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Supplementary Note 1 

Subgroup definition from the reference paper was consequently updated1, as 

follows: (1) Woese-5 were found to encompass sequences belonging to 

Pacearchaeota; (2) Woese-22 were removed as the 16S rRNA gene sequences did not 

cluster within Woesearchaeota; and (3) Woese-14 and Woese-21 were further split 

into two sister groups (Supplementary Fig. 5). 

Supplementary Note 2 

Subgroups in different trees. 

In the phylogenetic analyses, the tree based on the 50% top-ranked orthologs 

(UFBOOT: 91% and SH-aLRT: 94%, on average) is more statistically supported than 

the tree based on 15 ribosomal proteins (rps) (UFBOOT: 88% and SH-aLRT: 89%, on 

average). They have a Robinson-Foulds distance of 96. 

 Subgroup A, B, C, G and J are monophyletic in the orthologs tree and 15rps tree 

(Supplementary Fig. 44). The rest subgroups D, E, F, H and I are paraphyletic in the 

15rps tree and formed some contradicting groupings. However, the grouping is not 

statistically well-supported (UFBOOT < 95%; SH-aLRT < 80%). For example, in 15 

rp tree, MP5_1_678 and YT1_142 of subgroup H form sister to the subgroup C with 

weak support (56% UFBOOT and 71% SH-aLRT) and, the clade formed by 

T1Sed10_208R1, CG10_big_fil_rev_8_21_14_0_10_34_8 and subgroup G also has 

poor support (73.4% UFBOOT and 68% SH-aLRT). Similarly, the sisterhood of 

UBA10107, YT2_062, UBA10192, CG10_big_fil_rev_8_21_14_0_10_44_13 and 

MP5_7_64 to subgroup H and J in the 15 rp tree is not strongly supported (96% 

UFBOOT and 77% SH-aLRT). Considering that the trimmed alignments of the 15 

ribosomal proteins were relatively short (2734 amino acids) and have only 2488 



parsimony-informative sites, they likely harbor insufficient information to resolve 

groupings in the Woesearchaeota as indicated by the low support. 

The sequence clusters based on 16S rRNA gene phylogenetic analysis agree well 

with the tree based on the 50% top-ranked orthologs. Taking advantage of 16S rRNA 

gene sequence recovered from genomes, several previous defined sequence clusters 

are able to link with genome-based subgroups. Woese-3, Woese-4, Woese-21a, 

Woese-24, Woese-14a and Woese-14b correspond to subgroup A, C, J, I, H and E 

respectively. In addition, subgroup G could be linked with a monophyletic clade in 

16S rRNA gene tree including Woese-8, Woese-10, Woese-9, Woese-6, Woese-18 

and Woese-20, indicating that a large part of subgroup G diversity remains 

unexplored. Subgroup D was paraphyletic in the 16S rRNA gene tree, whose 

sequence representatives were found in Woese-21b and Woese-14a. However, it 

should be noted that more 16S rRNA gene sequences retrieved from genomes are 

required to accurately describe their relationship.  



Supplementary Tables 

Supplementary Table 1. Mantel test between Euclidean distance matrix of 
available physiochemical parameters in metadata of EMP datasets and 
unweighted UniFrac matrix of corresponding Woesearchaeota community. The 
test was done using “mantel” function in vegan package in R (3.6.0). Pearson 
correlation was used and significance level was obtained from 999 permutations. 
Number of libraries indicates the number of libraries with parameters available for 
the correlation test.  Mantel statistic r, ranging for -1 (negative) to 0 (no effect) to 1 
(positive), measures the strength of the relationship. 

Parameter 
Mantel statistic 
(r) 

Significance Number of libraries 

temperature (°C) 0.167461 0.001 726 
pH 0.1245451 0.001 593 
salinity (psu) 0.2956271 0.001 167 
oxygen (mg/L) 0.2113615 0.021 37 
phosphate (µmol/L) 0.3474911 0.001 226 
ammonium (µumol/L) 0.2128725 0.001 63 
nitrate (µmol/L) 0.4036696 0.001 457 
sulfate (µmol/L) 0.011915 0.356 152 

Supplementary Table 2. The linkage of 16S rRNA gene sequence clusters and 
genome-based subgroups. 

Genome-based 
subgroups 

16S rRNA gene sequence clusters Monophyly of gene 
sequence clusters 

Subgroup A Woese-3 Yes 
Subgroup C Woese-4 Yes 
Subgroup D Woese-21b, Woese-23b No 
Subgroup E Woese-14b Yes 
Subgroup G Woese-8, Woese-10, Woese-9, 

Woese-6, Woese-18, Woese-20 
Yes 

Subgroup H Woese-14a Yes 
Subgroup I Woese-24 Yes 
Subgroup J Woese-21a Yes 
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Supplementary Fig. 1: The average relative abundance of Woesearchaeota based on 2163 16S rRNA gene amplicon dataset. Data are presented 
as mean + / -  SD. The number of replicates used for different biotopes are as follows: freshwater: 629, cropland: 590, freshwater sediment: 
365, marine sediment: 293, sand: 174, mangrove: 46, soil: 30, hydrothermal: 15, saltmarshes: 10, saline environment: 8, marine water: 3. 
Source data are provided as a Source Data file.
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Supplementary Fig. 2: Estimated quality statistics of 49 Woesearchaeota metagenome-assembled genomes (MAGs). 
Completeness and contamination were estimated with CheckM (v 1.0.12) as described in the method section and raw values could be found in 
Supplementary Data 2. (a) Plot of estimated contamination versus estimated completeness. Each point denotes a MAG and its name is labeled 
alongside. Dashed line shows the completeness threshold of 90% and contamination threshold of 5%. (b) Violin plot and box plot of estimated 
genome quality metrics. The shape of violin plot represents a kernel density estimation to show probabilistic distribution of the data (n=49). Median 
of the estimated completeness (77.7 %) and contamination (1.47 %) are shown as the thick black bar. The upper and lower hinges of the box 
plot indicate the first and third quartile respectively. The upper/lower whiskers stretch out of the hinge to the largest/smallest value less than 1.5 * 
interquartile range. Source data are provided as a Source Data file.
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Supplementary Fig. 3: Box plot of general genomic features (GC-content and estimated genome size) of Woesearchaeota MAGs 
(n=150) of different subgroups. The number of MAGs in each subgroup is shown in parenthesis. GC-content was calculated by CheckM (v 
1.0.12). Estimated genome size is calculated by dividing the MAG size by the estimated completeness and then multiplying 100. Thick black bar 
shows the median value. The upper and lower hinges of the boxplot indicate the first and third quartile respectively. The upper/lower whiskers stretch 
out of the hinge to the largest/smallest value less than the 1.5 * interquartile range. Colors were used to distinguish different subgroups according to 
the Fig. 2. The black points correspond to the values great than the 1.5 * interquartile range. Source data are provided as a Source Data file.
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Supplementary Fig. 4: Phylogenetic analysis based on 16S rRNA gene sequences using IQ-Tree (v 1.6.8) based on the TIM+F+G model. The tree includes 
891 16S rRNA gene sequences (35 from Woesearchaeota MAGs, 28 from Pacearchaeota MAGs, and three from unclassified MAGs, 823 from SILVA 
SSU 132 database or Liu et al.1) and was rooted using two sequences from Nanoarchaeota. The ultrafast bootstrap values are shown 
at the nodes. The hex code for the color of each sequence cluster was shown at the legend. Stars denote 16S rRNA gene sequences 
retrieved from genome and red rectangles indicate a shared sequence identity (>97%) with sequences in an expressed 16S rRNA gene 
dataset2. Scale bar shows the average nucleotide substitutions per site. Source data are provided as a Source Data file.
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Supplementary Fig. 5: Distribution of Woesearchaeota subgroups in the studied biotopes. a-g, Distribution of Woese-3 that is linked with subgroup 
A (a), Woese-4 that is linked with subgroup C (b), Woese-14a that is linked with subgroup H (c), Woese-14b that is linked with subgroup E (d), Woese-24 that 
is linked with subgroup I (e), Woese-21a that is linked with subgroup J (f) and the aggregate of Woese-8, Woese-10, Woese-9, Woese-6, Woese-18 and 
Woese-20 that are linked with subgroup G (g) in the 2163 investigated libraries. Colors were used to distinguish different biotopes according to the Fig. 1. Thick 
black bar shows the median value. The upper and lower hinges of the boxplot indicate the first and third quartile respectively. The upper/lower whiskers 
stretch out of the hinge to the largest/smallest value less than 1.5 * interquartile range. The black points correspond to the values great than the 1.5 * 
interquartile range. Data less than 3 are shown as hollow blue points. The number of datasets for each biotope used in each panel are as follows: cropland: 
(a: 305, b: 37, c: 0, d: 567, e: 392, f: 489, g: 590), freshwater: (a: 415, b: 345, c:4, d: 259, e: 425, f: 531, g: 624), freshwater sediment: (a: 282, b: 46, c:1, 
d: 306, e: 321, f: 284, g: 363), hydrothermal: (a: 7, b: 12, c:0, d: 4, e: 6, f: 4, g: 15), mangrove: (a: 27, b: 46, c:3, d: 10, e: 44, f: 29, g: 46), marine sediment: 
(a: 105, b: 265, c: 65, d: 206, e: 212, f: 240, g: 291), marine water: (a: 1, b: 3, c: 0, d: 1, e: 1, f: 2, g: 3), saline environment (a: 5, b: 6, c: 0, d: 4, e: 7, f: 
1, g: 7), saltmarshes (a: 7, b: 10, c: 3, d: 10, e: 10, f: 5, g: 10), sand (a: 1, b: 0, c: 0, d: 0, e: 163, f: 168, g: 167), and soil (a: 3, b: 0, c: 0, d: 4, e: 4, f: 10, g: 
30). Source data are provided as a Source Data file.
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Supplementary Fig. 9: Phylogenetic analysis of catalytic subunit of [FeFe] hydrogenase in Woesearchaeota. The tree was unrooted and inferred using 
IQ-Tree LG+G+C20 model on an alignment of 216 taxa and 598 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along 
the branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan and green respectively. Scale bar shows the number of 
average substitutions per site. Source data are provided as a Source Data file and raw data are also available via figshare (See Data availability for more details).
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Supplementary Fig. 10: Phylogenetic analysis of rnfC gene (Rhodobacter nitrogen fixation complex subunit C). The tree was 
unrooted and inferred using IQ-Tree LG+C20+G model on an alignment of 147 taxa and 440 sites. UFBOOT (left) and SH-aLRT (right) support 
values are shown along the branches. Bacteria, Archaea, and Woesearchaeota are colored in black, cyan, and green, respectively. 
Scale bar shows the number of average substitutions per site. Source data are provided as a Source Data file and raw data are also available via 
figshare (See Data availability for more details).
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Supplementary Fig. 11: Phylogenetic analysis of rnfD gene (Rhodobacter nitrogen fixation complex subunit D). The tree 
was unrooted and inferred using IQ-Tree LG+C20+G model on an alignment of 173 taxa and 339 sites. UFBOOT (left) and SH-aLRT 
(right) support values are shown along the branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan, and green, respectively. 
Scale bar shows the number of average substitutions per site. Source data are provided as a Source Data file and raw data are also available via 
figshare (See Data availability for more details).
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Supplementary Fig. 12: Phylogenetic analysis of rnfG gene (Rhodobacter nitrogen fixation complex subunit G). The tree was unrooted and 
inferred using IQ-Tree LG+C20+G model on an alignment of 192 taxa and 231 sites. UFBOOT (left) and SH-aLRT (right) support values are 
shown along the branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan, and green, respectively. Scale bar shows the 
number of average substitutions per site. Source data are provided as a Source Data file and raw data are also available via figshare (See Data 
availability for more details).
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PKK92219.1_Candidatus_Wallbacteria-root-root-root-root-Candidatus_Wallbacteria_bacterium_HGW-Wallbacteria-1
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WP_070969148.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_formicaceticum
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Supplementary Fig. 13: Phylogenetic analysis of rnfE gene (Rhodobacter nitrogen fixation complex subunit E). The tree was unrooted and inferred 
using IQ-Tree LG+C20+G model on an alignment of 198 taxa and 233 sites. UFBOOT (left) and SH-aLRT (right) support values are shown 
along the branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan, and green, respectively. Scale bar shows the 
number of average substitutions per site. Source data are provided as a Source Data file and raw data are also available via figshare (See Data 
availability for more details).
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Supplementary Fig. 14: Phylogenetic analysis of rnfA gene (Rhodobacter nitrogen fixation complex subunit A). The tree was unrooted and inferred 
using IQ-Tree LG+C20+G model on an alignment of 166 taxa and 186 sites. UFBOOT (left) and SH-aLRT (right) support values are shown 
along the branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan, and green, respectively. Scale bar shows the 
number of average substitutions per site. Source data are provided as a Source Data file and raw data are also available via figshare (See Data 
availability for more details).
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Supplementary Fig. 15: Phylogenetic analysis of rnfB gene (Rhodobacter nitrogen fixation complex subunit B). The tree was 
unrooted and inferred using IQ-Tree LG+C20+G model on an alignment of 170 taxa and 330 sites. UFBOOT (left) and SH-aLRT (right) 
support values are shown along the branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan, and green, respectively. Scale bar 
shows the number of average substitutions per site. Source data are provided as a Source Data file and raw data are also available via figshare (See 
Data availability for more details).
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Supplementary Fig. 16: Phylogenetic analysis of bcd gene (butyryl-CoA dehydrogenase). The tree was unrooted and inferred using IQ-Tree LG
+C20+G model on an alignment of 80 taxa and 356 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the branches.
Bacteria, and Woesearchaeota are colored in black and green respectively. Scale bar shows the number of average substitutions per site. Source
data are provided as a Source Data file and raw data are also available via figshare (See Data availability for more details).
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WP_095129936.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Anaeromicrobium-Anaeromicrobium_sediminis
WP_156202912.1_Firmicutes-Clostridia-Clostridiales-Syntrophomonadaceae-Candidatus_Syntrophocurvum-Candidatus_Syntrophocurvum_alkaliphilum

TYQ13378.1_Firmicutes-Clostridia-Clostridiales-Hungateiclostridiaceae-Hungateiclostridium-Hungateiclostridium_alkalicellulosi
WP_054870163.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Caloranaerobacter-Caloranaerobacter_sp._TR13

WP_085111875.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacterales_Family_III._Incertae_Sedis-Thermoanaerobacterium-Thermoanaerobacterium_sp._PSU-2
WP_013297795.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacterales_Family_III._Incertae_Sedis-Thermoanaerobacterium-Thermoanaerobacterium_thermosaccharolyticum
WP_022588247.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Caldanaerobacter-Caldanaerobacter_subterraneus

WP_133627567.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Fonticella-Fonticella_tunisiensis
WP_027308269.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Caloramator-Caloramator_sp._ALD01

SEF82484.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Caloramator-Caloramator_fervidus
WP_004034843.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_sp._MD294

WP_072723825.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Tepidibacter-Tepidibacter_thalassicus
WP_032726125.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_subtilis
WP_098622857.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_aryabhattai
WP_148953069.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_vietnamensis

WP_066412965.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_cohnii
WP_025038883.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Geobacillus-Geobacillus_thermoleovorans

WP_075529332.1_Firmicutes-Bacilli-Bacillales-Planococcaceae-Sporosarcina-Sporosarcina_ureilytica
WP_101844242.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Halobacillus-Halobacillus_sp._Marseille-P3879

WP_053219259.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Virgibacillus-Virgibacillus_senegalensis
WP_088074900.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_alkalitelluris
WP_089199188.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_xerothermodurans

WP_029197143.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_alginolyticus
WP_062408931.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_naphthalenovorans

WP_013916403.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_mucilaginosus
OUM96859.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Thermobacillus-Thermobacillus_sp._ZCTH02-B1
WP_029099477.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Brevibacillus-Brevibacillus_thermoruber

WP_043072715.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Aneurinibacillus-Aneurinibacillus_migulanus
OUM84823.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_thermozeamaize
WP_096182643.1_Firmicutes-Bacilli-Bacillales-Alicyclobacillaceae-Effusibacillus-Effusibacillus_lacus

WP_038088065.1_Firmicutes-Bacilli-Bacillales-Alicyclobacillaceae-Tumebacillus-Tumebacillus_flagellatus
WP_083430440.1_Firmicutes-Bacilli-Bacillales-Alicyclobacillaceae-Alicyclobacillus-Alicyclobacillus_macrosporangiidus

WP_012811695.1_Firmicutes-Bacilli-Bacillales-Alicyclobacillaceae-Alicyclobacillus-Alicyclobacillus_acidocaldarius
WP_109429371.1_Firmicutes-Bacilli-Bacillales-root-Acidibacillus-Acidibacillus_sulfuroxidans

WP_004095912.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Acetonema-Acetonema_longum
WP_093687652.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Sporolituus-Sporolituus_thermophilus
WP_144352853.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Sporomusa-Sporomusa_termitida

WP_093791239.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Sporomusa-Sporomusa_acidovorans
WP_092067343.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Dendrosporobacter-Dendrosporobacter_quercicolus

WP_038670377.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Pelosinus-Pelosinus_sp._UFO1
WP_091829342.1_Firmicutes-Negativicutes-Selenomonadales-Selenomonadaceae-Propionispira-Propionispira_arboris

WP_149170368.1_Firmicutes-Negativicutes-Selenomonadales-Selenomonadaceae-Selenomonas-Selenomonas_sp._mPRGC5
WP_027937398.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Anaeroarcus-Anaeroarcus_burkinensis

PWM78925.1_Firmicutes-Negativicutes-Acidaminococcales-Acidaminococcaceae-Phascolarctobacterium-Phascolarctobacterium_sp.
WP_105327374.1_Firmicutes-Negativicutes-Acidaminococcales-Acidaminococcaceae-Acidaminococcus-root

WP_013278683.1_Firmicutes-Clostridia-Halanaerobiales-Halobacteroidaceae-Acetohalobium-Acetohalobium_arabaticum
WP_089747473.1_Firmicutes-Clostridia-Halanaerobiales-Halobacteroidaceae-Candidatus_Frackibacter-Candidatus_Frackibacter_sp._WG11

WP_018249973.1_Firmicutes-Clostridia-Halanaerobiales-Halobacteroidaceae-Orenia-Orenia_marismortui
WP_125990713.1_Firmicutes-Clostridia-Halanaerobiales-Halanaerobiaceae-Halocella-Halocella_sp._SP3-1

WP_116901375.1_Firmicutes-Clostridia-Clostridiales-Clostridiales_Family_XVII._Incertae_Sedis-Thermaerobacter-Thermaerobacter_sp._PB12_4term
WP_042501595.1_Firmicutes-Clostridia-Clostridiales-Clostridiales_Family_XVII._Incertae_Sedis-Thermaerobacter-Thermaerobacter_marianensis

WP_141264942.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Moorella-Moorella_sp._E308F
WP_079906430.1_Firmicutes-Clostridia-Clostridiales-Clostridiales_Family_XVI._Incertae_Sedis-Carboxydocella-Carboxydocella_sp._JDF658

AEG15489.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfofundulus-Desulfofundulus_kuznetsovii
WP_018085094.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfurispora-Desulfurispora_thermophila

WP_092482604.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfallas-Desulfallas_geothermicus
WP_031514849.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfohalotomaculum-Desulfohalotomaculum_alkaliphilum

WP_008412626.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfotomaculum-Desulfotomaculum_hydrothermale
WP_014794702.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfitobacterium-root
WP_007780044.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfosporosinus-Desulfosporosinus_youngiae

KUK10996.1_Firmicutes-Clostridia-root-root-root-Clostridia_bacterium_41_269
CG11_big_fil_rev_8_21_14_0_20_43_8_01342
CG08_land_8_20_14_0_20_43_7_00831

WP_038040044.1_Chloroflexi-Thermomicrobia-root-root-Thermorudis-Thermorudis_peleae
WP_015922227.1_Chloroflexi-Thermomicrobia-Thermomicrobiales-Thermomicrobiaceae-Thermomicrobium-Thermomicrobium_roseum

WP_012872342.1_Chloroflexi-Thermomicrobia-Sphaerobacterales-Sphaerobacteraceae-Sphaerobacter-Sphaerobacter_thermophilus
OLE35897.1_Actinobacteria-root-root-root-root-Actinobacteria_bacterium_13_1_20CM_3_68_9

SEH14163.1_Actinobacteria-Thermoleophilia-Thermoleophilales-Thermoleophilaceae-Thermoleophilum-Thermoleophilum_album
OJW06504.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium_54-19

TET48020.1_Chloroflexi-Dehalococcoidia-root-root-root-Dehalococcoidia_bacterium
TES84182.1_Chloroflexi-Dehalococcoidia-root-root-root-Dehalococcoidia_bacterium
OGN98734.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium_RBG_13_51_52

TET86751.1_Chloroflexi-Dehalococcoidia-root-root-root-Dehalococcoidia_bacterium
TET18132.1_Chloroflexi-Dehalococcoidia-root-root-root-Dehalococcoidia_bacterium

RLC69705.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium
TAK35180.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium

WP_035998638.1_Cyanobacteria-root-root-root-root-_Leptolyngbya__sp._JSC-1
WP_015213110.1_Cyanobacteria-root-Nostocales-Nostocaceae-Anabaena-Anabaena_cylindrica

RFP57945.1_Cyanobacteria-root-Synechococcales-Pseudanabaenaceae-Limnothrix-Limnothrix_sp._CACIAM_69d
OGU35793.1_Ignavibacteriae-Ignavibacteria-root-root-root-Ignavibacteria_bacterium_GWB2_35_6b
WP_014856973.1_Ignavibacteriae-Ignavibacteria-Ignavibacteriales-Melioribacteraceae-Melioribacter-Melioribacter_roseus

TSA28542.1_Ignavibacteriae-Ignavibacteria-Ignavibacteriales-root-root-Ignavibacteriales_bacterium
PKL83443.1_Ignavibacteriae-root-root-root-root-Ignavibacteriae_bacterium_HGW-Ignavibacteriae-3
KAF0151725.1_Ignavibacteriae-Ignavibacteria-root-root-root-Ignavibacteria_bacterium

PLX32062.1_Ignavibacteriae-Ignavibacteria-root-root-root-Ignavibacteria_bacterium
WP_075433826.1_Candidatus_Kryptonia-root-root-root-Candidatus_Kryptonium-Candidatus_Kryptonium_thompsoni
WP_072150345.1_Candidatus_Kryptonia-root-root-root-Candidatus_Kryptobacter-Candidatus_Kryptobacter_tengchongensis
WP_092347377.1_Candidatus_Kryptonia-root-root-root-Candidatus_Chrysopegis-Candidatus_Chrysopegis_kryptomonas

WP_140944215.1_Candidatus_Kryptonia-root-root-root-Candidatus_Thermokryptus-Candidatus_Thermokryptus_mobilis
PIU44460.1_Ignavibacteriae-Ignavibacteria-Ignavibacteriales-root-root-Ignavibacteriales_bacterium_CG07_land_8_20_14_0_80_59_12

WP_085659217.1_Chlorobi-Chlorobia-Chlorobiales-Chlorobiaceae-Prosthecochloris-Prosthecochloris_sp._HL-130-GSB
WP_012506237.1_Chlorobi-Chlorobia-Chlorobiales-Chlorobiaceae-Prosthecochloris-Prosthecochloris_aestuarii

WP_010932029.1_Chlorobi-Chlorobia-Chlorobiales-Chlorobiaceae-Chlorobaculum-Chlorobaculum_tepidum
RFM22835.1_Chlorobi-Chlorobia-Chlorobiales-Candidatus_Thermochlorobacteriaceae-Candidatus_Thermochlorobacter-Candidatus_Thermochlorobacter_aerophilum

KPK77046.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM23_73
KPL03451.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM1_73

KPL01244.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM23_73_3
EQB64300.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_RBG-1

KPL19931.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM23_81
RKY60667.1_Candidatus_Latescibacteria-root-root-root-root-Candidatus_Latescibacteria_bacterium
RKY63655.1_Candidatus_Latescibacteria-root-root-root-root-Candidatus_Latescibacteria_bacterium

TMQ64256.1_Candidatus_Eisenbacteria-root-root-root-root-Candidatus_Eisenbacteria_bacterium
TMQ57930.1_Candidatus_Eisenbacteria-root-root-root-root-Candidatus_Eisenbacteria_bacterium
TMQ65792.1_Candidatus_Eisenbacteria-root-root-root-root-Candidatus_Eisenbacteria_bacterium
TMQ50399.1_Candidatus_Eisenbacteria-root-root-root-root-Candidatus_Eisenbacteria_bacterium

OQX55129.1_Candidatus_Cloacimonetes-root-root-root-Candidatus_Cloacimonas-Candidatus_Cloacimonas_sp._4484_209
TES91193.1_Candidatus_Cloacimonetes-root-root-root-root-Candidatus_Cloacimonetes_bacterium

TET76436.1_Candidatus_Cloacimonetes-root-root-root-root-Candidatus_Cloacimonetes_bacterium
TET16827.1_Candidatus_Cloacimonetes-root-root-root-root-Candidatus_Cloacimonetes_bacterium

TET46193.1_root-root-root-root-root-candidate_division_TA06_bacterium
TET82949.1_root-root-root-root-root-candidate_division_TA06_bacterium

KPK68114.1_root-root-root-root-root-candidate_division_TA06_bacterium_SM1_40
KPJ50305.1_root-root-root-root-root-candidate_division_TA06_bacterium_DG_26
RKY99386.1_Candidatus_Hydrothermae-root-root-root-root-Candidatus_Hydrothermae_bacterium

RKY97898.1_Candidatus_Hydrothermae-root-root-root-root-Candidatus_Hydrothermae_bacterium
RKY94974.1_Candidatus_Hydrothermae-root-root-root-root-Candidatus_Hydrothermae_bacterium

RKU34393.1_Candidatus_Poribacteria-root-root-root-root-Candidatus_Poribacteria_bacterium
RKU06044.1_Candidatus_Poribacteria-root-root-root-root-Candidatus_Poribacteria_bacterium

RKU28022.1_Candidatus_Poribacteria-root-root-root-root-Candidatus_Poribacteria_bacterium
RKX99516.1_Candidatus_Poribacteria-root-root-root-root-Candidatus_Poribacteria_bacterium

OIN97540.1_Candidatus_Desantisbacteria-root-root-root-root-Candidatus_Desantisbacteria_bacterium_CG1_02_38_46
OIO02816.1_Candidatus_Desantisbacteria-root-root-root-root-Candidatus_Desantisbacteria_bacterium_CG1_02_49_89

OPX28609.1_Candidatus_Omnitrophica-root-root-root-root-Candidatus_Omnitrophica_bacterium_4484_171
KPK42105.1_Candidatus_Omnitrophica-root-root-root-root-Omnitrophica_WOR_2_bacterium_SM23_29
PIU41423.1_Candidatus_Omnitrophica-root-root-root-root-Candidatus_Omnitrophica_bacterium_CG07_land_8_20_14_0_80_42_15
OGW94688.1_Candidatus_Omnitrophica-root-root-root-root-Omnitrophica_bacterium_RIFCSPLOWO2_12_FULL_45_13

OGW84635.1_Candidatus_Omnitrophica-root-root-root-root-Omnitrophica_bacterium_RIFCSPLOWO2_01_FULL_45_10
OGW90963.1_Candidatus_Omnitrophica-root-root-root-root-Omnitrophica_bacterium_RIFCSPHIGHO2_02_FULL_63_14

OGC04510.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFCSPLOWO2_02_FULL_46_20
KPJ69570.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_DG_54_3

PIS29007.1_root-root-root-root-root-Candidatus_Saganbacteria_bacterium_CG08_land_8_20_14_0_20_45_16
OGC24990.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYA2_FULL_41_14
OGB90827.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFCSPHIGHO2_01_FULL_53_15
OGC11227.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYA12_FULL_52_29

OGC32870.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYC2_FULL_37_10
OGC05039.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYA12_FULL_43_27
WP_013536771.1_Aquificae-Aquificae-Desulfurobacteriales-Desulfurobacteriaceae-Thermovibrio-Thermovibrio_ammonificans
RUM90012.1_Aquificae-Aquificae-Desulfurobacteriales-Desulfurobacteriaceae-Thermovibrio-Thermovibrio_sp.

RUM42139.1_Aquificae-Aquificae-Desulfurobacteriales-Desulfurobacteriaceae-Desulfurobacterium-Desulfurobacterium_sp.
WP_121171604.1_Aquificae-Aquificae-Desulfurobacteriales-Desulfurobacteriaceae-Thermovibrio-Thermovibrio_guaymasensis
WP_022847490.1_Aquificae-Aquificae-Desulfurobacteriales-Desulfurobacteriaceae-Desulfurobacterium-Desulfurobacterium_sp._TC5-1

PMP76225.1_Aquificae-Aquificae-Aquificales-Hydrogenothermaceae-Sulfurihydrogenibium-Sulfurihydrogenibium_sp.
WP_097000814.1_Aquificae-Aquificae-Aquificales-Hydrogenothermaceae-Persephonella-Persephonella_hydrogeniphila

WP_012991891.1_Aquificae-Aquificae-Aquificales-Aquificaceae-Thermocrinis-Thermocrinis_albus
BAT72503.1_Aquificae-Aquificae-Aquificales-root-Thermosulfidibacter-Thermosulfidibacter_takaii

Yap2000.bin4.8_01252
YT1_182_00536
YT1_767_00455

MP5_5_87_00216
ARS106_00355

UBA12027_00075
UBA9638_00146

TMC39677.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium
TMC95453.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium
TMD68877.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium
TMC89251.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium

TME06654.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium
GCE17443.1_Chloroflexi-Ktedonobacteria-Ktedonobacterales-Dictyobacteraceae-Dictyobacter-Dictyobacter_kobayashii
WP_126626002.1_Chloroflexi-Ktedonobacteria-Ktedonobacterales-Dictyobacteraceae-Dictyobacter-Dictyobacter_alpinus
WP_151754863.1_Chloroflexi-Ktedonobacteria-Ktedonobacterales-Dictyobacteraceae-Dictyobacter-Dictyobacter_vulcani
WP_149401243.1_Chloroflexi-Ktedonobacteria-Ktedonobacterales-Dictyobacteraceae-Dictyobacter-Dictyobacter_sp._Uno17

WP_129889473.1_Chloroflexi-Ktedonobacteria-Ktedonobacterales-Ktedonosporobacteraceae-Ktedonosporobacter-Ktedonosporobacter_rubrisoli
RMH61883.1_Proteobacteria-Zetaproteobacteria-root-root-root-Zetaproteobacteria_bacterium

RMG92916.1_Proteobacteria-Zetaproteobacteria-root-root-root-Zetaproteobacteria_bacterium
GDX55220.1_Proteobacteria-Betaproteobacteria-Nitrosomonadales-Methylophilaceae-root-Methylophilaceae_bacterium
WP_139871131.1_Proteobacteria-Betaproteobacteria-Nitrosomonadales-Methylophilaceae-Candidatus_Methylopumilus-Candidatus_Methylopumilus_universalis

WP_099398677.1_Proteobacteria-Betaproteobacteria-Neisseriales-Chromobacteriaceae-Iodobacter-Iodobacter_sp._BJB302
WP_115434335.1_Proteobacteria-Betaproteobacteria-Neisseriales-Neisseriaceae-Crenobacter-Crenobacter_cavernae
WP_088967164.1_Proteobacteria-Betaproteobacteria-Neisseriales-Chromobacteriaceae-Vogesella-Vogesella_sp._LIG4
WP_008954537.1_Proteobacteria-Betaproteobacteria-Neisseriales-Chromobacteriaceae-Pseudogulbenkiania-Pseudogulbenkiania_ferrooxidans

KAF0167094.1_Proteobacteria-Betaproteobacteria-Rhodocyclales-Rhodocyclaceae-root-Rhodocyclaceae_bacterium
WP_009205200.1_Proteobacteria-Betaproteobacteria-Nitrosomonadales-Sulfuricellaceae-Sulfuricella-Sulfuricella_denitrificans

WP_144393180.1_Proteobacteria-Gammaproteobacteria-Oceanospirillales-Kangiellaceae-Pleionea-Pleionea_sediminis
WP_022947836.1_Proteobacteria-Gammaproteobacteria-Methylococcales-Methylothermaceae-Methylohalobius-Methylohalobius_crimeensis

WP_028989635.1_Proteobacteria-Acidithiobacillia-Acidithiobacillales-Thermithiobacillaceae-Thermithiobacillus-Thermithiobacillus_tepidarius
PCI68680.1_Proteobacteria-Gammaproteobacteria-Thiotrichales-Thiotrichaceae-root-Thiotrichaceae_bacterium

PKO93557.1_Proteobacteria-Betaproteobacteria-root-root-root-Betaproteobacteria_bacterium_HGW-Betaproteobacteria-1
TET42645.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium

OGS02615.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_RIFOXYA12_FULL_49_49
OGS25018.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_RIFOXYB2_FULL_50_12

AKL97595.1_Elusimicrobia-Endomicrobia-Endomicrobiales-Endomicrobiaceae-Endomicrobium-Endomicrobium_proavitum
WP_096525536.1_Elusimicrobia-Endomicrobia-Endomicrobiales-Endomicrobiaceae-Endomicrobium-Candidatus_Endomicrobium_trichonymphae

OGS34436.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_RIFOXYC2_FULL_34_12
OGS45273.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_RIFOXYD2_FULL_34_15

PIU82691.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_CG06_land_8_20_14_3_00_38_11
WP_087288631.1_Elusimicrobia-Elusimicrobia-Elusimicrobiales-Elusimicrobiaceae-Elusimicrobium-Elusimicrobium_sp._An273

TPW20239.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium
OGR89072.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_RIFCSPLOWO2_01_FULL_59_12

OGL39637.1_Candidatus_Schekmanbacteria-root-root-root-root-Candidatus_Schekmanbacteria_bacterium_GWA2_38_11
OGL40756.1_Candidatus_Schekmanbacteria-root-root-root-root-Candidatus_Schekmanbacteria_bacterium_GWA2_38_9

WP_028894369.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophorhabdaceae-Syntrophorhabdus-Syntrophorhabdus_aromaticivorans
OGV98910.1_Nitrospinae-root-root-root-root-Nitrospinae_bacterium_RIFCSPHIGHO2_02_39_11

OGW55841.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium_RIFCSPHIGHO2_02_FULL_42_12
RJR07194.1_Candidatus_Parcubacteria-root-root-root-root-Candidatus_Parcubacteria_bacterium
KAF0144626.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium

RMG04249.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium
RJQ14708.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-root-Nitrospiraceae_bacterium

OKY75053.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-root-Desulfobulbaceae_bacterium_DB1
KPK27534.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-root-root-Desulfobacterales_bacterium_SG8_35_2
PLX47040.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-root-Desulfobulbaceae_bacterium
OGQ98007.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RIFOXYD12_FULL_57_12

OGR03221.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RIFOXYD12_FULL_50_9
OGQ88592.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RIFOXYD12_FULL_56_24

RUM39307.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-Desulfobulbus-Desulfobulbus_sp.
WP_136872330.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-Desulforhopalus-Desulforhopalus_sp._IMCC35007
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TBV80106.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-root-Desulfobulbaceae_bacterium
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WP_084057234.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophobacteraceae-Desulfacinum-Desulfacinum_hydrothermale

OIP90964.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophobacteraceae-root-Syntrophobacteraceae_bacterium_CG2_30_61_12
WP_011698280.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophobacteraceae-Syntrophobacter-Syntrophobacter_fumaroxidans

WP_020886836.1_Proteobacteria-Deltaproteobacteria-Desulfovibrionales-Desulfovibrionaceae-Desulfohalovibrio-Desulfohalovibrio_alkalitolerans
WP_049675352.1_Proteobacteria-Deltaproteobacteria-Desulfarculales-Desulfarculaceae-Desulfocarbo-Desulfocarbo_indianensis
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OPX36012.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-root-Desulfobacteraceae_bacterium_4484_190.1

PIP48259.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_CG_4_8_14_3_um_filter_51_11
RLB31953.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium

RLB06665.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
TFG42713.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-root-root-Syntrophobacterales_bacterium
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PIE71806.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
OEU51515.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-root-root-Desulfobacterales_bacterium_S3730MH5

WP_012609980.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-Desulfatibacillum-Desulfatibacillum_aliphaticivorans
RLA90293.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
WP_022853791.1_Thermodesulfobacteria-Thermodesulfobacteria-Thermodesulfobacteriales-Thermodesulfobacteriaceae-Thermodesulfatator-Thermodesulfatator_atlanticus

WP_013908144.1_Thermodesulfobacteria-Thermodesulfobacteria-Thermodesulfobacteriales-Thermodesulfobacteriaceae-Thermodesulfatator-Thermodesulfatator_indicus
RUM89799.1_Thermodesulfobacteria-Thermodesulfobacteria-Thermodesulfobacteriales-Thermodesulfobacteriaceae-Thermodesulfatator-Thermodesulfatator_sp.
WP_038041162.1_Thermodesulfobacteria-Thermodesulfobacteria-Thermodesulfobacteriales-Thermodesulfobacteriaceae-Thermodesulfobacterium-Thermodesulfobacterium_hveragerdense
RKX62204.1_Thermodesulfobacteria-root-root-root-root-Thermodesulfobacteria_bacterium

PMP63359.1_Thermodesulfobacteria-Thermodesulfobacteria-Thermodesulfobacteriales-Thermodesulfobacteriaceae-Caldimicrobium-Caldimicrobium_thiodismutans
PLX83115.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Desulfuromonadaceae-Desulfuromonas-Desulfuromonas_sp.

PLX94093.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Desulfuromonadaceae-Desulfuromonas-Desulfuromonas_sp.
WP_072904795.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Desulfuromonadaceae-Malonomonas-Malonomonas_rubra
WP_078790765.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_thiogenes

WP_041974522.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_sp._OR-1
RII27283.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_sp.
WP_088535076.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_sp._DSM_9736
WP_041970593.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_sp._OR-1

WP_078791480.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_thiogenes
OGP17533.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_GWA2_55_82

OGP11622.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_GWA2_43_19
OHE18131.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-root-root-Syntrophobacterales_bacterium_GWC2_56_13

OPY08700.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-root-Syntrophaceae_bacterium_PtaB.Bin095
OPY81919.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-Smithella-Smithella_sp._PtaU1.Bin162

PKN05228.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_HGW-Deltaproteobacteria-9
OPY05108.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-root-Syntrophaceae_bacterium_PtaB.Bin038

KPK91768.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_SM23_61
PIV24283.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_CG_4_8_14_3_um_filter_45_9

RPJ01446.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
RLA81445.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium

TDJ14588.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
MAI25827.1_Proteobacteria-root-root-root-root-Proteobacteria_bacterium_TMED72

OGP86395.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RBG_13_65_10
OGP19121.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_GWA2_57_13
OGP98841.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RBG_16_55_12

OGQ82475.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RIFCSPLOWO2_12_FULL_60_19
TAJ99800.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium

TKS61484.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Nitrospira-Nitrospira_sp.
WP_053378547.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Nitrospira-Nitrospira_moscoviensis

WP_062484553.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Nitrospira-Candidatus_Nitrospira_inopinata
RPH80003.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-root-Nitrospiraceae_bacterium
TMQ28666.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium

TLY16858.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium
TLY35951.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium

OGW41396.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium_GWC2_57_9
WP_036083069.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Leptospirillum-Leptospirillum_ferriphilum

TDJ60406.1_Nitrospinae-Nitrospinia-Nitrospinales-Nitrospinaceae-Nitrospina-Nitrospina_sp.
PIR00214.1_Nitrospinae-root-root-root-root-Nitrospinae_bacterium_CG11_big_fil_rev_8_21_14_0_20_45_15

PJB82294.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium_CG_4_9_14_3_um_filter_49_7
WP_084511904.1_Acidobacteria-Holophagae-Holophagales-Holophagaceae-Geothrix-Geothrix_fermentans

TAM47604.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium
PYQ49082.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium
PYQ58423.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium
PYQ34719.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium
PYQ31411.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium

PYV21380.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium
TAM83069.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium

PYV43523.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium
WP_041976863.1_Acidobacteria-Blastocatellia-Blastocatellales-Pyrinomonadaceae-Pyrinomonas-Pyrinomonas_methylaliphatogenes

RIJ95274.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium
KXJ98816.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium_OLB17

PYS91899.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium
PYS97785.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium
REJ77394.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium

RMG09478.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium
RMH32948.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium

PYS46035.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium
PYS84220.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium

0.125

Supplementary Fig. 17: Phylogenetic analysis of dxs gene (1-deoxy-D-xylulose-5-phosphate synthase). The tree was unrooted and inferred using IQ-
Tree LG+C50+F+I+G model on an alignment of 298 taxa and 695 sites. UFBOOT (left) and SH-aLRT (right) support values are shown 
along the branches. Bacteria and Woesearchaeota are colored in black and green respectively. Scale bar shows the number of average 
substitutions per site. Woesearchaeota subgroup J homologues are annotated in the figure. Source data are provided as a Source Data file and raw data are 
also available via figshare (See Data availability for more details).
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WP_022852454.1_Thermodesulfobacteria-Thermodesulfobacteria-Thermodesulfobacteriales-Thermodesulfobacteriaceae-Thermodesulfatator-Thermodesulfatator_atlanticus

OGE22838.1_Candidatus_Dadabacteria-root-root-root-root-Candidatus_Dadabacteria_bacterium_RIFCSPHIGHO2_12_FULL_53_21
TDI90026.1_Candidatus_Dadabacteria-root-root-root-root-Candidatus_Dadabacteria_bacterium
OGQ83559.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RIFCSPLOWO2_12_FULL_60_19

WP_093393502.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophobacteraceae-Thermodesulforhabdus-Thermodesulforhabdus_norvegica
WP_080878199.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Nitrospira-Nitrospira_sp._ND1

OYT20889.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Nitrospira-Nitrospira_sp._UW-LDO-01
WP_090893995.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Nitrospira-Candidatus_Nitrospira_nitrificans

TKS61094.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Nitrospira-Nitrospira_sp.
WP_080887121.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Nitrospira-Nitrospira_japonica

TLY32297.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium
KPK92194.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_SM23_61

OGW15265.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium_GWA2_42_11
RLC32039.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
OQY48650.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-root-Desulfobacteraceae_bacterium_4572_87
WP_149211047.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_sp._FeAm09

WP_039644244.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_soli
OGP91642.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RBG_16_48_10
OGP93425.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RBG_16_47_11

RJP57666.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
PIR01318.1_Nitrospinae-root-root-root-root-Nitrospinae_bacterium_CG11_big_fil_rev_8_21_14_0_20_45_15

OGW31547.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium_GWF2_44_13
WP_109135752.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Candidatus_Sulfobium-Candidatus_Sulfobium_mesophilum

PMP69456.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Thermodesulfovibrio-Thermodesulfovibrio_aggregans
WP_068858707.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Thermodesulfovibrio-Thermodesulfovibrio_sp._N1

OGW08137.1_Nitrospinae-root-root-root-root-Nitrospinae_bacterium_RIFCSPLOWO2_12_39_16
RLC14874.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium

RJP82958.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-root-Desulfobacteraceae_bacterium
WP_054031566.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-Desulfatitalea-Desulfatitalea_tepidiphila

OGR22947.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-root-root-Desulfobacterales_bacterium_RIFOXYA12_FULL_46_15
WP_006965816.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-Desulfotignum-Desulfotignum_phosphitoxidans

RLB96258.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
PKN20992.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_HGW-Deltaproteobacteria-6

PKN38387.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_HGW-Deltaproteobacteria-2
PKN51979.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_HGW-Deltaproteobacteria-13

WP_011417492.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-Syntrophus-Syntrophus_aciditrophicus
OIP92412.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-root-Syntrophaceae_bacterium_CG2_30_49_12

MAJ16596.1_Verrucomicrobia-Opitutae-root-root-root-Opitutae_bacterium_TMED67
PYK59306.1_Verrucomicrobia-root-root-root-root-Verrucomicrobia_bacterium

TAK93670.1_Verrucomicrobia-root-root-root-root-Verrucomicrobia_bacterium
WP_007418593.1_Verrucomicrobia-Verrucomicrobiae-Verrucomicrobiales-Verrucomicrobia_subdivision_3-Pedosphaera-Pedosphaera_parvula

OEG70113.1_Elusimicrobia-Endomicrobia-Endomicrobiales-Endomicrobiaceae-Endomicrobium-Candidatus_Endomicrobium_trichonymphae
OEG70108.1_Elusimicrobia-Endomicrobia-Endomicrobiales-Endomicrobiaceae-Endomicrobium-Candidatus_Endomicrobium_trichonymphae

OGO07537.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium_RBG_13_57_8
TES89281.1_Chloroflexi-Dehalococcoidia-root-root-root-Dehalococcoidia_bacterium

TET37417.1_Chloroflexi-Dehalococcoidia-root-root-root-Dehalococcoidia_bacterium
WP_073163007.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfofundulus-Desulfofundulus_australicus

TEB06737.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Pelotomaculum-Pelotomaculum_schinkii
WP_015758638.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfofarcimen-Desulfofarcimen_acetoxidans

WP_161262016.1_Firmicutes-Clostridia-Clostridiales-Heliobacteriaceae-Heliobacterium-Heliobacterium_gestii
WP_034419754.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Thermoanaerosceptrum-Thermoanaerosceptrum_fracticalcis
KUO52289.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfitibacter-Desulfitibacter_sp._BRH_c19

WP_156203125.1_Firmicutes-Clostridia-Clostridiales-Syntrophomonadaceae-Candidatus_Syntrophocurvum-Candidatus_Syntrophocurvum_alkaliphilum
WP_073089576.1_Firmicutes-Clostridia-Clostridiales-Syntrophomonadaceae-Thermosyntropha-Thermosyntropha_lipolytica

OLA94728.1_Candidatus_Melainabacteria-root-root-root-root-Candidatus_Melainabacteria_bacterium_LEY3_CP_29_8
OGI21737.1_Candidatus_Melainabacteria-root-root-root-root-Candidatus_Melainabacteria_bacterium_RIFOXYA12_FULL_32_12
OGI03013.1_Candidatus_Melainabacteria-root-root-root-root-Candidatus_Melainabacteria_bacterium_GWF2_37_15

TEU07808.1_Candidatus_Aminicenantes-root-root-root-root-Candidatus_Aminicenantes_bacterium
OFY39221.1_Bacteroidetes-root-root-root-root-Bacteroidetes_bacterium_GWF2_40_14
OFX79781.1_Bacteroidetes-root-root-root-root-Bacteroidetes_bacterium_GWE2_40_15
PKP07627.1_Bacteroidetes-root-root-root-root-Bacteroidetes_bacterium_HGW-Bacteroidetes-5
OJV22765.1_Bacteroidetes-root-root-root-root-Bacteroidetes_bacterium_41-46

OFY64025.1_Bacteroidetes-root-root-root-root-Bacteroidetes_bacterium_RBG_13_43_22
OFY67310.1_Bacteroidetes-root-root-root-root-Bacteroidetes_bacterium_RIFCSPLOWO2_02_FULL_36_8

PIV58760.1_Bacteroidetes-root-root-root-root-Bacteroidetes_bacterium_CG_4_10_14_3_um_filter_31_20
RKV87077.1_Bacteroidetes-root-root-root-root-Bacteroidetes_bacterium

WP_123205626.1_Bacteroidetes-Sphingobacteriia-Sphingobacteriales-Sphingobacteriaceae-Pedobacter-Pedobacter_jejuensis
WP_093918298.1_Bacteroidetes-Bacteroidia-Marinilabiliales-Prolixibacteraceae-Sunxiuqinia-Sunxiuqinia_elliptica

WP_123481241.1_Bacteroidetes-Bacteroidia-Bacteroidales-root-root-root
WP_140945405.1_Candidatus_Kryptonia-root-root-root-Candidatus_Thermokryptus-Candidatus_Thermokryptus_mobilis

WP_072150805.1_Candidatus_Kryptonia-root-root-root-Candidatus_Kryptobacter-Candidatus_Kryptobacter_tengchongensis
WP_047134960.1_Candidatus_Kryptonia-root-root-root-Candidatus_Kryptonium-Candidatus_Kryptonium_thompsoni

OQY72660.1_Ignavibacteriae-Ignavibacteria-Ignavibacteriales-root-root-Ignavibacteriales_bacterium_UTCHB2
WP_014559181.1_Ignavibacteriae-Ignavibacteria-Ignavibacteriales-Ignavibacteriaceae-Ignavibacterium-Ignavibacterium_album

PIW69706.1_Ignavibacteriae-Ignavibacteria-Ignavibacteriales-root-root-Ignavibacteriales_bacterium_CG12_big_fil_rev_8_21_14_0_65_30_8
PKL82552.1_Ignavibacteriae-root-root-root-root-Ignavibacteriae_bacterium_HGW-Ignavibacteriae-3

OGU59214.1_Ignavibacteriae-Ignavibacteria-root-root-root-Ignavibacteria_bacterium_RBG_13_36_8
OFW34102.1_Actinobacteria-root-root-root-root-Actinobacteria_bacterium_GWC2_53_9

OIO85307.1_Actinobacteria-root-root-root-root-Actinobacteria_bacterium_CG2_30_50_142
WP_035145906.1_Firmicutes-Clostridia-Clostridiales-Caldicoprobacteraceae-Caldicoprobacter-Caldicoprobacter_oshimai

WP_054631496.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Paeniclostridium-Paeniclostridium_sordellii
WP_071119913.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Romboutsia-Romboutsia_timonensis
WP_003424494.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Clostridioides-Clostridioides_difficile

WP_154537299.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Peptostreptococcus-Peptostreptococcus_anaerobius
WP_072723040.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Tepidibacter-Tepidibacter_thalassicus

WP_151860252.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Alkaliphilus-Alkaliphilus_sp._LacV
ABR48834.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Alkaliphilus-Alkaliphilus_metalliredigens

WP_070970432.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_formicaceticum
WP_012159374.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Alkaliphilus-Alkaliphilus_oremlandii

WP_095130446.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Anaeromicrobium-Anaeromicrobium_sediminis
WP_068556138.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Thermotalea-Thermotalea_metallivorans

WP_132241669.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Marinisporobacter-Marinisporobacter_balticus
WP_006312312.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Caldisalinibacter-Caldisalinibacter_kiritimatiensis

OXS25135.1_Firmicutes-Clostridia-Clostridiales-Eubacteriaceae-Acetobacterium-Acetobacterium_sp._MES1
WP_152803431.1_Firmicutes-Clostridia-Clostridiales-Eubacteriaceae-Alkalibaculum-Alkalibaculum_sp._M08DMB

WP_073992460.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Parasporobacterium-Parasporobacterium_paucivorans
WP_103202623.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Herbinix-Herbinix_hemicellulosilytica

SCG87227.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-uncultured_Clostridium_sp.
WP_132252006.1_Firmicutes-Clostridia-Clostridiales-root-Natranaerovirga-Natranaerovirga_pectinivora
WP_148893655.1_Firmicutes-Clostridia-Clostridiales-Hungateiclostridiaceae-Hungateiclostridium-Hungateiclostridium_alkalicellulosi

WP_004622949.1_Firmicutes-Clostridia-Clostridiales-Hungateiclostridiaceae-Ruminiclostridium-Ruminiclostridium_cellobioparum
WP_087989851.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Anaerotignum-Anaerotignum_lactatifermentans

WP_158738989.1_Firmicutes-Clostridia-Clostridiales-Defluviitaleaceae-Defluviitalea-Defluviitalea_raffinosedens
WP_105618020.1_Firmicutes-Clostridia-Clostridiales-Vallitaleaceae-Vallitalea-Vallitalea_okinawensis

WP_015311624.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacterales_Family_III._Incertae_Sedis-Thermoanaerobacterium-Thermoanaerobacterium_thermosaccharolyticum
WP_072967596.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Thermoanaerobacter-Thermoanaerobacter_uzonensis

KUK09842.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Caldanaerobacter-Caldanaerobacter_subterraneus
WP_112365658.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_ventriculi

WP_077829235.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_beijerinckii
WP_029161501.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_scatologenes

WP_073247618.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Caloramator-Caloramator_proteoclasticus
WP_054875124.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Oxobacter-Oxobacter_pfennigii

PIU08892.1_Candidatus_Moranbacteria-root-root-root-root-Candidatus_Moranbacteria_bacterium_CG08_land_8_20_14_0_20_34_16
YT1_562_00592

PID52479.1_Candidatus_Moranbacteria-root-root-root-root-Candidatus_Moranbacteria_bacterium
CG11_big_fil_rev_8_21_14_0_20_43_8_01045
CG08_land_8_20_14_0_20_43_7_01031

FT1_083_01028
ARS74_01080

ARS102_00943
ARS106_00353

UBA12027_00078
Yap2000.bin4.8_00748
YT1_182_00091

YT1_767_00458
MP5_5_87_00219

UBA9638_00145
PIN99157.1_Candidatus_Diapherotrites-root-root-root-root-Candidatus_Diapherotrites_archaeon_CG_4_10_14_0_2_um_filter_31_5

WP_018250148.1_Firmicutes-Clostridia-Halanaerobiales-Halobacteroidaceae-Orenia-Orenia_marismortui
WP_085022139.1_Firmicutes-Negativicutes-Selenomonadales-Selenomonadaceae-Anaerovibrio-Anaerovibrio_sp._JC8

WP_033169917.1_Firmicutes-Negativicutes-Selenomonadales-Selenomonadaceae-Selenomonas-Selenomonas_sp._ND2010
WP_118204888.1_Firmicutes-Negativicutes-Selenomonadales-Selenomonadaceae-Megamonas-Megamonas_funiformis

WP_110953235.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Massilibacillus-Massilibacillus_massiliensis
WP_147668090.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-root-Veillonellaceae_bacterium

WP_093689489.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Sporolituus-Sporolituus_thermophilus
WP_075755126.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Sporomusa-Sporomusa_sphaeroides

WP_113077030.1_Firmicutes-Negativicutes-Acidaminococcales-Acidaminococcaceae-Phascolarctobacterium-Phascolarctobacterium_faecium
WP_071142378.1_Firmicutes-Negativicutes-Acidaminococcales-Acidaminococcaceae-Acidaminococcus-Acidaminococcus_timonensis

WP_097834176.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_pseudomycoides
WP_023522840.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_thuringiensis

WP_088069514.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_luciferensis
WP_077615136.1_Firmicutes-Bacilli-Bacillales-Sporolactobacillaceae-Caenibacillus-Caenibacillus_caldisaponilyticus

WP_061969483.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Fictibacillus-Fictibacillus_enclensis
WP_069304134.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Geobacillus-Geobacillus_thermoleovorans

TCL50407.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Thermolongibacillus-Thermolongibacillus_altinsuensis
WP_145504984.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-_Brevibacterium__frigoritolerans
WP_010282352.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_timonensis

WP_095308126.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_sp._7504-2
WP_066085353.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Neobacillus-Neobacillus_novalis

WP_057769898.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_dafuensis
WP_141433448.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_sp._03113
WP_126050097.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_acidinfaciens
WP_104055913.1_Firmicutes-Bacilli-Bacillales-Planococcaceae-Jeotgalibacillus-Jeotgalibacillus_proteolyticus

WP_070622091.1_Firmicutes-Bacilli-Bacillales-Staphylococcaceae-Nosocomiicoccus-Nosocomiicoccus_sp._HMSC067E10
WP_091472962.1_Firmicutes-Bacilli-Bacillales-Staphylococcaceae-Aliicoccus-Aliicoccus_persicus

WP_107375677.1_Firmicutes-Bacilli-Bacillales-Staphylococcaceae-Staphylococcus-Staphylococcus_chromogenes
WP_019721103.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_coagulans

WP_003320641.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Alkalihalobacillus-Alkalihalobacillus_alcalophilus
WP_100831814.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_sp._FJAT-45348

WP_112882449.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_montanisoli
WP_025850718.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_ehimensis

WP_069291737.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_polymyxa
WP_038696677.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_stellifer
WP_036622318.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_macerans

WP_089198189.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_xerothermodurans
WP_042119018.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_larvae

RMB02621.1_Firmicutes-Bacilli-Bacillales-Thermoactinomycetaceae-Thermoactinomyces-Thermoactinomyces_vulgaris
WP_072332602.1_Firmicutes-Bacilli-Bacillales-Thermoactinomycetaceae-Thermoactinomyces-Thermoactinomyces_sp._DSM_45891

WP_142504860.1_Firmicutes-Bacilli-Bacillales-Thermoactinomycetaceae-Melghirimyces-Melghirimyces_algeriensis
WP_119683737.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_cereus
WP_153581348.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_thuringiensis
WP_072191693.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_anthracis
WP_098072350.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_toyonensis

WP_098961707.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_wiedmannii
WP_087095060.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_cytotoxicus

WP_038088948.1_Firmicutes-Bacilli-Bacillales-Alicyclobacillaceae-Tumebacillus-Tumebacillus_flagellatus
WP_100667795.1_Firmicutes-Bacilli-Bacillales-Alicyclobacillaceae-Kyrpidia-Kyrpidia_spormannii

WP_069642130.1_Firmicutes-Bacilli-Bacillales-root-Desulfuribacillus-Desulfuribacillus_alkaliarsenatis
WP_011142249.1_Cyanobacteria-Gloeobacteria-Gloeobacterales-Gloeobacteraceae-Gloeobacter-Gloeobacter_violaceus

WP_017326448.1_Cyanobacteria-root-Synechococcales-Synechococcaceae-Synechococcus-Synechococcus_sp._PCC_7336
WP_079323518.1_Cyanobacteria-root-Synechococcales-Prochloraceae-Prochlorococcus-Prochlorococcus_sp._HOT208_60m_813G15

OIP77900.1_Cyanobacteria-root-Oscillatoriales-root-root-Oscillatoriales_cyanobacterium_CG2_30_44_21
WP_055075709.1_Cyanobacteria-root-Synechococcales-Pseudanabaenaceae-Pseudanabaena-Pseudanabaena_sp.__Roaring_Creek_
WP_012306446.1_Cyanobacteria-root-Synechococcales-Synechococcaceae-Synechococcus-Synechococcus_sp._PCC_7002
WP_087710062.1_Cyanobacteria-root-Oscillatoriales-Oscillatoriaceae-Phormidium-Phormidium_sp._HE10JO

WP_015174025.1_Cyanobacteria-root-Oscillatoriales-Oscillatoriaceae-Oscillatoria-Oscillatoria_nigro-viridis
AFZ48068.1_Cyanobacteria-root-Chroococcales-Cyanobacteriaceae-Cyanobacterium-Cyanobacterium_stanieri
WP_002789762.1_Cyanobacteria-root-Chroococcales-Microcystaceae-Microcystis-Microcystis_aeruginosa
TRU13707.1_Cyanobacteria-root-Chroococcales-Microcystaceae-Microcystis-Microcystis_sp._Msp_OC_L_20101000_S702
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0.125

Supplementary Fig. 18: Phylogenetic analysis of dxr gene (1-deoxy-D-xylulose 5-phosphate reductoisomerase). The tree was unrooted and 
inferred using IQ-Tree LG+C60+F+I+G model on an alignment of 232 taxa and 403 sites. UFBOOT (left) and SH-aLRT (right) support values are  
shown along the branches. Scale bar shows the number of average substitutions per site. Bacteria, Archaea and Woesearchaeota are colored in 
black, cyan and green respectively. Woesearchaeota subgroup J is annotated in the figure. Source data are provided as a Source Data file and raw data are 
also available via figshare (See Data availability for more details).
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WP_017186386.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Alkalibacillus-Alkalibacillus_haloalkaliphilus
WP_124223862.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Aquisalibacillus-Aquisalibacillus_elongatus

KGX90412.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Pontibacillus-Pontibacillus_halophilus
PWL48689.1_Firmicutes-Clostridia-Clostridiales-root-root-Clostridiales_bacterium

WP_066523491.1_Firmicutes-Clostridia-Clostridiales-Christensenellaceae-Christensenella-Christensenella_minuta
WP_046442680.1_Firmicutes-Clostridia-Clostridiales-Catabacteriaceae-Catabacter-Catabacter_hongkongensis

WP_013781141.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacterales_Family_IV._Incertae_Sedis-Mahella-Mahella_australiensis
WP_015738432.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Ammonifex-Ammonifex_degensii

WP_012301343.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Candidatus_Desulforudis-Candidatus_Desulforudis_audaxviator
WP_059362795.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Veillonella-Veillonella_tobetsuensis
WP_156931305.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Veillonella-Veillonella_atypica
WP_120054824.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Veillonella-Veillonella_sp._AF36-20BH

WP_028255666.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Veillonella-Veillonella_magna
WP_062402484.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Veillonella-Veillonella_sp._DNF00869

WP_095340462.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Megasphaera-Megasphaera_elsdenii
EGS35475.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Megasphaera-Megasphaera_sp._UPII_135-E

GCE52200.1_Armatimonadetes-Armatimonadia-Capsulimonadales-Capsulimonadaceae-Capsulimonas-Capsulimonas_corticalis
OIO95023.1_Armatimonadetes-root-root-root-root-Armatimonadetes_bacterium_CG2_30_59_28

WP_038674849.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Pelosinus-Pelosinus_sp._UFO1
WP_144348500.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Sporomusa-Sporomusa_termitida

EGO62759.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Acetonema-Acetonema_longum
WP_093692155.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Sporolituus-Sporolituus_thermophilus

WP_143763538.1_Firmicutes-Clostridia-Clostridiales-root-root-Clostridiales_bacterium
WP_051070613.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfurispora-Desulfurispora_thermophila

PWL47548.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-root-Veillonellaceae_bacterium
WP_119055800.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Dialister-Dialister_pneumosintes

WP_008859177.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Dialister-Dialister_succinatiphilus
CEO87855.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacterales_Family_III._Incertae_Sedis-Syntrophaceticus-Syntrophaceticus_schinkii

OUN01689.1_Firmicutes-root-root-root-root-Firmicutes_bacterium_ZCTH02-B6
WP_138790223.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_thermoaerophilus

WP_036592285.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_sophorae
REJ11479.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-root-Paenibacillaceae_bacterium

OUM99237.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-root-Paenibacillaceae_bacterium_ZCTH02-B3
WP_015043971.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Dehalobacter-Dehalobacter_sp._CF
KLU39795.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-root-Peptococcaceae_bacterium_1109
WP_138296375.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_sp._BSD2780061688st1_E8

TDI90898.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium
KAA1298344.1_Chloroflexi-root-root-root-root-SAR202_cluster_bacterium

WP_012938101.1_Firmicutes-Negativicutes-Acidaminococcales-Acidaminococcaceae-Acidaminococcus-Acidaminococcus_fermentans
WP_050005954.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Ruthenibacterium-Ruthenibacterium_lactatiformans
WP_087293959.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Gemmiger-Gemmiger_sp._An194

WP_087293131.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Anaerofilum-Anaerofilum_sp._An201
WP_066538906.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Acutalibacter-Acutalibacter_muris

WP_085532130.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Anaeromassilibacillus-Anaeromassilibacillus_sp._Marseille-P3371
OFX26925.1_Armatimonadetes-root-root-root-root-Armatimonadetes_bacterium_RBG_16_67_12

OLD40807.1_Armatimonadetes-root-root-root-root-Armatimonadetes_bacterium_13_1_40CM_3_65_7
OFX15292.1_Armatimonadetes-root-root-root-root-Armatimonadetes_bacterium_RBG_19FT_COMBO_69_19

OLD40015.1_Armatimonadetes-root-root-root-root-Armatimonadetes_bacterium_13_1_40CM_3_65_7
RLT53283.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium

WP_013257362.1_Proteobacteria-Deltaproteobacteria-Desulfarculales-Desulfarculaceae-Desulfarculus-Desulfarculus_baarsii
WP_092223464.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-Desulforhopalus-Desulforhopalus_singaporensis

THB78551.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-root-Desulfobulbaceae_bacterium
CAG34986.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-Desulfotalea-Desulfotalea_psychrophila

WP_136799408.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-Desulfopila-Desulfopila_sp._IMCC35004
KAB2892263.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-root-Desulfobulbaceae_bacterium

OQX18107.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-root-Desulfobulbaceae_bacterium_A2
WP_104937475.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-Desulfobulbus-Desulfobulbus_oralis

RWX47040.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-Candidatus_Electrothrix-Candidatus_Electrothrix_marina
RJX16672.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-Desulfobulbus-Desulfobulbus_sp.

WP_013162261.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-Desulfurivibrio-Desulfurivibrio_alkaliphilus
PIY21182.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_CG_4_10_14_3_um_filter_60_8

OGQ97536.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RIFOXYD12_FULL_57_12
RJO67304.1_Proteobacteria-Deltaproteobacteria-Myxococcales-root-root-Myxococcales_bacterium

WP_139688811.1_Proteobacteria-Betaproteobacteria-Burkholderiales-Sutterellaceae-Sutterella-root
QEP44945.1_Proteobacteria-Gammaproteobacteria-Chromatiales-Ectothiorhodospiraceae-root-Ectothiorhodospiraceae_bacterium_BW-2

TDI24067.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium
OLC45498.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium_13_1_40CM_65_14

PHY11975.1_Acidobacteria-Acidobacteriia-Acidobacteriales-Acidobacteriaceae-Acidobacterium-Acidobacterium_sp.
OFW04031.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium_RIFCSPLOWO2_02_FULL_68_18

RPJ52935.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium
OGS03797.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_RIFCSPLOWO2_12_FULL_59_9

OGR65685.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_GWB2_63_22
OGR37572.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_GWA2_64_40

OGR52920.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_GWA2_62_23
OGR45324.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_GWA2_61_42

OGS18679.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_RIFCSPHIGHO2_02_FULL_61_10
PJA11467.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_CG_4_10_14_0_2_um_filter_56_8

OGR47876.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_GWA2_51_34
OGR46403.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_GWA2_66_18

PCI38795.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium
OYV98247.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_37-65-8

OGP19423.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_GWA2_65_63
PJB32007.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_CG_4_9_14_3_um_filter_65_9
OGP34765.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_GWC2_65_14

OGP80633.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RBG_16_64_85
WP_116620302.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium

PCJ43953.1_Proteobacteria-Alphaproteobacteria-root-root-root-Alphaproteobacteria_bacterium
PZP54912.1_Proteobacteria-Alphaproteobacteria-root-root-Micavibrio-Micavibrio_aeruginosavorus

WP_116393264.1_Proteobacteria-Alphaproteobacteria-Parvularculales-Parvularculaceae-Parvularcula-Parvularcula_sp._SM1705
WP_090071382.1_Proteobacteria-Alphaproteobacteria-Rhizobiales-Cohaesibacteraceae-Cohaesibacter-Cohaesibacter_marisflavi

WP_085908114.1_Proteobacteria-Alphaproteobacteria-Kiloniellales-Kiloniellaceae-Kiloniella-Kiloniella_majae
WP_072377597.1_Proteobacteria-Alphaproteobacteria-Rhizobiales-Hyphomicrobiaceae-Hyphomicrobium-Hyphomicrobium_sp._NDB2Meth4

RUO98853.1_Proteobacteria-Alphaproteobacteria-Rhizobiales-Hyphomicrobiaceae-Hyphomicrobium-Hyphomicrobium_sp.
WP_079446393.1_Proteobacteria-Alphaproteobacteria-Rhizobiales-Bradyrhizobiaceae-Nitrobacter-Nitrobacter_vulgaris
WP_055458284.1_Proteobacteria-Alphaproteobacteria-Rhizobiales-Chelatococcaceae-Chelatococcus-Chelatococcus_sambhunathii

WP_114832039.1_Proteobacteria-Alphaproteobacteria-Rhizobiales-Bradyrhizobiaceae-Bosea-Bosea_caraganae
WP_012112061.1_Proteobacteria-Alphaproteobacteria-Rhizobiales-Rhodobiaceae-Parvibaculum-Parvibaculum_lavamentivorans
WP_094458005.1_Proteobacteria-Alphaproteobacteria-Rhodospirillales-Rhodospirillaceae-Niveispirillum-Niveispirillum_lacus

WP_145700165.1_Proteobacteria-Alphaproteobacteria-Rhodospirillales-Rhodospirillaceae-Azospirillum-Azospirillum_brasilense
WP_135077729.1_Proteobacteria-Alphaproteobacteria-Rhizobiales-Methylocystaceae-Terasakiella-Terasakiella_sp._SH-1

CAA6603282.1_Proteobacteria-Alphaproteobacteria-Rhodospirillales-Rhodospirillaceae-root-Rhodospirillaceae_bacterium_LM-1
WP_132939531.1_Proteobacteria-Alphaproteobacteria-Rhodospirillales-Rhodospirillaceae-Varunaivibrio-Varunaivibrio_sulfuroxidans

WP_029237641.1_Proteobacteria-Alphaproteobacteria-Rickettsiales-Anaplasmataceae-Wolbachia-root
TCS24783.1_Proteobacteria-Alphaproteobacteria-Rhodospirillales-Acetobacteraceae-Acidomonas-Acidomonas_methanolica

WP_122123573.1_Proteobacteria-Alphaproteobacteria-Rhodospirillales-Acetobacteraceae-Commensalibacter-Commensalibacter_sp._AMU001
WP_025229324.1_Armatimonadetes-Fimbriimonadia-Fimbriimonadales-Fimbriimonadaceae-Fimbriimonas-Fimbriimonas_ginsengisoli

RZO28751.1_Proteobacteria-Gammaproteobacteria-root-root-root-SAR86_cluster_bacterium
WP_066182314.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Campylobacteraceae-Arcobacter-Arcobacter_thereius

WP_082627656.1_Armatimonadetes-Chthonomonadetes-Chthonomonadales-Chthonomonadaceae-Chthonomonas-Chthonomonas_calidirosea
WP_082342755.1_Proteobacteria-Deltaproteobacteria-Myxococcales-Vulgatibacteraceae-Vulgatibacter-Vulgatibacter_incomptus
WP_012633794.1_Proteobacteria-Deltaproteobacteria-Myxococcales-Anaeromyxobacteraceae-Anaeromyxobacter-Anaeromyxobacter_dehalogenans

TME80936.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium
TMC66112.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium

TMC65024.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium
TFG69115.1_Chloroflexi-Thermomicrobia-Thermomicrobiales-root-root-Thermomicrobiales_bacterium

TMF39771.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium
KRT62475.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium_CSP1-4

WP_096400100.1_Proteobacteria-Deltaproteobacteria-Desulfovibrionales-Desulfovibrionaceae-Desulfovibrio-Candidatus_Desulfovibrio_trichonymphae
WP_144302405.1_Proteobacteria-Deltaproteobacteria-Desulfovibrionales-Desulfovibrionaceae-Desulfovibrio-Desulfovibrio_indonesiensis

WP_029898608.1_Proteobacteria-Deltaproteobacteria-Desulfovibrionales-Desulfovibrionaceae-Desulfohalovibrio-Desulfohalovibrio_reitneri
WP_028574303.1_Proteobacteria-Deltaproteobacteria-Desulfovibrionales-Desulfohalobiaceae-Desulfonatronovibrio-Desulfonatronovibrio_hydrogenovorans

WP_045220371.1_Proteobacteria-Deltaproteobacteria-Desulfovibrionales-Desulfonatronaceae-Desulfonatronum-Desulfonatronum_thioautotrophicum
WP_107738281.1_Proteobacteria-Deltaproteobacteria-Desulfovibrionales-Desulfonatronaceae-Desulfonatronum-Desulfonatronum_sp._SC1
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Supplementary Fig. 19: Phylogenetic analysis of ispD/F gene (2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase/2-C-methyl-D-
erythritol 2,4 cyclodiphosphate synthase). The tree was unrooted and inferred using IQ-Tree LG+C20+F+G model on an alignment of 258 taxa and 
465 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the branches. Bacteria, Archaea and Woesearchaeota are colored in 
black, cyan and green respectively. Scale bar shows the number of average substitutions per site. Woesearchaeota subgroup J homologues are annotated 
in the figure. Source data are provided as a Source Data file and raw data are also available via figshare (See Data availability for more details).
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OGL01403.1_Candidatus_Rokubacteria-root-root-root-root-Candidatus_Rokubacteria_bacterium_RIFCSPHIGHO2_02_FULL_73_26

CG08_land_8_20_14_0_20_43_7_00885
OGW27838.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium_GWC2_42_7

OHE58624.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Thermodesulfovibrio-Thermodesulfovibrio_sp._RBG_19FT_COMBO_42_12
PJA82784.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium_CG_4_9_14_3_um_filter_44_28

KAF0145139.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium
RJR16246.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-root-Nitrospiraceae_bacterium

RJQ49785.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-root-Nitrospiraceae_bacterium
WP_059176687.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Thermodesulfovibrio-Thermodesulfovibrio_aggregans

OGV98615.1_Nitrospinae-root-root-root-root-Nitrospinae_bacterium_RIFCSPHIGHO2_02_39_11
OGW10540.1_Nitrospinae-root-root-root-root-Nitrospinae_bacterium_RIFCSPLOWO2_12_39_16

OGW18464.1_Nitrospinae-root-root-root-root-Nitrospinae_bacterium_RIFCSPLOWO2_12_FULL_45_22
KPL19290.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM23_81

OGC79757.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_RBG_16_43_9
KPL01373.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM23_73_3

KPL03946.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM1_73
KPL02788.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM23_73_2

EQB63059.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_RBG-1
OHC00355.1_Planctomycetes-root-root-root-root-Planctomycetes_bacterium_RIFCSPLOWO2_12_FULL_39_13

WP_096894028.1_Planctomycetes-Candidatus_Brocadiae-Candidatus_Brocadiales-Candidatus_Brocadiaceae-Candidatus_Scalindua-Candidatus_Scalindua_japonica
WP_146264056.1_Planctomycetes-Candidatus_Brocadiae-Candidatus_Brocadiales-Candidatus_Brocadiaceae-root-Candidatus_Brocadiaceae_bacterium_S225
ODS33384.1_Planctomycetes-Candidatus_Brocadiae-Candidatus_Brocadiales-Candidatus_Brocadiaceae-Candidatus_Scalindua-Candidatus_Scalindua_rubra

OHC08378.1_Planctomycetes-root-root-root-root-Planctomycetes_bacterium_RIFOXYD2_FULL_41_16
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Supplementary Fig. 20: Phylogenetic analysis of ispE gene (4-diphosphocytidyl-2-C-methyl-D-erythritol kinase). The tree was unrooted and 
inferred using IQ-Tree LG+C60+F+I+G model on an alignment of 178 taxa and 322 sites. UFBOOT (left) and SH-aLRT (right) support values 
are shown along the branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan and green respectively. Scale 
bar shows the number of average substitutions per site. Woesearchaeota subgroup J homologues are annotated in the figure. Source data are 
provided as a Source Data file and raw data are also available via figshare (See Data availability for more details).
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UBA9638_00236
PIN98941.1_Candidatus_Diapherotrites-root-root-root-root-Candidatus_Diapherotrites_archaeon_CG_4_10_14_0_2_um_filter_31_5

TAA76240.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-Candidatus_Electronema-Candidatus_Electronema_sp._GS
WP_011522227.1_Acidobacteria-Acidobacteriia-Acidobacteriales-Acidobacteriaceae-Candidatus_Koribacter-Candidatus_Koribacter_versatilis

WP_026448094.1_Acidobacteria-Acidobacteriia-Acidobacteriales-Acidobacteriaceae-root-Acidobacteriaceae_bacterium_URHE0068
WP_114209402.1_Acidobacteria-Acidobacteriia-Acidobacteriales-Acidobacteriaceae-Acidisarcina-Acidisarcina_polymorpha

WP_129119120.1_Deinococcus-Thermus-Deinococci-Deinococcales-Deinococcaceae-Deinococcus-Deinococcus_metallilatus
WP_119762175.1_Deinococcus-Thermus-Deinococci-Deinococcales-Deinococcaceae-Deinococcus-Deinococcus_sp._K2S05-167

WP_027480814.1_Deinococcus-Thermus-Deinococci-Deinococcales-Deinococcaceae-Deinococcus-Deinococcus_pimensis
WP_146886515.1_Deinococcus-Thermus-Deinococci-Deinococcales-Deinococcaceae-Deinococcus-Deinococcus_cellulosilyticus

RPH35725.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium
TMB56632.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium

PZR64758.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium
OLD78729.1_Candidatus_Rokubacteria-root-root-root-root-Candidatus_Rokubacteria_bacterium_13_1_20CM_4_70_14

PYM72919.1_Candidatus_Rokubacteria-root-root-root-root-Candidatus_Rokubacteria_bacterium
WP_144440410.1_Firmicutes-Limnochordia-Limnochordales-Limnochordaceae-Limnochorda-Limnochorda_pilosa

WP_084584757.1_Deinococcus-Thermus-Deinococci-Thermales-Thermaceae-Thermus-Thermus_tengchongensis
WP_126200306.1_Deinococcus-Thermus-Deinococci-Thermales-Thermaceae-Thermus-Thermus_scotoductus

WP_013495430.1_Firmicutes-Clostridia-Clostridiales-Clostridiales_Family_XVII._Incertae_Sedis-Thermaerobacter-Thermaerobacter_marianensis
EKP93647.1_Firmicutes-Clostridia-Clostridiales-Clostridiales_Family_XVII._Incertae_Sedis-Thermaerobacter-Thermaerobacter_subterraneus

WP_135225338.1_Firmicutes-Clostridia-Clostridiales-Clostridiales_Family_XVII._Incertae_Sedis-Thermaerobacter-Thermaerobacter_sp._FW80
WP_152539526.1_Proteobacteria-Gammaproteobacteria-Methylococcales-Methylococcaceae-Methylosarcina-Methylosarcina_lacus

PPD02585.1_Proteobacteria-Gammaproteobacteria-Methylococcales-Methylococcaceae-Methylobacter-Methylobacter_sp.
WP_071155563.1_Proteobacteria-Gammaproteobacteria-Methylococcales-Methylococcaceae-Methylomonas-Methylomonas_sp._LWB

WP_093185156.1_Proteobacteria-Gammaproteobacteria-Chromatiales-Chromatiaceae-Thiocapsa-Thiocapsa_sp._KS1
WP_133510402.1_Proteobacteria-Gammaproteobacteria-Chromatiales-Chromatiaceae-Candidatus_Thiosymbion-Candidatus_Thiosymbion_oneisti

WP_043116894.1_Proteobacteria-Gammaproteobacteria-root-root-root-Solemya_velum_gill_symbiont
WP_026240857.1_Proteobacteria-Betaproteobacteria-Nitrosomonadales-Thiobacillaceae-Thiobacillus-Thiobacillus_thioparus

WP_142805312.1_Proteobacteria-Hydrogenophilalia-Hydrogenophilales-Hydrogenophilaceae-Tepidiphilus-Tepidiphilus_sp._J10
PKO81400.1_Proteobacteria-Betaproteobacteria-root-root-root-Betaproteobacteria_bacterium_HGW-Betaproteobacteria-13
WP_065341644.1_Proteobacteria-Betaproteobacteria-Rhodocyclales-Zoogloeaceae-Azoarcus-Azoarcus_olearius

WP_026687758.1_Proteobacteria-Betaproteobacteria-Rhodocyclales-Rhodocyclaceae-Azovibrio-Azovibrio_restrictus
WP_160828334.1_Proteobacteria-Betaproteobacteria-Nitrosomonadales-Nitrosomonadaceae-Nitrosomonas-Nitrosomonas_sp._JL21

RMG30970.1_Proteobacteria-Gammaproteobacteria-root-root-root-Gammaproteobacteria_bacterium
TSA49484.1_Proteobacteria-Betaproteobacteria-Nitrosomonadales-root-root-Nitrosomonadales_bacterium

WP_135191612.1_Proteobacteria-Betaproteobacteria-Burkholderiales-Oxalobacteraceae-Massilia-Massilia_sp._ONC3
WP_050412226.1_Proteobacteria-Betaproteobacteria-Burkholderiales-Oxalobacteraceae-Massilia-Massilia_sp._NR_4-1

VFJ65502.1_Proteobacteria-Gammaproteobacteria-root-root-Candidatus_Kentron-Candidatus_Kentron_sp._FW
PCI86252.1_Proteobacteria-Alphaproteobacteria-Rhizobiales-root-root-Rhizobiales_bacterium

WP_092062779.1_Proteobacteria-Deltaproteobacteria-Desulfovibrionales-Desulfohalobiaceae-Desulfonauticus-Desulfonauticus_submarinus
WP_155935721.1_Proteobacteria-Deltaproteobacteria-Desulfovibrionales-Desulfovibrionaceae-Pseudodesulfovibrio-Pseudodesulfovibrio_sp._F-1

RKY59940.1_Candidatus_Latescibacteria-root-root-root-root-Candidatus_Latescibacteria_bacterium
CG11_big_fil_rev_8_21_14_0_20_43_8_01490
CG08_land_8_20_14_0_20_43_7_00814

PZR60534.1_Candidatus_Eremiobacteraeota-root-Candidatus_Eremiobacterales-root-Candidatus_Eremiobacter-Candidatus_Eremiobacter_sp._RRmetagenome_bin22
VVB68135.1_root-root-root-root-root-uncultured_archaeon

PIO06337.1_Candidatus_Micrarchaeota-root-root-root-root-Candidatus_Micrarchaeota_archaeon_CG08_land_8_20_14_0_20_59_11
PIT85886.1_Candidatus_Micrarchaeota-root-root-root-root-Candidatus_Micrarchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_59_7

WP_144393813.1_Proteobacteria-Gammaproteobacteria-Oceanospirillales-Kangiellaceae-Pleionea-Pleionea_sediminis
WP_109761357.1_Proteobacteria-Gammaproteobacteria-Oceanospirillales-Kangiellaceae-Pleionea-Pleionea_mediterranea

WP_142941732.1_Proteobacteria-Gammaproteobacteria-Oceanospirillales-Kangiellaceae-Aliikangiella-Aliikangiella_marina
WP_142894364.1_Proteobacteria-Gammaproteobacteria-Oceanospirillales-Kangiellaceae-Aliikangiella-Aliikangiella_sp._M105
PIP81049.1_Proteobacteria-Gammaproteobacteria-root-root-root-Gammaproteobacteria_bacterium_CG22_combo_CG10-13_8_21_14_all_40_8

ROR29743.1_Proteobacteria-Gammaproteobacteria-Chromatiales-Ectothiorhodospiraceae-Inmirania-Inmirania_thermothiophila
OGP10200.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_GWA2_43_19
OGP11770.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_GWA2_42_85
OGP32433.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_GWC2_42_11

OGP17094.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_GWA2_55_82
OIP36938.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_CG2_30_66_27
TSA00069.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium

OAI46971.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Nitrospira-Nitrospira_sp._SCGC_AG-212-E16
PHX90301.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium

OGW65734.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium_RIFCSPLOWO2_01_FULL_62_17
WP_013247462.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Nitrospira-Nitrospira_defluvii

TLY25048.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium
TRZ97348.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-root-Nitrospiraceae_bacterium

OGW60830.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium_RIFCSPLOW2_12_42_9
WP_108104860.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_sp._DSM_2909
OGT98766.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-root-Geobacteraceae_bacterium_GWC2_48_7

WP_072908895.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Desulfuromonadaceae-Malonomonas-Malonomonas_rubra
PLX77897.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Desulfuromonadaceae-Desulfuromonas-Desulfuromonas_sp.

PIZ18746.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_CG_4_10_14_0_8_um_filter_43_12
RLB70517.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium

RTZ89664.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
OGW06910.1_Nitrospinae-root-root-root-root-Nitrospinae_bacterium_RIFCSPLOWO2_02_39_17

OGV98913.1_Nitrospinae-root-root-root-root-Nitrospinae_bacterium_RIFCSPHIGHO2_02_39_11
OGW52980.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium_RBG_13_43_8

OIP60269.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium_CG2_30_41_42
TAL25695.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium
OGW20018.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium_GWA2_46_11

WP_059177195.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Thermodesulfovibrio-Thermodesulfovibrio_aggregans
RJR15762.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-root-Nitrospiraceae_bacterium

OQY59353.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-root-Desulfobacteraceae_bacterium_4572_88
WP_054029237.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-Desulfatitalea-Desulfatitalea_tepidiphila

OQY53114.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-root-Desulfobacteraceae_bacterium_4572_89
WP_139450342.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-Desulfobotulus-Desulfobotulus_mexicanus

KPA15571.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-Candidatus_Magnetomorum-Candidatus_Magnetomorum_sp._HK-1
WP_157468660.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-Desulfatibacillum-Desulfatibacillum_aliphaticivorans
RLB32260.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
OGP79951.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RBG_16_49_23

WP_066066486.1_Proteobacteria-Deltaproteobacteria-root-Candidatus_Desulfofervidaceae-Candidatus_Desulfofervidus-Candidatus_Desulfofervidus_auxilii
RLB10781.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium

WP_013162495.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-Desulfurivibrio-Desulfurivibrio_alkaliphilus
OKY75580.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobulbaceae-root-Desulfobulbaceae_bacterium_DB1

KPJ56888.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_DG_8
WP_092068251.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Dendrosporobacter-Dendrosporobacter_quercicolus

WP_126310779.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Methylomusa-Methylomusa_anaerophila
WP_122628968.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Lucifera-Lucifera_butyrica

WP_132550964.1_Firmicutes-Negativicutes-Selenomonadales-Selenomonadaceae-Pectinatus-Pectinatus_cerevisiiphilus
WP_021770579.1_Firmicutes-Negativicutes-Selenomonadales-Selenomonadaceae-Mitsuokella-Mitsuokella_sp._oral_taxon_131

WP_027396395.1_Firmicutes-Negativicutes-Selenomonadales-Selenomonadaceae-Anaerovibrio-Anaerovibrio_lipolyticus
WP_110953233.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Massilibacillus-Massilibacillus_massiliensis
WP_071142380.1_Firmicutes-Negativicutes-Acidaminococcales-Acidaminococcaceae-Acidaminococcus-Acidaminococcus_timonensis

PYN87187.1_Candidatus_Rokubacteria-root-root-root-root-Candidatus_Rokubacteria_bacterium
OGL08020.1_Candidatus_Rokubacteria-root-root-root-root-Candidatus_Rokubacteria_bacterium_RIFCSPLOWO2_02_FULL_72_37

OLA95707.1_Candidatus_Rokubacteria-root-root-root-root-Candidatus_Rokubacteria_bacterium_13_2_20CM_69_15_2
PYN60392.1_Candidatus_Rokubacteria-root-root-root-root-Candidatus_Rokubacteria_bacterium
PYM33156.1_Candidatus_Rokubacteria-root-root-root-root-Candidatus_Rokubacteria_bacterium

PYM07376.1_Candidatus_Rokubacteria-root-root-root-root-Candidatus_Rokubacteria_bacterium
KRT75174.1_Candidatus_Rokubacteria-root-root-root-root-Candidatus_Rokubacteria_bacterium_CSP1-6

WP_072866998.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfofundulus-Desulfofundulus_thermosubterraneus
KJS16900.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-root-Peptococcaceae_bacterium_BRH_c4b

KAF1084563.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Sporotomaculum-Sporotomaculum_syntrophicum
WP_092470873.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfallas-Desulfallas_arcticus
WP_013810219.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfotomaculum-Desulfotomaculum_nigrificans

WP_015758636.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfofarcimen-Desulfofarcimen_acetoxidans
OPY59076.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Pelotomaculum-Pelotomaculum_sp._PtaU1.Bin035

WP_088555332.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Calderihabitans-Calderihabitans_maritimus
WP_034542041.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Carboxydothermus-Carboxydothermus_ferrireducens

TDF71774.1_Firmicutes-Clostridia-Thermoanaerobacterales-Zhaonellaceae-Zhaonella-Zhaonella_formicivorans
WP_071520887.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Moorella-Moorella_thermoacetica

Yap30.bin1.57_00254
B29_G15_00206

EQB64302.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_RBG-1
OGC79944.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_RBG_16_43_9

KPL00292.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM23_73_2
KPL00683.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM23_73_3

TET40952.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium
WP_052569896.1_Elusimicrobia-Endomicrobia-Endomicrobiales-Endomicrobiaceae-Endomicrobium-Endomicrobium_proavitum

KUK56389.1_Candidatus_Atribacteria-root-root-root-root-Atribacteria_bacterium_34_128
OQY41164.1_Candidatus_Atribacteria-root-root-root-root-Candidatus_Atribacteria_bacterium_4572_76

OGC06193.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYA12_FULL_36_13
OGC10901.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYA2_FULL_37_7

OGC23764.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYA2_FULL_41_14
OGB87228.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFCSPHIGHO2_02_FULL_45_12

KPJ65073.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_DG_54_3
OGB89119.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFCSPHIGHO2_01_FULL_53_15

OGC12398.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYA12_FULL_52_29
OGC03971.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYA12_FULL_43_27

PRX33632.1_Firmicutes-Clostridia-Halanaerobiales-Halobacteroidaceae-Orenia-Orenia_metallireducens
WP_018250152.1_Firmicutes-Clostridia-Halanaerobiales-Halobacteroidaceae-Orenia-Orenia_marismortui
WP_013278553.1_Firmicutes-Clostridia-Halanaerobiales-Halobacteroidaceae-Acetohalobium-Acetohalobium_arabaticum
KXS40864.1_Firmicutes-Clostridia-Halanaerobiales-Halobacteroidaceae-Candidatus_Frackibacter-Candidatus_Frackibacter_sp._T328-2

WP_003333474.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Calidifontibacillus-Calidifontibacillus_azotoformans
AIX08164.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_subtilis
WP_126407069.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_yapensis

WP_156178284.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_sp._SA1-12
WP_110111356.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_sp._CGMCC_1.16541

WP_143123732.1_Firmicutes-Bacilli-Bacillales-Thermoactinomycetaceae-Thermoactinomyces-Thermoactinomyces_sp._DSM_45892
WP_066326222.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Anoxybacillus-Anoxybacillus_amylolyticus

WP_047758076.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Geobacillus-Geobacillus_thermoleovorans
WP_012810313.1_Firmicutes-Bacilli-Bacillales-Alicyclobacillaceae-Alicyclobacillus-Alicyclobacillus_acidocaldarius

WP_096466102.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Aneurinibacillus-Aneurinibacillus_soli
WP_010760398.1_Firmicutes-Bacilli-Lactobacillales-Enterococcaceae-Enterococcus-Enterococcus_haemoperoxidus
WP_069645627.1_Firmicutes-Bacilli-Lactobacillales-Enterococcaceae-Enterococcus-Enterococcus_ureasiticus

WP_067396120.1_Firmicutes-Bacilli-Lactobacillales-Enterococcaceae-Enterococcus-Enterococcus_canis
CUU05765.1_Candidatus_Kryptonia-root-root-root-Candidatus_Thermokryptus-Candidatus_Thermokryptus_mobilis
WP_072211682.1_Candidatus_Kryptonia-root-root-root-Candidatus_Kryptobacter-Candidatus_Kryptobacter_tengchongensis

CUS80471.1_Candidatus_Kryptonia-root-root-root-Candidatus_Kryptonium-Candidatus_Kryptonium_thompsoni
TFB09700.1_Candidatus_Marinimicrobia-root-root-root-root-Candidatus_Marinimicrobia_bacterium_MT.SAG.4

WP_129171503.1_Candidatus_Marinimicrobia-root-root-root-root-Candidatus_Marinimicrobia_bacterium
PIZ65472.1_Candidatus_Marinimicrobia-root-root-root-root-Candidatus_Marinimicrobia_bacterium_CG_4_10_14_0_2_um_filter_48_9

WP_074918090.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Terrisporobacter-Terrisporobacter_glycolicus
WP_026900731.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-root-Peptostreptococcaceae_bacterium_VA2

WP_091992513.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Peptostreptococcus-Peptostreptococcus_sp._D1
WP_009530928.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Peptoanaerobacter-Peptoanaerobacter_stomatis

WP_144015690.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Criibacterium-Criibacterium_bergeronii
WP_013361909.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Acetoanaerobium-Acetoanaerobium_sticklandii

WP_028829891.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Proteocatella-Proteocatella_sphenisci
WP_046444649.1_Firmicutes-Clostridia-Clostridiales-Catabacteriaceae-Catabacter-Catabacter_hongkongensis

WP_103080223.1_Firmicutes-Clostridia-Clostridiales-Hungateiclostridiaceae-Pseudoclostridium-Pseudoclostridium_thermosuccinogenes
WP_036939571.1_Firmicutes-Clostridia-Clostridiales-Hungateiclostridiaceae-Pseudobacteroides-Pseudobacteroides_cellulosolvens

WP_065820775.1_Firmicutes-Clostridia-Clostridiales-Hungateiclostridiaceae-Thermoclostridium-Thermoclostridium_stercorarium
WP_002597524.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_thermobutyricum

WP_078992138.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_botulinum
WP_022744716.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_saccharobutylicum

WP_066873386.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_mediterraneense
WP_032834721.1_Fusobacteria-Fusobacteriia-Fusobacteriales-Fusobacteriaceae-Fusobacterium-Fusobacterium_sp._OBRC1
ALF24962.1_Fusobacteria-Fusobacteriia-Fusobacteriales-Fusobacteriaceae-Fusobacterium-Fusobacterium_nucleatum

WP_096401758.1_Fusobacteria-Fusobacteriia-Fusobacteriales-Fusobacteriaceae-Fusobacterium-Fusobacterium_varium
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Supplementary Fig. 21: Phylogenetic analysis of  ispG gene (4-hydroxy-3-methylbut-2-en-1-yl diphosphate synthase). The tree was unrooted and 
inferred using IQ-Tree LG+C20+F+G model on an alignment of 217 taxa and 445 sites. UFBOOT (left) and SH-aLRT (right) support values are 
shown along the branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan and green respectively. Woesearchaeota subgroup J 
homologues are annotated in the figure. Scale bar shows the number of average substitutions per site. Source data are provided as a Source Data file and 
raw data are also available via figshare (See Data availability for more details).
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WP_111827308.1_Proteobacteria-Betaproteobacteria-Burkholderiales-Alcaligenaceae-Achromobacter-Achromobacter_sp._HZ01
AHV91042.1_Proteobacteria-Betaproteobacteria-Burkholderiales-Alcaligenaceae-Bordetella-Bordetella_holmesii
PJA57759.1_Proteobacteria-Betaproteobacteria-Rhodocyclales-root-root-Rhodocyclales_bacterium_CG_4_9_14_3_um_filter_68_10
WP_026309391.1_Proteobacteria-Gammaproteobacteria-Oceanospirillales-Kangiellaceae-Kangiella-Kangiella_aquimarina

OUX17605.1_Proteobacteria-Gammaproteobacteria-root-root-root-Gammaproteobacteria_bacterium_TMED257
WP_120799483.1_Proteobacteria-Gammaproteobacteria-Chromatiales-Chromatiaceae-Thiocapsa-Thiocapsa_rosea

WP_091714208.1_Proteobacteria-Gammaproteobacteria-Thiotrichales-Piscirickettsiaceae-Methylophaga-Methylophaga_sulfidovorans
WP_100295879.1_Proteobacteria-Gammaproteobacteria-Pasteurellales-Pasteurellaceae-Caviibacterium-Caviibacterium_pharyngocola
WP_039092776.1_Proteobacteria-Gammaproteobacteria-Pasteurellales-Pasteurellaceae-Gallibacterium-Gallibacterium_anatis
WP_132500726.1_Proteobacteria-Gammaproteobacteria-Pasteurellales-Pasteurellaceae-Nicoletella-Nicoletella_semolina

WP_001517720.1_Proteobacteria-Gammaproteobacteria-Enterobacterales-Enterobacteriaceae-Escherichia-root
WP_045378892.1_Proteobacteria-Gammaproteobacteria-Enterobacterales-Enterobacteriaceae-Klebsiella-Klebsiella_aerogenes

WP_024593578.1_Proteobacteria-Gammaproteobacteria-Alteromonadales-Pseudoalteromonadaceae-Pseudoalteromonas-Pseudoalteromonas_sp._TB13
WP_091988745.1_Proteobacteria-Gammaproteobacteria-Alteromonadales-Pseudoalteromonadaceae-Pseudoalteromonas-Pseudoalteromonas_denitrificans

WP_127025586.1_Proteobacteria-Gammaproteobacteria-Chromatiales-Chromatiaceae-Rheinheimera-Rheinheimera_sp._LHK132
WP_086027068.1_Proteobacteria-Gammaproteobacteria-Vibrionales-Vibrionaceae-Vibrio-Vibrio_ichthyoenteri

WP_110674036.1_Proteobacteria-Gammaproteobacteria-Oceanospirillales-Halomonadaceae-Salinicola-Salinicola_sp._RZ23
WP_095611783.1_Proteobacteria-Gammaproteobacteria-Alteromonadales-Alteromonadaceae-Tamilnaduibacter-Tamilnaduibacter_salinus

WP_093391476.1_Proteobacteria-Gammaproteobacteria-Pseudomonadales-Pseudomonadaceae-Pseudomonas-Pseudomonas_xinjiangensis
WP_010113438.1_Proteobacteria-Gammaproteobacteria-Pseudomonadales-Moraxellaceae-Acinetobacter-Acinetobacter_sp._P8-3-8
WP_130112233.1_Proteobacteria-Gammaproteobacteria-Pseudomonadales-Moraxellaceae-Acinetobacter-Acinetobacter_sp._WCHAc060033

TNF86291.1_Proteobacteria-Gammaproteobacteria-root-root-root-Gammaproteobacteria_bacterium
PPD34779.1_Proteobacteria-Gammaproteobacteria-Methylococcales-Methylococcaceae-Methylomonas-Methylomonas_sp.

WP_076755642.1_Proteobacteria-Gammaproteobacteria-Chromatiales-Ectothiorhodospiraceae-Ectothiorhodosinus-Ectothiorhodosinus_mongolicus
WP_054965624.1_Proteobacteria-Gammaproteobacteria-root-root-Thiohalorhabdus-Thiohalorhabdus_denitrificans

WP_071563476.1_Proteobacteria-Gammaproteobacteria-root-root-root-Bathymodiolus_thermophilus_thioautotrophic_gill_symbiont
WP_139659636.1_Proteobacteria-Gammaproteobacteria-root-root-root-uncultured_Gammaproteobacteria_bacterium
WP_066590861.1_Proteobacteria-Betaproteobacteria-Burkholderiales-Sutterellaceae-Turicimonas-Turicimonas_muris

WP_102952282.1_Proteobacteria-Betaproteobacteria-Neisseriales-Neisseriaceae-root-Neisseriaceae_bacterium_DSM_100970
WP_007302221.1_Proteobacteria-Alphaproteobacteria-Rickettsiales-Anaplasmataceae-Wolbachia-root
WP_068652003.1_Proteobacteria-Alphaproteobacteria-Rickettsiales-Anaplasmataceae-Wolbachia-Wolbachia_endosymbiont_of_Trichogramma_pretiosum

WP_138265040.1_Proteobacteria-Alphaproteobacteria-Rickettsiales-Anaplasmataceae-Wolbachia-root
WP_088414470.1_Proteobacteria-Alphaproteobacteria-Rickettsiales-Anaplasmataceae-Wolbachia-Wolbachia_endosymbiont_of_Wuchereria_bancrofti

WP_044170531.1_Proteobacteria-Alphaproteobacteria-Rickettsiales-Anaplasmataceae-Ehrlichia-Ehrlichia_chaffeensis
WP_119300991.1_Proteobacteria-Alphaproteobacteria-Rhodospirillales-Rhodospirillaceae-root-Rhodospirillaceae_bacterium_SYSU_D60009

WP_081800695.1_Proteobacteria-Alphaproteobacteria-Rhodospirillales-Rhodospirillaceae-Dongia-Dongia_sp._URHE0060
THD45718.1_Proteobacteria-Alphaproteobacteria-Rhizobiales-Bradyrhizobiaceae-Bradyrhizobium-Bradyrhizobium_sp.

WP_040426204.1_Proteobacteria-Alphaproteobacteria-Rhizobiales-Bradyrhizobiaceae-Afipia-Afipia_birgiae
WP_149531134.1_Proteobacteria-Alphaproteobacteria-Rhizobiales-Bradyrhizobiaceae-Tardiphaga-Tardiphaga_sp._P9-11

RCL81731.1_Proteobacteria-Alphaproteobacteria-root-root-root-Alphaproteobacteria_bacterium
WP_054531900.1_Proteobacteria-Alphaproteobacteria-Sphingomonadales-Erythrobacteraceae-Erythrobacter-Erythrobacter_sp._SG61-1L

WP_138616607.1_Proteobacteria-Alphaproteobacteria-Sphingomonadales-Erythrobacteraceae-Erythrobacter-Erythrobacter_marisflavi
WP_131451813.1_Proteobacteria-Alphaproteobacteria-Sphingomonadales-Erythrobacteraceae-Erythrobacter-Erythrobacter_arachoides

WP_029453774.1_Proteobacteria-Alphaproteobacteria-Pelagibacterales-Pelagibacteraceae-Candidatus_Pelagibacter-Candidatus_Pelagibacter_ubique
UBA10216_00838

PIV09361.1_Candidatus_Roizmanbacteria-root-root-root-root-Candidatus_Roizmanbacteria_bacterium_CG_4_10_14_0_8_um_filter_36_36
PIQ72399.1_Candidatus_Roizmanbacteria-root-root-root-root-Candidatus_Roizmanbacteria_bacterium_CG_4_10_14_0_2_um_filter_36_35
PIP14836.1_Candidatus_Roizmanbacteria-root-root-root-root-Candidatus_Roizmanbacteria_bacterium_CG_4_10_14_0_8_um_filter_35_28

ex4484_78_00858
B103_G9_00158

B100_G9_00628
WP_014449921.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Leptospirillum-Leptospirillum_ferrooxidans

EES53662.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Leptospirillum-Leptospirillum_ferrodiazotrophum
WP_014960604.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Leptospirillum-root
WP_036081692.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Leptospirillum-Leptospirillum_ferriphilum

WP_041081700.1_Thermotogae-Thermotogae-Thermotogales-Thermotogaceae-Thermotoga-Thermotoga_profunda
WP_012003680.1_Thermotogae-Thermotogae-Thermotogales-Thermotogaceae-Pseudothermotoga-Pseudothermotoga_lettingae

RKX41932.1_Thermotogae-root-root-root-root-Thermotogae_bacterium
WP_072759555.1_Thermotogae-Thermotogae-Thermotogales-Fervidobacteriaceae-Fervidobacterium-Fervidobacterium_gondwanense

Yap30.bin1.57_00464
B29_G15_00213

OKZ78079.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_sp._27_14
FT1_083_00132

ARS74_01077
NP1295_00893

ARS106_00349
UBA12027_00081
GW2011_AR11_00869

ARS102_00940
CG11_big_fil_rev_8_21_14_0_20_43_8_00066
CG08_land_8_20_14_0_20_43_7_01239

KUK55409.1_Candidatus_Marinimicrobia-root-root-root-root-Marinimicrobia_bacterium_46_47
RTZ95841.1_Candidatus_Marinimicrobia-root-root-root-root-Candidatus_Marinimicrobia_bacterium

RTZ72468.1_Candidatus_Marinimicrobia-root-root-root-root-Candidatus_Marinimicrobia_bacterium
WP_129169415.1_Candidatus_Marinimicrobia-root-root-root-root-Candidatus_Marinimicrobia_bacterium

WP_129510998.1_Candidatus_Marinimicrobia-root-root-root-root-Candidatus_Marinimicrobia_bacterium
PIQ90878.1_Candidatus_Omnitrophica-root-root-root-root-Candidatus_Omnitrophica_bacterium_CG11_big_fil_rev_8_21_14_0_20_41_12
OGX40131.1_Candidatus_Omnitrophica-root-root-root-root-Omnitrophica_WOR_2_bacterium_RIFCSPLOWO2_01_FULL_41_12

OGX44204.1_Candidatus_Omnitrophica-root-root-root-root-Omnitrophica_WOR_2_bacterium_RIFCSPLOWO2_12_FULL_51_8
OIO35257.1_Candidatus_Omnitrophica-root-root-root-root-Candidatus_Omnitrophica_bacterium_CG1_02_44_16

OPX30792.1_Candidatus_Omnitrophica-root-root-root-root-Candidatus_Omnitrophica_bacterium_4484_171
OGX49122.1_Candidatus_Omnitrophica-root-root-root-root-Omnitrophica_WOR_2_bacterium_RIFOXYA2_FULL_45_12
OGX24606.1_Candidatus_Omnitrophica-root-root-root-root-Omnitrophica_WOR_2_bacterium_RIFCSPHIGHO2_02_FULL_45_21

KKR44580.1_Candidatus_Moranbacteria-root-root-root-root-Candidatus_Moranbacteria_bacterium_GW2011_GWC1_45_18
PIV83968.1_Candidatus_Moranbacteria-root-root-root-root-Candidatus_Moranbacteria_bacterium_CG_4_8_14_3_um_filter_43_15

OQY10033.1_Fusobacteria-Fusobacteriia-root-root-root-Fusobacteriia_bacterium_4572_132
WP_013388173.1_Fusobacteria-Fusobacteriia-Fusobacteriales-Fusobacteriaceae-Ilyobacter-Ilyobacter_polytropus

WP_016361652.1_Fusobacteria-Fusobacteriia-Fusobacteriales-Fusobacteriaceae-Fusobacterium-Fusobacterium_ulcerans
WP_089323749.1_Aquificae-Aquificae-Desulfurobacteriales-Desulfurobacteriaceae-Desulfurobacterium-Desulfurobacterium_atlanticum

TVQ77938.1_Proteobacteria-Deltaproteobacteria-Bradymonadales-root-root-Bradymonadales_bacterium
WP_005005551.1_Nitrospinae-Nitrospinia-Nitrospinales-Nitrospinaceae-Nitrospina-Nitrospina_gracilis
TDJ51115.1_Nitrospinae-Nitrospinia-Nitrospinales-Nitrospinaceae-Nitrospina-Nitrospina_sp.
TDJ52200.1_Nitrospinae-Nitrospinia-Nitrospinales-Nitrospinaceae-Nitrospina-Nitrospina_sp.

OGW15704.1_Nitrospinae-root-root-root-root-Nitrospinae_bacterium_RIFCSPLOWO2_12_FULL_47_7
PIR00255.1_Nitrospinae-root-root-root-root-Nitrospinae_bacterium_CG11_big_fil_rev_8_21_14_0_20_45_15
PIP74209.1_Nitrospinae-root-root-root-root-Nitrospinae_bacterium_CG22_combo_CG10-13_8_21_14_all_47_10

OGG96435.1_Proteobacteria-Candidatus_Lambdaproteobacteria-root-root-root-Candidatus_Lambdaproteobacteria_bacterium_RIFOXYD12_FULL_49_8
OGH00231.1_Proteobacteria-Candidatus_Lambdaproteobacteria-root-root-root-Candidatus_Lambdaproteobacteria_bacterium_RIFOXYC1_FULL_56_13

PCI30310.1_Proteobacteria-Deltaproteobacteria-root-root-root-SAR324_cluster_bacterium
YT1_767_00461

MP5_5_87_00222
CG10_big_fil_rev_8_21_14_0_10_33_12_01045
CG06_land_8_20_14_3_00_33_13_00419
CG_4_10_14_0_2_um_filter_33_10_00150

Yap2000.bin4.8_00830
YT1_182_00541

YT1_562_00611
RKX66654.1_root-root-root-root-root-candidate_division_TA06_bacterium

CG10_big_fil_rev_8_21_14_0_10_44_13_00772
Yap200.bin9.104_00782

YT3_932_00640
YT1_092_00478

CDB98764.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-uncultured_Clostridium_sp.
WP_028510730.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Ruminococcus-Ruminococcus_sp._NK3A76

WP_003532882.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-root-_Clostridium__leptum
WP_148891443.1_Firmicutes-Clostridia-Clostridiales-Hungateiclostridiaceae-Hungateiclostridium-Hungateiclostridium_alkalicellulosi

WP_004624096.1_Firmicutes-Clostridia-Clostridiales-Hungateiclostridiaceae-Ruminiclostridium-Ruminiclostridium_cellobioparum
WP_122642881.1_Firmicutes-Clostridia-Clostridiales-root-root-Clostridiales_bacterium_Marseille-P5551

WP_118217218.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Coprococcus-Coprococcus_comes
SCH94353.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Blautia-uncultured_Blautia_sp.

WP_117467930.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-root-root
WP_016280753.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-root-Lachnospiraceae_bacterium_A4

WP_074463191.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Butyrivibrio-Butyrivibrio_hungatei
WP_027203562.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Butyrivibrio-Butyrivibrio_fibrisolvens

WP_144363256.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Lacrimispora-Lacrimispora_amygdalina
WP_117419350.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_indicum
WP_118651298.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_sp._TF06-15AC

WP_099468415.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-root-Lachnospiraceae_bacterium_Marseille-P3773
WP_055167366.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Roseburia-Roseburia_inulinivorans

WP_090144101.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-root-Lachnospiraceae_bacterium_XBD2001
WP_021739978.1_Firmicutes-Clostridia-Clostridiales-Eubacteriaceae-Eubacterium-Eubacterium_ramulus

WP_118662714.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_sp._OM05-9
WP_125476204.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Herbinix-Herbinix_hemicellulosilytica
WP_113674888.1_Firmicutes-Clostridia-Clostridiales-Vallitaleaceae-Vallitalea-Vallitalea_guaymasensis

WP_058485438.1_Firmicutes-Clostridia-Clostridiales-Defluviitaleaceae-Defluviitalea-Defluviitalea_phaphyphila
WP_042833021.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Thermoanaerobacter-Thermoanaerobacter_sp._YS13

WP_022588016.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Caldanaerobacter-Caldanaerobacter_subterraneus
WP_094045072.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacterales_Family_III._Incertae_Sedis-Thermoanaerobacterium-Thermoanaerobacterium_thermosaccharolyticum

WP_026487603.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Caldanaerobius-Caldanaerobius_polysaccharolyticus
WP_084054591.1_Firmicutes-Clostridia-Clostridiales-Caldicoprobacteraceae-Caldicoprobacter-Caldicoprobacter_oshimai

WP_091546285.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Alkaliphilus-Alkaliphilus_peptidifermentans
WP_160197085.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Senegalia-Senegalia_massiliensis

WP_110941465.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Geosporobacter-Geosporobacter_subterraneus
WP_071120394.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Romboutsia-Romboutsia_timonensis

WP_021389068.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Clostridioides-Clostridioides_difficile
WP_025161909.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Paraclostridium-Paraclostridium_bifermentans

WP_072280173.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-root-_Clostridium__paradoxum
WP_132996145.1_Firmicutes-Tissierellia-Tissierellales-Tissierellaceae-Sporanaerobacter-Sporanaerobacter_acetigenes

CDZ74463.1_Firmicutes-Tissierellia-Tissierellales-Peptoniphilaceae-Peptoniphilus-Peptoniphilus_sp._ING2-D1G
WP_148465420.1_Firmicutes-Tissierellia-Tissierellales-Peptoniphilaceae-Peptoniphilus-Peptoniphilus_harei

EEI86899.1_Firmicutes-Tissierellia-Tissierellales-Peptoniphilaceae-Anaerococcus-Anaerococcus_lactolyticus
WP_099335665.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_cadaveris
WP_055206555.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_baratii

WP_099838210.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_combesii
WP_111921100.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_cochlearium

WP_142710669.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_perfringens
WP_040908139.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Youngiibacter-Youngiibacter_fragilis

WP_146682870.1_Planctomycetes-Phycisphaerae-Sedimentisphaerales-Sedimentisphaeraceae-Limihaloglobus-Limihaloglobus_sulfuriphilus
RKY12431.1_Planctomycetes-root-root-root-root-Planctomycetes_bacterium

WP_146660061.1_Planctomycetes-Phycisphaerae-Sedimentisphaerales-Anaerohalosphaeraceae-Anaerohalosphaera-Anaerohalosphaera_lusitana
PKL46291.1_Planctomycetes-root-root-root-root-Planctomycetes_bacterium_HGW-Planctomycetes-1
OHB55941.1_Planctomycetes-root-root-root-root-Planctomycetes_bacterium_GWF2_42_9
OHB51162.1_Planctomycetes-root-root-root-root-Planctomycetes_bacterium_GWF2_41_51

OHB54708.1_Planctomycetes-root-root-root-root-Planctomycetes_bacterium_GWF2_50_10
TKJ38871.1_Planctomycetes-root-root-root-root-Planctomycetes_bacterium_B3_Pla

KPK43069.1_Planctomycetes-Phycisphaerae-root-root-root-Phycisphaerae_bacterium_SG8_4
WP_077540975.1_Planctomycetes-Phycisphaerae-Sedimentisphaerales-Sedimentisphaeraceae-Sedimentisphaera-Sedimentisphaera_cyanobacteriorum

WP_013682047.1_Proteobacteria-Deltaproteobacteria-Desulfurellales-Desulfurellaceae-Hippea-Hippea_maritima
WP_035588921.1_Proteobacteria-Deltaproteobacteria-Desulfurellales-Desulfurellaceae-Hippea-Hippea_jasoniae

WP_086033098.1_Proteobacteria-Deltaproteobacteria-Desulfurellales-Desulfurellaceae-Desulfurella-Desulfurella_amilsii
OGS20741.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_RIFOXYA2_FULL_40_6

OGS24507.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_RIFOXYB2_FULL_48_7
PIV52208.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_CG02_land_8_20_14_3_00_37_13

WP_052571395.1_Elusimicrobia-Endomicrobia-Endomicrobiales-Endomicrobiaceae-Endomicrobium-Endomicrobium_proavitum
WP_000403588.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Helicobacteraceae-Helicobacter-Helicobacter_pylori

WP_104760515.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Helicobacteraceae-Helicobacter-Helicobacter_cetorum
WP_104637413.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Helicobacteraceae-Helicobacter-Helicobacter_felis

WP_150337930.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Helicobacteraceae-Helicobacter-Helicobacter_canis
WP_005022330.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Helicobacteraceae-Helicobacter-Helicobacter_pullorum

WP_104148125.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Campylobacteraceae-Campylobacter-Campylobacter_hyointestinalis
WP_063999984.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Campylobacteraceae-Campylobacter-Campylobacter_iguaniorum

WP_089189014.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Campylobacteraceae-Campylobacter-Campylobacter_sputorum
WP_096013390.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Campylobacteraceae-Campylobacter-Campylobacter_lanienae

WP_039668700.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Campylobacteraceae-Campylobacter-Campylobacter_lari
WP_103612987.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Campylobacteraceae-Campylobacter-Campylobacter_concisus

WP_151944195.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Campylobacteraceae-Arcobacter-Arcobacter_butzleri
WP_105913262.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Campylobacteraceae-Arcobacter-Arcobacter_cryaerophilus

WP_013326723.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Thiovulaceae-Sulfurimonas-Sulfurimonas_autotrophica
EJF07540.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Thiovulaceae-Thiovulum-Thiovulum_sp._ES

WP_012856414.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Campylobacteraceae-Sulfurospirillum-Sulfurospirillum_deleyianum
WP_024791006.1_Proteobacteria-Epsilonproteobacteria-Nautiliales-Nautiliaceae-Lebetimonas-root

PLX70808.1_Deferribacteres-Deferribacteres-Deferribacterales-Deferribacteraceae-Denitrovibrio-Denitrovibrio_sp.
WP_128467616.1_Deferribacteres-Deferribacteres-Deferribacterales-Deferribacteraceae-Geovibrio-Geovibrio_thiophilus

WP_013886944.1_Deferribacteres-Deferribacteres-Deferribacterales-Deferribacteraceae-Flexistipes-Flexistipes_sinusarabici
WP_013008789.1_Deferribacteres-Deferribacteres-Deferribacterales-Deferribacteraceae-Deferribacter-Deferribacter_desulfuricans

RKY96198.1_Candidatus_Hydrothermae-root-root-root-root-Candidatus_Hydrothermae_bacterium
RKY99162.1_Candidatus_Hydrothermae-root-root-root-root-Candidatus_Hydrothermae_bacterium

T1Sed10_208R1_00199
WP_148865462.1_Firmicutes-Clostridia-Thermosediminibacterales-Thermosediminibacteraceae-Thermosediminibacter-Thermosediminibacter_litoriperuensis

WP_066354424.1_Firmicutes-Clostridia-Thermosediminibacterales-Thermosediminibacteraceae-Fervidicola-Fervidicola_ferrireducens
WP_120765479.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-root-Thermoanaerobacteraceae_bacterium_SP2

OGC22799.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYA2_FULL_41_14
OGB87534.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFCSPHIGHO2_02_FULL_45_12

KPJ67953.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_DG_54_3
PIS31725.1_root-root-root-root-root-Candidatus_Saganbacteria_bacterium_CG08_land_8_20_14_0_20_45_16

OGC07482.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYA12_FULL_36_13
OGC22056.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYB2_FULL_37_13

OGC03638.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYA12_FULL_43_27
WP_068717701.1_Firmicutes-Clostridia-Halanaerobiales-Halobacteroidaceae-Orenia-Orenia_metallireducens
WP_050748605.1_Firmicutes-Clostridia-Halanaerobiales-Halanaerobiaceae-Halothermothrix-Halothermothrix_orenii

WP_076546131.1_Firmicutes-Clostridia-Halanaerobiales-Halanaerobiaceae-Halanaerobium-Halanaerobium_kushneri
WP_026766021.1_Firmicutes-Negativicutes-Selenomonadales-Selenomonadaceae-Selenomonas-Selenomonas_ruminantium

WP_087386163.1_Firmicutes-Negativicutes-Selenomonadales-Selenomonadaceae-Megamonas-Megamonas_hypermegale
WP_094602807.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Sporomusa-Sporomusa_silvacetica

WP_101913271.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Megasphaera-Megasphaera_vaginalis
WP_007391236.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Megasphaera-root

WP_038114839.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Veillonella-root
WP_126937508.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Veillonella-Veillonella_sp._CHU740

WP_022514087.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Dialister-Dialister_pneumosintes
EQB20838.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Dehalobacter-Dehalobacter_sp._UNSWDHB

WP_007780246.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfosporosinus-Desulfosporosinus_youngiae
WP_015944583.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfitobacterium-Desulfitobacterium_hafniense

WP_084665826.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Thermanaeromonas-Thermanaeromonas_toyohensis
WP_141264802.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Moorella-Moorella_sp._E308F
WP_054936846.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Moorella-Moorella_glycerini
WP_151618243.1_Firmicutes-Clostridia-Clostridiales-Heliobacteriaceae-Heliorestis-Heliorestis_acidaminivorans

WP_034542066.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Carboxydothermus-Carboxydothermus_ferrireducens
WP_075858789.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Carboxydothermus-Carboxydothermus_pertinax

WP_077713547.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfotomaculum-Desulfotomaculum_ferrireducens
OPX83993.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Pelotomaculum-Pelotomaculum_sp._PtaB.Bin117

OGO50600.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium_RBG_16_68_14
KPK47391.1_Chloroflexi-Dehalococcoidia-root-root-root-Dehalococcoidia_bacterium_SM23_28_2

PIU22910.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium_CG08_land_8_20_14_0_20_45_12
TET39141.1_Chloroflexi-Dehalococcoidia-root-root-root-Dehalococcoidia_bacterium

WP_011640751.1_Firmicutes-Clostridia-Clostridiales-Syntrophomonadaceae-Syntrophomonas-Syntrophomonas_wolfei
WP_156203696.1_Firmicutes-Clostridia-Clostridiales-Syntrophomonadaceae-Candidatus_Syntrophocurvum-Candidatus_Syntrophocurvum_alkaliphilum

WP_148216542.1_Firmicutes-Clostridia-Clostridiales-Syntrophomonadaceae-Syntrophothermus-Syntrophothermus_lipocalidus
OGF50599.1_Candidatus_Firestonebacteria-root-root-root-root-Candidatus_Firestonebacteria_bacterium_RIFOXYA2_FULL_40_8
OGF45182.1_Candidatus_Firestonebacteria-root-root-root-root-Candidatus_Firestonebacteria_bacterium_RIFOXYC2_FULL_39_67

OGF51976.1_Candidatus_Firestonebacteria-root-root-root-root-Candidatus_Firestonebacteria_bacterium_GWA2_43_8
RLB11810.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium

RLB09450.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
SPD73497.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-Desulfobacterium-uncultured_Desulfobacterium_sp.
RLB24234.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
RLJ03365.1_Candidatus_Aenigmarchaeota-root-root-root-root-Candidatus_Aenigmarchaeota_archaeon
RLB14180.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium

TET94673.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-root-Desulfobacteraceae_bacterium
RLB31411.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium

PKN68373.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_HGW-Deltaproteobacteria-12
OPY81917.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-Smithella-Smithella_sp._PtaU1.Bin162

KQC07787.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-Smithella-Smithella_sp._SDB
PKN37810.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_HGW-Deltaproteobacteria-2
PKN18145.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_HGW-Deltaproteobacteria-6

KFN40087.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-Smithella-Smithella_sp._F21
KAF0156948.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-root-Syntrophaceae_bacterium

OPY05106.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-root-Syntrophaceae_bacterium_PtaB.Bin038
OPY90677.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-Syntrophus-Syntrophus_sp._PtaU1.Bin208
WP_093883072.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-Syntrophus-Syntrophus_gentianae

OPY14722.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-Syntrophus-Syntrophus_sp._PtaB.Bin138
WP_011417689.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-Syntrophus-Syntrophus_aciditrophicus
OPY08702.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-root-Syntrophaceae_bacterium_PtaB.Bin095

OPX40934.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-root-Desulfobacteraceae_bacterium_4484_190.3
OIP31560.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_CG2_30_43_15

WP_027360037.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-Desulforegula-Desulforegula_conservatrix
PIP36158.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-root-root-Desulfobacterales_bacterium_CG07_land_8_20_14_0_80_52_14

RKY02132.1_Spirochaetes-root-root-root-root-Spirochaetes_bacterium
RLA91806.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium

OGP70394.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RBG_13_60_28
RUM48575.1_Aquificae-Aquificae-Aquificales-Hydrogenothermaceae-Hydrogenothermus-Hydrogenothermus_sp.

PMP61280.1_Aquificae-Aquificae-Aquificales-Hydrogenothermaceae-Sulfurihydrogenibium-Sulfurihydrogenibium_sp.
WP_012963871.1_Aquificae-Aquificae-Aquificales-Aquificaceae-Hydrogenobacter-Hydrogenobacter_thermophilus

TSK05864.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_sp.
RII27505.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_sp.

WP_011938381.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_uraniireducens
PLX74782.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Desulfuromonadaceae-Desulfuromonas-Desulfuromonas_sp.

TLM68407.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
SDM03958.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geoalkalibacter-Geoalkalibacter_ferrihydriticus

OEU60825.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-root-root-Desulfuromonadales_bacterium_C00003094
OGP65436.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RBG_13_53_10

RLB02981.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium
OFW57147.1_Actinobacteria-root-root-root-root-Actinobacteria_bacterium_RBG_16_64_13

PKQ38608.1_Actinobacteria-root-root-root-root-Actinobacteria_bacterium_HGW-Actinobacteria-1
WP_154053321.1_Actinobacteria-Coriobacteriia-Coriobacteriales-Atopobiaceae-Olsenella-Olsenella_uli

WP_148424820.1_Actinobacteria-Coriobacteriia-Coriobacteriales-Coriobacteriaceae-Olegusella-Olegusella_massiliensis
WP_161116184.1_Actinobacteria-Coriobacteriia-Coriobacteriales-Coriobacteriaceae-Collinsella-Collinsella_aerofaciens

WP_102372326.1_Actinobacteria-Coriobacteriia-Coriobacteriales-Coriobacteriaceae-Enorma-Enorma_phocaeensis
VWM24971.1_Actinobacteria-Coriobacteriia-Coriobacteriales-Coriobacteriaceae-Collinsella-Collinsella_intestinalis

WP_082218802.1_Actinobacteria-Coriobacteriia-Coriobacteriales-Coriobacteriaceae-Collinsella-Collinsella_sp._MS5
WP_102378271.1_Actinobacteria-Coriobacteriia-Eggerthellales-Eggerthellaceae-Raoultibacter-Raoultibacter_timonensis

TET76207.1_Candidatus_Cloacimonetes-root-root-root-root-Candidatus_Cloacimonetes_bacterium
OQX56379.1_Candidatus_Cloacimonetes-root-root-root-Candidatus_Cloacimonas-Candidatus_Cloacimonas_sp._4484_209

TET17765.1_Candidatus_Cloacimonetes-root-root-root-root-Candidatus_Cloacimonetes_bacterium
RKY66007.1_Candidatus_Latescibacteria-root-root-root-root-Candidatus_Latescibacteria_bacterium
RKY70504.1_Candidatus_Latescibacteria-root-root-root-root-Candidatus_Latescibacteria_bacterium
RKY58721.1_Candidatus_Latescibacteria-root-root-root-root-Candidatus_Latescibacteria_bacterium

RKY62208.1_Candidatus_Latescibacteria-root-root-root-root-Candidatus_Latescibacteria_bacterium
OPX32903.1_Candidatus_Latescibacteria-root-root-root-root-Candidatus_Latescibacteria_bacterium_4484_181
RKY74244.1_Candidatus_Latescibacteria-root-root-root-root-Candidatus_Latescibacteria_bacterium

KPL05446.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM1_73
KPK76575.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM23_73

KPL00843.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM23_73_3
KPL03298.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_SM23_73_2

OGC84844.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium_RBG_16_43_9
TET70081.1_candidate_division_Zixibacteria-root-root-root-root-candidate_division_Zixibacteria_bacterium

DAA93186.1_Candidatus_Melainabacteria-root-Candidatus_Gastranaerophilales-root-root-Candidatus_Gastranaerophilales_bacterium_HUM_12
RAI15385.1_Candidatus_Melainabacteria-root-root-root-root-Candidatus_Melainabacteria_bacterium

OGI17617.1_Candidatus_Melainabacteria-root-root-root-root-Candidatus_Melainabacteria_bacterium_RIFOXYA12_FULL_32_12
WP_012544912.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Thermodesulfovibrio-root

OHE56678.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Thermodesulfovibrio-Thermodesulfovibrio_sp._RBG_19FT_COMBO_42_12
RMG72071.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium

RJR15780.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-root-Nitrospiraceae_bacterium
PKN74605.1_Candidatus_Cloacimonetes-root-root-root-root-Candidatus_Cloacimonetes_bacterium_HGW-Cloacimonetes-2

RLC51506.1_Candidatus_Cloacimonetes-root-root-root-root-Candidatus_Cloacimonetes_bacterium
OPX29033.1_Candidatus_Cloacimonetes-root-root-root-Candidatus_Cloacimonas-Candidatus_Cloacimonas_sp._4484_143

PIU83662.1_Elusimicrobia-root-root-root-root-Elusimicrobia_bacterium_CG06_land_8_20_14_3_00_38_11
OGD14237.1_Candidatus_Atribacteria-root-root-root-root-Candidatus_Atribacteria_bacterium_RBG_19FT_COMBO_35_14

RXG63446.1_Candidatus_Atribacteria-root-root-root-root-Candidatus_Atribacteria_bacterium_1244-E10-H5-B2
PIW12062.1_Candidatus_Atribacteria-root-root-root-root-Candidatus_Atribacteria_bacterium_CG17_big_fil_post_rev_8_21_14_2_50_34_11

RMF92772.1_Candidatus_Schekmanbacteria-root-root-root-root-Candidatus_Schekmanbacteria_bacterium
OGL48056.1_Candidatus_Schekmanbacteria-root-root-root-root-Candidatus_Schekmanbacteria_bacterium_RIFCSPHIGHO2_02_FULL_38_11

OGL47487.1_Candidatus_Schekmanbacteria-root-root-root-root-Candidatus_Schekmanbacteria_bacterium_RBG_16_38_11
0.125

Supplementary Fig. 22: Phylogenetic analysis of ispH gene (4-hydroxy-3-methylbut-2-enyl diphosphate reductase). The tree was unrooted and 
inferred using IQ-Tree LG+C60+F+I+G model on an alignment of 410 taxa and 856 sites. UFBOOT (left) and SH-aLRT (right) support values are 
shown along the branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan and green, respectively. Scale bar shows 
the number of average substitutions per site. Woesearchaeota subgroup J homologues are annotated in the figure. Source data are provided as a 
Source Data file and raw data are also available via figshare (See Data availability for more details).
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Supplementary Fig. 23: Full tree used in Fig. 5a. The tree is rooted using Pacearchaeota and based on an alignment of 52 taxa and 10896 
sites. Raw data are available via figshare (see Data availability for more details). Scale bar shows the number of average substitutions per 
site.
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Supplementary Fig. 24: Phylogenetic analysis of serB gene (Phosphoserine phosphatase). The tree was unrooted and inferred using IQ-Tree LG+C20+G 
model on an alignment of 183 taxa and 430 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the branches. Bacteria, 
Archaea, Woesearchaeota and Eukaryotes are colored in black, cyan, green and gray respectively. Woesearchaeota sequences are selected from 47 
MAGs used in the inference of proteome content change history. Woesearchaeota subgroup J homologues are annotated in the figure. Scale bar shows the 
number of average substitutions per site. Source data are provided as a Source Data file and raw data are also available via figshare (See Data 
availability for more details).
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Supplementary Fig. 25: Phylogenetic analysis of lysC gene (aspartokinase). The tree was unrooted and inferred using IQ-Tree LG+C20+G model 
on an alignment of 112 taxa and 507 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the branches. Bacteria, Archaea, 
Woesearchaeota and Eukaryotes are colored in black, cyan, green and grey respectively. Woesearchaeota sequences are selected from 47 MAGs used in the 
inference of proteome content change history. Scale bar shows the number of average substitutions per site. Source data are provided as a Source Data 
file and raw data are also available via figshare (See Data availability for more details).
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TET14367.1_Actinobacteria-Actinobacteria-root-root-root-Actinobacteria_bacterium

UBA10194_01390

PJE63042.1_Candidatus_Roizmanbacteria-root-root-root-root-Candidatus_Roizmanbacteria_bacterium_CG10_big_fil_rev_8_21_14_0_10_39_6

PIV01791.1_Candidatus_Shapirobacteria-root-root-root-root-Candidatus_Shapirobacteria_bacterium_CG03_land_8_20_14_0_80_39_12

PJC29185.1_Candidatus_Shapirobacteria-root-root-root-root-Candidatus_Shapirobacteria_bacterium_CG_4_9_14_0_2_um_filter_40_11

PIP63358.1_Candidatus_Roizmanbacteria-root-root-root-root-Candidatus_Roizmanbacteria_bacterium_CG_4_10_14_0_2_um_filter_33_96

GW2011_AR15_00834

RPJ21527.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-root-Desulfobacteraceae_bacterium

RMD90325.1_Calditrichaeota-root-root-root-root-Calditrichaeota_bacterium

TDI84620.1_Calditrichaeota-Calditrichae-Calditrichales-Calditrichaceae-Caldithrix-Caldithrix_sp.

PDH31615.1_Proteobacteria-Gammaproteobacteria-root-root-Candidatus_Thioglobus-Candidatus_Thioglobus_sp._MED-G23

OGV08826.1_Ignavibacteriae-Ignavibacteria-root-root-root-Ignavibacteria_bacterium_RIFOXYA2_FULL_38_8

KAF0138975.1_Ignavibacteriae-Ignavibacteria-root-root-root-Ignavibacteria_bacterium

KAF0152599.1_Ignavibacteriae-Ignavibacteria-root-root-root-Ignavibacteria_bacterium

KUO59150.1_root-root-root-root-root-bacterium_BRH_c32

OGU79671.1_Ignavibacteriae-Ignavibacteria-root-root-root-Ignavibacteria_bacterium_RIFOXYA2_FULL_35_9

OGU41140.1_Ignavibacteriae-Ignavibacteria-root-root-root-Ignavibacteria_bacterium_GWA2_36_19

PKL82386.1_Ignavibacteriae-root-root-root-root-Ignavibacteriae_bacterium_HGW-Ignavibacteriae-3

TSA28913.1_Ignavibacteriae-Ignavibacteria-Ignavibacteriales-root-root-Ignavibacteriales_bacterium

WP_014854843.1_Ignavibacteriae-Ignavibacteria-Ignavibacteriales-Melioribacteraceae-Melioribacter-Melioribacter_roseus

KAB2843450.1_Ignavibacteriae-Ignavibacteria-Ignavibacteriales-Melioribacteraceae-root-Melioribacteraceae_bacterium

OGU37386.1_Ignavibacteriae-Ignavibacteria-root-root-root-Ignavibacteria_bacterium_GWB2_35_6b

TAH48188.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium

ETW97512.1_Candidatus_Tectomicrobia-root-root-root-Candidatus_Entotheonella-Candidatus_Entotheonella_gemina

WP_152870498.1_Deinococcus-Thermus-Deinococci-Deinococcales-Deinococcaceae-Deinococcus-Deinococcus_sp._SDU3-2

WP_054522065.1_Chloroflexi-Anaerolineae-Anaerolineales-Anaerolineaceae-Thermanaerothrix-Thermanaerothrix_daxensis

WP_075062240.1_Chloroflexi-Anaerolineae-Anaerolineales-Anaerolineaceae-Ornatilinea-Ornatilinea_apprima

WP_081838448.1_Chloroflexi-Ktedonobacteria-Thermogemmatisporales-Thermogemmatisporaceae-Thermogemmatispora-Thermogemmatispora_carboxidivorans

WP_126596870.1_Chloroflexi-Ktedonobacteria-Ktedonobacterales-Dictyobacteraceae-Dictyobacter-Dictyobacter_aurantiacus

WP_015940631.1_Chloroflexi-Chloroflexia-Chloroflexales-Chloroflexaceae-Chloroflexus-Chloroflexus_aggregans

WP_110518635.1_Chloroflexi-Chloroflexia-Herpetosiphonales-Herpetosiphonaceae-Herpetosiphon-Herpetosiphon_llansteffanensis

GDX99182.1_Planctomycetes-Phycisphaerae-root-root-root-Phycisphaerae_bacterium

RMG10134.1_Planctomycetes-root-root-root-root-Planctomycetes_bacterium

WP_126201541.1_Deinococcus-Thermus-Deinococci-Thermales-Thermaceae-Thermus-Thermus_scotoductus

WP_013703468.1_Deinococcus-Thermus-Deinococci-Thermales-Thermaceae-Marinithermus-Marinithermus_hydrothermalis

WP_029482428.1_Deinococcus-Thermus-Deinococci-Deinococcales-Deinococcaceae-Deinococcus-Deinococcus_marmoris

TXG86651.1_Chloroflexi-Thermomicrobia-Thermomicrobiales-root-root-Thermomicrobiales_bacterium

TVR75561.1_Chloroflexi-Thermomicrobia-Sphaerobacterales-Sphaerobacteraceae-root-Sphaerobacteraceae_bacterium

TMG35342.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium

OGS63613.1_Euryarchaeota-root-root-root-root-Euryarchaeota_archaeon_RBG_19FT_COMBO_69_17

WP_092933284.1_Euryarchaeota-Halobacteria-Natrialbales-Natrialbaceae-Haloterrigena-Haloterrigena_hispanica

WP_005554615.1_Euryarchaeota-Halobacteria-Natrialbales-Natrialbaceae-Natronococcus-Natronococcus_amylolyticus

WP_158204625.1_Euryarchaeota-Halobacteria-Halobacteriales-Halobacteriaceae-Halomarina-Halomarina_oriensis

WP_007976497.1_Euryarchaeota-Halobacteria-Halobacteriales-Halobacteriaceae-Haladaptatus-Haladaptatus_paucihalophilus

RJS90187.1_Candidatus_Bathyarchaeota-root-root-root-root-Candidatus_Bathyarchaeota_archaeon

RLI45181.1_Candidatus_Bathyarchaeota-root-root-root-root-Candidatus_Bathyarchaeota_archaeon

OLS17236.1_Candidatus_Odinarchaeota-root-root-root-root-Candidatus_Odinarchaeota_archaeon_LCB_4

WP_095642602.1_Euryarchaeota-Methanomicrobia-Methanomicrobiales-Methanocorpusculaceae-Methanocorpusculum-Methanocorpusculum_parvum

RLI81090.1_Euryarchaeota-Archaeoglobi-Archaeoglobales-root-root-Archaeoglobales_archaeon

OPX74784.1_Euryarchaeota-Methanomicrobia-Methanosarcinales-Methanotrichaceae-Methanothrix-Methanosaeta_sp._PtaB.Bin018

RLI95578.1_Candidatus_Altiarchaeota-root-Candidatus_Altiarchaeales-root-root-Candidatus_Altiarchaeales_archaeon

OYT27144.1_Candidatus_Altiarchaeota-root-Candidatus_Altiarchaeales-root-root-Candidatus_Altiarchaeales_archaeon_ex4484_96

TET01772.1_Euryarchaeota-Hadesarchaea-root-root-root-Hadesarchaea_archaeon_B3_Hades

KXA92011.1_Euryarchaeota-root-root-root-root-candidate_division_MSBL1_archaeon_SCGC-AAA259D18

TDA33032.1_Euryarchaeota-Hadesarchaea-root-root-root-Hadesarchaea_archaeon

RJS48978.1_Euryarchaeota-Methanobacteria-Methanobacteriales-Methanobacteriaceae-Methanobacterium-Methanobacterium_sp.

WP_048056282.1_Euryarchaeota-Methanococci-Methanococcales-Methanocaldococcaceae-Methanocaldococcus-Methanocaldococcus_fervens

WP_011869358.1_Euryarchaeota-Methanococci-Methanococcales-Methanococcaceae-Methanococcus-Methanococcus_maripaludis

WP_013360360.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Acetoanaerobium-Acetoanaerobium_sticklandii

WP_068141613.1_Firmicutes-Limnochordia-Limnochordales-Limnochordaceae-Limnochorda-Limnochorda_pilosa

RJX24226.1_Firmicutes-Clostridia-Clostridiales-Syntrophomonadaceae-Dethiobacter-Dethiobacter_sp.

OHD07048.1_Spirochaetes-root-root-root-root-Spirochaetes_bacterium_GWB1_36_13

OHD48485.1_Spirochaetes-root-root-root-root-Spirochaetes_bacterium_GWF1_41_5

WP_014253846.1_Firmicutes-Clostridia-Clostridiales-Hungateiclostridiaceae-Hungateiclostridium-Hungateiclostridium_clariflavum

WP_149677895.1_Firmicutes-Clostridia-Clostridiales-Hungateiclostridiaceae-Thermoclostridium-Thermoclostridium_caenicola

WP_080063320.1_Firmicutes-Clostridia-Clostridiales-Hungateiclostridiaceae-Ruminiclostridium-Ruminiclostridium_hungatei

WP_046442446.1_Firmicutes-Clostridia-Clostridiales-Catabacteriaceae-Catabacter-Catabacter_hongkongensis

WP_147517742.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-uncultured_Clostridium_sp.

WP_108141333.1_Firmicutes-Clostridia-Halanaerobiales-Halanaerobiaceae-Halanaerobium-Halanaerobium_saccharolyticum

WP_008859971.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Dialister-Dialister_succinatiphilus

WP_106699287.1_Firmicutes-Negativicutes-Veillonellales-Veillonellaceae-Megasphaera-Megasphaera_elsdenii

WP_128519237.1_Firmicutes-Erysipelotrichia-Erysipelotrichales-Erysipelotrichaceae-Absicoccus-Absicoccus_porci

WP_087333651.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Flavonifractor-Flavonifractor_sp._An82

WP_087988858.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Anaerotignum-Anaerotignum_lactatifermentans

WP_005352839.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-root-_Eubacterium__siraeum

WP_028519895.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Ruminococcus-Ruminococcus_flavefaciens

WP_158388926.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Faecalibacterium-Faecalibacterium_prausnitzii

WP_014932875.1_Spirochaetes-Spirochaetia-Brachyspirales-Brachyspiraceae-Brachyspira-Brachyspira_pilosicoli

WP_010234700.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_arbusti

AZB73201.1_Cyanobacteria-root-Synechococcales-Synechococcaceae-Synechococcus-Synechococcus_elongatus

TKZ34931.1_Cyanobacteria-root-Oscillatoriales-Gomontiellaceae-Hormoscilla-Hormoscilla_sp._GUM202

XP_022932833.1_Streptophyta-Magnoliopsida-Cucurbitales-Cucurbitaceae-Cucurbita-Cucurbita_moschata

XP_021685919.1_Streptophyta-Magnoliopsida-Malpighiales-Euphorbiaceae-Hevea-Hevea_brasiliensis

PSR91902.1_Streptophyta-Magnoliopsida-Ericales-Actinidiaceae-Actinidia-Actinidia_chinensis

GBG67190.1_Streptophyta-Charophyceae-Charales-Characeae-Chara-Chara_braunii

XP_022841376.1_Chlorophyta-Mamiellophyceae-Mamiellales-Bathycoccaceae-Ostreococcus-Ostreococcus_tauri

XP_002956627.1_Chlorophyta-Chlorophyceae-Chlamydomonadales-Volvocaceae-Volvox-Volvox_carteri

KPJ65443.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_DG_54_3

OGB89996.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFCSPHIGHO2_01_FULL_53_15

OGP63509.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RBG_13_47_9

PLX73756.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Desulfuromonadaceae-Desulfuromonas-Desulfuromonas_sp.

WP_155877607.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Desulfuromonadaceae-Desulfuromonas-Desulfuromonas_sp._AOP6

OGP31993.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_GWC2_42_11

OGW00071.1_Nitrospinae-root-root-root-root-Nitrospinae_bacterium_RIFCSPHIGHO2_02_FULL_39_82

TDJ49858.1_Nitrospinae-Nitrospinia-Nitrospinales-Nitrospinaceae-Nitrospina-Nitrospina_sp.

OGQ25479.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RIFCSPHIGHO2_02_FULL_60_17

OGQ50384.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_RIFCSPLOWO2_02_FULL_57_26

WP_089322531.1_Aquificae-Aquificae-Desulfurobacteriales-Desulfurobacteriaceae-Desulfurobacterium-Desulfurobacterium_atlanticum

WP_128465363.1_Deferribacteres-Deferribacteres-Deferribacterales-Deferribacteraceae-Geovibrio-Geovibrio_thiophilus

RUM59643.1_Aquificae-Aquificae-Aquificales-Hydrogenothermaceae-Persephonella-Persephonella_sp.

WP_012532064.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_bemidjiensis

WP_011937170.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Geobacteraceae-Geobacter-Geobacter_uraniireducens

WP_092054505.1_Proteobacteria-Deltaproteobacteria-Desulfuromonadales-Desulfuromonadaceae-Desulfuromonas-Desulfuromonas_acetexigens

KUK37322.1_Thermodesulfobacteria-Thermodesulfobacteria-Thermodesulfobacteriales-Thermodesulfobacteriaceae-Thermodesulfobacterium-Thermodesulfobacterium_commune

WP_011417327.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-Syntrophus-Syntrophus_aciditrophicus

WP_129349540.1_Proteobacteria-Deltaproteobacteria-Desulfovibrionales-Desulfovibrionaceae-Desulfovibrio-Desulfovibrio_carbinolicus

WP_093396420.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophobacteraceae-Thermodesulforhabdus-Thermodesulforhabdus_norvegica

OLD97730.1_Candidatus_Rokubacteria-root-root-root-root-Candidatus_Rokubacteria_bacterium_13_1_20CM_4_68_9

PYM30037.1_Candidatus_Rokubacteria-root-root-root-root-Candidatus_Rokubacteria_bacterium

WP_062483805.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Nitrospira-Candidatus_Nitrospira_inopinata

RMG05947.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium

OHE59275.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Thermodesulfovibrio-Thermodesulfovibrio_sp._RBG_19FT_COMBO_42_12

OGL41693.1_Candidatus_Schekmanbacteria-root-root-root-root-Candidatus_Schekmanbacteria_bacterium_GWA2_38_11

OGW50167.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium_RBG_19FT_COMBO_42_15

RLE07567.1_Candidatus_Aerophobetes-root-root-root-root-Candidatus_Aerophobetes_bacterium

TDI89786.1_Candidatus_Dadabacteria-root-root-root-root-Candidatus_Dadabacteria_bacterium

PPR50971.1_Proteobacteria-Alphaproteobacteria-root-root-root-Alphaproteobacteria_bacterium_MarineAlpha5_Bin4

WP_017939685.1_Proteobacteria-Gammaproteobacteria-Pseudomonadales-Pseudomonadaceae-Pseudomonas-Pseudomonas_thermotolerans

WP_057068395.1_Proteobacteria-Gammaproteobacteria-Pseudomonadales-Moraxellaceae-Acinetobacter-Acinetobacter_pittii

WP_130161663.1_Proteobacteria-Gammaproteobacteria-Pseudomonadales-Moraxellaceae-Acinetobacter-Acinetobacter_halotolerans

WP_034706354.1_Proteobacteria-Gammaproteobacteria-Pseudomonadales-Moraxellaceae-Acinetobacter-Acinetobacter_baumannii

WP_147220934.1_Proteobacteria-Gammaproteobacteria-Pseudomonadales-Moraxellaceae-Psychrobacter-Psychrobacter_frigidicola

WP_019593494.1_Proteobacteria-Gammaproteobacteria-Chromatiales-Ectothiorhodospiraceae-Thioalkalivibrio-Thioalkalivibrio_sp._ALM2T

WP_147158897.1_Proteobacteria-Alphaproteobacteria-Sphingomonadales-Sphingomonadaceae-Novosphingobium-Novosphingobium_sediminis

KIE50078.1_Actinobacteria-Actinobacteria-root-root-root-marine_actinobacterium_MedAcidi-G2B

WP_106798810.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfosporosinus-Candidatus_Desulfosporosinus_infrequens

WP_007778528.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfosporosinus-Desulfosporosinus_youngiae

WP_011345145.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Carboxydothermus-Carboxydothermus_hydrogenoformans

KJS84959.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-root-Peptococcaceae_bacterium_BICA1-8

TYO94441.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfallas-Desulfallas_thermosapovorans

WP_077712970.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfotomaculum-Desulfotomaculum_ferrireducens

WP_123931527.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Thermodesulfitimonas-Thermodesulfitimonas_autotrophica

WP_041571042.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Candidatus_Desulforudis-Candidatus_Desulforudis_audaxviator

WP_106005375.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Moorella-Moorella_humiferrea

WP_161259170.1_Firmicutes-Clostridia-Clostridiales-Heliobacteriaceae-Heliobacterium-Heliobacterium_undosum

WP_019554454.1_Firmicutes-Negativicutes-Selenomonadales-Selenomonadaceae-Propionispira-Propionispira_raffinosivorans

WP_036376460.1_Firmicutes-Negativicutes-Selenomonadales-Selenomonadaceae-Mitsuokella-Mitsuokella_jalaludinii

WP_040572308.1_Firmicutes-Negativicutes-Selenomonadales-Selenomonadaceae-Selenomonas-Selenomonas_flueggei

WP_071143194.1_Firmicutes-Negativicutes-Acidaminococcales-Acidaminococcaceae-Acidaminococcus-Acidaminococcus_timonensis

WP_149734709.1_Firmicutes-Negativicutes-Selenomonadales-Sporomusaceae-Propionispora-Propionispora_hippei

WP_134113063.1_Fusobacteria-Fusobacteriia-Fusobacteriales-Fusobacteriaceae-Hypnocyclicus-Hypnocyclicus_thermotrophus

WP_007059973.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_carboxidivorans

WP_101514080.1_Thermotogae-Thermotogae-Thermotogales-Thermotogaceae-Thermotoga-Thermotoga_sp._SG1

WP_011943616.1_Thermotogae-Thermotogae-Thermotogales-Thermotogaceae-Thermotoga-Thermotoga_petrophila

OPY71104.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophorhabdaceae-root-Syntrophorhabdaceae_bacterium_PtaU1.Bin034

WP_028895809.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophorhabdaceae-Syntrophorhabdus-Syntrophorhabdus_aromaticivorans

OIO00045.1_Candidatus_Desantisbacteria-root-root-root-root-Candidatus_Desantisbacteria_bacterium_CG1_02_49_89

OIN97419.1_Candidatus_Desantisbacteria-root-root-root-root-Candidatus_Desantisbacteria_bacterium_CG1_02_38_46

WP_072968749.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Thermoanaerobacter-Thermoanaerobacter_uzonensis

WP_004398895.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Thermoanaerobacter-Thermoanaerobacter_thermohydrosulfuricus

WP_096231393.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacterales_Family_III._Incertae_Sedis-Thermoanaerobacterium-Thermoanaerobacterium_sp._RBIITD

WP_121515379.1_Thermotogae-Thermotogae-Petrotogales-Petrotogaceae-Petrotoga-Petrotoga_sp._Shatin.DS.tank11.9.2.9.3

WP_058485522.1_Firmicutes-Clostridia-Clostridiales-Defluviitaleaceae-Defluviitalea-Defluviitalea_phaphyphila

WP_071062486.1_Firmicutes-Tissierellia-Tissierellales-Gottschalkiaceae-Andreesenia-Andreesenia_angusta

WP_117997866.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Blautia-Blautia_obeum

WP_118579746.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Mediterraneibacter-_Ruminococcus__torques

WP_104804519.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Blautia-Blautia_marasmi

WP_055218602.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Fusicatenibacter-Fusicatenibacter_saccharivorans

WP_117657872.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Dorea-Dorea_formicigenerans

WP_118384117.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Ruminococcus-uncultured_Ruminococcus_sp.

SKA66291.1_Firmicutes-Clostridia-Clostridiales-Eubacteriaceae-Eubacterium-Eubacterium_uniforme

WP_119298796.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Mediterraneibacter-Mediterraneibacter_butyricigenes

WP_099385342.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Agathobacter-Agathobacter_ruminis

WP_115481423.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Anaerosacchariphilus-Anaerosacchriphilus_polymeriproducens

WP_096240428.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Anaerobutyricum-Anaerobutyricum_hallii

WP_008750352.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Lachnoanaerobaculum-Lachnoanaerobaculum_saburreum

OIO36669.1_Candidatus_Omnitrophica-root-root-root-root-Candidatus_Omnitrophica_bacterium_CG1_02_41_171

KPK42044.1_Candidatus_Omnitrophica-root-root-root-root-Omnitrophica_WOR_2_bacterium_SM23_29

RKY30624.1_Candidatus_Omnitrophica-root-root-root-root-Candidatus_Omnitrophica_bacterium

OGX37374.1_Candidatus_Omnitrophica-root-root-root-root-Omnitrophica_WOR_2_bacterium_RIFCSPHIGHO2_02_FULL_50_17

OGX06201.1_Candidatus_Omnitrophica-root-root-root-root-Omnitrophica_bacterium_RIFCSPLOWO2_12_FULL_50_11

KKO20629.1_Planctomycetes-Candidatus_Brocadiae-Candidatus_Brocadiales-Candidatus_Brocadiaceae-Candidatus_Brocadia-Candidatus_Brocadia_fulgida

OHC09949.1_Planctomycetes-root-root-root-root-Planctomycetes_bacterium_RIFOXYB12_FULL_42_10

TET52655.1_Actinobacteria-Actinobacteria-root-root-root-Actinobacteria_bacterium
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Supplementary Fig. 26: Phylogenetic analysis of argB gene (acetylglutamate kinase). The tree was unrooted and inferred using IQ-Tree LG+C20
+G model on an alignment of 211 taxa and 319 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the branches. 
Bacteria, Archaea, Woesearchaeota and Eukaryotes are colored in black, cyan, green and grey, respectively. Woesearchaeota sequences are selected 
from 47 MAGs used in the inference of proteome content change history. Scale bar shows the number of average substitutions per site. 
Woesearchaeota subgroup J homologues are annotated in the figure. Source data are provided as a Source Data file and raw data are also available via 
figshare (See Data availability for more details).
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WP_110513041.1_Chloroflexi-Chloroflexia-Herpetosiphonales-Herpetosiphonaceae-Herpetosiphon-Herpetosiphon_llansteffanensis

WP_152031841.1_Chloroflexi-Anaerolineae-Anaerolineales-Anaerolineaceae-Longilinea-Longilinea_arvoryzae

WP_054493789.1_Chloroflexi-Ardenticatenia-Ardenticatenales-Ardenticatenaceae-Ardenticatena-Ardenticatena_maritima

OLS21927.1_Candidatus_Heimdallarchaeota-root-root-root-root-Candidatus_Heimdallarchaeota_archaeon_LC_2

WP_076610335.1_Euryarchaeota-Halobacteria-Natrialbales-Natrialbaceae-Natronorubrum-Natronorubrum_thiooxidans

WP_132059301.1_Euryarchaeota-Halobacteria-Halobacteriales-Halobacteriaceae-Halorussus-Halorussus_amylolyticus

OGS63614.1_Euryarchaeota-root-root-root-root-Euryarchaeota_archaeon_RBG_19FT_COMBO_69_17

OGS51073.1_Euryarchaeota-root-root-root-root-Euryarchaeota_archaeon_RBG_16_68_12

RLG19519.1_Candidatus_Micrarchaeota-root-root-root-root-Candidatus_Micrarchaeota_archaeon

ABZ07069.1_Thaumarchaeota-root-Nitrosopumilales-root-root-uncultured_marine_crenarchaeote_HF4000_ANIW97M7

OYT54279.1_Candidatus_Bathyarchaeota-root-root-root-root-Candidatus_Bathyarchaeota_archaeon_ex4484_218

KYH37428.1_Candidatus_Bathyarchaeota-root-root-root-root-Candidatus_Bathyarchaeota_archaeon_B24

RLF11874.1_Crenarchaeota-Thermoprotei-root-root-root-Thermoprotei_archaeon

TDA34863.1_Candidatus_Nezhaarchaeota-root-root-root-root-Candidatus_Nezhaarchaeota_archaeon_WYZ-LMO7

KPV64718.1_Candidatus_Bathyarchaeota-root-root-root-root-Candidatus_Bathyarchaeota_archaeon_BA2

KON27354.1_Candidatus_Bathyarchaeota-root-root-root-root-miscellaneous_Crenarchaeota_group_archaeon_SMTZ-80

ODS37603.1_Candidatus_Altiarchaeota-root-Candidatus_Altiarchaeales-root-root-Candidatus_Altiarchaeales_archaeon_WOR_SM1_SCG

ODS42013.1_Candidatus_Altiarchaeota-root-Candidatus_Altiarchaeales-root-root-Candidatus_Altiarchaeales_archaeon_IMC4

TFG56490.1_Euryarchaeota-Thermoplasmata-Methanomassiliicoccales-Methanomassiliicoccaceae-Methanomassiliicoccus-Methanomassiliicoccus_sp.

MQY68036.1_Euryarchaeota-Hadesarchaea-root-root-root-Hadesarchaea_archaeon

KXB00479.1_Euryarchaeota-root-root-root-root-candidate_division_MSBL1_archaeon_SCGC-AAA833K04

WP_048127246.1_Euryarchaeota-Methanomicrobia-Methanosarcinales-Methanosarcinaceae-Methanosarcina-Methanosarcina_lacustris

WP_133516711.1_Euryarchaeota-Methanomicrobia-Methanosarcinales-Methanosarcinaceae-Methanimicrococcus-Methanimicrococcus_blatticola

WP_013194279.1_Euryarchaeota-Methanomicrobia-Methanosarcinales-Methanosarcinaceae-Methanohalobium-Methanohalobium_evestigatum

WP_072360481.1_Euryarchaeota-Methanomicrobia-Methanosarcinales-Methanosarcinaceae-Methanohalophilus-Methanohalophilus_portucalensis

WP_013719155.1_Euryarchaeota-Methanomicrobia-Methanosarcinales-Methanotrichaceae-Methanothrix-Methanothrix_soehngenii

WP_144144302.1_Euryarchaeota-Candidatus_Methanoliparia-Candidatus_Methanoliparales-Candidatus_Methanollivieraceae-root-Candidatus_Methanolliviera_sp._GoM_oil

OFV66908.1_Euryarchaeota-Methanomicrobia-Methanosarcinales-root-Candidatus_Syntrophoarchaeum-Candidatus_Syntrophoarchaeum_butanivorans

WP_012965436.1_Euryarchaeota-Archaeoglobi-Archaeoglobales-Archaeoglobaceae-Ferroglobus-Ferroglobus_placidus

WP_086976135.1_Euryarchaeota-Archaeoglobi-Archaeoglobales-Archaeoglobaceae-Archaeoglobus-Archaeoglobus_fulgidus

WP_048183312.1_Euryarchaeota-Methanomicrobia-Methanomicrobiales-Methanomicrobiaceae-Methanoculleus-Methanoculleus_sediminis

WP_015284134.1_Euryarchaeota-Methanomicrobia-Methanomicrobiales-Methanoregulaceae-Methanoregula-Methanoregula_formicica

WP_011019445.1_Euryarchaeota-Methanopyri-Methanopyrales-Methanopyraceae-Methanopyrus-Methanopyrus_kandleri

WP_010876479.1_Euryarchaeota-Methanobacteria-Methanobacteriales-Methanobacteriaceae-Methanothermobacter-Methanothermobacter_thermautotrophicus

WP_067260317.1_Euryarchaeota-Methanobacteria-Methanobacteriales-Methanobacteriaceae-Methanobrevibacter-Methanobrevibacter_cuticularis

WP_095609120.1_Euryarchaeota-Methanobacteria-Methanobacteriales-Methanobacteriaceae-Methanosphaera-Methanosphaera_cuniculi

WP_015791327.1_Euryarchaeota-Methanococci-Methanococcales-Methanocaldococcaceae-Methanocaldococcus-Methanocaldococcus_fervens

WP_012065936.1_Euryarchaeota-Methanococci-Methanococcales-Methanococcaceae-Methanococcus-Methanococcus_vannielii
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Supplementary Fig. 27: Phylogenetic analysis of  argC gene (N-acetyl-gamma-glutamyl-phosphate reductase). The tree was unrooted and inferred 
using IQ-Tree LG+C20+G model on an alignment of 185 taxa and 351 sites. UFBOOT (left) and SH-aLRT (right) support values are shown 
along the branches. Bacteria, Archaea, Woesearchaeota and Eukaryotes are colored in black, cyan, green and grey respectively. Woesearchaeota 
sequences are selected from 47 MAGs used in the inference of proteome content change history. Scale bar shows the number of average 
substitutions per site. Woesearchaeota subgroup J homologues are annotated in the figure. Source data are provided as a Source Data file and raw 
data are also available via figshare (See Data availability for more details).
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WP_011453417.1_Proteobacteria-Alphaproteobacteria-Rhodobacterales-Rhodobacteraceae-Jannaschia-Jannaschia_sp._CCS1

WP_127901433.1_Proteobacteria-Alphaproteobacteria-Rhodobacterales-Rhodobacteraceae-Solirhodobacter-Solirhodobacter_olei

WP_088662528.1_Proteobacteria-Alphaproteobacteria-Rhodobacterales-Rhodobacteraceae-Roseovarius-Roseovarius_sp._22II1-1F6A

WP_058319600.1_Proteobacteria-Alphaproteobacteria-Rhodobacterales-Rhodobacteraceae-Thalassobius-Thalassobius_mediterraneus

WP_120117530.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_terrae

WP_126052262.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_acidinfaciens

WP_073712168.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Domibacillus-Domibacillus_mangrovi

WP_019417656.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Anoxybacillus-Anoxybacillus_kamchatkensis

WP_103976312.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Lysinibacillus-Lysinibacillus_sphaericus

KUK31588.1_Firmicutes-Clostridia-Thermoanaerobacterales-root-root-Thermoanaerobacterales_bacterium_50_218

AFV12721.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Thermacetogenium-Thermacetogenium_phaeum

WP_156272097.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Moorella-Moorella_glycerini

WP_084663325.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Thermanaeromonas-Thermanaeromonas_toyohensis

WP_007778526.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfosporosinus-Desulfosporosinus_youngiae

WP_073032136.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfosporosinus-Desulfosporosinus_lacus

WP_015943020.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfitobacterium-Desulfitobacterium_hafniense

WP_034423446.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Thermoanaerosceptrum-Thermoanaerosceptrum_fracticalcis

WP_123931525.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Thermodesulfitimonas-Thermodesulfitimonas_autotrophica

WP_151621417.1_Firmicutes-Clostridia-Clostridiales-Heliobacteriaceae-Heliorestis-Heliorestis_acidaminivorans

WP_131920162.1_Firmicutes-Clostridia-Clostridiales-Heliobacteriaceae-Heliophilum-Heliophilum_fasciatum

WP_083543099.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfofundulus-Desulfofundulus_australicus

WP_066638003.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfofarcimen-Desulfofarcimen_intricatum

WP_031516783.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfohalotomaculum-Desulfohalotomaculum_alkaliphilum

WP_061215307.1_Firmicutes-Clostridia-Clostridiales-Syntrophomonadaceae-Syntrophomonas-Syntrophomonas_wolfei

WP_100669110.1_Firmicutes-Bacilli-Bacillales-Alicyclobacillaceae-Kyrpidia-Kyrpidia_spormannii

WP_018132044.1_Firmicutes-Bacilli-Bacillales-Alicyclobacillaceae-Effusibacillus-Effusibacillus_pohliae

WP_094238497.1_Firmicutes-Bacilli-Bacillales-Alicyclobacillaceae-Tumebacillus-Tumebacillus_algifaecis

WP_087459170.1_Firmicutes-Bacilli-Bacillales-Alicyclobacillaceae-Tumebacillus-Tumebacillus_avium

WP_087973409.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Oceanobacillus-Oceanobacillus_rekensis

WP_077603374.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Oceanobacillus-Oceanobacillus_sojae

WP_000682590.1_Firmicutes-Bacilli-Bacillales-Staphylococcaceae-Staphylococcus-Staphylococcus_aureus

WP_095234836.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Terribacillus-Terribacillus_saccharophilus

WP_089852952.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Halolactibacillus-Halolactibacillus_miurensis

WP_089739296.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Gracilibacillus-Gracilibacillus_ureilyticus

KLT15373.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Neobacillus-Neobacillus_vireti

WP_066369417.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Neobacillus-Neobacillus_fumarioli

WP_107920618.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_sporothermodurans

WP_070120336.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_marinisedimentorum

WP_034760850.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_vietnamensis

WP_090948292.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Parageobacillus-Parageobacillus_thermantarcticus

WP_013401462.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Parageobacillus-Parageobacillus_thermoglucosidasius

WP_026676126.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Fictibacillus-Fictibacillus_gelatini

WP_153237543.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Fictibacillus-Fictibacillus_phosphorivorans

WP_139226504.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_sp._UNCCL81

PEJ54548.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_sp._AFS002410

WP_010739194.1_Firmicutes-Bacilli-Lactobacillales-Enterococcaceae-Enterococcus-Enterococcus_malodoratus

WP_137613792.1_Firmicutes-Bacilli-Lactobacillales-Enterococcaceae-Enterococcus-Enterococcus_viikkiensis

KAF1298011.1_Firmicutes-Bacilli-Lactobacillales-Enterococcaceae-Enterococcus-Enterococcus_diestrammenae

WP_011702388.1_Firmicutes-Bacilli-Bacillales-Listeriaceae-Listeria-Listeria_welshimeri

WP_013859430.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_coagulans

WP_145149321.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_xylanexedens

WP_150459533.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_spiritus

WP_120189626.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Ammoniphilus-Ammoniphilus_oxalaticus

RXG63832.1_Candidatus_Atribacteria-root-root-root-root-Candidatus_Atribacteria_bacterium_1244-E10-H5-B2

PIY31579.1_Candidatus_Atribacteria-root-root-root-root-Candidatus_Atribacteria_bacterium_CG_4_10_14_3_um_filter_34_13

WP_077360602.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_saccharoperbutylacetonicum

WP_090092684.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_uliginosum

TXT49740.1_Spirochaetes-root-root-root-root-Spirochaetes_bacterium

PKL06055.1_Spirochaetes-root-root-root-root-Spirochaetae_bacterium_HGW-Spirochaetae-9

VBB38786.1_Spirochaetes-root-root-root-root-uncultured_Spirochaetes_bacterium

SLM17912.1_Spirochaetes-Spirochaetia-Spirochaetales-root-root-uncultured_spirochete

WP_158908083.1_Spirochaetes-Spirochaetia-Spirochaetales-root-root-uncultured_spirochete

WP_021384881.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Clostridioides-Clostridioides_difficile

WP_137999124.1_Spirochaetes-Spirochaetia-Brachyspirales-Brachyspiraceae-Brachyspira-Brachyspira_catarrhinii

WP_157159727.1_Spirochaetes-Spirochaetia-Brachyspirales-Brachyspiraceae-Brachyspira-Brachyspira_pilosicoli

WP_144108867.1_Spirochaetes-Spirochaetia-Brachyspirales-Brachyspiraceae-Brachyspira-Brachyspira_hyodysenteriae

WP_135659492.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Caproiciproducens-Caproiciproducens_galactitolivorans

WP_147557605.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-root-_Clostridium__leptum

WP_087172261.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Gemmiger-Gemmiger_sp._An120

WP_101548204.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Anaerotruncus-Anaerotruncus_massiliensis

WP_067425957.1_Firmicutes-Erysipelotrichia-Erysipelotrichales-Erysipelotrichaceae-root-Erysipelotrichaceae_bacterium_MTC7

WP_128519236.1_Firmicutes-Erysipelotrichia-Erysipelotrichales-Erysipelotrichaceae-Absicoccus-Absicoccus_porci

WP_019229651.1_Firmicutes-Tissierellia-root-root-Sedimentibacter-Sedimentibacter_sp._B4

WP_027207720.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Butyrivibrio-Butyrivibrio_fibrisolvens

WP_025490711.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Eisenbergiella-Eisenbergiella_massiliensis

WP_055157545.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Coprococcus-Coprococcus_comes

WP_040434493.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Lachnoclostridium-_Clostridium__hylemonae

WP_117827291.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Ruminococcus-Ruminococcus_sp._AF25-17

WP_117961296.1_Firmicutes-Clostridia-Clostridiales-Ruminococcaceae-Ruminococcus-Ruminococcus_sp._AF31-14BH

WP_118148577.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Lachnospira-Lachnospira_eligens

WP_118373712.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_sp._AF23-8

WP_024727227.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Hungatella-Hungatella_hathewayi

WP_071027917.1_Firmicutes-Tissierellia-Tissierellales-Peptoniphilaceae-Peptoniphilus-Peptoniphilus_raoultii

WP_012744611.1_Thermotogae-Thermotogae-Kosmotogales-Kosmotogaceae-Kosmotoga-Kosmotoga_olearia

WP_038052245.1_Thermotogae-Thermotogae-Thermotogales-Thermotogaceae-Thermotoga-Thermotoga_sp._Mc24

WP_132848342.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Serpentinicella-Serpentinicella_alkaliphila

WP_026478021.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Alkaliphilus-Alkaliphilus_transvaalensis

WP_013296795.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacterales_Family_III._Incertae_Sedis-Thermoanaerobacterium-Thermoanaerobacterium_thermosaccharolyticum

WP_004398898.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Thermoanaerobacter-Thermoanaerobacter_thermohydrosulfuricus

WP_022588197.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Caldanaerobacter-Caldanaerobacter_subterraneus

WP_012861356.1_Fusobacteria-Fusobacteriia-Fusobacteriales-Leptotrichiaceae-Sebaldella-Sebaldella_termitidis

WP_147003209.1_Fusobacteria-Fusobacteriia-Fusobacteriales-Leptotrichiaceae-Leptotrichia-Leptotrichia_wadei

WP_063503209.1_Proteobacteria-Gammaproteobacteria-root-root-Wohlfahrtiimonas-Wohlfahrtiimonas_chitiniclastica

WP_028052620.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Carboxydothermus-Carboxydothermus_ferrireducens

WP_110941192.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Geosporobacter-Geosporobacter_subterraneus

WP_077851040.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Clostridium-Clostridium_aurantibutyricum

WP_025435502.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Peptoclostridium-Peptoclostridium_acidaminophilum

WP_038268026.1_Firmicutes-Clostridia-Clostridiales-Peptostreptococcaceae-Peptoclostridium-Peptoclostridium_litorale

WP_013389007.1_Fusobacteria-Fusobacteriia-Fusobacteriales-Fusobacteriaceae-Ilyobacter-Ilyobacter_polytropus

RQD77691.1_Firmicutes-Clostridia-Clostridiales-Syntrophomonadaceae-Candidatus_Syntrophonatronum-Candidatus_Syntrophonatronum_acetioxidans

WP_073257869.1_Firmicutes-Clostridia-Thermosediminibacterales-Thermosediminibacteraceae-Caldanaerovirga-Caldanaerovirga_acetigignens

WP_003512048.1_Firmicutes-Clostridia-Clostridiales-Hungateiclostridiaceae-Hungateiclostridium-Hungateiclostridium_thermocellum

WP_084052305.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfonispora-Desulfonispora_thiosulfatigenes

WP_013119256.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Thermincola-Thermincola_potens

RLE13025.1_Candidatus_Aerophobetes-root-root-root-root-Candidatus_Aerophobetes_bacterium

TET29624.1_Candidatus_Aerophobetes-root-root-root-root-Candidatus_Aerophobetes_bacterium
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Supplementary Fig. 28: Phylogenetic analysis of argJ gene (glutamate N-acetyltransferase/amino-acid acetyltransferase). The tree was unrooted and 
inferred using IQ-Tree LG+C20+G model on an alignment of 144 taxa and 402 sites. UFBOOT (left) and SH-aLRT (right) support values are shown 
along the branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan and green, respectively. Woesearchaeota sequences are 
selected from 47 MAGs used in the inference of proteome content change history. Woesearchaeota subgroup J homologues are annotated in the 
figure. Scale bar shows the number of average substitutions per site. Source data are provided as a Source Data file and raw data are also available via 
figshare (See Data availability for more details).
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Supplementary Fig. 29: Phylogenetic analysis of proA gene (glutamate-5-semialdehyde dehydrogenase). The tree was unrooted and inferred using 
IQ-Tree LG+C20+G model on an alignment of 192 taxa and 444 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the 
branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan, and green, respectively. Woesearchaeota sequences are selected from 47 
MAGs used in the inference of proteome content change history. Woesearchaeota subgroup J homologues are annotated in the figure. Scale bar shows 
the number of average substitutions per site. Source data are provided as a Source Data file and raw data are also available via figshare (See Data 
availability for more details).
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Supplementary Fig. 30: Phylogenetic analysis of hisI gene (Phosphoribosyl-AMP cyclohydrolase). The tree was unrooted and inferred using IQ-Tree 
LG+C20+G model on an alignment of 91 taxa and 128 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the branches. 
Bacteria, Archaea and Woesearchaeota are colored in black, cyan and green, respectively. Woesearchaeota sequences are selected from 47 MAGs 
used in the inference of proteome content change history. Scale bar shows the number of average substitutions per site. Woesearchaeota subgroup J 
homologues are annotated in the figure. Source data are provided as a Source Data file and raw data are also available via figshare (See Data availability for more 
details).
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Supplementary Fig. 31: Phylogenetic analysis of hisG gene (ATP phosphoribosyltransferase). The tree was unrooted and inferred using IQ-
Tree LG+C20+G model on an alignment of 72 taxa and 279 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the branches. 
Bacteria and Woesearchaeota are colored in black and green, respectively. Woesearchaeota sequences are selected from 47 MAGs used in the 
inference of proteome content change history. Woesearchaeota subgroup J homologues are annotated in the figure. Scale bar shows the number of 
average substitutions per site. Source data are provided as a Source Data file and raw data are also available via figshare (See Data availability for more details).
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Supplementary Fig. 32: Phylogenetic analysis of hisA gene (phosphoribosylformimino-5-aminoimidazole carboxamide ribotide isomerase). The tree 
was unrooted and inferred using IQ-Tree LG+C20+G model on an alignment of 103 taxa and 449 sites. UFBOOT (left) and SH-aLRT (right) 
support values are shown along the branch. Bacteria, Archaea, Woesearchaeota and Eukaryotes are colored in black, cyan, green and grey, 
respectively. Woesearchaeota sequences are selected from 47 MAGs used in the inference of proteome content change history. Scale bar shows 
the number of average substitutions per site. Woesearchaeota subgroup J homologues are annotated in the figure. Source data are provided as 
a Source Data file and raw data are also available via figshare (See Data availability for more details).
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Supplementary Fig. 33: Phylogenetic analysis of aroA gene (3-phosphoshikimate 1-carboxyvinyltransferase). The tree was unrooted and inferred using 
IQ-Tree LG+C20+G model on an alignment of 113 taxa and 437 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the 
branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan and green, respectively. Woesearchaeota sequences are selected from 47 
MAGs used in the inference of proteome content change history. Woesearchaeota subgroup J homologues are annotated in the figure. Scale 
bar shows the number of average substitutions per site. Source data are provided as a Source Data file and raw data are also available via figshare 
(See Data availability for more details).
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VEU21840.1_Ascomycota-Saccharomycetes-Saccharomycetales-Pichiaceae-Brettanomyces-Brettanomyces_naardenensis

XP_001647506.1_Ascomycota-Saccharomycetes-Saccharomycetales-Saccharomycetaceae-Vanderwaltozyma-Vanderwaltozyma_polyspora

RJS92295.1_Candidatus_Bathyarchaeota-root-root-root-root-Candidatus_Bathyarchaeota_archaeon

KON32988.1_Candidatus_Bathyarchaeota-root-root-root-root-miscellaneous_Crenarchaeota_group-6_archaeon_AD8-1

YT1_767_00563

TET36845.1_Planctomycetes-root-root-root-root-Planctomycetes_bacterium

KPJ51825.1_Chloroflexi-Dehalococcoidia-root-root-root-Dehalococcoidia_bacterium_DG_18

TRZ52703.1_Chloroflexi-Dehalococcoidia-root-root-root-Dehalococcoidia_bacterium

WP_099324353.1_Planctomycetes-Candidatus_Brocadiae-Candidatus_Brocadiales-Candidatus_Brocadiaceae-Candidatus_Kuenenia-Candidatus_Kuenenia_stuttgartiensis

KKO20360.1_Planctomycetes-Candidatus_Brocadiae-Candidatus_Brocadiales-Candidatus_Brocadiaceae-Candidatus_Brocadia-Candidatus_Brocadia_fulgida

WP_052564796.1_Planctomycetes-Candidatus_Brocadiae-Candidatus_Brocadiales-Candidatus_Brocadiaceae-Candidatus_Brocadia-Candidatus_Brocadia_sinica

OHB89105.1_Planctomycetes-root-root-root-root-Planctomycetes_bacterium_RIFCSPHIGHO2_02_FULL_52_58

TKJ48130.1_Candidatus_Aerophobetes-root-root-root-root-Candidatus_Aerophobetes_bacterium_Ae_b3a

TET85258.1_Candidatus_Aerophobetes-root-root-root-root-Candidatus_Aerophobetes_bacterium

KAA3646755.1_Chloroflexi-root-root-root-root-Chloroflexi_bacterium

OGX12723.1_Candidatus_Omnitrophica-root-root-root-root-Omnitrophica_WOR_2_bacterium_GWA2_63_20

OQX80255.1_Candidatus_Omnitrophica-root-root-root-root-Candidatus_Omnitrophica_bacterium_4484_70.1

RKY46016.1_Candidatus_Omnitrophica-root-root-root-root-Candidatus_Omnitrophica_bacterium

PIP19954.1_Candidatus_Omnitrophica-root-root-root-root-Candidatus_Omnitrophica_bacterium_CG08_land_8_20_14_0_20_41_16

PIP68065.1_Candidatus_Omnitrophica-root-root-root-root-Candidatus_Omnitrophica_bacterium_CG22_combo_CG10-13_8_21_14_all_43_16

OGW90366.1_Candidatus_Omnitrophica-root-root-root-root-Omnitrophica_bacterium_RIFCSPLOWO2_01_FULL_50_24

OLB01272.1_Verrucomicrobia-root-root-root-root-Verrucomicrobia_bacterium_13_1_20CM_3_54_17

OLA95584.1_Verrucomicrobia-root-root-root-root-Verrucomicrobia_bacterium_13_2_20CM_55_10

RFC50493.1_Verrucomicrobia-root-root-root-root-Verrucomicrobia_bacterium

RKU11642.1_Candidatus_Poribacteria-root-root-root-root-Candidatus_Poribacteria_bacterium

WP_013279230.1_Firmicutes-Clostridia-Halanaerobiales-Halobacteroidaceae-Acetohalobium-Acetohalobium_arabaticum

WP_011417725.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-Syntrophus-Syntrophus_aciditrophicus

OIP92004.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-root-Syntrophaceae_bacterium_CG2_30_58_14

OPY83429.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophaceae-Smithella-Smithella_sp._PtaU1.Bin162

OGB87499.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFCSPHIGHO2_02_FULL_45_12

OGC11450.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYA12_FULL_52_29

OGC06701.1_root-root-root-root-root-candidate_division_WOR-1_bacterium_RIFOXYA12_FULL_36_13

WP_075859134.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Carboxydothermus-Carboxydothermus_pertinax

WP_011344490.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Carboxydothermus-Carboxydothermus_hydrogenoformans

WP_121451260.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfofundulus-Desulfofundulus_salinum

WP_028391315.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_cihuensis

WP_019152558.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_massiliosenegalensis

WP_054493290.1_Chloroflexi-Ardenticatenia-Ardenticatenales-Ardenticatenaceae-Ardenticatena-Ardenticatena_maritima

WP_088552596.1_Firmicutes-Clostridia-Thermoanaerobacterales-Thermoanaerobacteraceae-Calderihabitans-Calderihabitans_maritimus

WP_027356522.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Desulfofundulus-Desulfofundulus_thermocisternus

WP_161260272.1_Firmicutes-Clostridia-Clostridiales-Heliobacteriaceae-Heliobacterium-Heliobacterium_gestii

SPD76325.1_Proteobacteria-Deltaproteobacteria-Desulfobacterales-Desulfobacteraceae-Desulfobacterium-uncultured_Desulfobacterium_sp.

OPX90480.1_Firmicutes-Clostridia-Clostridiales-Peptococcaceae-Pelotomaculum-Pelotomaculum_sp._PtaB.Bin104

WP_090570863.1_Firmicutes-Bacilli-Bacillales-Planococcaceae-Paenisporosarcina-Paenisporosarcina_quisquiliarum

WP_092347604.1_Candidatus_Kryptonia-root-root-root-Candidatus_Chrysopegis-Candidatus_Chrysopegis_kryptomonas

WP_156782563.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Geosporobacter-Geosporobacter_ferrireducens

WP_068555905.1_Firmicutes-Clostridia-Clostridiales-Clostridiaceae-Thermotalea-Thermotalea_metallivorans

WP_078994868.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_thuringiensis

WP_144704853.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Fictibacillus-Fictibacillus_phosphorivorans

WP_077620178.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_sinesaloumensis

WP_007502181.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Caldalkalibacillus-Caldalkalibacillus_thermarum

WP_068592283.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_macquariensis

WP_150458674.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_spiritus

WP_089201707.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Paenibacillus-Paenibacillus_xerothermodurans

WP_040953071.1_Firmicutes-Bacilli-Bacillales-Paenibacillaceae-Gorillibacterium-Gorillibacterium_massiliense

OQW65812.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Nitrospira-Nitrospira_sp._ST-bin4

TKB81932.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Nitrospira-Nitrospira_sp.

WP_109134726.1_Nitrospirae-Nitrospira-Nitrospirales-Nitrospiraceae-Candidatus_Sulfobium-Candidatus_Sulfobium_mesophilum

OGW27010.1_Nitrospirae-root-root-root-root-Nitrospirae_bacterium_GWC2_57_13

TAK77839.1_Chloroflexi-Dehalococcoidia-root-root-root-Dehalococcoidia_bacterium

KPK47837.1_Chloroflexi-Dehalococcoidia-root-root-root-Dehalococcoidia_bacterium_SM23_28_2

KPJ69464.1_Proteobacteria-Deltaproteobacteria-Syntrophobacterales-Syntrophobacteraceae-Syntrophobacter-Syntrophobacter_sp._DG_60

WP_028462076.1_Proteobacteria-Betaproteobacteria-Nitrosomonadales-Nitrosomonadaceae-Nitrosomonas-Nitrosomonas_cryotolerans

WP_011110666.1_Proteobacteria-Betaproteobacteria-Nitrosomonadales-Nitrosomonadaceae-Nitrosomonas-Nitrosomonas_europaea

WP_074706024.1_Proteobacteria-Betaproteobacteria-Nitrosomonadales-Nitrosomonadaceae-Nitrosospira-Nitrosospira_multiformis

WP_140018295.1_Proteobacteria-Betaproteobacteria-Nitrosomonadales-Methylophilaceae-Candidatus_Methylopumilus-Candidatus_Methylopumilus_planktonicus

WP_047539966.1_Proteobacteria-Betaproteobacteria-Nitrosomonadales-Methylophilaceae-Methylotenera-Methylotenera_versatilis

WP_015833109.1_Proteobacteria-Betaproteobacteria-Nitrosomonadales-Methylophilaceae-Methylotenera-Methylotenera_mobilis

WP_018506894.1_Proteobacteria-Betaproteobacteria-Nitrosomonadales-Thiobacillaceae-Thiobacillus-Thiobacillus_thioparus

OGI38464.1_Proteobacteria-Candidatus_Muproteobacteria-root-root-root-Candidatus_Muproteobacteria_bacterium_RBG_16_64_10

OGI50484.1_Proteobacteria-Candidatus_Muproteobacteria-root-root-root-Candidatus_Muproteobacteria_bacterium_RIFCSPHIGHO2_02_FULL_65_16

WP_002810188.1_Proteobacteria-Gammaproteobacteria-Chromatiales-Chromatiaceae-Nitrosococcus-Nitrosococcus_oceani

WP_069471100.1_Proteobacteria-Gammaproteobacteria-Thiotrichales-Thiotrichaceae-Candidatus_Marithrix-Candidatus_Marithrix_sp._Canyon_246

WP_068947770.1_Proteobacteria-Betaproteobacteria-Burkholderiales-Burkholderiaceae-Polynucleobacter-Polynucleobacter_wuianus

OGP30503.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_GWA2_57_13

OGP55441.1_Proteobacteria-Deltaproteobacteria-root-root-root-Deltaproteobacteria_bacterium_GWD2_55_8

REJ79188.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium

WP_041976587.1_Acidobacteria-Blastocatellia-Blastocatellales-Pyrinomonadaceae-Pyrinomonas-Pyrinomonas_methylaliphatogenes

OLD56832.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium_13_1_40CM_2_56_5

RKY58651.1_Candidatus_Latescibacteria-root-root-root-root-Candidatus_Latescibacteria_bacterium

WP_026443131.1_Acidobacteria-Acidobacteriia-Acidobacteriales-Acidobacteriaceae-Acidobacterium-Acidobacterium_ailaaui

WP_132689878.1_Actinobacteria-Rubrobacteria-Rubrobacterales-Rubrobacteraceae-Rubrobacter-Rubrobacter_taiwanensis

WP_119070837.1_Actinobacteria-Rubrobacteria-Rubrobacterales-Rubrobacteraceae-Rubrobacter-Rubrobacter_indicoceani

PYO63050.1_Gemmatimonadetes-root-root-root-root-Gemmatimonadetes_bacterium

PYP13558.1_Gemmatimonadetes-root-root-root-root-Gemmatimonadetes_bacterium

WP_012501650.1_Chlorobi-Chlorobia-Chlorobiales-Chlorobiaceae-Chlorobaculum-Chlorobaculum_parvum

TDI17996.1_Acidobacteria-root-root-root-root-Acidobacteria_bacterium

MBE51770.1_Actinobacteria-Acidimicrobiia-Acidimicrobiales-Acidimicrobiaceae-root-Acidimicrobiaceae_bacterium_TMED130

TDA35040.1_Euryarchaeota-Hadesarchaea-root-root-root-Hadesarchaea_archaeon

WP_128806474.1_Actinobacteria-Actinobacteria-Streptomycetales-Streptomycetaceae-Streptomyces-Streptomyces_sp._Termitarium-T10T-6

WP_127065724.1_Firmicutes-Clostridia-Clostridiales-Lachnospiraceae-Cellulosilyticum-Cellulosilyticum_sp._WCF-2

WP_058486038.1_Firmicutes-Clostridia-Clostridiales-Defluviitaleaceae-Defluviitalea-Defluviitalea_phaphyphila

WP_064563871.1_Firmicutes-Bacilli-Bacillales-Bacillaceae-Bacillus-Bacillus_sp._MKU004

WP_144718560.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Campylobacteraceae-Campylobacter-Campylobacter_coli

WP_063998708.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Campylobacteraceae-Campylobacter-Campylobacter_hyointestinalis

TET90956.1_Euryarchaeota-Thermoplasmata-Methanomassiliicoccales-root-root-Methanomassiliicoccales_archaeon

EMR74055.1_Euryarchaeota-Thermoplasmata-Thermoplasmatales-root-root-Thermoplasmatales_archaeon_SCGC_AB-539-N05

RLF45757.1_Euryarchaeota-Thermoplasmata-root-root-root-Thermoplasmata_archaeon

WP_062387811.1_Euryarchaeota-Thermococci-Thermococcales-Thermococcaceae-Thermococcus-Thermococcus_peptonophilus

WP_013468300.1_Euryarchaeota-Thermococci-Thermococcales-Thermococcaceae-Thermococcus-Thermococcus_barophilus

WP_012819665.1_Euryarchaeota-Methanococci-Methanococcales-Methanocaldococcaceae-Methanocaldococcus-Methanocaldococcus_vulcanius

WP_010871100.1_Euryarchaeota-Methanococci-Methanococcales-Methanocaldococcaceae-Methanocaldococcus-Methanocaldococcus_jannaschii

ODS39537.1_Candidatus_Altiarchaeota-root-Candidatus_Altiarchaeales-root-root-Candidatus_Altiarchaeales_archaeon_WOR_SM1_86-2

ODS41345.1_Candidatus_Altiarchaeota-root-Candidatus_Altiarchaeales-root-root-Candidatus_Altiarchaeales_archaeon_WOR_SM1_SCG

WP_048094229.1_Euryarchaeota-Archaeoglobi-Archaeoglobales-Archaeoglobaceae-Geoglobus-Geoglobus_ahangari

WP_048092452.1_Euryarchaeota-Archaeoglobi-Archaeoglobales-Archaeoglobaceae-Geoglobus-Geoglobus_acetivorans

WP_013683631.1_Euryarchaeota-Archaeoglobi-Archaeoglobales-Archaeoglobaceae-Archaeoglobus-Archaeoglobus_veneficus

WP_011024463.1_Euryarchaeota-Methanomicrobia-Methanosarcinales-Methanosarcinaceae-Methanosarcina-Methanosarcina_acetivorans

WP_072562261.1_Euryarchaeota-Methanomicrobia-Methanosarcinales-Methanosarcinaceae-Methanohalophilus-Methanohalophilus_halophilus

PKL53485.1_Euryarchaeota-Methanomicrobia-Methanosarcinales-Candidatus_Methanoperedenaceae-root-Candidatus_Methanoperedenaceae_archaeon_HGW-Methanoperedenaceae-1

KUK45322.1_Euryarchaeota-Methanomicrobia-Methanosarcinales-Methanotrichaceae-Methanothrix-Methanosaeta_harundinacea

WP_010876348.1_Euryarchaeota-Methanobacteria-Methanobacteriales-Methanobacteriaceae-Methanothermobacter-Methanothermobacter_thermautotrophicus

WP_094516682.1_Euryarchaeota-Methanobacteria-Methanobacteriales-Methanobacteriaceae-Methanobrevibacter-Methanobrevibacter_smithii

WP_110379280.1_Crenarchaeota-Thermoprotei-Sulfolobales-Sulfolobaceae-Acidianus-Acidianus_sulfidivorans

WP_104685020.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Helicobacteraceae-Helicobacter-Helicobacter_bizzozeronii

WP_104696966.1_Proteobacteria-Epsilonproteobacteria-Campylobacterales-Helicobacteraceae-Helicobacter-root

PIV62551.1_Candidatus_Roizmanbacteria-root-root-root-root-Candidatus_Roizmanbacteria_bacterium_CG01_land_8_20_14_3_00_33_9

MAV06214.1_Proteobacteria-Alphaproteobacteria-Pelagibacterales-Pelagibacteraceae-root-Pelagibacteraceae_bacterium_TMED170

WP_013129646.1_Crenarchaeota-Thermoprotei-Desulfurococcales-Desulfurococcaceae-Thermosphaera-Thermosphaera_aggregans

PIU10257.1_Candidatus_Micrarchaeota-root-root-root-root-Candidatus_Micrarchaeota_archaeon_CG08_land_8_20_14_0_20_49_17

TMI31878.1_Candidatus_Bathyarchaeota-root-root-root-root-Candidatus_Bathyarchaeota_archaeon

OYT52557.1_Candidatus_Bathyarchaeota-root-root-root-root-Candidatus_Bathyarchaeota_archaeon_ex4484_135

WP_006492612.1_Thermotogae-Thermotogae-Kosmotogales-Kosmotogaceae-Mesotoga-Mesotoga_prima

OIN86330.1_Candidatus_Aenigmarchaeota-root-root-root-root-Candidatus_Aenigmarchaeota_archaeon_CG1_02_38_14

PIT84787.1_Candidatus_Micrarchaeota-root-root-root-root-Candidatus_Micrarchaeota_archaeon_CG10_big_fil_rev_8_21_14_0_10_45_29

OJX37135.1_Bacteroidetes-Flavobacteriia-root-root-root-Flavobacteriia_bacterium_40-80

RCL72820.1_Bacteroidetes-Flavobacteriia-Flavobacteriales-root-root-Flavobacteriales_bacterium

FT2_141_00890

WP_075589822.1_Bacteroidetes-Bacteroidia-Marinilabiliales-Marinilabiliaceae-Labilibacter-Labilibacter_marinus

WP_057952800.1_Bacteroidetes-Bacteroidia-Marinilabiliales-Salinivirgaceae-Salinivirga-Salinivirga_cyanobacteriivorans

PLX23711.1_Bacteroidetes-Bacteroidia-Marinilabiliales-Salinivirgaceae-root-Salinivirgaceae_bacterium

WP_075604035.1_Bacteroidetes-Bacteroidia-Marinilabiliales-Marinilabiliaceae-Saccharicrinis-Saccharicrinis_aurantiacus

WP_054721799.1_Bacteroidetes-Bacteroidia-Marinilabiliales-Marinifilaceae-Marinifilum-Marinifilum_fragile

WP_138533464.1_Bacteroidetes-Bacteroidia-Marinilabiliales-Marinilabiliaceae-Labilibacter-Labilibacter_sediminis

WP_143304175.1_Bacteroidetes-Bacteroidia-Marinilabiliales-Marinilabiliaceae-Carboxylicivirga-Carboxylicivirga_sp._M1479
0.125

Supplementary Fig. 34: Phylogenetic analysis of  trpG gene (glutamine amidotransferase of anthranilate synthase). The tree was unrooted and 
inferred using IQ-Tree LG+C20+G model on an alignment of 263 taxa and 268 sites. UFBOOT (left) and SH-aLRT (right) support values are shown 
along the branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan and green, respectively. Woesearchaeota sequences are selected from 
47 MAGs used in the inference of proteome content change history. Woesearchaeota subgroup J homologues are annotated in the figure. Scale bar 
shows the number of average substitutions per site. Source data are provided as a Source Data file and raw data are also available via figshare (See Data 
availability for more details).
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WP_094580507.1_Euryarchaeota-Halobacteria-Haloferacales-Halorubraceae-Halorubrum-Halorubrum_ezzemoulense

PSQ39558.1_Euryarchaeota-Halobacteria-Halobacteriales-root-root-Halobacteriales_archaeon_SW_5_70_135

KKR17733.1_Candidatus_Levybacteria-root-root-root-root-Candidatus_Levybacteria_bacterium_GW2011_GWA1_39_32

OGJ00793.1_Candidatus_Nomurabacteria-root-root-root-root-Candidatus_Nomurabacteria_bacterium_RIFCSPLOWO2_12_FULL_44_11

OGI74448.1_Candidatus_Nomurabacteria-root-root-root-root-Candidatus_Nomurabacteria_bacterium_RIFCSPHIGHO2_01_FULL_41_71

OGJ10513.1_Candidatus_Nomurabacteria-root-root-root-root-Candidatus_Nomurabacteria_bacterium_RIFOXYC2_FULL_36_19

WP_114490580.1_Bacteroidetes-Flavobacteriia-Flavobacteriales-Flavobacteriaceae-Ulvibacter-Candidatus_Ulvibacter_alkanivorans

WP_072352524.1_Bacteroidetes-Flavobacteriia-Flavobacteriales-Flavobacteriaceae-root-Flavobacteriaceae_bacterium_A100

WP_002679354.1_Bacteroidetes-Flavobacteriia-Flavobacteriales-Flavobacteriaceae-Capnocytophaga-Capnocytophaga_sputigena

PIZ95338.1_Candidatus_Magasanikbacteria-root-root-root-root-Candidatus_Magasanikbacteria_bacterium_CG_4_10_14_0_2_um_filter_37_12

PIR74150.1_Candidatus_Magasanikbacteria-root-root-root-root-Candidatus_Magasanikbacteria_bacterium_CG10_big_fil_rev_8_21_14_0_10_47_10

WP_129216755.1_Candidatus_Marinimicrobia-root-root-root-root-Candidatus_Marinimicrobia_bacterium

PCJ49854.1_Candidatus_Marinimicrobia-root-root-root-root-Candidatus_Marinimicrobia_bacterium

OGH94647.1_Candidatus_Magasanikbacteria-root-root-root-root-Candidatus_Magasanikbacteria_bacterium_RIFOXYD2_FULL_41_14

OGJ42078.1_Candidatus_Peregrinibacteria-root-root-root-root-Candidatus_Peregrinibacteria_bacterium_RIFCSPLOWO2_01_FULL_48_20

KKP36882.1_Candidatus_Peregrinibacteria-root-root-root-root-Candidatus_Peregrinibacteria_bacterium_GW2011_GWF2_33_10

PIZ76179.1_Candidatus_Peregrinibacteria-root-root-root-root-Candidatus_Peregrinibacteria_bacterium_CG_4_10_14_0_2_um_filter_38_24
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Supplementary Fig. 35: Phylogenetic analysis of  purB gene (adenylosuccinate lyase). The tree was unrooted and inferred using IQ-Tree LG+C20+G 
model on an alignment of 115 taxa and 571 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the branches. Bacteria, 
Archaea and Woesearchaeota are colored in black, cyan and green, respectively. Woesearchaeota sequences are selected from 47 MAGs used in the 
inference of proteome content change history. Scale bar shows the number of average substitutions per site. Woesearchaeota subgroup J homologues 
are annotated in the figure. Source data are provided as a Source Data file and raw data are also available via figshare (See Data availability for more details).
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Supplementary Fig. 36: Phylogenetic analysis of purC gene (SAICAR synthetase). The tree was unrooted and inferred using IQ-Tree LG+C20+G model 
on an alignment of 153 taxa and 773 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the branches. Bacteria, 
Archaea, Woesearchaeota and Eukaryotes are colored in black, cyan, green and grey, respectively. Woesearchaeota sequences are selected from 47 
MAGs used in the inference of proteome content change history. Scale bar shows the number of average substitutions per site. Woesearchaeota subgroup 
J homologues are annotated in the figure. Source data are provided as a Source Data file and raw data are also available via figshare (See Data 
availability for more details).
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Supplementary Fig. 37: Phylogenetic analysis of purE  gene (AIR carboxylase). The tree was unrooted and inferred using IQ-Tree LG+C20+G model 
on an alignment of 47 taxa and 509 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the branches. Bacteria, Archaea, 
Woesearchaeota and Eukaryotes are colored in black, cyan, green and grey, respectively. Woesearchaeota sequences are selected from 47 MAGs used in 
the inference of proteome content change history. Woesearchaeota subgroup J homologues are annotated in the figure. Scale bar shows 
the number of average substitutions per site.  Source data are provided as a Source Data file and raw data are also available via figshare (See Data 
availability for more details).
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Supplementary Fig. 38: Phylogenetic analysis of purP gene (5-formaminoimidazole-4-carboxamide-1-(beta)-D-ribofuranosyl 5'-monophosphate 
synthetase). An unrooted phylogenetic tree was inferred using IQ-Tree LG+C20+G model on an alignment of 59 taxa and 544 sites. UFBOOT (left) and 
SH-aLRT (right) support values are shown along the branches. Bacteria, Archaea and Woesearchaeota are colored in black, cyan and green, respectively. 
Woesearchaeota sequences are selected from 47 MAGs used in the inference of proteome content change history. Scale bar shows the number of 
average substitutions per site. Woesearchaeota subgroup J homologues are annotated in the figure. Source data are provided as a Source Data file and 
raw data are also available via figshare (See Data availability for more details).
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Supplementary Fig. 39: Phylogenetic analysis of pfk gene (phosphofrutokinase). The tree was unrooted and inferred using IQ-Tree LG+G+F+C20 model on 
an alignment of 169 taxa and 351 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the branches. Bacteria, Archaea 
and Woesearchaeota are colored in black, cyan and green, respectively. Woesearchaeota sequences are selected from the subgroup J MAGs. Scale 
bar shows the number of average substitutions per site. Source data are provided as a Source Data file and raw data are also available via figshare 
(See Data availability for more details).
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Supplementary Fig. 40: Phylogenetic analysis of ackA gene (Acetate kinase). The tree was unrooted and inferred using IQ-Tree LG+G+F+C20 
model on an alignment of 136 taxa and 400 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the branches. 
Bacteria, Archaea and Woesearchaeota are colored in black, cyan and green, respectively. Woesearchaeota sequences are selected from the 
subgroup J MAGs. Scale bar shows the number of average substitutions per site. Source data are provided as a Source Data file and raw data 
are also available via figshare (See Data availability for more details).
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Supplementary Fig. 41: Phylogenetic analysis of pta gene (Phosphate acetyltransferase). The tree was unrooted and inferred using IQ-Tree LG+C50
+F+I+G model on an alignment of 222 taxa and 557 sites. UFBOOT (left) and SH-aLRT (right) support values are shown along the branches.
Bacteria, Archaea and Woesearchaeota are colored in black, cyan and green, respectively. Scale bar shows the number of average
substitutions per site. Woesearchaeota sequences are selected from the subgroup J MAGs. Source data are provided as a Source Data file and raw data
are also available via figshare (See Data availability for more details).
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Supplementary Fig. 42: Ultrametric tree of the phylogenetic analysis of 152 woesearchaeotal MAGs using IQ-Tree (v 2.0.7) LG+F+R+C60 model 
on the concatenated 50% top-ranked marker proteins. Red line denotes a branch length of 0.4 of the ultrametric tree. The numbers at the middle of the 
branch are the relative evolutionary divergence value calculated from the original tree (the tree shown in Fig. 2). UFBOOT (left) and SH-aLRT (right) support 
values are shown behind the node for subgroup division. Support values colored in red indicates the reliability of the clade is not strongly supported and 
therefore subgroup was assigned at the next node whose UFBOOT  >= 95% and SH-aLRT >= 80%.



CSBr16_197

J110

CG_4_10_14_0_8_um_filter_47_5

ARS1419

FT2_175

FT1_219

CSSed10_238R1

Yap150.bin4.9

SURF_58

UBA12027

UBA10207

B103_G9

ARS73

BM511

CG11_big_fil_rev_8_21_14_0_20_43_8

CG10_big_fil_rev_8_21_14_0_10_45_5

Yap75.bin7.84

YT1_562

ARS102

CSBr16_114

UBA10107

UBA10200

100/100

Yap2000.bin4.8

JLRS3_6_219

MP5_1_69

UBA10192

UBA153

CG07_land_8_20_14_0_80_44_23

J101

UBA525

ex4484_78

UBA142

CG10_big_fil_rev_8_21_14_0_10_47_5

CG1_02_57_44

UBA12459

SM23-78

ARS1041

ARS1203

YT1_092
UBA544

ARS1334

MP5_7_64

CG10_big_fil_rev_8_21_14_0_10_45_16

YT3_319

YT1_286

B29_G15

Yap200.bin9.104

FT2_479

B54_G15

FT2_141

GW2011_AR15

Yap2000.bin8.138

UBA9638

YT1_142

CG_4_10_14_0_2_um_filter_33_13

FT6_98

FT1_799

CSSed10_383

CG08_land_8_20_14_0_20_47_9

Yap100.bin3.69

GW2011_AR20

CG1_02_47_18

CSSed11_337R1

UBA492

CSBr16_182

FT1_425

CSSed165cm_557

Yap200.bin8.246

FT1_394

YT3_932
YT2_768

CG_4_10_14_0_2_um_filter_33_10

FT2_348

CSBr16_144

J104

CG10_big_fil_rev_8_21_14_0_10_33_12

JLRS2_1_154

CG08_land_8_20_14_0_20_43_7

SURF_65

CG_4_10_14_0_2_um_filter_57_5

UBA489

YT1_767

GW2011_AR17

CG10_big_fil_rev_8_21_14_0_10_30_7

Yap30.bin1.57

CSBr16_71

CSSed10_415

CG10_big_fil_rev_8_21_14_0_10_32_9

CSBr16_68R1

Yap150.bin6.108
Yap100.bin1.6

ARS49

MP5_9_10

MP5_1_678

J152

CG10_big_fil_rev_8_21_14_0_10_34_8

CSSed162cmB_258

GW2011_AR4

B72_G16

MP5_1_30

B43_G17
B66_G1

CG10_big_fil_rev_8_21_14_0_10_37_12

T1Sed10_208R1

B100_G9

CSBr16_4

GW2011_AR11

FT1_228

UBA10216

J116

ARS74

J091

CSBr16_223

Yap5000.bin1.9

Yap30.bin3.42

CG10_big_fil_rev_8_21_14_0_10_32_24

GW2011_AR18

UBA11576

FT1_346

ARS1441

UBA9989

Yap150.bin7.227

B3_Woes

YT2_166

MP5_4_70

UBA94

CSSed11_301m

1420

CG10_big_fil_rev_8_21_14_0_10_44_13

YT1_182

YT2_088

YT2_062

CG11_big_fil_rev_8_21_14_0_20_57_5

T3Sed10_350R1

ARS106

CSBr16_28

UBA10194

FT1_083

MP5_1_023

Yap100.bin4.218

CSBr16_111R1

Yap200.bin2.134

CG1_02_33_12

UBA11998

UBA10204

ARS1199

NP1295

UBA119

CG10_big_fil_rev_8_21_14_0_10_36_11

CG06_land_8_20_14_3_00_33_13

J072

MP5_5_87

Tree scale: 0.3

CG_4_10_14_0_2_um_filter_33_10

UBA12027

UBA489

CSBr16_71

Yap100.bin1.6

UBA9989

GW2011_AR20

MP5_1_678

B66_G1

YT1_767

CG11_big_fil_rev_8_21_14_0_20_57_5

UBA525

UBA10194

YT1_092

CG10_big_fil_rev_8_21_14_0_10_44_13

MP5_1_69

J110

CG11_big_fil_rev_8_21_14_0_20_43_8

GW2011_AR11

Yap75.bin7.84

UBA492

CG1_02_47_18

CG_4_10_14_0_2_um_filter_57_5

Yap30.bin1.57

CSSed165cm_557

CG10_big_fil_rev_8_21_14_0_10_45_16

MP5_1_30

UBA12459

MP5_4_70

Yap100.bin4.218
CG10_big_fil_rev_8_21_14_0_10_30_7

YT1_286

Yap30.bin3.42

Yap2000.bin4.8

FT1_799

UBA10204

FT2_479

CG1_02_57_44

MP5_7_64

CG10_big_fil_rev_8_21_14_0_10_34_8

CSBr16_4

GW2011_AR18

CSBr16_182

SURF_65

ARS1419

UBA94

YT1_182

Yap2000.bin8.138

MP5_1_023

YT1_562

CG10_big_fil_rev_8_21_14_0_10_45_5

FT2_348

ARS1441

FT1_083

T3Sed10_350R1

YT2_062

Yap150.bin6.108

B54_G15
B3_Woes

J152

UBA119

UBA9638

UBA10200

CSSed10_415

B100_G9

CG1_02_33_12

B29_G15

ex4484_78

J072

MP5_9_10

Yap5000.bin1.9

Yap150.bin4.9

CSBr16_197

MP5_5_87

FT1_394

YT2_768

FT2_175

UBA10216

CSSed11_337R1

GW2011_AR17

ARS1203

YT1_142

CSSed162cmB_258

J091

Yap200.bin8.246

1420

FT2_141

FT1_228

UBA10207

CG10_big_fil_rev_8_21_14_0_10_33_12

FT1_219

CG10_big_fil_rev_8_21_14_0_10_32_9

ARS1041

Yap100.bin3.69

CSBr16_223

B103_G9

CG08_land_8_20_14_0_20_43_7

YT3_932

ARS102

UBA11998

FT1_425

CSSed10_238R1

SM23-78

UBA11576

CSSed10_383

CG06_land_8_20_14_3_00_33_13

ARS74

YT2_088

100/100

UBA10107

Yap200.bin9.104

T1Sed10_208R1

J101

ARS1334

CG10_big_fil_rev_8_21_14_0_10_36_11

CG08_land_8_20_14_0_20_47_9

B72_G16

CG07_land_8_20_14_0_80_44_23

YT3_319

CSSed11_301m

CSBr16_28

B43_G17

CG10_big_fil_rev_8_21_14_0_10_37_12

ARS73

UBA142

CG10_big_fil_rev_8_21_14_0_10_47_5

CG_4_10_14_0_8_um_filter_47_5

GW2011_AR4

BM511

UBA10192

J104

CSBr16_144

J116

CG_4_10_14_0_2_um_filter_33_13

SURF_58

ARS106

YT2_166

NP1295

FT6_98

CSBr16_68R1

UBA544

ARS49

UBA153

Yap200.bin2.134

ARS1199

JLRS2_1_154

CG10_big_fil_rev_8_21_14_0_10_32_24

CSBr16_114

FT1_346

GW2011_AR15

JLRS3_6_219

CSBr16_111R1

Yap150.bin7.227

Phylogenectic trees based on top-50% ranked orthologs (LG+F+C60+R)
10576 sites (9144 parsimony-informative, 464 singleton sites, 968 constant sites)

Phylogenectic trees based on the 15 ribosomal protein genes(LG+F+C60+R)
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Supplementary Fig. 43: Comparison of subgroup in the top-50% ranked orthologs trees and 15 ribosomal protein trees. a. Phylogenetic tree based on 
the top-50% ranked orthologs tree. b. Phylogenetic tree based on 15 ribosomal proteins. Genomes are colored according to the subgroup assigned using the 
top-50% ranked orthologs tree. Scale bar shows average substitution per site. Black dots indicate nodes with support      value  (UFBOOT >= 95% and SH-aLRT 
>= 80%).  Source data are provided as a Source Data file and raw data are also available via figshare (See Data availability for more details).
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