WP__094255906.1Bacteroidetes____Sphingobacterium_sp._JB170____WP__086949048.1
88

Bacteroidetes____Sphingobacterium_lactis____WP__103907392.1Bacteroidetes____Sphingobacterium_sp._CZ-2____WP__134777587.1
100

Bacteroidetes____Chitinophaga____WP__111578057.1Bacteroidetes____Chitinophaga_sp._MD30____WP__095838908.1

96

82
100

100

98
Bacteroidetes____Pedobacter_tournemirensis____WP__128770898.1

100
Bacteroidetes____Panacibacter_sp._17mud1-8____WP__137262075.1Bacteroidetes____Parafilimonas_terrae____WP__090654721.1

6569

90 100
100 100

Bacteroidetes____Mucilaginibacter_phyllosphaerae____WP__134336203.1Bacteroidetes____Mucilaginibacter_sp._94____WP__121245124.1Bacteroidetes____Mucilaginibacter_sp._17JY9-4____WP__129877072.1

100
Bacteroidetes____Mucilaginibacter_psychrotolerans____WP__133226381.1

100
Bacteroidetes____Mucilaginibacter_sp._F01003____WP__128536311.1Bacteroidetes____Mucilaginibacter_pedocola____WP__078350155.1Bacteroidetes____Mucilaginibacter_gracilis____WP__121201767.1

100 100 100 87
10089

Bacteroidetes____Mucilaginibacter_rubeus____WP__112655265.1
100

Bacteroidetes____Mucilaginibacter_sp._OV119____WP__110587450.1Bacteroidetes____Mucilaginibacter_gossypiicola____WP__091210412.1Bacteroidetes____Mucilaginibacter_sp._RS1____WP__114937369.1
93

Bacteroidetes____Mucilaginibacter_sp._HYN0043____WP__119411615.1Bacteroidetes____Mucilaginibacter_oryzae____WP__109607566.1Bacteroidetes____Mucilaginibacter_sp._MD40____WP__095704922.1Bacteroidetes____Mucilaginibacter_sp._OK283____WP__090647791.1Bacteroidetes____Mucilaginibacter_pineti____WP__091142276.1Bacteroidetes____Mucilaginibacter_sp._PAMC_26640____WP__082800425.1

100
100 10094

93

Bacteroidetes____Pedobacter_sp._RP-1-14____WP__131594137.1

100100
Bacteroidetes____Pedobacter_sp._KBW06____WP__124581646.1Bacteroidetes____Pedobacter_steynii____WP__069379457.1Bacteroidetes____Pedobacter_sp._PACM_27299____WP__062550573.1

89
Bacteroidetes____Pedobacter_sp._RP-3-15____WP__136835846.1

100
Bacteroidetes____Pedobacter_sp._YR016____WP__108204965.1Bacteroidetes____Pedobacter_ginsengisoli____WP__099440543.1Bacteroidetes____Pedobacter_nyackensis____WP__084288130.1Bacteroidetes____Pedobacter_yulinensis____WP__107213935.1

100 97
Bacteroidetes____Mucilaginibacter_polytrichastri____WP__074489003.1Bacteroidetes____Mucilaginibacter_sp._OK268____WP__090464273.1Bacteroidetes____Mucilaginibacter_mallensis____WP__091370395.1

100
Bacteroidetes____Solitalea_longa____WP__103789043.1Bacteroidetes____Solitalea_canadensis____WP__014680973.1

64100
100

100
Bacteroidetes____Pedobacter_sp._OK701____WP__133779470.1Bacteroidetes____Pedobacter_sp._HMWF019____WP__108552413.1

100
Bacteroidetes____Pedobacter_cryoconitis____WP__111631908.1Bacteroidetes____Pedobacter_lusitanus____WP__041886098.1Bacteroidetes____Pedobacter_antarcticus____WP__083332004.1Bacteroidetes____Pedobacter_sp._AR-2-6____WP__136876540.1

57

94
84
87

60

100
Bacteroidetes____Fermentimonas_caenicola____TAH59863.1

100
Bacteroidetes____Bacteroides_caccae____WP__122264880.1Bacteroidetes____Bacteroides_thetaiotaomicron____WP__048697619.1

98
95

100
Bacteroidetes____Sunxiuqinia_elliptica____WP__133466442.1Bacteroidetes____Prolixibacteraceae____WP__119436643.1

100 100
Bacteroidetes____Parabacteroides_goldsteinii____WP__129732608.1Bacteroidetes____Parabacteroides_sp._AM58-2XD____WP__128134630.1Bacteroidetes____Parabacteroides_sp._AM08-6____WP__122274317.1

65
97

Bacteroidetes____Dysgonomonas_alginatilytica____WP__110309016.1Bacteroidetes____Parabacteroides_sp._Marseille-P3160____WP__080905668.1
100

Bacteroidetes____Dysgonomonas_sp._Marseille-P4361____WP__108822254.1Bacteroidetes____Prevotella_sp._10_H_____WP__029901984.1

91

79
Bacteroidetes____Parabacteroides_sp._Marseille-P4001____WP__106831625.1Bacteroidetes____Mucinivorans_hirudinis____CDN33116.1

87

95 100
Bacteroidetes____Petrimonas_sp._IBARAKI____BBD45609.1Bacteroidetes____Proteiniphilum_saccharofermentans____WP__076930681.1Bacteroidetes____Macellibacteroides_sp._HH-ZS____WP__089418901.1

100 10099
100

Bacteroidetes____Prevotella_sp._MGM2____GAY31126.1

100
Bacteroidetes____Bacteroides_sp._OF04-15BH____WP__118526919.1

100
Bacteroidetes____Bacteroides_sp._CAG_661____CCZ47354.1Bacteroidetes____Bacteroides_sp._CAG_598____CCX62870.1

100

Bacteroidetes____Bacteroides_sp._KCTC_15687____WP__125041105.1

98
Bacteroidetes____Bacteroidessp._43__46____OKZ21583.1

100
Bacteroidetes____Prevotella_sp._CAG_617____CDF22282.1Bacteroidetes____Prevotella_sp._CAG_891____CDE87178.1Bacteroidetes____Bacteroides_neonati____WP__042368425.1Bacteroidetes____Odoribacter_sp.OF09-27XD____WP__118773131.1

98
Bacteroidetes____Bacteroidales____GBU08385.1Bacteroidetes____Massilibacteroides_vaginae____WP__085536357.1

92
Bacteroidetes____Acetobacteroides_hydrogenigenes____WP__131838636.1Bacteroidetes____Haliscomenobacter_hydrossis____AEE52249.1

91
100

99
97

97

98 98
Bacteroidetes____Sp.____GDX46647.1Bacteroidetes____Paludibacter_sp._SCN_51-9____ODU61840.1Bacteroidetes____Lunatimonas_lonarensis____WP__010853598.1

100
99

99 96
Bacteroidetes____Algoriphagus_zhangzhouensis____WP__134204542.1Bacteroidetes____Algoriphagus_halophilus____WP__074224279.1Bacteroidetes____Algoriphagus_machipongonensis____WP__008200625.1

100
100

Bacteroidetes____Algoriphagus_yeomjeoni____WP__111610215.1Bacteroidetes____Algoriphagus_locisalis____WP__091691521.1

100 98100
Bacteroidetes____Algoriphagus_antarcticus____WP__086543391.1Bacteroidetes____Algoriphagus_ratkowskyi____WP__086501923.1Bacteroidetes____Algoriphagus_chordae____WP__111317475.1Bacteroidetes____Algoriphagus_aquimarinus____SFB40725.1

100 63
Bacteroidetes____Algoriphagus_sp._N3____WP__119478746.1Bacteroidetes____Algoriphagus_sp._M8-2____WP__067549454.1Bacteroidetes____Algoriphagus_terrigena____WP__051315336.1

100
Bacteroidetes____Belliella_baltica____WP__014773707.1

95
Bacteroidetes____Belliella_pelovolcani____WP__076501574.1Bacteroidetes____Belliella_buryatensis____SNS16822.1

87

Bacteroidetes____Pontibacter_mucosus____PTX18833.1

100 100
Bacteroidetes____Echinicola_strongylocentroti____WP__112784956.1Bacteroidetes____Echinicola_vietnamensis____WP__015265954.1Bacteroidetes____Echinicola_pacifica____WP__018472976.1

100 100
100 100

100

100
Planctomycetes____Sp.____RLS81996.1Planctomycetes____Sp.____RLS71563.1

100

100

98
Planctomycetes____Rhodopirellula_baltica____WP__094416802.1Planctomycetes____Rhodopirellula_sp._TMED11____OUT60253.1

9762
64

Planctomycetes____Planctopirus_hydrillae____WP__083233730.1
98

Planctomycetes____Roseimaritima_ulvae____WP__084427861.1Planctomycetes____Pirellula_sp._SH-Sr6A____AMV31041.1
100

Planctomycetes____Rhodopirellula_sp._TMED283____OUX51055.1Planctomycetes____Planctomycetaceae_TMED240____OUX03828.1Planctomycetes____Rhodopirellula_sp._SM50____WP__095741590.1

99
100

Planctomycetes____Rhodopirellula_islandica____KLU03256.1
100

Planctomycetes____Rhodopirellula_europaea____EMI25027.1Planctomycetes____Rhodopirellula_baltica____EGF24694.1
100

Verrumicrobia____SCGC_AAA164-O14____WP__041877911.1Verrumicrobia____TMED137____OUV82281.1
100

Verrumicrobia____Tous-C4TDCM____PAW70399.1Verrumicrobia____AMD-G2____PAW60531.1Bacteroidetes____Bacteroidales____RYD38110.1

100
Verrumicrobia____Sp.____RYD65826.1

100
Verrumicrobia____Sp.____RYD31603.1Verrumicrobia____Haloferula_sp._BvORR071____WP__035608921.1Bacteroidetes____Bacteroidales____WP__082253572.1

100 100
Bacteroidetes____Salinibacter_ruber____WP__118839465.1Bacteroidetes____Salinibacter_altiplanensis____WP__103026544.1Bacteroidetes____Salinibacter_sp._10B____WP__105013206.1

100

97

81

78
84

97
100

Bacteroidetes____Flammeovirga_sp._L12M1____WP__126620439.1Bacteroidetes____Flammeovirga_sp._MY04____WP__066208150.1
100

Bacteroidetes____Salegentibacter_salegens____WP__079736183.1Bacteroidetes____Salegentibacter_echinorum____WP__072877425.1
100

Bacteroidetes____Sunxiuqinia_dokdonensis____WP__053184784.1Bacteroidetes____Marinilabilia_salmonicolor____WP__010662652.1

98 100
Bacteroidetes____Roseivirga_ehrenbergii____WP__084376148.1Bacteroidetes____Roseivirga_echinicomitans____WP__068409962.1Bacteroidetes____Leadbetterella_byssophila____WP__013407286.1

81
93

95
Bacteroidetes____Sp.____PTM08412.1

100
Bacteroidetes____Sp.____PSR11427.1Bacteroidetes____Lewinella_persica____WP__020569455.1

91 100
Bacteroidetes____Aquimarina_sp._Aq135____WP__108867269.1Bacteroidetes____Aquimarina_sediminis____WP__103068665.1Bacteroidetes____Microscilla_marina____WP__004155978.1

94
Bacteroidetes____Marinifilum_flexuosum____WP__120240594.1

100
Bacteroidetes____Flavobacteriia____RUA08854.1Bacteroidetes____Flavobacteriaceae____PCI02913.1

79

86

98
95

88

92
Bacteroidetes____Gramella_sp._SH35____WP__107013883.1Bacteroidetes____Flexithrix_dorotheae____WP__020527007.1

100 100 68

Bacteroidetes____Gramella_jeungdoensis____WP__134248702.1

68

Bacteroidetes____Gramella_jeungdoensis____WP__134247900.1

100100
Bacteroidetes____Ancylomarina_sp._SHSM-M15____WP__129254463.1Bacteroidetes____Marinifilum_fragile____WP__083464517.1Bacteroidetes____Marinifilum_breve____WP__110360533.1Bacteroidetes____Arenibacter_nanhaiticus____WP__072763188.1Bacteroidetes____Prolixibacteraceae_JC036____WP__137086575.1

93

61

74

59 100
100

Bacteroidetes____Flavobacteriaceae_BH-SD17____WP__123896717.1

10094
100

Bacteroidetes____Gelidibacter_gilvus____WP__129017482.1Bacteroidetes____Gelidibacter_mesophilus____WP__051209875.1
100

Bacteroidetes____Polaribacter_sp._ALD11____WP__100944855.1Bacteroidetes____Polaribacter_atrinae____WP__068449239.1Bacteroidetes____Gelidibacter_sediminis____WP__133756516.1Bacteroidetes____Lutibacter_sp._SM1352____WP__117881812.1Bacteroidetes____Formosa_agariphila____WP__038531440.1

98

100 100

Bacteroidetes____Aquimarina_sediminis____WP__103071825.1

100

Bacteroidetes____Aquimarina_sp.____WP__101450127.1

100
Bacteroidetes____Aquimarina_sp._Aq349____WP__108808350.1

100
Bacteroidetes____Aquimarina_sp._AU58____WP__109853543.1Bacteroidetes____Aquimarina_megaterium____WP__025665026.1Bacteroidetes____Aquimarina_sp._Aq135____WP__108870280.1

100
100100

Bacteroidetes____Flagellimonas_sp._XY-359____WP__136468706.1Bacteroidetes____Muricauda_sp._ARW7G5W____RED03850.1Bacteroidetes____Flagellimonas_pacifica____WP__097045896.1

100

Bacteroidetes____Gaetbulibacter_sp._4G1____WP__099563274.1

98 100
Bacteroidetes____Polaribacter_haliotis____WP__088355388.1Bacteroidetes____Polaribacter_haliotis____WP__088355389.1Bacteroidetes____Gaetbulibacter_saemankumensis____WP__084158152.1

5850

56
Bacteroidetes____Galbibacter_marinus____WP__008991499.1Bacteroidetes____Imtechella_halotolerans____WP__008237055.1

6699
100

100100

Bacteroidetes____Arenibacter_sp._GUO666____WP__126164052.1

100
100

Bacteroidetes____Arenibacter_catalasegens____WP__103477431.1Bacteroidetes____Arenibacter_hampyeongensis____WP__103442371.1

100

Bacteroidetes____Arenibacter_sp._ARW7G5Y1____PXX26431.1

100
Bacteroidetes____Arenibacter_sp._P308M17____WP__117019359.1

100
Bacteroidetes____Arenibacter_palladensis____SHF29261.1Bacteroidetes____Arenibacter_algicola____ASO07005.1Bacteroidetes____Arenibacter_nanhaiticus____WP__084668439.1

100 100
Bacteroidetes____Arenibacter_certesii____WP__051315538.1Bacteroidetes____Arenibacter_latericius____WP__051254084.1Bacteroidetes____Arenibacter_sp._AK53____WP__086478507.1Bacteroidetes____Joostella_marina____WP__008615369.1Bacteroidetes____Cellulophaga_fucicola____WP__072304277.1Bacteroidetes____Zhouia_amylolytica____WP__082436129.1

67
100

Bacteroidetes____Sinomicrobium_pectinilyticum____WP__123217928.1
100

Bacteroidetes____Sinomicrobium_sp._N-1-3-6____WP__112372825.1Bacteroidetes____Sinomicrobium_oceani____WP__072318231.1
100

Bacteroidetes____Leeuwenhoekiella_polynyae____RXG22906.1Bacteroidetes____Leeuwenhoekiella_palythoae____SHH35987.1

100
Bacteroidetes____Bacteroidales____RPH28488.1

100
Bacteroidetes____Prolixibacteraceae____WP__119439654.1Bacteroidetes____Draconibacterium_orientale____WP__038555604.1

99

Bacteroidetes____Marinilabiliaceae____WP__130641095.1

100
100

Bacteroidetes____Ancylomarina_subtilis____WP__130305449.1
100

Bacteroidetes____Ancylomarina_spSHSM-M15_.____WP__129254462.1Bacteroidetes____Ancylomarina_sp._M1P____WP__125031937.1
100

Bacteroidetes____Labilibaculum_manganireducens____WP__101309816.1Bacteroidetes____Marinifilaceae____WP__096427752.1

8154
100

Bacteroidetes____Mariniphaga_anaerophila____WP__083570699.1Bacteroidetes____Tangfeifania_diversioriginum____WP__073165523.1
99

Bacteroidetes____Sunxiuqinia_elliptica____WP__133465175.1Bacteroidetes____Ignavibacteriales____PIQ11625.1Bacteroidetes____Flaviramulus_ichthyoenteri____WP__034040778.1

84

Bacteroidetes____Lewinella_nigricans____WP__099153026.1

100
61
6998

100
100

Proteobacteria____Pseudoalteromonas_sp._C0348____WP__130165137.1Proteobacteria____Pseudoalteromonas_piscicida____WP__099643041.1

100 100
Proteobacteria____Pseudoalteromonas_sp._KS88____WP__135474548.1

100
Proteobacteria____Pseudoalteromonas_porphyrae____WP__054205315.1Proteobacteria____Pseudoalteromonas_prydzensis____WP__064666767.1Proteobacteria____Pseudoalteromonas_sp._A601____WP__087531404.1

100
Proteobacteria____Lacimicrobium_alkaliphilum____WP__099035254.1

98
Proteobacteria____Thalassotalea_sp._PP2-459____WP__083601902.1Proteobacteria____Pseudoalteromonas_lipolytica____WP__054553655.1Proteobacteria____Alteromonadales____WP__101214341.1

87
Proteobacteria____Pararheinheimera_texasensis____WP__051685895.1

100
Proteobacteria____Pararheinheimera_mesophila____WP__068226385.1Proteobacteria____Rheinheimera_sp._A13L____WP__083826333.1

100
Proteobacteria____Bowmanella_denitrificans____WP__102795227.1Proteobacteria____Lacimicrobium_alkaliphilum____WP__082633235.1

98

97

53

9396

98
99

100 100
Copepoda____Eucyclops_serrulatus____TR106736__c0__g2__i3Copepoda____Eucyclops_serrulatus____TR107317__c0__g1__i2Hydrozoa____Hydra_vulgaris____XP__002157558.3

100
Bacteroidetes____Emticicia_sp._MM____WP__064196456.1

100
Bacteroidetes____Cytophagales_sp.____TAH18264.1Bacteroidetes____Sp.____OYU94330.1

100 100
Bacteroidetes____Runella_slithyformis____AEI49798.1Bacteroidetes____Runella_sp._YX9____WP__114460489.1Bacteroidetes____Runella_sp._2____WP__122932041.1

9695
92

92
Bacteroidetes____Cytophaga_sp._DMA-K-7a____WP__132115003.1Bacteroidetes____Flavihumibacter_petaseus____GAO41358.1

98

Bacteroidetes____Dyadobacter_sp._AR-3-8____TKT93938.1

98
Bacteroidetes____Dyadobacter_sp._AR-3-6____WP__131959551.1

98
Bacteroidetes____Dyadobacter_tibetensis____WP__025762782.1Bacteroidetes____Dyadobacter_jejuensis____WP__109672101.1Bacteroidetes____Pseudarcicella_hirudinis____WP__092018071.1Bacteroidetes____Siphonobacter_aquaeclarae____WP__093201087.1Bacteroidetes____Arsenicibacter_rosenii____WP__071502151.1

100

100
100

Bacteroidetes____Larkinella_sp._ZZJ9____WP__114408658.1Bacteroidetes____Larkinella_rosea____WP__124873807.1

100100
Bacteroidetes____Larkinella_sp._BK230____WP__134024719.1Bacteroidetes____Larkinella_arboricola____WP__111628891.1Bacteroidetes____Larkinella_knui____WP__124909598.1

100 88

Bacteroidetes____Spirosoma_oryzae____WP__106136702.1

85100

Bacteroidetes____Spirosoma_rigui____WP__080241671.1

100100
Bacteroidetes____Spirosoma_pollinicola____WP__100994036.1Bacteroidetes____Spirosoma_fluviale____WP__097127826.1Bacteroidetes____Spirosoma_linguale____ADB42591.1Bacteroidetes____Rudanella_lutea____WP__019989792.1Bacteroidetes____Fibrella_sp._ES10-3-2-2____WP__085414209.1

100

100
Bacteroidetes____Chitinophaga_parva____WP__108688473.1Bacteroidetes____Chitinophagaceae____WP__116845447.1

99
95

Bacteroidetes____Sphingobacteriales____RTL59027.1
99

Bacteroidetes____Sphingobacteriales____OQY92019.1Bacteroidetes____Vibrionimonas_magnilacihabitans____WP__105470646.1
100

Bacteroidetes____Lacibacter_sp._TTM-7____WP__129131688.1Bacteroidetes____Flavihumibacter_sp._CACIAM_22H1____KYP16330.1

98

85

82

100

100
100

100

Bacteroidetes____Chitinophagaceae____RYG09418.1

100
Bacteroidetes____Flavobacteriales____RYF26899.1

100
Bacteroidetes____Pedobacter_sp.____RZK54402.1Bacteroidetes____Pedobacter_namyangjuensis____WP__113651681.1

100
Bacteroidetes____Pedobacter_nanyangensis____WP__113663562.1Bacteroidetes____Pedobacter_sp._Hv1____WP__055133493.1

100 100
Bacteroidetes____Pedobacter_sp.____RZK43771.1Bacteroidetes____Chitinophagaceae____RYG21422.1Bacteroidetes____Pedobacter_insulae____WP__090991748.1

100

99 99

99
Bacteroidetes____Pedobacter_sp._E01020____WP__133261294.1Bacteroidetes____Pedobacter_rhizosphaerae____WP__090889365.1

100100
5757

Bacteroidetes____Pedobacter_suwonensis____WP__090980875.1Bacteroidetes____Pedobacter_sp._Leaf216____WP__055903036.1Bacteroidetes____Pedobacter_kyonggii____WP__131029518.1Bacteroidetes____Pedobacter_sp._KBW01____WP__124562036.1Bacteroidetes____Pedobacter_sp._JDX94____WP__115402240.1Bacteroidetes____Pedobacter_sp._R-8____WP__109929126.1

100

99100
100

Bacteroidetes____Flavobacterium_sp._LB3P52____WP__131917199.1
100

Bacteroidetes____Flavobacterium_sp._103____WP__116798004.1Bacteroidetes____Flavobacterium_fluvii____WP__073370380.1

100
Bacteroidetes____Flavobacterium_sp._LB2P22____WP__132071482.1

100
Bacteroidetes____Flavobacterium_sp._FPG59____WP__086454741.1Bacteroidetes____Flavobacterium_sp._11____PIF60651.1Bacteroidetes____Flavobacterium_sp._KMS____WP__039111045.1

100

100

100
Bacteroidetes____Flavobacterium_sp._A5.7____WP__132990066.1Bacteroidetes____Flavobacterium_nitrogenifigens____WP__111378677.1

87
99

Bacteroidetes____Flavobacterium_sp._URHB0058____WP__026981994.1Bacteroidetes____Flavobacterium_sp._Root420____WP__056186260.1

8887
100

Bacteroidetes____Flavobacterium_sp._90____WP__121325946.1Bacteroidetes____Flavobacterium_sp._GV063____WP__110837240.1Bacteroidetes____Flavobacterium_hibernum____WP__041519326.1Bacteroidetes____Flavobacterium_saccharophilum____SHL91891.1

97
97

Bacteroidetes____Flavobacterium_cutihirudinis____WP__115887313.1

100100
Bacteroidetes____Flavobacterium_sp._HYN0086____WP__113678084.1Bacteroidetes____Flavobacterium_crocinum____WP__109192565.1Bacteroidetes____Flavobacterium_denitrificans____WP__026729131.1

100
Bacteroidetes____Flavobacterium_sp._WG21____WP__017497324.1Bacteroidetes____Flavobacterium_sp._ABG____WP__047775717.1

99

Bacteroidetes____Flavobacterium_araucananum____WP__089481373.1Bacteroidetes____Flavobacterium_sp._YO64____WP__129053625.1Bacteroidetes____Flavobacterium_sp._245____WP__133525014.1Bacteroidetes____Flavobacterium_sp._JRR20__7____WP__121318803.1
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Bacteroidetes____Chitinophaga_sp._Mgbs1____WP__127044070.1
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Bacteroidetes____Chitinophaga_caeni____WP__098193028.1Bacteroidetes____Chitinophaga_skermanii____RAI98673.1

100
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Zoopagomycota____Basidiobolus_meristosporus____ORX89951.1Zoopagomycota____Basidiobolus_meristosporus____ORX67702.1Zoopagomycota____Basidiobolus_meristosporus____ORY01879.1

99 96

100
Mucoromycota____Absidia_repens____ORZ17900.1Mucoromycota____Absidia_glauca____SAM03104.1

96

100
Mucoromycota____Absidia_repens____ORZ08972.1Mucoromycota____Absidia_glauca____SAM03256.1

100
100 100 100

100
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Verrumicrobia____Rubritalea_profundi____WP__105043703.1Verrumicrobia____Rubritalea_squalenifaciens____SHK38041.1

100 100
Verrumicrobia____Akkermansia_sp.____WP__130083402.1

100
Verrumicrobia____Akkermansia_muciniphila____WP__102731152.1Verrumicrobia____Akkermansia_muciniphila____PNC72111.1Verrumicrobia____Akkermansia_glycaniphila____WP__083076514.1Verrumicrobia____Sp.____OYV04448.1

62

Proteobacteria____Bdellovibrionales____PIP89043.1

100 100
91 98

100
Copepoda____Tigriopus_japonicus____TR32387__c0__g1__i2Copepoda____Tigriopus_japonicus____TR32387__c0__g1__i1

100
97
Copepoda____Caligus_rogercresseyi_adult____TR57290__c0__g1__i1Copepoda____Caligus_rogercresseyi_adult____TR57290__c0__g1__i3
100

Copepoda____Lepeoptheiris_salmonis____TR26080__c0__g1__i1Copepoda____Lepeoptheiris_salmonis____TR33601__c0__g1__i1Copepoda____Eurytemora_affinis____XP__023346691.1
100

Copepoda____Paracyclopina_nana____TR16448__c0__g1__i1Copepoda____Paracyclopina_nana____TR16448__c0__g1__i4Platyhelminthes____Macrostomum_lignano____PAA79273.1

100
Actinobacteria____Arthrobacter_sp._24S4-2____WP__137320906.1

100
Actinobacteria____Actinopolymorpha_cephalotaxi____WP__092887834.1Actinobacteria____Actinopolymorpha_singaporensis____SDS63787.1

100
Anthozoa____Dendronephthya_gigantea____XP__028419314.1Anthozoa____Orbicella_faveolata____XP__020612623.1

81

71

86 70 71 83

62
51

100

100
Bacteroidetes____Elizabethkingia_sp._2-6____WP__059344431.1
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Supplementary Fig. 3. Maximum likelihood tree of PAD sequences. The tree was reconstructed 
using the WAG+G4 model and is displayed as midpoint rooted. Bootstrap support values are shown 
at each node. Nodes with support <50% are collapsed into polytomies. 
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Supplementary Fig. 4. Maximum likelihood tree of DUF3472 sequences. The tree was reconstructed 
using the WAG+R10 model and is displayed as midpoint rooted. Bootstrap support values are shown 
at each node. Nodes with support <50% are collapsed into polytomies. 
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Supplementary Fig. 5. Maximum likelihood tree of GEOTX02 sequences. The sequence in red is 
present in both the venom gland transcriptome and venom proteome. The tree was reconstructed 
using the VT+I+G4 model and is displayed as midpoint rooted. Bootstrap support values are shown at 
each node. Nodes with support <50% are collapsed into polytomies. 
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Supplementary Fig. 6. Maximum likelihood tree of unchar05 sequences. The tree was reconstructed 
using the WAG+R5 model and is displayed as midpoint rooted. Bootstrap support values are shown 
at each node. Nodes with support <50% are collapsed into polytomies. 
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Supplementary Fig. 7. Maximum likelihood tree of unchar16 sequences. The tree was reconstructed 
using the VT+R3 model and is rooted with the oomycete sequences. Bootstrap support values are 
shown at each node. Nodes with support <50% are collapsed into polytomies. 
 


