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Supplementary Fig. 1: Reference phylogeny of the Firmicutes with mapping of 
sporulation-associated proteins, SEDS, and bPBP homologs. Maximum likelihood 
tree of the Firmicutes based on a supermatrix containing 497 taxa and 3,776 amino 
acid characters. The tree was inferred with IQ-TREE 1.6.3 using the LG+I+G4 
model. Values on the nodes correspond to ultrafast bootstraps computed on 1000 
replicates. Halanaerobiales, Limnochordia, Negativicutes, Bacilli, and Clostridia are 
colored purple, orange, pink, blue, and black, respectively, in the tree. In red are 
highlighted B. subtilis and C. difficile. On the tree are mapped, respectively: the 
presence of spo0A and spoIIE; the presence of all SEDS glycosyltransferases and 
bPBP homologs found in the genome; the presence of ftsW/spoVE and ftsI/spoVD 
found in the dcw cluster; the presence of rodA and mrdA in pair; and the presence of 
the ftsW and pycA in synteny in the genome. For accession numbers and taxonomy 
information, see Supplementary Data 2. 
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Firmicutes;Bacilli;Lactobacillales;Lactobacillaceae~278197_Ppentosaceus@ABJ68353.1|

Firmicutes;Bacilli;Lactobacillales;Aerococcaceae~89093_Iruoffiae@SEP56589.1|

Firmicutes;Bacilli;Lactobacillales;Aerococcaceae~84521_Dpaucivorans@PMB84513.1|

Firmicutes;Bacilli;Lactobacillales;Aerococcaceae~1121871_Ecoleocola@AUAT01000001.1_105|

Firmicutes;Bacilli;Lactobacillales;Aerococcaceae~1121925_Gsulfidifaciens@SJZ64542.1|

Firmicutes;Bacilli;Lactobacillales;Aerococcaceae~883111_Fhominis@EKB56158.1|

Firmicutes;Bacilli;Lactobacillales;Aerococcaceae~592010_Adefectiva@ESK66481.1|

Firmicutes;Bacilli;Lactobacillales;Aerococcaceae~866775_Aurinae@AEA00553.1|

Firmicutes;Tissierellia;NA;NA~1955060_Ssp@OUL08138.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~640938_Tilyis@CZQ91941.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~1903686_Jsp@APZ48574.1|

Firmicutes;Bacilli;Lactobacillales;Enterococcaceae~1121105_Bseileri@ATXL01000015.1_33|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~1336234_Aphocae@JAGN01000007.1_4|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~1121025_Asuicloacalis@SHE77103.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~1121025_Asuicloacalis@SHE79450.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~1120978_Aseminis@KB894084.1_9|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~883081_Aotitis@EKU93704.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~883103_Dpigrum@EHR34348.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~191770_Mpsychrotolerans@SDC45557.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~426702_Apelagium@SEL09960.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~1121024_Atabaci@AUCD01000030.1_17|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~1122143_Lnaphtae@AUEG01000005.1_36|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~137733_Gbalaenopterae@SER08122.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~745365_Phalotolerans@SFH65028.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~82801_Dincerta@SFQ35111.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~2748_Cdivergens@AOA00540.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~142588_Imelis@SER53645.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~142588_Imelis@SES05013.1|

Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae~2748_Cdivergens@ANZ99592.1|

Firmicutes;Bacilli;Bacillales;Listeriaceae~2756_Bthermosphacta@ANZ95749.1|

Firmicutes;Bacilli;Bacillales;Listeriaceae~169963_Lmonocytogenes@CAD00900.1|

Firmicutes;Bacilli;Bacillales;Listeriaceae~2756_Bthermosphacta@ANZ94744.1|

Firmicutes;Bacilli;Bacillales;Listeriaceae~169963_Lmonocytogenes@CAD00505.1|

Firmicutes;Bacilli;Bacillales;Listeriaceae~169963_Lmonocytogenes@CAD00506.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1221996_Qthermotolerans@KKB33309.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1714264_Dantri@OLN22155.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~2478915_Fsp@RLQ96579.1|

Firmicutes;Bacilli;Bacillales;Planococcaceae~394098_Bcecembensis@LN651372.1_26|

Firmicutes;Bacilli;Bacillales;Planococcaceae~394098_Bcecembensis@LN651372.1_27|

Firmicutes;Bacilli;Bacillales;Bacillaceae~550447_Elindanitolerans@SIT89526.1|
Firmicutes;Bacilli;Bacillales;Planococcaceae~1476_Spsychrophila@AMQ04934.1|

Firmicutes;Bacilli;Bacillales;Planococcaceae~2483811_Fsp@VDC19970.1|
Firmicutes;Bacilli;Bacillales;Planococcaceae~1476_Spsychrophila@AMQ04935.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~126156_Ppsychrotolerans@SFQ58397.1|
Firmicutes;Bacilli;Bacillales;Planococcaceae~365346_Pquisquiliarum@SEN06776.1|

Firmicutes;Bacilli;Bacillales;Planococcaceae~2020506_Thominis@OZS77960.1|
Firmicutes;Bacilli;Bacillales;Planococcaceae~2041346_Cexcrementi@PJK15786.1|

Firmicutes;Bacilli;Bacillales;Planococcaceae~1002809_Ssilvestris@BAK14829.1|Firmicutes;Bacilli;Bacillales;Planococcaceae~33978_Ctenue@OCS84497.1|Firmicutes;Bacilli;Bacillales;Bacillaceae~444177_Lsphaericus@ACA41774.1|Firmicutes;Bacilli;Bacillales;Planococcaceae~51173_Uthermosphaericus@AP018335.1_259|Firmicutes;Bacilli;Bacillales;Planococcaceae~241244_Rstabekisii@AMX00180.1|Firmicutes;Bacilli;Bacillales;Planococcaceae~1033740_Ksenegalensis@HE611069.1_22|Firmicutes;Bacilli;Bacillales;Planococcaceae~263475_Varvi@KOO47404.1|Firmicutes;Bacilli;Bacillales;Planococcaceae~192421_Pmaritimus@KYG57406.1|Firmicutes;Bacilli;Bacillales;Planococcaceae~244_Pokeanokoites@QQRS01000004.1_23|
Firmicutes;Bacilli;Bacillales;Planococcaceae~1508404_Jmalaysiensis@AJD90121.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1121917_Cdebilis@KB912879.1_240|
Firmicutes;Bacilli;Bacillales;Bacillaceae~1401258_Tdevorans@KI543238.1_423|

Firmicutes;Bacilli;Bacillales;Bacillaceae~570947_Sflavidum@SIS40125.1|
Firmicutes;Bacilli;Bacillales;Staphylococcaceae~1232430_Nmassiliensis@CAVG010000025.1_17|

Firmicutes;Bacilli;Bacillales;Staphylococcaceae~1461582_Jsaudimassiliensis@CEA03364.1|
Firmicutes;Bacilli;Bacillales;Staphylococcaceae~407035_Shalodurans@AKG74773.1|

Firmicutes;Bacilli;Bacillales;Staphylococcaceae~930138_Apersicus@SEW08789.1|

Firmicutes;Bacilli;Bacillales;Staphylococcaceae~1817405_Aalbus@RPF56411.1|

Firmicutes;Bacilli;Bacillales;Staphylococcaceae~1849491_Aindicus@AQL55728.1|

Firmicutes;Bacilli;Bacillales;Staphylococcaceae~458233_Mcaseolyticus@BAH18449.1|

Firmicutes;Bacilli;Bacillales;Staphylococcaceae~93061_Saureus@ABD31353.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1473_Vpantothenticus@KNE18694.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~221109_Oiheyensis@BAC12605.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~930117_Ohalophilus@SHG14954.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1494959_Pauburnensis@PXW87862.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1494959_Pauburnensis@PXW87863.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~407036_Salbus@SDK28640.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~2042310_Ssp@OEQK01000003.1_424|

Firmicutes;Bacilli;Bacillales;Bacillaceae~224308_Bsubtilis@CAB15838.1|

Firmicutes;Bacilli;Bacillales;Sporolactobacillaceae~1674942_Ccaldisaponilyticus@BDDQ01000003.1_48|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1122940_Pglobulus@AXVK01000001.1_204|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1472767_Lamyloliquefaciens@ALX48620.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~407036_Salbus@SDJ86717.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~866895_Hhalophilus@CCG44676.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1385511_Pmarinus@KE384331.1_92|

Firmicutes;Bacilli;Bacillales;Bacillaceae~386490_Tgoriensis@AIF66091.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~930114_Spersicus@RCW69753.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~531814_Gureilyticus@SER87189.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~2213194_Psp@CP029797.1_914|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1121936_Hhalophilus@AUHI01000004.1_15|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1193119_Ahaloalkaliphilus@AKIF01000004.1_17|

Firmicutes;Bacilli;Bacillales;Bacillaceae~237069_Tmultivorans@SDN82205.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~571933_Phalophilus@SEP84819.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~485577_Aelongatus@RPF52120.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~2042310_Ssp@OEQK01000004.1_196|

Firmicutes;Bacilli;Bacillales;Bacillaceae~237682_Skushneri@SEU02734.1|

Firmicutes;Bacilli;Bacillales;NA~262543_Esibiricum@ACB61491.1|

Firmicutes;Bacilli;Bacillales;Sporolactobacillaceae~1123405_Tcalidus@AUMM01000040.1_27|

Firmicutes;Bacilli;Bacillales;Sporolactobacillaceae~1674942_Ccaldisaponilyticus@BDDQ01000013.1_26|

Firmicutes;Bacilli;Bacillales;Sporolactobacillaceae~269670_Snakayamae@SFG37007.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1426_Pthermoglucosidasius@KJX70323.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~420246_Gthermodenitrificans@ABO66093.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~491915_Aflavithermus@ACJ34468.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1632858_Msenegalense@LN831786.1_174|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1017270_Fenclensis@KSU84873.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~157733_Amacyae@KMM38881.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~2171751_Ptheae@PWA12690.1|

Firmicutes;Bacilli;Bacillales;Sporolactobacillaceae~342944_Sqinghaiensis@RKD75650.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1371_Mhalophilus@OZT80036.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~930128_Airanensis@SFE71439.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1884432_Shalotolerans@SFP75027.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1123239_Skocurii@KB898623.1_286|

Firmicutes;Bacilli;Bacillales;NA~1460649_Gsp@GAJ99245.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~549003_Nhalophilus@SDI57917.1|

Firmicutes;Bacilli;Bacillales;NA~1460649_Gsp@GAJ99244.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~444177_Lsphaericus@ACA38537.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~444177_Lsphaericus@ACA38719.1|

Firmicutes;Bacilli;Bacillales;Planococcaceae~263475_Varvi@KOO52160.1|

Firmicutes;Bacilli;Bacillales;Sporolactobacillaceae~269670_Snakayamae@SFG93307.1|

Firmicutes;Bacilli;Bacillales;Sporolactobacillaceae~269670_Snakayamae@SFG93690.1|

Firmicutes;Bacilli;Bacillales;NA~1321820_Gbergeri@ERK56119.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~386490_Tgoriensis@AIF67303.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1123313_Fpleomorphus@ATUT01000022.1_15|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~518637_Hbiformis@EEC89535.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1862672_Dnewyorkensis@OLU47587.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1702221_Frodentium@AMK53153.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1050201_Astercoricanis@KB913034.1_1691|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1862668_Ivalens@OLU40697.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1871030_Mmassiliensis@LT699726.1_228|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1522_innocuum@KGJ54346.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~428127_Adolichum@EDP11577.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1034346_Dfastidiosa@HE578931.1_77|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1903263_Tmassiliensis@LT629967.1_304|

Firmicutes;Bacilli;Lactobacillales;Lactobacillaceae~1410674_Sazabuensis@JNKU01000055.1_10|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~451640_Cmitsuokai@EEF92391.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1410657_Kvitulina@JNKN01000031.1_17|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~999415_Ecatenaformis@EMD16027.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1574263_CStoquefichus@KXU45536.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1776392_Mtimonensis@OUQ33388.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1585974_Bmassiliensis@CDPP01000004.1_569|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~2293086_Csp@RGI02875.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1211819_Hmassiliensis@HE998570.1_177|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~650150_Erhusiopathiae@BAK31078.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~702450_Tsanguinis@EFF64399.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~442899_Halkaliphilus@SFO81347.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~621096_Ssalinus@PXW93142.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1612202_Palkalitolerans@SDC29466.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~698758_Axylanus@BAM47901.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1464123_Shaloalkalitolerans@SES14142.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~76935_Sagaradhaerens@KV917378.1_3579|

Firmicutes;Bacilli;Bacillales;Bacillaceae~200989_Asaliphilus@PTL39787.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~986075_Cthermarum@EGL83580.1|

Firmicutes;Bacilli;B
acillales;Thermoactinomycetaceae~714067_Keburnea@SIT13474.1|

Firmicutes;Bacilli;B
acillales;Thermoactinomycetaceae~997346_Dsp@EGK12802.1|

Firmicutes;Bacilli;B
acillales;Thermoactinomycetaceae~1236220_Mthermohalophilus@SDB94673.1|

Firmicutes;Bacilli;B
acillales;Thermoactinomycetaceae~1642702_Phalophilum@OYD07709.1|

Firmicutes;Bacilli;B
acillales;Thermoactinomycetaceae~1048340_Mmesophilum@SDW12608.1|

Firmicutes;Bacilli;B
acillales;Thermoactinomycetaceae~2026_Tvulgaris@KPC74768.1|

Firmicutes;Bacilli;B
acillales;Thermoactinomycetaceae~37482_Lsacchari@AUS09426.1|

Firmicutes;Bacilli;B
acillales;Thermoactinomycetaceae~1173111_Lthermophila@SEN05846.1|

Firmicutes;Bacilli;B
acillales;Thermoactinomycetaceae~1471761_Nthermophilus@AQS55449.1|

Firmicutes;Bacilli;B
acillales;Bacillaceae~1522315_Nmassiliense@CTDZ01000009.1_850|

Firmicutes;Bacilli;B
acillales;NA~1390249_Dstibiiarsenatis@OEH84477.1|

Firmicutes;Bacilli;B
acillales;Paenibacillaceae~670482_Fpanacisegetis@SDF25659.1|

Firmicutes;Bacilli;B
acillales;Paenibacillaceae~979226_Cpanacarvi@KI911563.1_1197|

Firmicutes;Bacilli;B
acillales;Paenibacillaceae~717605_Tcomposti@AGA58643.1|

Firmicutes;Bacilli;B
acillales;Paenibacillaceae~44251_Pdurus@AIQ14867.1|

Firmicutes;Bacilli;B
acillales;Paenibacillaceae~670482_Fpanacisegetis@SDF88912.1|

Firmicutes;Bacilli;B
acillales;Paenibacillaceae~1280390_Gmassiliense@CBQR020000084.1_13|

Firmicutes;Bacilli;B
acillales;Paenibacillaceae~66863_Aoxalaticus@RKD23205.1|

Firmicutes;Bacilli;B
acillales;Staphylococcaceae~1232430_Nmassiliensis@CAVG010000025.1_16|

Firmicutes;Bacilli;B
acillales;Bacillaceae~33936_Apallidus@JYCD01000144.1_19|

Firmicutes;Bacilli;B
acillales;Paenibacillaceae~358681_Bbrevis@BAH42816.1|

Firmicutes;Bacilli;B
acillales;Bacillaceae~1294024_Csatsumensis@BBCF01000043.1_13|

Firmicutes;Bacilli;B
acillales;Paenibacillaceae~143495_Athermoaerophilus@SDH11235.1|

Firmicutes;Bacilli;B
acillales;Planococcaceae~1476_Spsychrophila@AMQ08138.1|

Firmicutes;Bacilli;B
acillales;Planococcaceae~2483811_Fsp@VDC21038.1|

Firmicutes;Bacilli;B
acillales;Bacillaceae~1631346_Rmassiliense@CVPE01000003.1_266|

Firmicutes;Bacilli;B
acillales;Bacillaceae~1413211_Tdecaturensis@KXG43063.1|

Firmicutes;Bacilli;B
acillales;Bacillaceae~337097_Vmodesticaldus@OEF98040.1|

Firmicutes;Bacilli;B
acillales;Bacillaceae~1484_Hschlegelii@

KWW97332.1|

Firmicutes;Bacilli;B
acillales;NA~2163959_CCarbobacillus@PTQ56744.1|

Firm
icutes;Clostrid

ia;Thermoanaerobacterales;Thermoanaerobacteraceae~933949_Blithotrophica@PTQ52070.1|

Firm
icutes;Bacilli;B

acillales;Bacillales Family X. In
certae Sedis~1089548_Taegyptius@KI783301.1_1862|

Firm
icutes;Bacilli;B

acillales;Alicyclobacillaceae~562970_Ktusciae@ADG05438.1|

Firm
icutes;Bacilli;B

acillales;Alicyclobacillaceae~1120973_Epohliae@AQXL01000116.1_42|

Firm
icutes;Bacilli;B

acillales;NA~1765684_Asulfuroxidans@PWI58937.1|

Firm
icutes;Bacilli;B

acillales;Alicyclobacillaceae~521098_Aacidocaldarius@ACV58072.1|

Firm
icutes;Bacilli;B

acillales;Alicyclobacillaceae~1120973_Epohliae@AQXL01000125.1_43|

Firm
icutes;Bacilli;B

acillales;Alicyclobacillaceae~1120973_Epohliae@AQXL01000135.1_185|

Firm
icutes;Bacilli;B

acillales;Alicyclobacillaceae~1157490_Tflagellatus@KEO83152.1|

Firm
icutes;Bacilli;B

acillales;Alicyclobacillaceae~1157490_Tflagellatus@KEO83984.1|

Limnochordales~1948065_Firm
icutes_bacterium_UBA5474@contig_2686_9

Limnochordales~1948068_Firm
icutes_bacterium_UBA5493@contig_4380_28

Limnochordales~1948057_Firm
icutes_bacterium_UBA5420@contig_4017_45

Limnochordales~1948032_Firm
icutes_bacterium_UBA4996@contig_4279_1

Limnochordales~1948041_Firm
icutes_bacterium_UBA5275@contig_17161_6

Limnochordales~1948055_Firm
icutes_bacterium_UBA5389@contig_18304_6

Limnochordales~1948028_Firm
icutes_bacterium_UBA4980@contig_3835_5

Limnochordales~1948070_Firm
icutes_bacterium_UBA5499@contig_26707_5

Limnochordales~1948060_Firm
icutes_bacterium_UBA5449@contig_1666_149

Limnochordales~1948073_Firm
icutes_bacterium_UBA5516@contig_3026_120

Limnochordales~1948024_Firm
icutes_bacterium_UBA4971@contig_1199_28

Limnochordales~1947953_Firm
icutes_bacterium_UBA2557@contig_448_29

Limnochordales~1948029_Firm
icutes_bacterium_UBA4981@contig_2633_11

Limnochordales~1948100_Firm
icutes_bacterium_UBA6811@contig_10228_4
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AEE14322.1|

Firm
icutes;Tissierellia;Tissierellales;Peptoniphilaceae~525919_Aprevotii@

ACV28903.1|

Firm
icutes;Clostridia;Clostridiales;Clostridiales Fam

ily XIII. Incertae Sedis~938278_Cm
assiliensis@

HE997582.1_195|

Firm
icutes;Clostridia;Clostridiales;NA~1723384_Ftim

onensis@
LN898229.1_22|

Firm
icutes;Tissierellia;NA;NA~1852374_Em

assiliensis@
LT635475.1_184|

Firm
icutes;Tissierellia;Tissierellales;Peptoniphilaceae~883114_Hkunzii@

EHR34416.1|

Firm
icutes;Tissierellia;NA;NA~1118059_Km

assiliensis@
HE978585.1_1229|

Firm
icutes;Tissierellia;Tissierellales;Peptoniphilaceae~1871001_Km

assiliensis@
O

KQ
S01000001.1_217|

Firm
icutes;Tissierellia;Tissierellales;Peptoniphilaceae~1673723_M

m
assiliensis@

FIZW
01000002.1_227|

Firm
icutes;Clostridia;Clostridiales;NA~938289_Lm

assiliensis@
HG

529490.1_558|

Firm
icutes;NA;NA;NA~1871025_Nm

assiliensis@
LT635480.1_991|

Firm
icutes;Tissierellia;Tissierellales;Peptoniphilaceae~33033_Pm

icra@
AIZ37220.1|

Firm
icutes;Tissierellia;Tissierellales;Peptoniphilaceae~1689303_Lm

assiliensis@
CYUO

01000004.1_347|

Firm
icutes;Tissierellia;Tissierellales;Peptoniphilaceae~2041841_M

m
assiliensis@

O
CTQ

01000002.1_321|

Firm
icutes;Tissierellia;Tissierellales;Peptoniphilaceae~334413_Fm

agna@
BAG

08447.1|

Firm
icutes;Tissierellia;Tissierellales;Peptoniphilaceae~1120995_Aam

iniphila@
SHG

97472.1|

Firm
icutes;Tissierellia;Tissierellales;Peptoniphilaceae~997350_Pindolicus@

EG
Y79629.1|

Firm
icutes;Tissierellia;Tissierellales;Peptoniphilaceae~1723382_Um

assiliensis@
LT635492.1_279|

Firm
icutes;Clostridia;Clostridiales;NA~1673724_Nm

assiliensis@
CYUJ01000003.1_410|

Firm
icutes;Tissierellia;NA;NA~1123352_Txylanilyticum

@
SDX25403.1|

Firm
icutes;Tissierellia;Tissierellales;Tissierellaceae~1123404_Tpraeacuta@

SHE27423.1|

Firm
icutes;Tissierellia;Tissierellales;NA~1123281_Sacetigenes@

SHI12122.1|

Firm
icutes;Tissierellia;Tissierellales;Tissierellaceae~1347392_Am

assiliensis@
CCEZ01000018.1_25|

Firm
icutes;Clostridia;Clostridiales;Peptostreptococcaceae~1286171_Pacidam

inophilum
@

AHM
56115.1|

Firm
icutes;Clostridia;Clostridiales;Clostridiaceae~1658111_Im

assiliense@
LN876587.1_237|

Firm
icutes;Clostridia;Clostridiales;Clostridiaceae~1478221_Asedim

inis@
PAB58593.1|

Firm
icutes;Clostridia;Clostridiales;Clostridiaceae~1424294_Gferrireducens@

AOT69096.1|

Firm
icutes;Clostridia;Clostridiales;Clostridiaceae~520762_Tm

etallivorans@
KXG73598.1|

Firm
icutes;Clostridia;Clostridiales;Eubacteriaceae~1121911_Gnitratireducens@

SJZ85664.1|

Firm
icutes;Clostridia;Clostridiales;NA~415015_Pethanoligenes@

SDY62595.1|

Firm
icutes;Tissierellia;Tissierellales;Gottschalkiaceae~1128398_Gacidurici@

AFS77976.1|

Firm
icutes;Tissierellia;Tissierellales;Gottschalkiaceae~39480_Aangusta@

OHW
62134.1|

Firm
icutes;Clostridia;Clostridiales;NA~312168_Am

ultivorans@
SNS64164.1|

Firm
icutes;Clostridia;Clostridiales;Clostridiaceae~426128_Npeptidivorans@

SES82532.1|

Firm
icutes;Clostridia;Clostridiales;Clostridiaceae~293826_Am

etalliredigens@
ABR46564.1|

Firm
icutes;Clostridia;Clostridiales;Hungateiclostridiaceae~1297424_Achartisolvens@

RCX18829.1|

Firm
icutes;Clostridia;Clostridiales;Hungateiclostridiaceae~84032_Ptherm

osuccinogenes@
AUS97501.1|

Firm
icutes;Clostridia;Clostridiales;Hungateiclostridiaceae~398512_Pcellulosolvens@

JQKC01000022.1_96|

Firm
icutes;Clostridia;Clostridiales;Hungateiclostridiaceae~1792311_Pxylanilyticum

@
NPM

L01000018.1_375|

Firm
icutes;Clostridia;Clostridiales;Eubacteriaceae~1120975_Asaccharoferm

entans@
SHE29797.1|

Firm
icutes;Clostridia;Clostridiales;Eubacteriaceae~645887_Abacchi@

RBP65270.1|

Firm
icutes;Clostridia;Clostridiales;Peptococcaceae~51515_Dform

icoaceticum
@

CP022121.1_854|

Firmicutes;Clostridia;Clostridiales;NA~1981510_Mpectinilyticus@
AUO19740.1|

Firmicutes;Clostridia;Clostridiales;Clostridiales Family XII. Incertae Sedis~1048380_Fsp@
GAU79662.1|

Firmicutes;Clostridia;Clostridiales;Clostridiales Family XII. Incertae Sedis~1120920_Ahydrogenoformans@
SCZ77659.1|

Firmicutes;Clostridia;Clostridiales;Hungateiclostridiaceae~203119_Hthermocellum@
ABN54242.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1122184_Lthermophila@
SHJ10615.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacterales Family III. Incertae Sedis~447595_Cacetigignens@
SHM46348.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacteraceae~520764_Fferrireducens@
KXG77704.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacterales Family III. Incertae Sedis~555079_Toceani@
ADL07039.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacteraceae~224999_Tsyntrophicus@
GAQ25393.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacterales Family III. Incertae Sedis~520767_Tgondwanense@
KYO68008.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacteraceae~273068_Csubterraneus@
AAM25147.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacteraceae~580331_Titalicus@
ADD03012.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacterales Family III. Incertae Sedis~580327_Tthermosaccharolyticum@
ADL68190.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacteraceae~1121256_Cfijiensis@
SHF36315.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~566550_Hhathewayi@
EFC95003.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~2053610_Ssp@
HAL60650.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~2292046_Lsp@
RHP34376.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~796943_Oparvum@
EHL12447.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~185007_Pxylanivorans@
SCZ81442.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1122934_Ppaucivorans@
SHI33839.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1712665_Aruminis@
PHU38601.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~515619_rectale@
ACR75404.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1122142_Lbovis@
SDX92321.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1120918_Aruminis@
SFA76032.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~626523_Ssatelles@
EEP28405.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1282887_Lmultipara@
AUJG01000013.1_71|

Firmicutes;Clostridia;Clostridiales;Eubacteriaceae~515620_eligens@
ACR71947.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1619234_Aacetethylicum@
SCP95001.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~585394_Rhominis@
AEN96767.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1720300_Mmassiliensis@
LN913001.1_1605|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~39482_Fcontorta@
CUO49031.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1912855_Fumbilicata@
GBU06362.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1121950_Hstercorisuis@
SHJ21338.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~470146_Ccomes@
EEG89556.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~500632_Tnexilis@
EEA81194.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1653435_Mfaecis@
MIEH01000018.1_151|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~2086584_Msp@
LT990039.1_205|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~411462_Dlongicatena@
EDM62225.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1745713_Bmassiliensis@
LT574836.1_445|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~470146_Ccomes@
EEG89555.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1653434_Sintestinalis@
LGAJ01000020.1_24|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1965548_Dsp@
OUQ43395.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1122155_Llongoviformis@
SHE84558.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~476272_Bhydrogenotrophica@
EEG50631.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1150298_Fsaccharivorans@
CUP17018.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1469948_Kalysoides@
JPNB01000001.1_1355|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~831_Bfibrisolvens@
PWT28203.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~879566_Amuris@SOY31516.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~180332_Rpeoriensis@JTGN01000012.1_77|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~478749_Mformatexigens@EET61042.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1337051_Mintestini@PWJ79367.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~592026_Cmorbi@ESL04397.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~411490_Acaccae@EDR99026.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1329262_Msenegalensis@ROR29424.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~290052_Aethanolgignens@KSV59518.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1120996_Amobilis@SHL94531.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~357809_Lphytofermentans@ABX41714.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1527_Aaminovalerica@SFO68526.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1564487_Hhemicellulosilytica@CRZ33789.1|

Firmicutes;Clostridia;Clostridiales;Defluviitaleaceae~2078660_Vsp@PQDH01000003.1_129|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1658108_Nmassiliensis@LN875035.1_1958|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~642492_Clentocellum@ADZ84084.1|

Firmicutes;Clostridia;Clostridiales;NA~1764963_Esp@OON95223.1|

Firmicutes;Clostridia;Clostridiales;Defluviitaleaceae~1473580_Dphaphyphila@JWID01000002.1_16|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~991789_Apropionicum@AMJ40435.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacterales Family IV. Incertae Sedis~697281_Maustraliensis@AEE97174.1|

Firmicutes;Clostridia;Clostridiales;Caldicoprobacteraceae~1304880_Coshimai@JAGB01000001.1_373|

Firmicutes;Clostridia;Clostridiales;Christensenellaceae~1805714_Cmassiliensis@LT700187.1_496|

Firmicutes;Clostridia;Clostridiales;Catabacteriaceae~270498_Chongkongensis@KKI51731.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1410668_Pruminis@JNKC01000001.1_893|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~994573_Yfragilis@ETA79962.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1650662_Dmassiliensis@LN879455.1_178|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~272562_Cacetobutylicum@AAK78485.1|

Firmicutes;Clostridia;Clostridiales;Hungateiclostridiaceae~394503_Rcellulolyticum@ACL76805.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1658110_Kmassiliensis@LT854636.1_248|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1121331_Hproteolytica@SHJ94642.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1041809_CArthromitus@BAK79215.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~36849_Opfennigii@KPU43431.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1121262_Cproteoclasticus@SHE66259.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~941824_Tcelere@CDF58275.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1403537_Fmetallireducens@EYE88611.1|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~1121423_Dalkaliphilum@JONT01000013.1_79|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~349161_Dreducens@ABO50239.1|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~370438_Pthermopropionicum@BAF59964.1|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~485916_Dacetoxidans@ACV63119.1|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~1121432_Dthermosubterraneus@SHI50426.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacteraceae~1121468_Dthermocuniculi@AUBR01000005.1_40|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~1121472_Dthermophila@AQWN01000014.1_16|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~767817_Dgibsoniae@AGL02236.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacteraceae~264732_Mthermoacetica@ABC19227.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacteraceae~698762_Ttoyohensis@SMB94662.1|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~281456_Tferriacetica@KNZ68740.1|

Limnochordales~1948041_Firmicutes_bacterium_UBA5275@contig_5032_25

Limnochordales~1948055_Firmicutes_bacterium_UBA5389@contig_2604_16

Limnochordales~1948028_Firmicutes_bacterium_UBA4980@contig_2198_16

Limnochordales~1948100_Firmicutes_bacterium_UBA6811@contig_20813_40

Limnochordales~1948058_Firmicutes_bacterium_UBA5435@contig_4089_36

Limnochordales~1948010_Firmicutes_bacterium_UBA4862@contig_1129_24

Limnochordales~1948022_Firmicutes_bacterium_UBA4939@contig_1004_78

Limnochordales~1948070_Firmicutes_bacterium_UBA5499@contig_4919_11

Limnochordales~1948065_Firmicutes_bacterium_UBA5474@contig_4769_27

Limnochordales~1948068_Firmicutes_bacterium_UBA5493@contig_1952_163

Limnochordales~1948057_Firmicutes_bacterium_UBA5420@contig_11981_54

Limnochordales~1947974_Firmicutes_bacterium_UBA3899@contig_71_9

Limnochordales~1947981_Firmicutes_bacterium_UBA3914@contig_259_8

Limnochordales~1948032_Firmicutes_bacterium_UBA4996@contig_1022_124

Firmicutes;Limnochordia;Limnochordales;Limnochordaceae~1555112_Lpilosa@BAS27443.1|

Firmicutes;Tissierellia;Tissierellales;Tissierellaceae~1870994_Utimonensis@FQLW01000006.1_567|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacteraceae~1089553_Tphaeum@AFV11634.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacterales Family III. Incertae Sedis~499207_Sschinkii@CEO89412.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~112903_Pvibrioides@SEO30657.1|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~1351585_Lbutyrica@VBB07938.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1120985_Aburkinensis@AUMI01000015.1_106|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1120992_Aacidaminophila@KB894591.1_106|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1192197_Pfermentans@AJQ27435.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~146817_Dquercicolus@SDL68696.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~112900_Sacidovorans@SDD41615.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1930071_Manaerophila@BBB93036.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1123285_Sthermophilus@SDF40384.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~401526_Tcarboxydivorans@EAX48601.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1009370_Alongum@EGO63256.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1794912_Asubterranea@KYZ77202.1|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~500635_Mmultacida@EEX69901.1|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~971_Sruminantium@DFHU01000063.1_78|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~888060_Cperiodontii@EGK57904.1|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~1120997_Alipolyticus@SHI72876.1|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~1123243_Ssuccinivorans@SHE79569.1|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~1123511_Praffinosivorans@KB905853.1_28|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~742816_Mfuniformis@EHR38446.1|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~1806837_Mmassiliensis@LT575483.1_95|

Firmicutes;Clostridia;Clostridiales;Gracilibacteraceae~1734398_Gsp@KUO65779.1|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~871738_Drestrictus@AHF09539.1|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~645991_Sglycolicus@ADY56624.1|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~272564_Dhafniense@ACL21862.1|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~646529_Dacidiphilus@AFM40544.1|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~646529_Dacidiphilus@AFM42561.1|

Firmicutes;Clostridia;Clostridiales;Peptococcaceae~656914_Dthiosulfatigenes@SMB93428.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1123263_Smoorei@AUKY01000031.1_7|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~679192_Bextructa@EFC05901.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~2053610_Ssp@HAL60651.1|

Firmicutes;Clostridia;Clostridiales;Hungateiclostridiaceae~236753_Fsanguinis@AVM43035.1|

Firmicutes;Clostridia;Clostridiales;Hungateiclostridiaceae~699246_Mindolicus@ADC90749.1|

Firmicutes;Clostridia;Clostridiales;Oscillospiraceae~693746_Ovalericigenes@BAK98499.1|

Firmicutes;Clostridia;Clostridiales;NA~2108523_Lasaccharolyticus@GBF68468.1|

Firmicutes;Clostridia;Clostridiales;NA~1946651_Isp@DCJO01000042.1_10|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~411467_Pcapillosus@EDM98399.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~411475_Fplautii@EHM52700.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1203606_Bpullicaecorum@EOQ35950.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1408437_Adesmolans@JNJN01000012.1_41|

Firmicutes;Clostridia;Clostridiales;Eubacteriaceae~1871029_Imassiliensis@LT707056.1_39|

Firmicutes;Clostridia;Clostridiales;Clostridiales Family XIII. Incertae Sedis~1401079_Mtimidum@EUC51506.1|

Firmicutes;Clostridia;Clostridiales;Clostridiales Family XIII. Incertae Sedis~1871012_Mtimonense@FUHN01000008.1_10|

Firmicutes;Clostridia;Clostridiales;Clostridiales Family XIII. Incertae Sedis~1776384_Etimonensis@RHJ86206.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1776382_Ntimonensis@LT160639.1_496|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1796620_Amuris@ASB39635.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1673717_Asenegalensis@LN868538.1_659|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1852384_Mmassiliensis@FUHT01000004.1_398|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1123282_Stermitidis@SHH51585.1|

Firmicutes;Clostridia;Clostridiales;Clostridiales Family XIII. Incertae Sedis~1120998_Aodorimutans@AUFC01000005.1_78|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~702450_Tsanguinis@EFF63176.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~112900_Sacidovorans@SDD98142.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1930071_Manaerophila@BBB90699.1|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~1351585_Lbutyrica@VBB05268.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1123285_Sthermophilus@SDF61026.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~401526_Tcarboxydivorans@EAX48549.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1009370_Alongum@EGO63267.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1794912_Asubterranea@KYZ75835.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~112903_Pvibrioides@SEP45686.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1192197_Pfermentans@AJQ29956.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~146817_Dquercicolus@SDN17257.1|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~1806837_Mmassiliensis@LT575483.1_2236|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~1123511_Praffinosivorans@KB905843.1_133|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~742816_Mfuniformis@EHR35906.1|

Firmicutes;Negativicutes;Acidaminococcales;Acidaminococcaceae~591001_Afermentans@ADB46527.1|

Firmicutes;Negativicutes;Acidaminococcales;Acidaminococcaceae~626939_Psuccinatutens@EFY05844.1|

Firmicutes;Negativicutes;Acidaminococcales;Acidaminococcaceae~1123323_Sruminis@SFE39347.1|

Firmicutes;Negativicutes;Acidaminococcales;Acidaminococcaceae~1069080_Smobilis@KB913028.1_174|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1120985_Aburkinensis@KE387170.1_491|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1120992_Aacidaminophila@KB894582.1_214|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~500635_Mmultacida@EEX68814.1|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~888060_Cperiodontii@EGK57206.1|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~971_Sruminantium@DFHU01000010.1_50|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~1120997_Alipolyticus@SHI90207.1|

Firmicutes;Negativicutes;Selenomonadales;Selenomonadaceae~1123243_Ssuccinivorans@SHE37225.1|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~1852379_Cmassiliensis@FMIY01000002.1_1444|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~861450_Ageminatus@EHM38779.1|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~1852378_Cmassiliensis@LT608311.1_1521|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~1702287_Nmassiliensis@LT700188.1_871|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~479436_Vparvula@ACZ24031.1|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~209880_Ahistaminiformans@SDA44320.1|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~39950_Dpneumosintes@AOH39610.1|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~907_Melsdenii@KGI90020.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1122940_Pglobulus@AXVK01000001.1_510|

Firmicutes;Bacilli;Bacillales;Bacillaceae~930117_Ohalophilus@SHF49530.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1472767_Lamyloliquefaciens@ALX47387.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1473_Vpantothenticus@KNE20085.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~221109_Oiheyensis@BAC13426.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1494959_Pauburnensis@PXW88519.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~407036_Salbus@SDJ74172.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~2213194_Psp@CP029797.1_1574|

Firmicutes;Bacilli;Bacillales;Bacillaceae~698758_Axylanus@BAM47719.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1612202_Palkalitolerans@SDB87583.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~531814_Gureilyticus@SER03941.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~930114_Spersicus@RCW70801.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~386490_Tgoriensis@AIF66286.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~485577_Aelongatus@RPF56079.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~571933_Phalophilus@SEP55229.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~237069_Tmultivorans@SDN04631.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1121936_Hhalophilus@AUHI01000004.1_205|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1193119_Ahaloalkaliphilus@AKIF01000042.1_13|

Firmicutes;Bacilli;Bacillales;Bacillaceae~2042310_Ssp@OEQK01000002.1_623|

Firmicutes;Bacilli;Bacillales;Bacillaceae~237682_Skushneri@SET85389.1|
Firmicutes;Bacilli;Bacillales;Bacillaceae~1401258_Tdevorans@KI543236.1_984|

Firmicutes;Bacilli;Bacillales;Bacillaceae~866895_Hhalophilus@CCG45224.1|
Firmicutes;Bacilli;Bacillales;Bacillaceae~1385511_Pmarinus@KE384332.1_58|
Firmicutes;Bacilli;Bacillales;Bacillaceae~1426_Pthermoglucosidasius@KJX70596.1|
Firmicutes;Bacilli;Bacillales;Bacillaceae~420246_Gthermodenitrificans@ABO66362.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~491915_Aflavithermus@ACJ34192.1|
Firmicutes;Bacilli;Bacillales;Bacillaceae~224308_Bsubtilis@CAB13394.1|Firmicutes;Bacilli;Bacillales;Bacillaceae~1221996_Qthermotolerans@KKB39256.1|Firmicutes;Bacilli;Bacillales;Bacillaceae~1121917_Cdebilis@KB912902.1_32|Firmicutes;Bacilli;Bacillales;Bacillaceae~2478915_Fsp@RLQ95831.1|Firmicutes;Bacilli;Bacillales;Bacillaceae~1017270_Fenclensis@KSU84986.1|Firmicutes;Bacilli;Bacillales;Bacillaceae~2171751_Ptheae@PWA13409.1|Firmicutes;Bacilli;Bacillales;Bacillaceae~157733_Amacyae@KMM38764.1|Firmicutes;Bacilli;Bacillales;Sporolactobacillaceae~1123405_Tcalidus@KE387193.1_163|

Firmicutes;Bacilli;Bacillales;Sporolactobacillaceae~1674942_Ccaldisaponilyticus@BDDQ01000006.1_117|

Firmicutes;Bacilli;Bacillales;Sporolactobacillaceae~269670_Snakayamae@SFG39480.1|
Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~428127_Adolichum@EDP10560.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1871030_Mmassiliensis@LT699727.1_96|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1522_innocuum@KGJ54968.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1034346_Dfastidiosa@HE578925.1_134|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1211819_Hmassiliensis@HE998567.1_393|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1903263_Tmassiliensis@LT629968.1_548|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1574263_CStoquefichus@KXU50763.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~1776392_Mtimonensis@OUQ33725.1|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~2293086_Csp@RGI02861.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1585974_Bmassiliensis@CDPP01000004.1_253|

Firmicutes;Erysipelotrichia;Erysipelotrichales;Erysipelotrichaceae~702450_Tsanguinis@EFF63004.1|

Firmicutes;Bacilli;Bacillales;NA~1460649_Gsp@GAJ99641.1|
Firmicutes;Bacilli;Bacillales;Bacillaceae~549003_Nhalophilus@SDI66420.1|

Firmicutes;Bacilli;Bacillales;NA~1460649_Gsp@GAJ99643.1|
Firmicutes;Bacilli;Bacillales;NA~1460649_Gsp@GAJ99642.1|

Firmicutes;Bacilli;Bacillales;NA~1460649_Gsp@GAJ99640.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1123239_Skocurii@KB898623.1_49|

Firmicutes;Bacilli;Bacillales;Bacillaceae~930128_Airanensis@SFE40921.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1884432_Shalotolerans@SFP04556.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~76935_Sagaradhaerens@KV917378.1_127|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1632858_Msenegalense@LN831786.1_336|

Firmicutes;Bacilli;Bacillales;Bacillales Family X. Incertae Sedis~1089548_Taegyptius@KI783301.1_1117|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1631346_Rmassiliense@CVPE01000006.1_1041|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1294024_Csatsumensis@BBCF01000306.1_3|

Firmicutes;Bacilli;Bacillales;Bacillaceae~986075_Cthermarum@EGL82173.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~33936_Apallidus@JYCD01000140.1_15|

Firmicutes;Bacilli;Bacillales;Paenibacillaceae~358681_Bbrevis@BAH44815.1|

Firmicutes;Bacilli;Bacillales;Paenibacillaceae~66863_Aoxalaticus@RKD24099.1|

Firmicutes;Bacilli;Bacillales;Paenibacillaceae~143495_Athermoaerophilus@SDG68211.1|

Firmicutes;Bacilli;Bacillales;Paenibacillaceae~66863_Aoxalaticus@RKD22724.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1413211_Tdecaturensis@KXG43772.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~337097_Vmodesticaldus@OEF99526.1|

Firmicutes;Bacilli;Bacillales;Thermoactinomycetaceae~2026_Tvulgaris@KPC74842.1|

Firmicutes;Bacilli;Bacillales;Thermoactinomycetaceae~37482_Lsacchari@AUS09344.1|

Firmicutes;Bacilli;Bacillales;Thermoactinomycetaceae~1123252_Skribbensis@ATZF01000006.1_217|

Firmicutes;Bacilli;Bacillales;Thermoactinomycetaceae~46223_Tdichotomicum@SFJ04583.1|

Firmicutes;Bacilli;Bacillales;Thermoactinomycetaceae~1173111_Lthermophila@SEN08580.1|

Firmicutes;Bacilli;Bacillales;Thermoactinomycetaceae~1329796_Rmassiliensis@LN812103.1_836|

Firmicutes;Bacilli;Bacillales;Thermoactinomycetaceae~112248_Speptonophila@SHE62126.1|

Firmicutes;Bacilli;Bacillales;Thermoactinomycetaceae~714067_Keburnea@SIS44321.1|

Firmicutes;Bacilli;Bacillales;Thermoactinomycetaceae~997346_Dsp@EGK13156.1|

Firmicutes;Bacilli;Bacillales;Thermoactinomycetaceae~1236220_Mthermohalophilus@SDB96712.1|

Firmicutes;Bacilli;Bacillales;Thermoactinomycetaceae~1048340_Mmesophilum@SDW05462.1|

Firmicutes;Bacilli;Bacillales;Thermoactinomycetaceae~1642702_Phalophilum@OYD06620.1|

Firmicutes;Bacilli;Bacillales;Thermoactinomycetaceae~201973_Pfulgidum@SFG46005.1|

Firmicutes;Bacilli;Bacillales;Pasteuriaceae~86005_Ppenetrans@VDN73764.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1522315_Nmassiliense@CTDZ01000009.1_963|

Firmicutes;Bacilli;Bacillales;Paenibacillaceae~979226_Cpanacarvi@KI911563.1_4285|

Firmicutes;Bacilli;Bacillales;Paenibacillaceae~717605_Tcomposti@AGA58429.1|

Firmicutes;Bacilli;Bacillales;Paenibacillaceae~1280390_Gmassiliense@CBQR020000009.1_70|

Firmicutes;Bacilli;Bacillales;Paenibacillaceae~44251_Pdurus@AIQ13902.1|

Firmicutes;Bacilli;Bacillales;Paenibacillaceae~670482_Fpanacisegetis@SDE77079.1|

Firmicutes;Bacilli;Bacillales;Bacillaceae~1484_Hschlegelii@KWX07005.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacteraceae~933949_Blithotrophica@PTQ52461.1|

Firmicutes;Bacilli;Bacillales;NA~2163959_CCarbobacillus@PTQ57104.1|

Firmicutes;Bacilli;Bacillales;Paenibacillaceae~1280390_Gmassiliense@CBQR020000009.1_71|

Firmicutes;Bacilli;Bacillales;NA~1390249_Dstibiiarsenatis@OEH84711.1|

Firmicutes;Bacilli;Bacillales;NA~1765684_Asulfuroxidans@PWI57703.1|

Firmicutes;Bacilli;Bacillales;Alicyclobacillaceae~521098_Aacidocaldarius@ACV58305.1|

Firmicutes;Bacilli;Bacillales;Alicyclobacillaceae~562970_Ktusciae@ADG06558.1|

Firmicutes;Bacilli;Bacillales;Alicyclobacillaceae~1120973_Epohliae@AQXL01000130.1_32|

Firmicutes;Bacilli;Bacillales;Alicyclobacillaceae~1157490_Tflagellatus@KEO83180.1|

Firmicutes;Clostridia;Clostridiales;Syntrophomonadaceae~1795816_CSyntrophonatronum@RQD73796.1|

Firmicutes;Clostridia;Clostridiales;Syntrophomonadaceae~1795816_CSyntrophonatronum@RQD75840.1|

Firmicutes;Clostridia;Clostridiales;Syntrophomonadaceae~555088_Dalkaliphilus@EEG77627.1|

Firmicutes;Clostridia;Natranaerobiales;Natranaerobiaceae~457570_Nthermophilus@ACB84886.1|

Firmicutes;Clostridia;Clostridiales;Proteinivoraceae~1120989_Acaliforniensis@SHJ62726.1|

Firmicutes;Clostridia;Clostridiales;Symbiobacteriaceae~292459_Sthermophilum@BAD40194.1|

Firmicutes;Clostridia;Clostridiales;Clostridiales Family XVII. In
certae Sedis~644966_Tmarianensis@ADU50982.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1123285_Sthermophilus@SDF07189.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~401526_Tcarboxydivorans@EAX46436.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~112900_Sacidovorans@SDE86973.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1930071_Manaerophila@BBB93262.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~146817_Dquercicolus@SDL72169.1|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~1806837_Mmassiliensis@LT575483.1_432|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~112903_Pvibrioides@SEO37097.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1009370_Alongum@EGO62569.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1794912_Asubterranea@KYZ77104.1|

Firmicutes;Negativicutes;Selenomonadales;Sporomusaceae~1192197_Pfermentans@AJQ27375.1|

Firmicutes;Negativicutes;Veillonellales;Veillonellaceae~1351585_Lbutyrica@VBB06220.1|

Firmicutes;Clostridia;Clostridiales;Clostridiales Family XVII. In
certae Sedis~929705_Sthermosulfidooxidans@SMC01564.1|

Firmicutes;Clostridia;Halanaerobiales;Halobacteroidaceae~2017976_CFrackibacter@SDC35101.1|

Firmicutes;Clostridia;Halanaerobiales;Halobacteroidaceae~574087_Aarabaticum@ADL12285.1|

Firmicutes;Clostridia;Halanaerobiales;Halobacteroidaceae~142842_Sshriftii
@SJZ35532.1|

Firmicutes;Clostridia;Halanaerobiales;Halobacteroidaceae~1413210_Ometallire
ducens@OCL28123.1|

Firmicutes;Clostridia;Halanaerobiales;Halobacteroidaceae~926692_Hsaccharophilum@KI912094.1_256|

Firmicutes;Clostridia;Halanaerobiales;Halobacteroidaceae~748449_Hhalobius@AGB41705.1|

Firmicutes;Clostridia;Halanaerobiales;Halanaerobiaceae~2382161_Hsp@AZO95092.1|

Firmicutes;Clostridia;Halanaerobiales;Halanaerobiaceae~373903_Horenii@
ACL69664.1|

Firmicutes;Clostridia;Halanaerobiales;Halanaerobiaceae~656519_Hhydrogeniformans@ADQ15030.1|

Firmicutes;Clostridia;Halanaerobiales;NA~1323375_Afermentans@AZR73037.1|

Limnochordales~1948024_Firmicutes_bacterium_UBA4971@contig_34_49

Limnochordales~1948073_Firmicutes_bacterium_UBA5516@contig_485_95

Limnochordales~1948060_Firmicutes_bacterium_UBA5449@contig_1055_45

Limnochordales~1948029_Firm
icutes_bacterium_UBA4981@contig_19223_13

Limnochordales~1947953_Firm
icutes_bacterium_UBA2557@contig_384_135

Limnochordales~1948100_Firm
icutes_bacterium_UBA6811@contig_20871_33

Limnochordales~1948041_Firm
icutes_bacterium_UBA5275@contig_5032_49

Limnochordales~1948055_Firm
icutes_bacterium_UBA5389@contig_21329_13

Limnochordales~1948028_Firm
icutes_bacterium_UBA4980@contig_9531_1

Limnochordales~1948028_Firm
icutes_bacterium_UBA4980@contig_6398_12

Limnochordales~1948058_Firm
icutes_bacterium_UBA5435@contig_523_95

Limnochordales~1948065_Firm
icutes_bacterium_UBA5474@contig_3013_51

Limnochordales~1948068_Firm
icutes_bacterium_UBA5493@contig_1494_166

Limnochordales~1948057_Firm
icutes_bacterium_UBA5420@contig_3038_51

Limnochordales~1947974_Firm
icutes_bacterium_UBA3899@contig_542_21

Limnochordales~1947981_Firm
icutes_bacterium_UBA3914@contig_2818_8

Limnochordales~1948032_Firm
icutes_bacterium_UBA4996@contig_1675_241

Firm
icutes;Limnochordia;Limnochordales;Limnochordaceae~1555112_Lpilosa@BAS27708.1|

Limnochordales~1947984_Firm
icutes_bacterium_UBA3919@contig_989_100

Limnochordales~1948070_Firm
icutes_bacterium_UBA5499@contig_1866_21

Firm
icutes;Clostrid

ia;Clostrid
iales;Peptococcaceae~1755312_CDichloromethanomonas@RNC29512.1|

Firm
icutes;Clostrid

ia;Clostrid
iales;Peptococcaceae~871738_Drestric

tus@AHF10567.1|

Firm
icutes;Clostrid

ia;Clostrid
iales;Peptococcaceae~645991_Sglycolicus@ADY55009.1|

Firm
icutes;Clostrid

ia;Clostrid
iales;Gracilib

acteraceae~1734398_Gsp@KUO60711.1|

Firm
icutes;Clostrid

ia;Clostrid
iales;Peptococcaceae~272564_Dhafniense@ACL22073.1|

Firm
icutes;Clostrid

ia;Clostrid
iales;Peptococcaceae~646529_Dacidiphilus@AFM42639.1|

Firm
icutes;Clostrid

ia;Clostrid
iales;Heliobacteriaceae~498761_Hmodesticaldum@ABZ84615.1|

Firm
icutes;C

lostri
dia;Clostrid

iales;Peptococcaceae~656914_Dthiosulfatigenes@
SMB96430.1|

Firm
icu

tes;C
lostri

dia;Therm
oanaerobacte

rales;T
herm
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Firmicutes;Clostridia;Clostridiales;Clostridiaceae~2086584_Msp@
LT990039.1_2451|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1720300_Mmassiliensis@
LN913001.1_1306|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~39482_Fcontorta@
CUP17137.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1121950_Hstercorisuis@
SHJ35515.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1912855_Fumbilicata@
GBU05215.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1122155_Llongoviformis@
SHE69485.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~476272_Bhydrogenotrophica@
EEG49198.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1150298_Fsaccharivorans@
CUP47825.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1337051_Mintestini@
PW

J76213.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~180332_Rpeoriensis@
JTGN01000007.1_188|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~478749_Mformatexigens@
EET59001.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~2292046_Lsp@
RHP35420.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~566550_Hhathewayi@
EFC96363.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~796943_Oparvum@
EHL12564.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~679200_Jignava@
EHI56014.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~887325_Lsaburreum@
EFU75949.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1120996_Amobilis@
SHL96987.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~290052_Aethanolgignens@
KSV58704.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1329262_Msenegalensis@
ROR30742.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1527_Aaminovalerica@
SFO20980.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1564487_Hhemicellulosilytica@
CRZ34646.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~357809_Lphytofermentans@
ABX42835.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~411490_Acaccae@
EDR99166.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~626523_Ssatelles@
EEP28641.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1282887_Lmultipara@
AUJG01000018.1_9|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~592026_Cmorbi@
ESL02060.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~566550_Hhathewayi@
EFC95185.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~796942_Slongum@
EHO17067.1|

Firmicutes;Clostridia;Clostridiales;Defluviitaleaceae~1473580_Dphaphyphila@
JWID01000004.1_31|

Firmicutes;Clostridia;Clostridiales;Defluviitaleaceae~2078660_Vsp@
PQDH01000002.1_20|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~991789_Apropionicum@
AMJ40792.1|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~1658108_Nmassiliensis@
LN875035.1_1925|

Firmicutes;Clostridia;Clostridiales;Lachnospiraceae~642492_Clentocellum@
ADZ84038.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~411471_Svariabile@
EFB77258.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~745368_Gformicilis@
SKA76010.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1650663_Fmassiliensis@
LN908964.1_700|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~411483_Fprausnitzii@
EEU95213.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1965588_Asp@
OUP05241.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1550024_Rlactatiformans@
KJF38694.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1917873_Pmassiliensis@
OAML01000003.1_1774|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1720313_Bmassiliensis@
LN908976.1_28|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~2041842_Nmassiliensis@
OKQO01000007.1_38|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1965588_Asp@
OUP04866.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1841867_Pmassiliensis@LT629939.1_2014|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1871018_Amassiliensis@LT629945.1_1368|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1841868_Pmassiliense@FWCH01000003.1_4|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1849041_Hacetispora@RGB68384.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1944642_Mmassiliensis@FYDE01000005.1_1187|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~445972_Acolihominis@EDS10091.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~258515_Aelongatum@SDM71835.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1211843_CSoleaferrea@CCYH01000021.1_71|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~474960_Hsaccharovorans@RPF48006.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~663278_Eharbinense@ADU27569.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1776382_Ntimonensis@LT160640.1_1061|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1796620_Amuris@ASB42768.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1673717_Asenegalensis@LN868536.1_461|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1852384_Mmassiliensis@FUHT01000004.1_134|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1870991_Mcoli@FMIZ01000007.1_1069|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~697329_Ralbus@ADU23516.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~411471_Svariabile@EFB75829.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~745368_Gformicilis@SKA82730.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~411483_Fprausnitzii@EEU97712.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1650663_Fmassiliensis@LN908963.1_390|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1871035_Nmassiliensis@FTRU01000008.1_1105|

Firmicutes;Clostridia;Clostridiales;NA~1946651_Isp@DCJO01000034.1_203|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~411467_Pcapillosus@EDM97945.1|

Firmicutes;Clostridia;Clostridiales;NA~2108523_Lasaccharolyticus@GBF67777.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~411475_Fplautii@EHM37620.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1122930_Pcinnamivorans@SMC41509.1|

Firmicutes;Clostridia;Clostridiales;Oscillospiraceae~693746_Ovalericigenes@BAK98609.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1123282_Stermitidis@SHH92899.1|

Firmicutes;Clostridia;Clostridiales;Clostridiaceae~1203606_Bpullicaecorum@EOQ35970.1|

Firmicutes;Clostridia;Clostridiales;Ruminococcaceae~1408437_Adesmolans@JNJN01000016.1_38|

Firmicutes;Clostridia;Clostridiales;Eubacteriaceae~1871029_Imassiliensis@LT707057.1_179|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermoanaerobacterales Family III. Incertae Sedis~351627_Csaccharolyticus@ABP66538.1|

Firmicutes;Clostridia;Clostridiales;Peptostreptococcaceae~546269_Falocis@EFE28392.1|

Firmicutes;Clostridia;Clostridiales;Peptostreptococcaceae~1123009_Psphenisci@AUID01000008.1_44|

Firmicutes;Tissierellia;Tissierellales;Tissierellaceae~1870994_Utimonensis@FQLW01000006.1_46|

Firmicutes;Bacilli;Bacillales;Planococcaceae~2041346_Cexcrementi@PJK17946.1|

Firmicutes;Clostridia;Thermoanaerobacterales;Thermodesulfobiaceae~747365_Tnarugense@AEE14299.1|

Firmicutes;Bacilli;Bacillales;Planococcaceae~1508404_Jmalaysiensis@AJD90913.1|
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Supplementary Fig. 2. Phylogenetic tree of SEDS homologs in the Firmicutes. Maximum likelihood tree of all 
SEDS homologs based on an alignment containing 1,446 leaves and 343 amino acid characters. The tree was 
inferred with IQ-TREE2 using the LG+R10+I model according to the BIC criterium. On the tree are mapped the 
presence of spo0A (in gray) and the synteny of SEDS hits in the dcw cluster (purple), paired with mrdA (pink), or 
paired with pycA (green). Scale bar corresponds to the average number of substitutions per site. For accession 
numbers and taxonomy information, see Supplementary Data 2. 
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Supplementary Fig. 3 | Sporulation efficiencies of mutant and complemented strains. Representative phase-
contrast micrographs of mutant and complemented cells isolated from sporulation-inducing media after 20-22 hours 
of growth. Immature phase-dark forespores are indicated by blue arrows, and mature phase-bright forespores and free 
spores are indicated by pink and yellow arrows, respectively. Scale bar, 5 µm. The mean efficiency of heat-resistant 
spore formation (heat resistance) relative to WT ± standard deviation is indicated below each strain. The ∆spo0A strain 
was used as a negative control because it does not initiate sporulation. Data from three independent experiments. 
Source data are provided in the Source Data file. 
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Supplementary Fig. 4 | TEM analysis of sporulating cells. a, Representative TEM micrographs showing engulfed 
forespores in WT, ∆spoVD, ∆spoVE, ∆ftsL, ∆ftsQ, and ∆ftsB. The presence (yellow arrows; in WT, ∆ftsL, ∆ftsQ, and 
∆ftsB) or absence (red arrows; in ∆spoVD, and ∆spoVE) of a cortex layer is indicated. Scale bars, 500 nm. b, 
Representative TEM micrographs of ∆ftsL, ∆ftsQ, and ∆ftsB cells that initiate but fail to complete septum formation 
(white arrows). Scale bars, 500 nm. >50 sporulating cells were analyzed per strain from a single experiment. 
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Supplementary Fig. 5 | Cytological profiling of sporulating cells. a, b, Representative phase-contrast and 
fluorescence micrographs of cells sampled from sporulation-inducing 70:30 plates after 18-20 (a) or 20-22 (b) hours 
of growth. Scale bars, 5 µm.  For quantified data, see Fig. 2 c,d and Fig. 3 c,d corresponding to a, and b, respectively. 
The nucleoid was stained using Hoechst, and the cell membrane was stained using FM4-64. Cytological profiling and 
scoring of individual cells according to five distinct stages of sporulation are indicated. Purple arrows denote cells 
undergoing asymmetric division (AD) as indicated by a flat polar septum; blue arrows denote cells undergoing 
engulfment (EI) indicated by a curved polar septum; yellow arrows denote cells that have completed engulfment (EC) 
indicated by bright-membrane staining around a fully engulfed forespore; orange arrows denote cells with forespores 
completing maturation (PF) observable as phase-dark or phase-bright forespores associated with the mother cell in 
phase-contrast; red arrows denote phase-bright mature free spores (FS) observable in phase-contrast. Note that the 
bright focus in forespores visible with Hoechst DNA staining indicates concentrated nucleoid pumped into the 
forespore during and after asymmetric division. The membrane and DNA of forespores become inaccessible to 
staining after completion of engulfment and prior to free spore maturation1. 
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Supplementary Fig. 6 | Differential activation of downstream sporulation-specific sigma factors in mutants with 
defects in asymmetric division. a, c, e, Representative merged phase-contrast and fluorescence micrographs 
visualizing PspoIIE::mScarlet (c) and PsipL::mScarlet (a, e) transcriptional reporters in sporulating cells. PspoIIE is induced 
immediately upon sporulation initiation, and PsipL is induced after the completion of asymmetric division2. The ∆spo0A 
strain was used as a negative control because it does not initiate sporulation. Scale bars, 10 µm. b, d, f, Corresponding 
violin plots showing quantified mean fluorescence intensities. Black dots represent median values from each replicate. 
Data from three independent experiments; >3,000 cells per sample. Source data are provided in the Source Data file. 
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Supplementary Fig. 7 | Gene expression analyses of sporulation genes in the spoVD mutant. Comparison of 
representative sporulation gene expression as determined by RT–qPCR. WT, ∆spo0A, and ∆spoVD cells were sampled 
from sporulation-inducing 70:30 plates after 10-11 hours of growth. The ∆spo0A strain was used as a negative control 
because it does not initiate sporulation. Transcript levels were calculated relative to the housekeeping gene rpoB and 
normalized to the Δspo0A mean. White dots represent data from each replicate, bars indicate the mean, and error bars 
indicate standard deviation; data from 3 biological replicates. ns = not significant, *p<0.05, **p<0.01, ***p<0.001; 
statistical significance was determined using an ordinary one-way ANOVA with Dunnett’s test. Source data and exact 
P values are provided in the Source Data file. 
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Supplementary Fig. 8 | Protein level analyses of sporulation proteins in the spoVD, spoVE, and ftsL mutant. 
Western blot comparing the levels of the sporulation proteins SpoVD, sF (SigF), sE (SigE), SpoIVA, and Spo0A in 
WT, ∆spo0A, ∆spoVD, ∆spoVE, and ∆ftsL cells sampled from sporulation-inducing 70:30 plates after 17 hours of 
growth. The ∆spo0A strain was used as a negative control because it does not initiate sporulation. SpoVD, sF, and sE 
are produced upon Spo0A activation at the onset of sporulation. Proteolytic activation of sE occurs in the mother cell 
compartment after the completion of asymmetric division. SpoIVA production is dependent on sE activation. Similar 
results were obtained from at least two independent experiments. Uncropped images of blots are provided in the 
Source Data file. 
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Supplementary Fig. 9 | SpoVD localizes to the polar septum during asymmetric division. a, Representative phase-
contrast and fluorescence micrographs showing PG incorporation and subcellular localization of mScarlet-SpoVD in 
a single cell undergoing asymmetric division. Scale bar, 2.5 µm. PG was labeled by incubation with HADA, and 
mScarlet-spoVD was expressed using the native spoVD promoter from an ectopic locus. The line graph (bottom) 
shows the normalized fluorescence (Fl.) intensity of HADA (blue) and mScarlet-SpoVD (pink) along the normalized 
length. Peaks (arrows) correspond to polar septum sites during asymmetric division. b, c, Line graphs showing the 
normalized fluorescence (Fl.) intensity of the HADA (blue, b) and mScarlet-SpoVD (pink, c) signal along the 
normalized length of 20 asymmetrically dividing cells sampled from a sporulation-inducing 70:30 plate after 14 hours 
of growth. Source data are provided in the Source Data file. 
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Supplementary Fig. 10 | Comparison between C. difficile, B. subtilis, and E. coli orthologs of divisome-associated 
FtsL, FtsQ/DivIB, and FtsB/DivIC proteins. Predicted domains were identified using InterPro3. Domain schematics 
are scaled according to amino acid lengths. White boxes represent transmembrane domains or signal peptides; green 
boxes represent coiled-coil domains (CC); blue boxes denote polypeptide-transport-associated domains (POTRA) 
found in FtsQ/DivIB proteins. Pairwise protein sequence alignment data compared to the C. difficile ortholog of each 
protein were calculated using EMBOSS Needle4. Despite low sequence conservation among FtsQ/DivIB and 
FtsB/DivIC orthologs, they are expected to be functionally equivalent and contain similar domain compositions. The 
distinction between the Div and Fts nomenclature was previously suggested to distinguish between orthologs found 
in Gram-positive and Gram-negative bacteria, respectively. However, the Div nomenclature has only been adopted 
for members of Bacilli, while non-Firmicutes Gram-positive bacteria such as members of Actinobacteria use the Fts 
nomenclature. Furthermore, the genomic contexts of ftsL and ftsQ/divIB within the dcw cluster is widely conserved 
among Gram-positive (e.g., Bacilli, Clostridia) and Gram-negative (e.g., Negativicutes) members of Firmicutes (Fig. 
1) as well as other bacterial phyla5,6. These observations highlight the arbitrary nature of the distinction between Fts 
and Div proteins. Hence, we suggest the adoption of Fts nomenclature for all bacteria, including members of Bacilli, 
for clarity and consistency. Accordingly, we have applied the Fts nomenclature to the C. difficile orthologs in this 
study. 
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Supplementary Fig. 11 | Non-essential PG synthases PBP3 and MGT are dispensable for growth and division. 
a, c, Growth profile of ∆pbp3 (a) and ∆mgt (c) compared to WT. Data from a single growth curve experiment; mean, 
and standard deviation are plotted from three biological replicates. Source data are provided in the Source Data file. 
b, d, Representative phase-contrast micrographs (right) and violin plots (left) showing cell length distributions of WT, 
∆pbp3 (b), and ∆mgt (d) cells sampled from BHIS cultures during exponential growth (OD600 ~0.5). White circles 
indicate means from each replicate, black line indicates the average mean. Data from three biological replicates; 
>3,000 (b) and >500 (d) cells per sample. **p<0.01; statistical significance was determined using a paired t test. Scale 
bars, 10 µm. Source data and exact P values are provided in the Source Data file. 
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Supplementary Fig. 12 | Sensitivity to moenomycin is unaffected by the absence of non-essential PG synthases 
and divisome components but counteracted by pbp1 overexpression. a, b, Growth profiles of WT and various 
mutants in BHIS supplemented with different concentrations of moenomycin as indicated. The optical density 
measurements (OD600) and time (in hours) are from a single growth curve experiment; mean, and standard deviation 
are plotted from three biological replicates. Source data are provided in the Source Data file. c, Growth profiles of 
WT strains harboring a pbp1 overexpression (Ptet::pbp1) or negative control (Ptet::gusA) vector in BHIS with or 
without moenomycin. Expression from the anhydrotetracycline (ATc)-inducible promoter (Ptet) was induced with 
various concentrations of ATc, as indicated. Data from a single growth curve experiment; mean, and range are plotted 
from two biological replicates. Source data are provided in the Source Data file. 
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