
2713138623 Acidobacteria bacterium RIFCSPLOWO2_12_FULL_67_14b
2740259283 Acidobacteriales bacterium JGI 01_G7_4000m (contamination screened)

2787018270 Nitrospinae bacterium CG11_big_fil_rev_8_21_14_0_20_56_8
WP_005007586.1 Nitrospina gracilis 3/211

OAI47969.1 Planctomycetaceae bacterium SCGC AG-212-F19
TAK04532.1 Nitrospirae bacterium

OLB35808.1 Ktedonobacter sp. 13_2_20CM_53_11
WP_094475098.1 Sandarakinorhabdus cyanobacteriorum

WP_017668396.1 Sandarakinorhabdus sp. AAP62
WP_066482271.1 Sphingomonas sp. CCH13-B11
WP_066547112.1 Sphingomonas sp. CCH18-H6

WP_054122427.1 Novosphingobium sp. AAP93
WP_072381494.1 Novosphingobium sp. NDB2Meth1

OQW57686.1 Proteobacteria bacterium SG_bin9
WP_009734221.1 Bradyrhizobiaceae bacterium SG-6C
WP_002713298.1 Afipia clevelandensis ATCC 49720

RTL51706.1 Bradyrhizobiaceae bacterium
WP_011315650.1 Nitrobacter winogradskyi Nb-255
WP_009798693.1 Nitrobacter sp. Nb-311A
WP_079447490.1 Nitrobacter vulgaris
OYU91779.1 Bradyrhizobiaceae bacterium PARB1

WP_068733403.1 Tardiphaga robiniae
WP_116661200.1 Tardiphaga sp. OV697
WP_092139304.1 Bradyrhizobium sp. NFR13
WP_093759458.1 Tardiphaga sp. OK245
WP_089262097.1 Tardiphaga sp. OK246
WP_120288492.1 Tardiphaga sp. YR296

WP_100421131.1 Bradyrhizobium lablabi
WP_092511282.1 Afipia sp. GAS231
WP_027540774.1 Bradyrhizobium sp. URHA0002

2695388080 Bradyrhizobium ottawaense GAS524
2700142984 Bradyrhizobium lablabi MT34
WP_074819238.1 Bradyrhizobium lablabi

RRB88433.1 Escherichia coli
2651926198 Alphaproteobacteria FNEB6 bin_10

WP_108520272.1 Bradyrhizobium algeriense
WP_028350220.1 Bradyrhizobium elkanii WSM1741

WP_065743337.1 Bradyrhizobium sp. LMTR 3
WP_057847383.1 Bradyrhizobium retamae
WP_065726885.1 Bradyrhizobium icense

WP_057848767.1 Bradyrhizobium valentinum
WP_065751019.1 Bradyrhizobium paxllaeri
WP_057835793.1 Bradyrhizobium jicamae
WP_057858536.1 Bradyrhizobium lablabi

WP_074278105.1 Bradyrhizobium erythrophlei
WP_027578707.1 Bradyrhizobium sp. Ai1a-2
WP_130581682.1 Bradyrhizobium sp. Leo170

WP_130226543.1 Bradyrhizobium sp. Leo121
WP_028168458.1 Bradyrhizobium elkanii WSM2783

WP_044590011.1 Bradyrhizobium sp. LTSPM299
WP_044539004.1 Bradyrhizobium sp. LTSP885
WP_066508799.1 Bradyrhizobium macuxiense
WP_029082030.1 Bradyrhizobium sp. th.b2

WP_092124159.1 Bradyrhizobium erythrophlei
WP_097671527.1 Bradyrhizobium sp. C9
WP_050402689.1 Bradyrhizobium embrapense

WP_092087456.1 Bradyrhizobium sp. R5
WP_057018062.1 Bradyrhizobium pachyrhizi
WP_028333145.1 Bradyrhizobium pachyrhizi
WP_076827947.1 Bradyrhizobium sp. UFLA 03-321
WP_016839679.1 Bradyrhizobium elkanii

WP_069278908.1 Bradyrhizobium elkanii
WP_038386842.1 Bradyrhizobium elkanii CCBAU 05737
WP_028343414.1 Bradyrhizobium elkanii USDA 94

WP_050426041.1 Bradyrhizobium tropiciagri
2806520743 Bradyrhizobium macuxiense BR 10355

WP_076866486.1 Bradyrhizobium mercantei
WP_074127962.1 Bradyrhizobium sp. NAS96.2
WP_050628886.1 Bradyrhizobium viridifuturi
WP_021077383.1 Bradyrhizobium sp. MOS004

WP_106324994.1 Rhizobium tropici
BKMNDFPA_04903 Bradyrhizobium sp. UBA2491 
WP_024581035.1 Bradyrhizobium sp. UASWS1016

WP_107489184.1 Streptomyces sp. Alain-F2R5
2529370795 Bacteroidales bacterium PSC KfJoeBact2-2 (unscreened)
2643327876 Bacteroidales bacterium PSC KfJoeBact2-2 (unscreened)
WP_100955871.1 Bradyrhizobium sp. SK17

WP_027525248.1 Bradyrhizobium sp. Ec3.3
WP_063702254.1 Bradyrhizobium sp. BR 10245

WP_063678263.1 Bradyrhizobium neotropicale
WP_027551780.1 Bradyrhizobium sp. Cp5.3

WP_028134486.1 Bradyrhizobium japonicum 22
WP_063197095.1 Bradyrhizobium sp. AT1
WP_128920043.1 Bradyrhizobium sp. CCBAU 51757

WP_091898795.1 Bradyrhizobium sp. Rc2d
WP_128941592.1 Bradyrhizobium sp. CCBAU 51781
WP_128931500.1 Bradyrhizobium sp. CCBAU 51778

WP_126259146.1 Bradyrhizobium sp. LVM 105
WP_097657649.1 Bradyrhizobium sp. Y36
RTM06855.1 Bradyrhizobiaceae bacterium
WP_100178236.1 Bradyrhizobium sp. TSA1

WP_038971091.1 Bradyrhizobium sp. CCBAU 15635
WP_028140473.1 Bradyrhizobium ottawaense
WP_038948158.1 Bradyrhizobium sp. CCBAU 15544
WP_095426759.1 Bradyrhizobium ottawaense
2596982561 Bradyrhizobium huanghuaihaiense CGMCC 1.10948
WP_018643781.1 Bradyrhizobium japonicum USDA 124
2806372923 Bradyrhizobium stylosanthis BR 510
WP_063687484.1 Bradyrhizobium stylosanthis
WP_130362793.1 Bradyrhizobium sp. BK707
2806493041 Bradyrhizobium sachari BR 10555
2806507448 Bradyrhizobium sachari BR 10556
WP_080135414.1 Bradyrhizobium sp. BR10280

WP_015688409.1 Bradyrhizobium sp. S23321
WP_106949021.1 Bradyrhizobium sp. MOS003
WP_094895106.1 Bradyrhizobium sp. 2 39S1MB
WP_094972961.1 Bradyrhizobium sp. 3 85S1MB

WP_091958265.1 Bradyrhizobium shewense
WP_104465313.1 Bradyrhizobium sp. AC87j1

WP_092260639.1 Bradyrhizobium sp. Rc3b
WP_018318235.1 Bradyrhizobium sp. WSM2793

WP_045009427.1 Bradyrhizobium sp. LTSP849
WP_045003607.1 Bradyrhizobium sp. LTSP857
WP_027534320.1 Bradyrhizobium sp. WSM3983
PNA75088.1 Pseudomonas sp. MPR-R3B

WP_092231492.1 Bradyrhizobium sp. Gha
WP_128968268.1 Bradyrhizobium guangdongense
WP_092302040.1 Bradyrhizobium sp. Ghvi
WP_057753129.1 Bradyrhizobium manausense

WP_024340361.1 Bradyrhizobium sp. Leaf396
BAR58975.1 Bradyrhizobium diazoefficiens

WP_027520284.1 Bradyrhizobium sp. WSM1417
WP_007596625.1 Bradyrhizobium sp. WSM1253
WP_027565299.1 Bradyrhizobium sp. URHA0013

WP_063993868.1 Bradyrhizobium sp.
WP_007614646.1 Bradyrhizobium sp. WSM471

WP_106940697.1 Bradyrhizobium sp. MOS002
WP_092029634.1 Bradyrhizobium sp. OK095
WP_129267830.1 Bradyrhizobium betae

WP_085360595.1 Bradyrhizobium canariense
WP_018453613.1 Bradyrhizobium sp. WSM4349

WP_085354692.1 Bradyrhizobium canariense
WP_085349606.1 Bradyrhizobium canariense

WP_128923688.1 Bradyrhizobium guangxiense
WP_100233776.1 Bradyrhizobium sp. INPA54B
WP_008135895.1 Bradyrhizobium sp. YR681
WP_025032155.1 Bradyrhizobium sp. DOA9
WP_122406397.1 Bradyrhizobium sp. ORS 3257

WP_060734927.1 Bradyrhizobium sp. CCGE-LA001
WP_061850943.1 Bradyrhizobium sp. DOA1

WP_130213005.1 Bradyrhizobium genosp. SA-3
2596844960 Bradyrhizobium daqingense CGMCC 1.10947
2596922890 Bradyrhizobium yuanmingense CGMCC 1.3531
WP_036009569.1 Bradyrhizobium yuanmingense
WP_128264064.1 Bradyrhizobium yuanmingense
WP_057027835.1 Bradyrhizobium sp. SUTN9-2

WP_027575263.1 Bradyrhizobium sp. WSM1743
WP_061028396.1 Bradyrhizobium sp. CCH5-F6

WP_035714537.1 Bradyrhizobium sp. CCBAU 43298
WP_124160467.1 Bradyrhizobium sp. RP6
WP_028178717.1 Bradyrhizobium japonicum USDA 135

WP_061880447.1 Bradyrhizobium liaoningense
WP_131869274.1 Bradyrhizobium sp. W

WP_092189993.1 Bradyrhizobium sp. cf659
WP_027548363.1 Bradyrhizobium sp. WSM2254
WP_028172861.1 Bradyrhizobium diazoefficiens
NP_773991.1 Bradyrhizobium diazoefficiens USDA 110
WP_011090086.1 Bradyrhizobium diazoefficiens

WP_027563766.1 Bradyrhizobium arachidis
WP_028159441.1 Bradyrhizobium japonicum
WP_039153886.1 Bradyrhizobium japonicum SEMIA 5079
WP_028169846.1 Bradyrhizobium japonicum

WP_084810602.1 Bradyrhizobium sp. NAS80.1
WP_074124150.1 Bradyrhizobium sp. AS23.2
WP_085400452.1 Bradyrhizobium sp. MOS001
WP_028150697.1 Bradyrhizobium japonicum USDA 123
WP_063985488.1 Bradyrhizobium sp. G22
WP_071909621.1 Bradyrhizobium japonicum

TAL56046.1 Nanoarchaeota archaeon
WP_101169397.1 Macrococcus caseolyticus
WP_064206582.1 Staphylococcus epidermidis
WP_100407845.1 Bacillus sp. FJAT-45086
WP_110937867.1 Salipaludibacillus neizhouensis

WP_110937928.1 Salipaludibacillus neizhouensis
WP_112180472.1 Paraliobacillus sp. X-1268

LPKKKPCA_03631 Flammeovirgaceae bacterium UBA5008 
WP_084447263.1 Hymenobacter roseosalivarius DSM 11622

WP_009282250.1 Fibrisoma limi BUZ 3
WP_119668222.1 Fibrisoma sp. HYT19

OYU68234.1 Cytophagaceae bacterium BCCC1
WP_111672760.1 Algoriphagus sp. DSL-12

2651921370 Bacteroidetes FNEB6 bin_6
WP_100611374.1 Confluentibacter lentus

WP_106658463.1 Confluentibacter sp. 3B
KBOGOPAN_01134 Flavobacterium sp. UBA6721 

WP_108974095.1 Leptospira ryugenii
WP_035671341.1 Flavobacterium sp. 83

WP_073370996.1 Flavobacterium fluvii
WP_132006197.1 Flavobacterium sp. AR-3-4
WP_007803307.1 Flavobacterium sp. CF136

WP_031454514.1 Flavobacterium chungangense LMG 26729
WP_078227346.1 Flavobacterium sp. LM4
WP_108740811.1 Flavobacterium faecale

KBOGOPAN_00005 Flavobacterium sp. UBA6721 
WP_128194432.1 Flavobacterium sp. BBQ-12
WP_066325841.1 Flavobacterium glycines
OYX83734.1 Flavobacteriales bacterium 32-34-25
WP_071183279.1 Flavobacterium communis

PYQ60410.1 Acidobacteria bacterium
WP_010582747.1 Schlesneria paludicola DSM 18645

TMI68685.1 Candidatus Bathyarchaeota archaeon
OLE88322.1 Crenarchaeota archaeon 13_1_20CM_2_51_8

RYF28930.1 Comamonadaceae bacterium
WP_082542149.1 Rhizobacter sp. Root16D2
WP_083614136.1 Rhizobacter sp. OV335
WP_047584825.1 Methylibium sp. YR605
WP_069037903.1 Methyloversatilis sp. RAC08

WP_018229759.1 Methyloversatilis universalis EHg5
WP_008060976.1 Methyloversatilis universalis Fam500
WP_020164098.1 Methyloversatilis discipulorum
WP_019918867.1 Methyloversatilis discipulorum

WP_011926380.1 Bradyrhizobium sp. ORS 278
WP_044183033.1 Pirellula staleyi DSM 6068
LNMOJKMP_01136 Planctomycetaceae bacterium UBA7678 

WP_113958272.1 Roseimicrobium gellanilyticum
WP_088258182.1 Fimbriiglobus ruber

JMKAJAMN_02123 Verrucomicrobiaceae bacterium UBA7681 
PJDLCCCC_03522 Pseudomonas sp. UBA1879 

WP_068849113.1 Planctopirus hydrillae
WP_041403844.1 Planctopirus limnophila DSM 3776

WP_113010147.1 Rhizobiales bacterium
WP_130283846.1 Rhizobium sp. BK696

WP_007535294.1 Rhizobium mesoamericanum STM3625
WP_025659671.1 Rhizobium sp. IBUN
WP_112643430.1 Rhizobiales bacterium
WP_113163019.1 Rhizobiales bacterium
WP_112982523.1 Rhizobiales bacterium
EPE96128.1 Rhizobium grahamii CCGE 502
WP_114715735.1 Rhizobium grahamii

WP_045776683.1 Elstera litoralis
WP_012078771.1 Janthinobacterium sp. Marseille

WP_042628455.1 Burkholderia plantarii
WP_055140661.1 Burkholderia plantarii

WP_106258564.1 Leptolyngbya frigida ULC18
WP_005004312.1 Nitrococcus mobilis Nb-231

WP_020564909.1 Methylosarcina fibrata AML-C10
WP_075094385.1 Planctomyces sp. SH-PL14

WP_071454114.1 Gloeomargarita lithophora Alchichica-D10
PTT90779.1 Pelomonas sp. HMWF004

NPGBPDPN_01356 Burkholderiales bacterium UBA1834 
WP_116436005.1 Herbaspirillum sp. 3R11

WP_094561961.1 Herbaspirillum sp. meg3
WP_050479393.1 Herbaspirillum rhizosphaerae

WP_007881305.1 Herbaspirillum sp. CF444
OYU44765.1 Burkholderiales bacterium PBB4
OWQ49176.1 Mitsuaria sp. HZ7
RZI62725.1 Rubrivivax sp.

WP_035608546.1 Hylemonella gracilis str. Niagara R
WP_131281167.1 Hylemonella gracilis

WP_085753165.1 Rhizobacter gummiphilus
WP_069902881.1 Hydrogenophaga sp. PBC
WP_009515866.1 Hydrogenophaga intermedia NBRC 102510

OYV74683.1 Chromatiales bacterium 21-64-14
2787929167 Rhodocyclales bacterium CG_4_10_14_3_um_filter_68_10
2787931224 Rhodocyclales bacterium CG_4_9_14_3_um_filter_68_10
2787934771 Rhodocyclales bacterium CG17_big_fil_post_rev_8_21_14_2_50_68_7
2787785644 Betaproteobacteria bacterium CG2_30_68_42

2656886489 Acidithiobacillales bacterium SG8_45
GKKOFCML_01580 Proteobacteria bacterium UBA6901 
EABPACBB_00247 Proteobacteria bacterium UBA6903 
FFLLDFEF_02434 Proteobacteria bacterium UBA6908 
GMMCDIOO_02170 Proteobacteria bacterium UBA6916 

2787198882 Nitrospirae bacterium CG_4_9_14_0_8_um_filter_70_14
2787204743 Nitrospirae bacterium CG06_land_8_20_14_3_00_70_43
2787212482 Nitrospirae bacterium CG_4_10_14_3_um_filter_70_108
2787228743 Nitrospirae bacterium CG_4_8_14_3_um_filter_70_85
2787234202 Nitrospirae bacterium CG18_big_fil_WC_8_21_14_2_50_70_55
2787184040 Nitrospirae bacterium CG2_30_70_394

WP_045779428.1 Methylocucumis oryzae
WP_098420568.1 Marinobacter sp. lvr2a5a20

TVT52034.1 Azoarcus sp. PHD
WP_011514928.1 Acidocella aminolytica 101 = DSM 11237

PLX70941.1 Azoarcus sp.
WP_026779394.1 Polaromonas sp. EUR3 1.2.1
WP_029526906.1 Polaromonas glacialis
WP_106756703.1 Massilia glaciei
WP_001097410.1 Klebsiella grimontii
WP_134529247.1 Pseudomonas aeruginosa
2510552383 Ideonella dechloratans Anox B, ATCC 51718
WP_045342045.1 Enterobacter hormaechei subsp. steigerwaltii
WP_125303037.1 Ochrobactrum anthropi
STL59323.1 Escherichia coli

WP_115768350.1 Escherichia coli
WP_045409835.1 Enterobacter roggenkampii

WP_047502608.1 Enterobacter hormaechei subsp. xiangfangensis
WP_002718009.1 Pseudomonas aeruginosa

STN24835.1 Escherichia coli
OZZ90739.1 Klebsiella pneumoniae
WP_040205445.1 Klebsiella pneumoniae
WP_077255753.1 Klebsiella pneumoniae
STN25172.1 Escherichia coli
STN25152.1 Escherichia coli

WP_122015909.1 Klebsiella pneumoniae
WP_009486463.1 Klebsiella pneumoniae
WP_117249586.1 Klebsiella pneumoniae
WP_124063942.1 Escherichia coli
WP_117049390.1 Klebsiella pneumoniae
WP_110924822.1 Klebsiella pneumoniae
WP_086071120.1 Klebsiella pneumoniae

WP_101982130.1 Klebsiella pneumoniae
VGD44572.1 Klebsiella pneumoniae
WP_102047482.1 Klebsiella pneumoniae
WP_099743452.1 Klebsiella pneumoniae

STN25143.1 Escherichia coli
WP_099755843.1 Klebsiella pneumoniae
STN25121.1 Escherichia coli
STN25128.1 Escherichia coli
STN25135.1 Escherichia coli
STN25163.1 Escherichia coli
WP_001097412.1 Klebsiella pneumoniae

2712833033 Pseudomonadales bacterium RIFCSPLOWO2_12_59_9
2724644107 Pseudomonas bacterium JGI 01_B18 (contamination screened)
2730430174 Cupriavidus sp. JdFR-90
2508531231 Pseudomonas sp. PK
2547094142 Pseudomonas sp. PDA
WP_026084028.1 Pseudomonas aeruginosa
CIPFKCLC_00483 Pseudomonas stutzeri 
LIPGGBAO_01451 Pseudomonas stutzeri 
BNCCANPL_00002 Pseudomonas stutzeri 
CBPCAKMP_00260 Pseudomonas stutzeri 
MNNODPJC_01912 Pseudomonas stutzeri 
MPGKLOML_02369 Pseudomonas stutzeri 
JGBOPEIE_00599 Pseudomonas stutzeri 
GNCMNBBN_01659 Pseudomonas stutzeri 
DCILHPPG_03623 Pseudomonas stutzeri 
NKCMBNMP_01311 Pseudomonas stutzeri 
NGEOJEHH_00890 Pseudomonas stutzeri 
FLPAFCNM_01741 Pseudomonas stutzeri 
ECFKIAJM_02098 Pseudomonas stutzeri 
MNOFHFJN_01446 Pseudomonas stutzeri 
KPPNIGDM_03365 Pseudomonas stutzeri 

RTL62196.1 Rhizobiales bacterium
WP_068189682.1 Rhodospirillaceae bacterium CCH5-H10
TAJ85010.1 Reyranella sp.
OYY40058.1 Rhodospirillales bacterium 35-66-84

OQW80297.1 Proteobacteria bacterium ST_bin15
OQW51976.1 Proteobacteria bacterium SG_bin8
ABGCNOAJ_00555 Rhizobiales bacterium UBA3134 
CNAHAJGN_01800 Rhizobiales bacterium UBA4762 
AKDAJKNI_01478 Rhizobiales bacterium UBA4765 
KPBNCENI_01903 Rhizobiales bacterium UBA5190 
DOCHBDBP_01694 Rhizobiales bacterium UBA683 
NAMANCAJ_00893 Rhizobiales bacterium UBA7900 

WP_104081154.1 Cryobacterium sp. Y11
WP_104134009.1 Cryobacterium sp. Y62

WP_134345310.1 Cryobacterium sp. TMT1-66-1
WP_134397322.1 Cryobacterium sp. TMT2-15-1
WP_134418078.1 Cryobacterium sp. TMT2-42-4
WP_134394831.1 Cryobacterium sp. TMT2-18-2

WP_104169295.1 Cryobacterium sp. M23
WP_134416713.1 Cryobacterium sp. TMT2-14
WP_134570371.1 Cryobacterium sp. Sr3
WP_104100427.1 Cryobacterium sp. TMT2-16
WP_134401359.1 Cryobacterium sp. TMT2-4
WP_104194497.1 Cryobacterium sp. M25

WP_106749198.1 Phreatobacter sp. S-12
XP_013895060.1 Monoraphidium neglectum

WP_108177869.1 Phreatobacter oligotrophus
WP_012237608.1 Sorangium cellulosum So ce56

WP_134566416.1 Cryobacterium sp. MDT1-3
WP_134533620.1 Cryobacterium sp. MDB2-B
WP_132392924.1 Micromonospora sp. KC723

RLT43191.1 Chloroflexi bacterium
PZR93882.1 candidate division AD3 bacterium

OLD88967.1 Euryarchaeota archaeon 13_1_20CM_4_64_14
OLD89376.1 Euryarchaeota archaeon 13_1_20CM_4_64_14

WP_083129310.1 Mycolicibacterium tusciae
PZP23539.1 Kocuria rhizophila
PZP23538.1 Kocuria rhizophila
2515278576 Corynebacterium doosanense CAU 212, DSM 45436
WP_018023089.1 Kocuria indica

2816419665 Modestobacter multiseptatus DSM 44402
WP_100501632.1 Geodermatophilus chilensis

WP_100499343.1 Geodermatophilus chilensis
WP_091543714.1 Modestobacter sp. DSM 44400

WP_094409704.1 Elstera cyanobacteriorum
WP_060847198.1 Methylobacterium aquaticum

WP_082167722.1 Methylobacterium aquaticum
PZS17142.1 Acidimicrobiales bacterium

WP_107569536.1 Conexibacter sp. Seoho-28
WP_075259076.1 Herbaspirillum sp. WT00C
2819615667 Herbaspirillum huttiense 1147
WP_088757449.1 Herbaspirillum aquaticum

WP_121045342.1 Herbaspirillum huttiense
WP_134224137.1 Herbaspirillum huttiense
2650298586 Oxalabacteaceae FNED7-bin-14
2650401835 Oxalobacteraceae FSWF8 bin_7

IMBGOFKI_03173 Phycisphaerales bacterium UBA4658 
WP_133218593.1 Paracraurococcus ruber

WP_063976303.1 Sphingobium yanoikuyae
OQW74817.1 Proteobacteria bacterium ST_bin13

WP_123688564.1 Stella humosa
CMDIDPIG_02122 Alphaproteobacteria bacterium UBA7691 

WP_096356087.1 Variibacter gotjawalensis
RTM12550.1 Bradyrhizobiaceae bacterium
WP_061979427.1 Bradyrhizobium sp. CCH10-C7

WP_128777219.1 Hansschlegelia zhihuaiae
WP_120006650.1 Roseomonas sp. CPCC 101021

WP_020177236.1 Methyloferula stellata AR4
WP_132031254.1 Aquabacter spiritensis

WP_121623038.1 Xanthobacter tagetidis
OZA91415.1 Azorhizobium sp. 39-67-5
OYX75187.1 Rhizobiales bacterium 32-66-11

WP_131716196.1 Rhizobium leguminosarum bv. viciae
WP_132614597.1 Rhizobium laguerreae

WP_107676517.1 Agrobacterium sp. LAD9
WP_105402428.1 Neorhizobium sp. T7_12
WP_105417228.1 Neorhizobium sp. T25_27

WP_105424612.1 Neorhizobium tomejilense
WP_105438699.1 Neorhizobium sp. T25_13

WP_087003348.1 Rhizobium sullae
2738923181 Rhizobium sullae DSM 14623T

WP_132564939.1 Rhizobium sullae
WP_084606621.1 Rhizobium sullae
WP_080719308.1 Neorhizobium galegae bv. officinalis bv. officinalis str. HAMBI 1141

WP_017992369.1 Rhizobium leguminosarum bv. viciae WSM1481
WP_080685878.1 Rhizobium leguminosarum bv. trifolii WSM1689
WP_132611082.1 Rhizobium laguerreae

WP_077977288.1 Rhizobium laguerreae
WP_131640148.1 Rhizobium laguerreae

WP_131663097.1 Rhizobium laguerreae
WP_020052520.1 Rhizobium leguminosarum bv. viciae 248

OYU16138.1 Alphaproteobacteria bacterium PA4
TAJ39666.1 Reyranella sp.

ABGCNOAJ_00564 Rhizobiales bacterium UBA3134 
FJIBACGF_00051 Hyphomonadaceae bacterium UBA4763 
HJIPOLIP_01427 Hyphomonadaceae bacterium UBA684 

WP_088915432.1 Porphyrobacter sp. CACIAM 03H1
WP_067407179.1 Erythrobacteraceae bacterium CCH12-C2
WP_066526795.1 Erythrobacter sp. CCH5-A1
WP_086739787.1 Porphyrobacter colymbi
WP_073977206.1 Porphyrobacter donghaensis
WP_081097445.1 Porphyrobacter donghaensis
WP_081096524.1 Porphyrobacter donghaensis

OQW48855.1 Proteobacteria bacterium SG_bin6
JJOANKIA_00062 Sphingomonadales bacterium UBA7471 

WP_033926267.1 Sphingomonas sp. 35-24ZXX
WP_110299447.1 Blastomonas natatoria

2742425249 Blastomonas sp. CACIA14H2
WP_116969333.1 Blastomonas sp. UPD001

WP_066119137.1 Blastomonas sp. CCH2-A2
FDHKCLAD_00645 Blastomonas sp. UBA7677 
2710037827 Sphingomonadales bacterium RIFCSPHIGHO2_01_FULL_65_20
WP_082751233.1 Blastomonas sp. CCH1-A6

PPD16893.1 Methylobacterium sp.
WP_054111222.1 Brevundimonas sp. AAP58

WP_029416223.1 Brevundimonas bacteroides DSM 4726
OYW38056.1 Brevundimonas sp. 12-68-7
OYX32960.1 Brevundimonas subvibrioides
WP_054127901.1 alpha proteobacterium AAP81b

OYY79649.1 Sphingomonas sp. 28-62-20
OYY69999.1 Sphingomonas sp. 28-63-12
OQW43505.1 Proteobacteria bacterium SG_bin5

OQW80466.1 Proteobacteria bacterium ST_bin14
OYY64231.1 Sphingomonas sp. 28-62-11
OYX39514.1 Sphingomonas sp. 32-62-10
PZP05693.1 Sphingomonas hengshuiensis
BPMCJIJK_01987 Sphingomonas sp. UBA5191 
ODMOLAHD_01271 Sphingomonas sp. UBA4766 
NECMEDID_02496 Sphingomonas sp. UBA7901 

OQW76065.1 Proteobacteria bacterium ST_bin13
OYY79416.1 Sphingomonas sp. 28-62-20

WP_082357212.1 alpha proteobacterium AAP81b
WP_066650902.1 Sphingomonas sp. CCH10-B3

WP_082547059.1 Rhizobium sp. Root149
OQW74749.1 Proteobacteria bacterium ST_bin14
WP_054121731.1 Novosphingobium sp. AAP93

OQW44772.1 Proteobacteria bacterium SG_bin6
WP_056285605.1 Methylobacterium sp. Leaf108
WP_055882527.1 Methylobacterium sp. Leaf399
WP_056410724.1 Methylobacterium sp. Leaf466
WP_066610820.1 Bosea sp. PAMC 26642

WP_091830002.1 Bosea lupini
WP_092158614.1 Bosea sp. DSM 18164
WP_026605405.1 Methylobacterium sp. 190mf

2574220494 Methylobacterium komagatae DSM 19563
RUP16787.1 Methylobacterium sp.
WP_043378364.1 Methylobacterium sp. UNCCL125

WP_082912213.1 Methylorubrum populi
WP_091949949.1 Methylorubrum salsuginis
WP_081948701.1 Methylobacterium sp. UNCCL125

RUP14212.1 Methylobacterium sp.
WP_100793892.1 Methylobacterium sp. XJLW

WP_068183121.1 Rhizobiales bacterium CCH3-A5
WP_054142799.1 Bosea sp. AAP35

PZP38553.1 Azospirillum brasilense
PPC84188.1 Hyphomicrobium sp.

PPD28161.1 Hyphomicrobium sp.
NP_924112.1 Gloeobacter violaceus PCC 7421

WP_106871997.1 filamentous cyanobacterium CCP4
WP_106922313.1 filamentous cyanobacterium CCP3

WP_015123491.1 Synechococcus sp. PCC 6312
RMF66242.1 Cyanobacteria bacterium J069
WP_017285540.1 Leptolyngbya boryana NIES-2135

RNJ65496.1 Leptolyngbya sp. IPPAS B-1204
2022830317 Leptolyngbya sp. JSC-1

WP_036536226.1 Neosynechococcus sphagnicola sy1
WP_096643645.1 Calothrix brevissima NIES-22
WP_006530645.1 Gloeocapsa sp. PCC 73106

WP_096684486.1 Calothrix sp. NIES-4071
WP_019497508.1 Calothrix sp. PCC 7103
WP_012626898.1 Cyanothece sp. PCC 7425

WP_106300830.1 Chamaesiphon polymorphus CCALA 037
WP_015328871.1 Chamaesiphon minutus PCC 6605
PZO36645.1 Pseudanabaena frigida

PZU96113.1 Pseudanabaena sp.
WP_015215308.1 Anabaena cylindrica PCC 7122

IIHAACAB_02649 Salinisphaera sp. UBA1666 
WP_126128316.1 Undibacterium parvum

PPC90581.1 Methylobacter sp.
WP_083525183.1 Roseateles depolymerans
WP_087468190.1 Cellvibrio sp. PSBB006

2642371776 Pseudomonas rhodesiae BS2777
WP_073672967.1 Pseudomonas aeruginosa

WP_123891012.1 Pseudomonas sp. SSM26
WP_082412261.1 Pseudomonas aeruginosa
EIKNABCL_03916 Pseudomonas stutzeri 

HDLLLDBC_00795 Marinagarivorans sp. UBA5868 
WP_072898076.1 Hydrocarboniphaga daqingensis

WP_008247273.1 Limnobacter sp. MED105
JPAICNGN_00345 Limnobacter sp. UBA3510 
KODOFLJI_02317 Limnobacter sp. UBA3528 

PZO14891.1 Betaproteobacteria bacterium
RZO93560.1 Limnobacter sp.
BALHKPJO_02287 Limnobacter sp. UBA1615 
PBHOANDJ_00715 Limnobacter sp. UBA3355 
MDAHOPLH_01421 Limnobacter sp. UBA6514 
NEAGCEIP_00656 Limnobacter sp. UBA7229 
JLJOIIOC_00167 Limnobacter sp. UBA7305 
AHDDGNJM_00300 Limnobacter sp. UBA882 

0 .537772

Supplementary Figure 1
Maximum likelihood phylogeny of Cld lineage 2.



WP_081985484.1 Halopiger salifodinae
PSQ24312.1 Halobacteriales archaeon QS_8_65_32

WP_120245385.1 Halopiger aswanensis
2597407357 Nitrospira marina Nb-295

2722016695 Deltaproteobacteria bacterium GWC2_42_11
GWC2_42_11_v2_00890 Deltaproteobacteria bacterium GWC2_42_11

OQW30075.1 Nitrospira sp. SG-bin1
WP_080878796.1 Nitrospira sp. ND1
BJJGAIDI_00517 Nitrospira sp. UBA2083 

WP_087474101.1 Nitrospira cf. moscoviensis SBR1015
TAJ10551.1 Nitrospirae bacterium

TAL11605.1 Nitrospirae bacterium
OQW57909.1 Nitrospira sp. ST-bin4

WP_121988444.1 Nitrospira lenta
TAJ29433.1 Nitrospirae bacterium

WP_121990841.1 Nitrospira lenta
KXK05543.1 Nitrospira sp. OLB3

WP_013247962.1 Nitrospira defluvii
KBFGPDNB_02599 Nitrospira sp. UBA7240 
KMNJAAJO_00651 Nitrospira sp. UBA667 
HPMDKKJN_01190 Nitrospira sp. UBA4129 
WP_080878301.1 Nitrospira sp. ND1
OYT22258.1 Nitrospira sp. UW-LDO-02

WP_083447793.1 Nitrospira moscoviensis
ILIPIBJJ_00678 Nitrospira sp. UBA6488 
FBJNCIFC_01898 Nitrospira sp. UBA6493 

WP_121990840.1 Nitrospira lenta
OQW63606.1 Nitrospira sp. ST-bin5

OAI47376.1 Nitrospira sp. SCGC AG-212-E16
PPHHBDHP_02151 Nitrospira sp. UBA6909 

JHDJKBNB_00471 Nitrospira sp. UBA2082 
WP_062484729.1 Candidatus Nitrospira inopinata

WP_087475795.1 Nitrospira cf. moscoviensis SBR1015
OQW65017.1 Nitrospira sp. ST-bin4
WP_080886974.1 Nitrospira japonica

JILOEDIG_03287 Nitrospira sp. UBA5699 
GBL40271.1 Nitrospirae bacterium
PHX89999.1 Nitrospirae bacterium

BJJGAIDI_00476 Nitrospira sp. UBA2083 
OQW34445.1 Nitrospira sp. SG-bin1

WP_090894365.1 Candidatus Nitrospira nitrificans
OYT19996.1 Nitrospira sp. UW-LDO-01
WP_090748067.1 Candidatus Nitrospira nitrosa
LDOHFDBI_02812 Nitrospira sp. UBA5698 
AEENEKKJ_03116 Nitrospira sp. UBA5702 
WP_086426037.1 Nitrospira cf. moscoviensis SBR1015
OCGGJALP_00428 Nitrospira sp. UBA7655 

GPB-2_03483 Sedimenticola GPB-2
WP_046859302.1 Sedimenticola thiotaurini
GPB-1_03578 Sedimenticola GPB-1

PLX36793.1 Rhizobiales bacterium
PLX32687.1 Rhizobiales bacterium

WP_084610243.1 Sedimenticola selenatireducens DSM 17993
WP_082640979.1 Marinobacter sp. P4B1
2515089139 Sedimenticola sp. CUZ
TVO68317.1 Sedimenticola selenatireducens
TVT60916.1 Sedimenticola selenatireducens
TVT51507.1 Sedimenticola thiotaurini

WP_041963824.1 Sulfurospirillum cavolei NBRC 109482
PLY08081.1 Arcobacter sp.
PNV81970.1 Sulfurimonas sp.
KHG32899.1 Sulfurospirillum sp. MES
PLY04035.1 Arcobacter sp.
PLY10187.1 Sulfurimonas sp.
2508518473 Arcobacter sp. CAB

WP_093359539.1 Tropicimonas isoalkanivorans
WP_111420296.1 Rhodoplanes roseus

WP_111355613.1 Rhodoplanes elegans
WP_111385209.1 Rhodoplanes piscinae
WP_129611729.1 Rhodoplanes piscinae

WP_085375481.1 Magnetospirillum sp. ME-1
2508534224 Magnetospirillum sp. WD

2546886171 Magnetospirillum bellicus VDY
BPB-1_04326 Rhodocyclaceae BPB-1
WP_009867516.1 Magnetospirillum magnetotacticum MS-1

2508503837 Dechlorobacter hydrogenophilus LT-1
WP_128003438.1 Piscinibacter defluvii

2506669054 Dechloromonas agitata CKB
2510552545 Ideonella dechloratans Anox B, ATCC 51718
WP_013516316.1 Alicycliphilus denitrificans BC
RFC31711.1 Candidatus Nitrotoga sp. SPKER
RFC38921.1 Candidatus Nitrotoga sp. LAW

2546910700 Azospirillum sp. TTI
WP_109121398.1 Azospirillum sp. TSO22-1

2546910716 Azospirillum sp. TTI
2508503821 Dechlorobacter hydrogenophilus LT-1
2737726584 Betaproteobacteria bacterium JGI_MCM14ME238 (contamination screened)
2739476536 Betaproteobacteria bacterium JGI_MCM14ME250 (contamination screened)

RFC39016.1 Candidatus Nitrotoga sp. CP45
RFC35011.1 Candidatus Nitrotoga sp. SPKER
RFC32023.1 Candidatus Nitrotoga sp. MKT
RFC36918.1 Candidatus Nitrotoga sp. LAW
TVO55901.1 Denitromonas halophilus
TVO63322.1 Denitromonas halophilus

TVO76131.1 Denitromonas halophilus
TVT47619.1 Denitromonas halophilus
TVT77518.1 Denitromonas halophilus
TVT70052.1 Denitromonas halophilus

2510564265 Propionivibrio militaris MP
WP_011288310.1 Dechloromonas aromatica RCB
WP_014235269.1 Dechlorosoma suillum PS

WP_023445619.1 Pseudomonas chloritidismutans AW-1
PKO89333.1 Betaproteobacteria bacterium HGW-Betaproteobacteria-12
WP_090287485.1 Nitrosomonas mobilis
TVT31469.1 Marinobacter vinifirmus

2510563983 Dechloromarinus chlorophilus NSS
2510560149 Shewanella algae ACDC
2508531180 Pseudomonas sp. PK
2547094685 Pseudomonas sp. PDA
PLX70944.1 Azoarcus sp.
TVT61920.1 Pseudomonas sp.
TVT52037.1 Azoarcus sp. PHD
WP_108241476.1 Pseudomonas stutzeri

0 .491139

Supplementary Figure 2
Maximum likelihood tree of Cld lineage 1.
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Description of Supplementary Figure 3 
 
This figure shows the association of Cld with genes for reactive chlorine species response. 
 
Panel A is a schematic diagram illustrating why Cld, having chlorite as a substrate, would be 
associated with HOCl and genes for repairing HOCl-mediated oxidative damage: HOCl is 
produced from the reduction of chlorite and may be a major source of oxidative damage in 
chlorite reduction. Panel B shows the frequency of reactive chlorine species response genes 
found with Cld, in number of genes detected. Panel C shows the Cld genomic neighborhoods 
including reactive chlorine species response genes. Together these data show how widespread 
known genes for reactive chlorine species response are within Cld genomic neighborhoods. 
 
An important component of reactive chlorine species response in need of further definition is 
the methionine sulfoxide reductase system. Hypochlorous acid most rapidly and specifically 
oxidizes sulfur atoms in amino acids, converting methionine to methionine sulfoxide and 
progressively oxidizing cysteine to sulfenic acid (1, 2). Methionine is regenerated by methionine 
sulfoxide reductases: MsrA, MsrB, and MsrP (formerly YedY) (3-5). The importance of MsrP 
reductases is evident from their being the most common beneficial genes in chlorite stress 
conditions (6), but MsrP and Mrp – a methionine rich peptides that scavenges hypochlorous 
acid and chlorite is sometimes co-expressed with MsrP (5) – are poorly defined. 
 
New putative Mrp were defined by fitting a normal distribution to the mean Met content of all 
protein subfamilies in Cld genomic neighborhoods and selecting small proteins with exceptional 
Met content (p< 0.00001, >8.7% Met) found with MsrA, MsrB, or MsrP. Panel D shows the 
distribution of the mean methionine content in protein subfamilies (% methionine) used to 
define methionine rich peptides (Mrp). The phylogenetic relationships between proteins in the 
methionine sulfoxide reductase system were investigated using a network analysis, shown in 
panel E. Unlike Msr enzymes, Mrp formed multiple distinct groups that had no significant 
sequence similarity to one another, indicating these short HOCl-scavenging peptides might have 
evolved independently multiple times. These peptides may be like other short peptides that 
evolved de novo, from noncoding sequences (7). 
 
MsrP methionine sulfoxide reductases belong to a larger family of proteins, the sulfite oxidase 
family of molybdopterin enzymes (Pfam 00174), which has several conserved domains of 
unknown function. To define which proteins in the sulfite oxidase family act as methionine 
sulfoxide reductases, proteins found with Cld were placed into a maximum likelihood 
phylogenetic tree of Pfam 00174 including proteins from representative proteomes. Extending 
a previous analysis using Mrp (5), nodes in the tree were further annotated if Mrp, a substrate 
of MsrP, was found within 5 genes of the molybdopterin domain gene. Panel F shows a version 
of the tree with each annotation: proteins found with Cld (left tree) or Mrp (right tree) are 
highlighted blue, and clades are highly by their conserved domain annotation. These genomic 
signatures of activity span the breadth of both conserved domains that contain characterized 
methionine sulfoxide reductases: MsrP from Azospira suillum PS (cd_02108) and MsrP from 
Escherichia coli and Rhodobacter sphaeroides (cd_02107) (4, 5, 8). The occurrence of Cld and 



Mrp were found in other clades that could be methionine sulfoxide reductase or are traditional 
sulfite oxidases. This could be spurious, but a potential functional link between sulfite oxidases 
and Cld may be related to the involvement of sulfite oxidases in recycling sulfur oxidized by 
reactive oxidants (9). 
 
Supplemental Methods 
 
Identification of chlorite dismutase (Cld) 
 
BLASTP was used to identify Cld in genomes. with RefSeq preferred. BLASTP was used to identify 
metagenomic Cld in JGI IMG/M among the largest metagenomes consisting of 90% of proteins in 
each “Ecosystem Category.” Metagenome-assembled genomes in the Uncultivated Bacteria and 
Archaea (UBA) dataset were searched directly with profile-HMMs (10). The query proteins 
(accession, bitscore threshold) used in the BLASTP search were Cld from Dechloromonas agitata 
(AAM92878.1, 125), Nitrospina gracilis (WP_005007586.1, 150), Sandarakinorhabdus 
cyanobacteriorum (WP_094475098.1, 60), and Pseudomonas stutzeri (WP_026084028.1, 100). 
All Cld identified with BLASTP were confirmed with profile-HMMs using HMMER version 3.2.1 
and bitscore thresholds of 90 (all Cld), 100 (lineage 1 Cld), and 90 (lineage 2 Cld).  
 
Genomic data and metadata were downloaded and processed using custom scripts. No criteria 
were used to exclude genomes, but metagenome-assembled genomes discussed in the results 
were manually evaluated for whether the contig containing Cld was correctly assigned to that 
genome.   
 
The fraction of a taxonomic group encoding Cld was determined by comparing the number of 
RefSeq genomes with the cld gene to the total number of RefSeq genomes available within each 
taxonomic group (https://github.com/kblin/ncbi-genome-download). The detection of Cld in 
different environments was compared using the number of cld copies per million total coding 
domain sequences (CDS) obtained from IMG/M metagenome metadata. Due to inconsistent 
definitions of environments in IMG/M, metadata were used to assign each metagenome to a 
custom environmental category. 
 
Phylogenetics 
 
Proteins in the DMSO reductase family of molybdopterin enzymes, which might function as 
perchlorate and chlorate reductases, were identified using a profile-HMM built from the seed 
alignment of Pfam 00384 and a bitscore threshold of 200 (11, 12). A maximum likelihood 
phylogenetic tree was constructed from those proteins encoded near cld and a curated set of 
proteins from Pfam 00384 proteins in representative proteomes at the 15% comembership 
threshold. The curated set of proteins were constructed as follows: incomplete proteins were 
excluded using a size threshold of 300 amino acids, the size of dataset was reduced while 
maintaining diversity by clustering proteins at 50% amino acid identity using CD-HIT. Only 
positions in the alignment where a majority of proteins had residues were kept. The tree was 
constructed, plotted, and grouped into clades as above. 



 
Phylogenetics of the chlorite dismutase protein family are described in the main text. 
 
Comparative genomics 
 
In select instances, genes were compared to fitness experiments using chlorite and chlorate on 
the Fitness Browser (fit.genomics.lbl.gov) described in Price et. al 2018. That paper describes 
genetics experiments comparing the fitness of individuals within pooled transposon insertion 
libraries (i.e. populations where different cells have different genes disrupted by transposons) 
between different conditions. Chlorite and chlorate would be considered stress conditions, and 
individuals in the population do relatively worse if a transposon disrupts a gene important for 
mitigating that stress. 
 
The main text describes the clustering coefficient, a property of a node in networks. The 
clustering coefficients is defined as the fraction of possible edges between a node’s neighbors 
that have been realized. For example, a node is connected to 3 neighbor nodes has only 3 
possible total edges between the neighbors; if there is only 1 edge between its neighbor nodes, 
the node’s clustering coefficient equals 1 divided by 3. For a gene in a Cld genomic 
neighborhood, the clustering coefficient quantifies how many different sets of genes the gene 
is found with. With enough observations, this statistic easily differentiates a gene always found 
with the same genes (e.g. a large biosynthetic operon) from a gene found repeatedly with 
various genes (e.g. a transposase). 
 
Additional information about subfamily notation: The two major lineages of Cld were manually 
split into separate subfamilies. All other subfamilies were numbered in order of their size in this 
dataset.  
 
Description of Supplementary Data 
 
Supplementary Data 1 contains information on genes found within Cld genomic neighborhoods, 
defined as genes within +/- 10 genes of Cld. This data, with protein sequences, should enable 
the reproduction of results reported in this paper. Key information includes the accessions and 
coordinates of genes, annotation of the gene, the taxonomic assignment of genomes or 
scaffolds, clustering of proteins into groups, and clustering of neighborhoods into groups. 
Additional data on groups of proteins is found in Supplementary Data 2 
 
Supplementary Data 2 contains descriptions of protein subfamilies found in Cld genomic 
neighborhoods. Protein subfamilies are the result of clustering proteins together based on 
homology and were used to compare the composition of Cld genomic neighborhoods from 
different organisms. The clustering coefficient can be used to identify sequences with the 
strongest association to Cld and therefore the likeliest involved in the biology of oxidized 
chlorine: lower clustering coefficients indicate a stronger association. 
 



cld-genomic-neighborhood-proteins.faa.gz is a gzipped FASTA file containing all protein 
sequences identified within Cld genomic neighborhoods. This data and Supplementary Data 1 
would enable reproduction of this analysis. 
 
cld-tree.tar.gz contains the Cld phylogenetic tree for this dataset and the sequences and 
alignments used to build the tree. 
 
profile-hmms.tar.gz contains the profile hidden Markov models used in this work. 
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