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Anaeromyxobacter sp.   WP_059439629

Kingella kingae   WP_042923888

Fervidobacterium islandicum   WP_033191050

Chroococcidiopsis thermalis   WP_015156810

Clostridium clostridioforme   WP_002584485

Leptotrichia wadei   WP_060917308

Microgenomates group bacterium   KKR25846

Cylindrospermum stagnale   WP_041234228

Desulfotomaculum ruminis   WP_013840177

Moranbacteria bacterium GW2011_GWE2_35_2   KKP70773

Gloeobacter violaceus   WP_011141608

Carboxydothermus hydrogenoformans   WP_011345535

bacterium 42_11   KUK14096

Calothrix sp. PCC 7103   WP_019496381

Phormidium sp.   KPQ39349

Nitrospira bacterium   KPK36896

Flexilinea �occuli   WP_062282645

Nitrospira nitri�cans   CUS34962

uncultured candidate division JS1 bacterium   ADM95000

Desulfotomaculum nigri�cans   WP_003540815

Chlamydia psittaci 84-8471/1   EPP30815

Clostridiales bacterium VE202-28   WP_025484763

Crinalium epipsammum   WP_015202390

Nitrospira nitrosa   CUS33022

Chlamydia avium 10DC88   AHK63018

Teleaulax amphioxeia  HAP-CR01   YP_009159163

Chloro�exi bacterium OLB14   KXK12370

Desulfovirgula thermocuniculi   WP_051275744

Azospirillum sp.   CDB39390

Nitrospira sp.   KXK05201

Phascolarctobacterium sp. CAG:266   CDB34840

 Kazan bacterium GW2011_GWA1_44_22   KKT53067

Eubacterium sp. CAG:146   CCY12682

Neisseria bacilliformis   WP_049255901

Clostridium sp. CAG:277   CDE70445

Chlamydia sp. 2742-308   ANH78189

Nitrospira inopinata   WP_062483824

Chlamydia abortus   WP_011096987

Oscillatoria nigro-viridis   WP_015179199

Hassallia byssoidea   WP_039737416

Acetonema longum   WP_004098365

Moranbacteria bacterium GW2011_GWC2_45_10   KKT88020

Clostridium clostridioforme   CDB64821

Pelotomaculum thermopropionicum   WP_011928131

Fibrobacter succinogenes   WP_012820128

Clostridium sp.   CCY42137

Anabaena cylindrica   WP_015364326

Brachyspira hampsonii   WP_008721385

Peregrinibacteria bacterium GW2011_GWE2_39_6   KKR23367

Chlamydia gallinacea   WP_021828188

uncultured bacterium   EKD49606

Sphingomonas yabuuchiae   WP_058746594

Gloeocapsa sp.   ELR97053

Leptospira sp. GIMC2001:Bairam-Ali   AID56276

Hapalosiphon sp.   WP_053458058

uncultured bacterium   EKE25066

Moranbacteria bacterium GW2011_GWD2_36_12   KKP93261

uncultured Termite group 1 bacterium phylotype Rs-D17   WP_0154232

Xiphinematobacter sp.   WP_062100488

Jorgensenbacteria bacterium GW2011_GWA1_48_11   KKU91290

Nostoc sp.   WP_010999058

Chlamydia pneumoniae   WP_010882690

Storeatula sp.  CCMP1868

Eubacterium sp. CAG:180   CCY92100

Methylomirabilis oxyfera   CBE70015

Kosmotoga olearia TBF 19.5.1   ACR80696

Desulfotomaculum hydrothermale   WP_048818012

Leptotrichia wadei   WP_021745855

Chloro�exi bacterium   BAL44374

uncultured bacterium   EKD30537

candidate division WS6 bacterium   KUK77076

Rhodomonas salina  CCMP1319   YP_001293483

Dehalogenimonas sp. WBC-2   WP_046736881

Neisseria wadsworthii   WP_009116286

Anaerovibrio lipolyticus   WP_027397872

Kingella sp.   WP_032137170

Levilinea saccharolytica   WP_062417574

Clostridium sp. 12(A)   WP_024838036

Bdellovibrio exovorus   WP_015468912

Leptotrichia sp. oral taxon 847   AMD95433

Leptolyngbya valderiana   WP_063717738

Azospirillum sp.   CDB53205

Desulfobulbus mediterraneus   WP_051305701

Clostridiales bacterium DRI-13   WP_034425343

Endomicrobium proavitum   WP_052570901

Persephonella sp. KM09-Lau-8   WP_029521885

Sphingomonas sp.   WP_037531731

Synechococcus sp.   WP_011432928

Desulfotomaculum alkaliphilum   WP_031516371

Desulfobulbaceae bacterium BRH_c16a   KJR99787

Leptotrichia hofstadii   WP_026745355

Thermosynechococcus elongatus   WP_011056974

Caldithrix abyssi   WP_006927018

Desulfobacterales bacterium SG8_35_2   KPK26148

Clostridium bolteae   WP_002577125

Clostridium aerotolerans   WP_026892664

Daviesbacteria bacterium GW2011   KKQ60023

candidate division WS6 bacterium   KKP44702

Kosmotoga olearia   WP_041288743

Thermosediminibacter oceani   WP_013276869
Fervidicola ferrireducens   KXG76695

Clostridiales bacterium 1_7_47FAA   WP_008726536

candidate division WS6 bacterium GW2011   KKR06348

Nitrospira bacterium   KPJ99278

candidate division WS6 bacterium GW2011_GWE2_33_157   KKP42958

Aquifex aeolicus   WP_010881211

Trichodesmium erythraeum   WP_047157469

Clostridium asparagiforme   WP_007707941

Tepidanaerobacter acetatoxydans   WP_013779368

Clostridiales bacterium KLE1615   OAD89823

Leptotrichia sp. oral taxon 225 str. F0581   ERL25842

Lachnospiraceae bacterium   EHO51910

Desulfosarcina cetonica   WP_054701283

Anaerolinea thermophila   WP_013558566

Lachnoanaerobaculum sp. MSX33   WP_034211037

Syntrophobacter fumaroxidans   WP_011699634

Synechococcus sp.   WP_017324239

Parcubacteria group bacterium GW2011_GWF1_45_5   KKU10967

Oscillatoria sp.   WP_017720112

Clostridium clostridioforme   WP_002592554

Anaerolinaceae bacterium 46_22   KUK93043

Propionispora sp. Iso2/2   WP_054259840

Clostridiales bacterium 38_11   KUK74094

Clostridium citroniae   WP_007870396

Kordiimonas gwangyangensis   WP_020398228

Moranbacteria bacterium GW2011_GWD2_36_198   KKQ00246

Cyanobacterium   WP_018397221

Synergistales bacterium 54_24   KUK40108

Pseudanabaena sp.   WP_019498673

Parcubacteria group bacterium GW2011_GWA2_42_11   KKS26345

Hungatella hathewayi   CUP25575

Kiloniella laminariae   WP_020590870

Microcoleus vaginatus   WP_006632931

Anabaena variabilis   WP_011316825

Caldicellulosiruptor obsidiansis   WP_013291150

Cylindrospermum stagnale   AFZ28484

Fervidobacterium pennivorans   WP_064011446

Rhizobiales bacterium   ANK82735

uncultured bacterium   EKE16179

Desulfocapsa sulfexigens   WP_015405537

Oscillatoria sp.   WP_007356481

Gluconobacter albidus   WP_062029843

Trichodesmium erythraeum   WP_011610638

Daviesbacteria bacterium   EKD91069

Pseudoramibacter alactolyticus   WP_006599419

Clostridium bolteae   WP_002565849

Desulfobacterium sp.   CBX27494

Coprothermobacter proteolyticus   WP_012543649

Thermosinus carboxydivorans Nor1   EAX48852

Phormidium willei   OAB59611

Scytonema millei   WP_039713614

Deltaproteobacteria bacterium   KPJ55998

Bacteroides fragilis str. S6L5   EYE62953

candidate division WS6 bacterium GW2011   KKP54798

Stanieria cyanosphaera   AFZ34203

Mesotoga infera   WP_006487436

Neisseria sp.   WP_036495563

Leptotrichia sp. oral taxon 879 str. F0557   ERK49136

Desulfotomaculum thermocisternum   WP_027357138

Coleofasciculus chthonoplastes   WP_006103570

Kingella kingae   WP_038315426

Pseudanabaena sp.   WP_015164768

Leptolinea tardivitali   WP_062421977

Richelia intracellularis   CDN15970

Pelagibacter sp.   WP_041862330

Acetobacter sp.   CDA18522

Leptotrichia goodfellowii   WP_006807519

Thermobaculum terrenum   WP_012875328

Mesotoga prim   WP_014729949

Chlamydia psittaci   WP_020356031

Clostridium bolteae   CCX97155

Leptotrichia goodfellowii   WP_051411738

Scytonema hofmannii   KYC34934

Dadabacteria bacterium   KRT65258

Fischerella sp.   WP_017307526

Clostridium sp.   CDC17930

Curtissbacteria bacterium GW2011   KKS04934

Chlamydia caviae   WP_011006296

Nitrospira de�uvii   WP_013246885

Hungatella hathewayi   CUQ59480

Sphingomonas sanguinis   WP_058718348

Rivularia sp.   WP_015119777

Synechococcus sp.   WP_011429466

Drosophila eugracilis   XP_017085828

Chlamydia pneumoniae   WP_014518023

Neisseria bacilliformis   WP_049261165

Moranbacteria bacterium GW2011_GWE2_47_10   KKU55042

Leptotrichia sp. oral taxon 879   WP_039901471

Carboxydothermus ferrireducens   WP_051250150

Phascolarctobacterium succinatutens   CDD12592

Leptotrichia shahii   WP_018451497

Clostridiales bacterium SIT11   WP_054253630

Desul�tibacter sp. BRH_c19   KUO49635

Desulfurella acetivorans   WP_025391833

Leptolyngbya sp.   WP_035996923

Clostridium bolteae   WP_002570787

Chlamydia pneumoniae B21   ETR79913

Clostridium di�cile CD90   EQK72555

Desulfotalea psychrophila   WP_011188672

Thermocrinis albus   WP_012991949

Chlamydia felis   WP_011458222

Symbiobacterium thermophilum   WP_011194148

Nitrospira moscoviensis   WP_053378102

Kingella kingae   WP_019389839

Anabaena variabilis   ABA21833

Leptotrichia wadei   WP_018499804

Petrotoga mobilis   WP_012209216

Simonsiella muelleri   WP_002641572

Caldisericum exile   WP_014453368

Rhodomonas sp. CCMP1178   ABX10863

Lachnoanaerobaculum sp. ICM7   WP_009664253

Nostoc piscinale   WP_062296295

De�uviitoga tunisiensis   WP_045088244

Synechococcus sp.   WP_006453754

Clostridiaceae bacterium mt10   WP_055665503

Desulfotomaculum reducens   WP_011876436

Cyanobacterium   BAP17604

Mesotoga prima   KUK81781

Lachnoclostridium sp. YL32   WP_065549106

Hungatella hathewayi   WP_006783043

Verrucomicrobia bacterium   WP_052881184

Phascolarctobacterium succinatutens   WP_009144538

Clostridium clostridioforme   WP_002594165

Longilinea arvoryzae   GAP15459

Phascolarctobacterium sp. CAG:207   CDB44917

Clostridium clostridioforme   WP_027642097

Parcubacteria group bacterium GW2011_GWC1_45_14   KKT94419

uncultured bacterium   EKE18522

Brachyspira hampsonii 30599   ELV05191

Desulfomonile tiedjei   WP_014812197

Prochlorococcus sp.   WP_036900887

De�uviitalea phaphyphila   WP_058486969

Zymomonas mobilis   WP_013933706

“Cryptophyte”   ALG63660

Clostridium sp.   CDF00157

Hungatella hathewayi   WP_006773464

Microchaete sp.   WP_0176548

Neisseria sp.   WP_054619444

Magasanikbacteria bacterium GW2011_GWA2_46_17   KKU26129

Geitlerinema sp.   WP_017660212

Thermocrinis ruber   WP_038532249

Desulforudis audaxviator   WP_012301194

candidate division WOR_1 bacterium DG_54_3   KPJ68413

Chlamydia pneumoniae   WP_010895270

Leptotrichia sp. oral taxon 225   WP_036069901

Clostridium sp. FS41   WP_045091704

Neisseria bacilliformis   WP_007343218

Prochlorococcus sp.   WP_036919566

Chroococcidiopsis thermalis   WP_015163180

Persephonella sp. IF05-L   WP_029519818

Nitrospira bacterium   KPK44218

Heliobacterium modesticaldum   WP_012282266

Pseudothermotoga hypogea   WP_031503617

Syntrophus aciditrophicus   WP_011415992

Chlamydia psittaci 10_1398_11   WP_020370333

candidate division WS6 bacterium GW2011   KKP66223

Desulfotomaculum hydrothermale Lam5   CCO08538

Gloeobacter kilaueensis   WP_023173393

Desulfobacterales bacterium SG8_35   KPJ99112

Clostridium hathewayi CAG:224   CCZ58286

Persephonella marina   WP_012676549

Daviesbacteria bacterium   KKQ65998

Desul�tibacter alkalitolerans   WP_028308895

Thermotogales bacterium   KUK95398

Synechococcus sp.   WP_015169881

Mesoaciditoga lauensis   WP_036224346

Rhodomonas sp. CCMP1170   ABX10865

Anabaena sp.   WP_026104469

Stanieria sp.   BAU64819

Hungatella hathewayi   WP_002605642

Chlamydia abortus   WP_006343974

Thermosynechococcus sp.   WP_024123976

bacterium UASB270   GAK57844

Fervidobacterium pennivorans   WP_014451334

Thermocrinis ruber   AHE96551

Brachyspira murdochii   WP_013113692

Chlamydia avium   WP_038500150
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Figure S9. Phylogenetic tree based on dnaX. 


