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SUPPLEMENTARY NOTE 1
Analysis of bacterial mobile genetic elements encoding viral-like Reps 

The majority of the Reps from pCRESS7 and pCRESS9, both represented in members of the phylum 

Tenericutes, are encoded by extrachromosomal plasmids (Supplementary table 1). By contrast, only 6 of 

the 237 (2.5%) Reps found in other groups are plasmid-borne (Supplementary table 1), with the rest being 

encoded in bacterial chromosomes. To characterize the provenance and potential function of these Reps, 

we performed a detailed genomic context analysis of selected genes from each Rep group. In the majority 

of cases, when the Reps were encoded on sufficiently large genomic contigs, the rep gene was located in 

the vicinity of a gene encoding an integrase of the tyrosine recombinase superfamily (Figure 2C). Further 

analysis showed that the loci encompassing the two genes as well as a variable number of other genes 

were flanked by direct repeats corresponding to the attachment sites (Supplementary figure 3a-i, 

Supplementary table 1), a typical feature of integration of circular dsDNA molecules mediated by tyrosine 

recombinases1. The majority of the analyzed mobile genetic elements were integrated into diverse tRNA 

genes. However, we also identified several elements integrated into protein-coding genes. For instance, 

elements encoding Reps from pCRESS2, -6 and -8 have recombined with the 3'-distal region of the gene 

encoding 30S ribosomal protein S9 (Supplementary table 1). 

The Rep-encoding elements carry from 2 (e.g., plasmid pRGRH0065) to over 20 genes (e.g., element 

LacLac-E1; Supplementary figure 3). Despite this variability, based on the shared content of signature 

genes, the elements could be assigned to one of three families: (i) elements from Rep-based pCRESS1-3, -

5, -8 and certain members of pCRESS6 share genes encoding FtsK-like DNA segregation ATPases 

(cl28087), single-stranded DNA binding (SSB) proteins, and occasionally, Sec10/PgrA surface exclusion 

domain protein, which specifically inhibits the ability of cells to uptake homologous plasmids 

(IPR027607); (ii) elements from pCRESS4, -6 and -7 encode a conserved MOBV-family plasmid 

mobilization protein (PF01076); (iii) all elements carried by phytoplasma, irrespective of their placement 

in the Rep-based phylogeny, encode plasmid copy number control proteins 2, a distinct SSB protein 

(PRK06752), and a conserved protein of unknown function (Figure 2C). Notably, none of the elements 

encoded any homologs of currently known viral structural proteins. Such pattern of gene sharing and 

incongruence with the Rep-based grouping (Figure 1) is consistent with the recombination and horizontal 

spread of these elements between different bacterial species. The latter conclusion is supported by 

phylogenetic analysis of the Rep sequences from each of the 9 pCRESS groups (Supplementary figure 3a-

i). A notable case of horizontal plasmid transfer is observed in pCRESS7, where two elements found in 

alpha-proteobacteria and gamma-proteobacteria are nested among elements from Clostridia. Collectively, 

these observations indicate that viral-like Reps in bacteria are encoded by diverse extrachromosomal and 

integrated plasmids.  

Sequence motifs shared by bacterial and CRESS-DNA virus Reps 

A detailed comparison of the conserved motifs in the nuclease and helicase domains of the viral-like 

bacterial and CRESS-DNA virus Reps (Figure 3) supports the inferences made from the clustering 

analysis (Figure 1). An asparagine in motif C of the helicase domain, which interacts with the γ-phosphate 

of ATP and a nucleophilic water molecule3, is conserved across all known CRESS-DNA viruses as well as 

the bacterial Reps of pCRESS2 and pCRESS3, but not in pCRESS1 or the YLxH supergroup. pCRESS3 

bacterial Reps are most similar to those of smacoviruses, nanoviruses and circoviruses. Most notably, 

these proteins share the unique modification of the motif II, HUQ, in the nuclease domain, not found in 

other known prokaryotic plasmid or virus Reps. By contrast, algae-infecting bacilladnaviruses are more 

similar to the bacterial pCRESS2 Reps, especially within the helicase domain, where the conserved 

aspartate residues in the Walker B motif are replaced by glutamates. The uncultivated gastropod-

associated circular DNA viruses (GasCSV) appear to be chimeric with respect to the nuclease and helicase 

domains. Whereas the former is more similar to the nuclease domain of circoviruses, the latter shows the 

highest similarity to the helicase domain of pCRESS2 bacterial Reps. A similar recombination hotspot 

between the two domains has been previously observed in many uncultivated CRESS-DNA viruses 4,5. 

Sequence motifs of pCRESS9 and P. pulchra plasmid Reps are most closely similar to those of 

geminiviruses and genomoviruses. Furthermore, all Rep sequences in this assemblage share the GRS 

motif located between motifs II and III (Figure 3), which is not found in other CRESS-DNA viruses and is 



thought to enable the appropriate spatial arrangement of motifs II and III 6,7. Another synapomorphic 

character shared by geminiviruses, genomoviruses and pCRESS9 plasmids is the replacement of the 

arginine finger, which is conserved in the helicase domain of other CRESS-DNA viruses8, with an 

asparagine residue. Notably, in P. pulchra plasmids, the arginine finger motif is well-conserved, 

suggesting an ancestral position of this group with respect to geminiviruses, genomoviruses and 

pCRESS9.  

 

 

Further phylogenetic and statistical validation of the Rep tree topology 

  

To test the robustness of the PhyML tree, we performed the following additional analyses: (i) maximum 

likelihood phylogenies were constructed using other methods, namely, RAxML and IQ-Tree, with 

alternative branch support methods, including the classical bootstrap and the more recently introduced 

ultrafast bootstrap procedures; (ii) phylogeny was reconstructed using the 20-profile mixture model which, 

similar to Bayesian CAT models but in the maximum likelihood framework, allows 20 substitution 

models along the sequences in the alignment9; (iii) statistical analysis of the unconstrained and 3 

constrained tree topologies was performed. The IQ-Tree and RAxML trees had topologies nearly identical 

to the topology of the PhyML tree, although the branch support values estimated with the bootstrap 

procedure in RAxML tree were slightly lower than the aBayes and ultrafast bootstrap values for the 

PhyML and IQ-Tree trees, respectively. To account for potential differences in site-specific amino acid 

replacement patterns, we used the C20 mixture model, which yielded a topology nearly identical to that in 

the single-model maximum likelihood analyses (Figure 5 and Figure S5). To further scrutinize the 

robustness of the phylogenetic tree, we constructed a set of constrained trees with alternative topologies 

and compared these to the unconstrained tree using several statistical tests, including the approximately 

unbiased test10. All tests rejected the trees with alternative topologies (Supplementary table 2). 

Collectively, these results indicate that the obtained tree topology is highly robust and is likely to 

accurately reflect the evolutionary history of Reps encoded by CRESS-DNA viruses and plasmids. 

 

 

  



SUPPLEMENTARY TABLES 

 

Supplementary table 1. Characterization of the integrated and extrachromosomal plasmids from 

pCRESS1-9, including information on their size, integration coordinates, integration targets, size of the 

attachment sites. 
Organism Plasmid/ 

Element 

Accession number Coordinates Integration 

target 

att 

length 

RC-Rep 

accession 

pCRESS1             

Firmicutes; Clostridia; Clostridiales             

Butyrivibrio sp. MB2005 ButMB-E1 NZ_AUJP01000012 6964..14931 tRNA-Gly 33 WP_026524352.1 

Firmicutes; Bacilli; Lactobacillales             

Streptococcus anginosus DSM 20563 StrAng-E1 NZ_KB891980 77855..88340 Intergenic 24 WP_003030931.1 

Streptococcus iniae YSFST01-82 StrIni-E1 NZ_CP010783 1794043..1799231 YbaB-like 

protein 

13 WP_003102166.1 

Streptococcus oralis ATCC 35037 StrOra-E1 NZ_AEDW01000014 134347..143668 Intergenic 16 WP_000032131.1 

Streptococcus suis 10581 StrSui-E1 NZ_ALKQ01000044 47978..60499 FanG protien 88 WP_029694263.1 

pCRESS2             

Firmicutes; Clostridia; Clostridiales             

Clostridium celerecrescens 152B c7 CloCel-E1 NZ_JPME01000007 145850..156771 tRNA-Gly 24 WP_038278663.1 

Clostridium citroniae WAL-17108 CloCit-E1 NZ_JH376425 170718..179404 tRNA-Gly 20 WP_007865724.1 

Clostridium methoxybenzovorans SR3 CloMet-E1 NZ_ATXD01000006 2200538..2210845 tRNA-Gly 20 WP_024346025.1 

Clostridium viride DSM 6836 CloVir-E1 NZ_JHZO01000006 39765..67907 30S ribosomal 

protein S9 

14 WP_051546484.1 

Lachnospiraceae bacterium 6 1 

63FAA 

LacBac6.1-

E1 

NZ_GL890549 384948..394690 Intergenic 32 WP_009246639.1 

Roseburia inulinivorans DSM 16841 RosInu-E1 NZ_ACFY01000152 42399..50222 SAM methylase 34 WP_044928503.1 

Hungatella hathewayi HugHat-E1 CZAZ01000001 167507..174549 Intergenic 16 CUP05665.1 

Ruminococcus sp. 5 1 39BFAA Rum51-E1 ACII02000003 33727..44938 tRNA-Trp 41 EES75484.2 

Ruminococcus sp. CAG 108 RumCAG-
E1 

NZ_HF987453 47135..59333 tRNA-Trp 45 WP_021882760.1 

Firmicutes; Erysipelotrichia; 

Erysipelotrichales 
            

Erysipelothrix rhusiopathiae str. 

Fujisawa 

EryRhu-E1 AP012027 1352967..1361071 GMP synthase 15 BAK32345.1 

Solobacterium moorei DSM 22971 SolMoo-E1 NZ_AUKY01000086 6149..9424 tRNA-Ala 15 WP_037404274.1 

Tenericutes; Mollicutes             

Mollicutes bacterium HR2 MolHR2-E1 NZ_JRFF01000028 15562..27894 tRNA-Arg 56 WP_036328238.1 

pCRESS3             

Actinobacteria; Actinobacteria; 
Propionibacteriales 

          

Propionibacterium acnes HL005PA4 ProAcn-E1 NZ_GL383162 76237..81150 tRNA-Pro 18 WP_002529618.1 

Actinobacteria; Actinobacteridae; 

Actinomycetales 
            

Mobiluncus mulieris ATCC 35243 MobMul-E1 NZ_GG668519 73683..78607 tRNA-Val 23 WP_036342632.1 

Actinobacteria; Actinobacteridae; 
Bifidobacteriales 

            

Alloscardovia omnicolens DSM 21503 AllOmni-E1 NZ_ATVB01000007 45220..53134 tRNA-Ala 19 WP_022856850.1 

Bifidobacterium pseudocatenulatum p4M NC_003527 N/A     NP_613078.1 

Bifidobacterium pullorum LMG 

21816 

BifPul-E1 NZ_JGZJ01000010 37044..44621 tRNA-Ala 51 WP_043170238.1 

Bifidobacterium longum BifLon-E1 NZ_JNVX01000024 104187..111387 tRNA-Ala 35 WP_021975256.1 

pCRESS4             

Firmicutes; Clostridia; Clostridiales             

Ruminococcus sp. CAG:488 RumCAG-
E1 

CBBI010000010 34399..48707 tRNA-Arg 50 CDA18875.1 

unclassified             

uncultured prokaryote pRGRH0065 LN852756 N/A     CRY93789.1 

uncultured prokaryote pRGFK1613 LN854124 N/A     CRY97508.1 

Actinobacteria; Corynebacteriales             

Gordonia malaquae NBRC 108250 GorMal-E1 BAOP01000004 266143..277064 intergenic 36 GAC78794.1 

pCRESS5             

Firmicutes; Bacilli; Lactobacillales             



Streptococcus suis 92-1400 StrSui-E1 NZ_ALLO01000011 691..6646 tRNA-Leu 50 WP_024399566.1 

Streptococcus sp. SR1 StrSR1-E1 NZ_JATR01000010 946..12807 tRNA-Leu 15 WP_033583888.1 

Streptococcus oralis strain 727_SORA 
19_27736_643863 

StrOra-E1 NZ_JUVM01000007 17067..27612 tRNA-Leu 13 WP_049478725.1 

Lactococcus garvieae I113 LacGar-E1 NZ_AMFD01000003 12360..23367 Intergenic 31 WP_017368666.1 

pCRESS6             

Firmicutes; Bacilli; Lactobacillales             

Enterococcus faecium strain LMG 
8148 

EntFae-E1 NZ_LOHT01000285 29084..38080 30S ribosomal 
protein S9 

25 WP_061343647.1 

Lactococcus lactis subsp. lactis LacLac-E1 NZ_JNLP01000001 1815245..1831903 tRNA-Leu 50 WP_032941943.1 

Lactococcus lactis subsp. cremoris 

A76 

pQA504 CP003136 N/A     AEU41945.1 

Streptococcus suis YS39 StrSuiYS39-
E1 

NZ_ALMO01000016 34857..43776 Intergenic 22 WP_024400359.1 

Firmicutes; Clostridia; Clostridiales             

Butyrivibrio sp. XPD2006 G590 ButXPD-E1 NZ_ATVT01000008 119846..125578 tRNA-Leu 20 WP_022765681.1 

pCRESS7             

Firmicutes; Clostridia; Clostridiales             

Clostridium bolteae 90B3 CloBol-E1 NZ_KB851181 29144..34918 Intergenic 21 WP_002578150.1 

Proteobacteria; Gammaproteobacteria; 

Vibrionales 
            

Vibrio anguillarum RV22 VibAng-E1 NZ_AEZB01000083 1220..7071 Intergenic 13 WP_019282500.1 

Tenericutes; Mollicutes; 
Acholeplasmatales 

            

Aster yellows witches'-broom 

phytoplasma AYWB 

 pAYWB-II CP000063 N/A     ABC65794.1 

Aster yellows witches'-broom 

phytoplasma AYWB 

 pAYWB-IV CP000065 N/A     ABC65805.1 

Ca. Phytoplasma australiense  pCPa NC_010918 N/A     YP_001966814.1 

Onion yellows phytoplasma OY-M OniYel-E1 NC_005303 756287..761444 Intergenic 46 WP_011161011.1 

Periwinkle leaf yellowing 

phytoplasma 

 p09PLY-1 NC_019244 N/A     YP_006961027.1 

Periwinkle leaf yellowing 
phytoplasma 

 p09PLY-2 NC_019247 N/A     YP_006961042.1 

Rehmannia glutinosa' phytoplasma  pPARG1 NC_014123 N/A     YP_003617079.1 

Proteobacteria; Alphaproteobacteria; 

Rhodospirillale 

            

Acidiphilium sp. CAG:727 AciCAG-E1 FR898463 2638..14917 Intergenic 16 CDE19587.1 

pCRESS8             

Firmicutes; Bacilli; Lactobacillales             

Lactobacillus mucosae LM1 LacMuc-E1 NZ_CP011013 2081576..2091749 tRNA-Thr 102 WP_006499656.1 

Lactobacillus reuteri 100-23 LacReu-E1 NZ_AAPZ02000001 1366292..1380782 tRNA-Thr 23 WP_003665528.1 

Leuconostoc mesenteroides subsp. 
cremoris ATCC 19254 

LeuMes-E1 NZ_GG693387 185148..195379 Ribosomal 
protein S9 

18 WP_036093565.1 

Oenococcus oeni DSM 20252 OenOen-E1 NZ_AQVA01000012 15290..30347 tRNA-Leu 18 WP_002821392.1 

Streptococcus mitis SK629 StrMit-E1 NZ_JPFU01000002 82438..92128 Intergenic 24 WP_042900192.1 

Lactobacillus taiwanensis DSM 21401 LacTai-E1 AYZG01000001 4476..14624 30S ribosomal 
protein S9 

21 KRN00682.1 

Lactobacillus amylovorus DSM 16698 LacAmy-E1 NZ_JQBQ01000011 3735..15652 tRNA-Thr 14 WP_056985318.1 

Enterococcus faecalis F01966 EntFae-E1 NZ_KE351541 26540..37054 30S ribosomal 

protein S9 

51 WP_016622553.1 

Lactobacillus vaginalis pC107 KP172590 N/A     AKG47101.1 

Firmicutes; Bacilli; Bacillales             

Staphylococcus epidermidis pSAP110B NC_013384 N/A     YP_006939186.1 

Viridibacillus arenosi FSL R5-213 VirAre-E1 NZ_ASQA01000035 81188..94595 Intergenic 26 WP_051448806.1 

pCRESS9             

Tenericutes; Mollicutes; 
Acholeplasmatales 

            

Onion yellows phytoplasma pEcOYNIM NC_019167 N/A     YP_006959585.1 

Paulownia witches'-broom 

phytoplasma 

pPaWBNy-1 NC_010405 N/A     YP_001708784.1 

Paulownia witches'-broom 
phytoplasma 

pPaWBNy-2 NC_010406 N/A     YP_001708790.1 

Periwinkle little leaf phytoplasma pPLLHn-1 NC_019290 N/A     YP_006961991.1 

Wheat blue dwarf phytoplasma pWBD1 NC_019535 N/A     YP_007008175.1 



Wheat blue dwarf phytoplasma pWBD3 NC_019536 N/A     YP_007008179.1 

Candidatus Phytoplasma australiense pPAPh2 NC_010854 N/A     YP_001965305.1 

Candidatus Phytoplasma australiense pPASb11 NC_010856 N/A     YP_001965310.1 

Aster yellows witches'-broom 

phytoplasma AYWB 

pAYWB-I NC_007717 N/A     WP_011412950.1 

P. pulchra-like             

Eukaryota; Rhodophyta; 

Bangiophyceae; Bangiales 
            

Pyropia pulchra plasmid AF106327 N/A     AAF36423.1 

Pyropia pulchra plasmid AF106328 N/A     AAF36424.1 

Pyropia pulchra plasmid AF106326 N/A     AAF36422.1 

 

 
 
 
Supplementary table 2. Topology testing for the phylogenetic tree of Rep proteins. 

Tree AU1 deltaL2 RELL3 KH4 SH5 WKH6 WSH7 ELW8 

1 (Unc.) 0.998 0 0.998 0.998 1 0.998 1 0.998 

2 0.00291 254.27 0.00212 0.00233 0.00375 0.00233 0.00618 0.00214 

3 0.000864 287.83 0.0003 0.00046 0.00057 0.00046 0.00154 0.000308 

4 4.47E-15 569.37 0 0 0 0 0 1.93E-61 

 

Tree 1: Unconstrained topology;  

Tree 2: plasmids and viruses form two monophyletic groups;  

Tree 3: positions of the geminivirus/genomovirus clade and that including all other CRESS-DNA viruses 

are switched;  

Tree 4: regrouped according to the host organisms, i.e., branch including plant-associated geminiviruses 

and genomoviruses is moved as a sister group to plant-associated nanoviruses/alphasatellites, animal-

associated smacoviruses are grouped with circoviruses, whereas other unclassified groups of CRESS-

DNA viruses are monophyletic. 

 

1 p-value of approximately unbiased (AU) test. 

2 logL difference from the maximal logl in the set. 

3 bootstrap proportion using RELL method. 

4 p-value of one sided Kishino-Hasegawa test. 

5 p-value of Shimodaira-Hasegawa test. 

6 p-value of weighted KH test. 

7 p-value of weighted SH test. 

8 Expected Likelihood Weight. 
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Supplementary figure 1. Taxonomic distribution of bacterial Rep proteins and their homologs. Tree of life was 
adopted from iTOL (https://itol.embl.de/). To get more robust view of taxonomic distribution and to dismiss recent 
horizontal transfers, taxa containing less than three species were filtered out.
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Supplementary figure 2 (continued)
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A0A0A2YBU1 Bacteria Proteobacteria Pasteurellaceae Gallibacterium anatis
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A0A1Q6AA60 Bacteria Proteobacteria Enterobacteriaceae Escherichia coli
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F4HAR1 Bacteria Proteobacteria Pasteurellaceae Gallibacterium anatis
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A0A236M093 Bacteria Proteobacteria Enterobacteriaceae Shigella boydii
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A0A0F7LBQ2 Viruses Myoviridae Escherichia phage pro147

A0A2B7N4S3 Bacteria Proteobacteria Enterobacteriaceae Escherichia coli
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A0A290S1V5 Bacteria Proteobacteria Pseudoalteromonadaceae Pseudoalteromonas arctica

1
0
0

97

10
0

100

93

9
8

100

99

1
0
0

99

100

1
0
0

100

100

98

100

1
0
0

100

1
0
0

9
3

1
0
0

1
0
0

99

9
9

96

99

10
0

100

1
0
0

100

100

81

100

10
0

1
0
0

10
0

100

1
0
0

7
9

1
0
0

1
0
0

1
0
0

100

100

100

100

10
0

1
0
0

1
0
0

94

97

10
0

100

100

100

96

10
0

1
0
0

1
0
0

7
7

94

98

97

10
0

100

100

100

99

9
9

100

1
0
0

92

1
0
0

73

10
0

8
9

100

100

85

100

100

10
0

7
6

10
0

100

100

8
5

99

100

100

9
0

100

9
8

1
0
0

100

1
0
0

100

100

100

9
5

99

100

10
0

1
0
0

100

100

1
0
0

100

9
7

100

1
0
0

100

100

10
0

1
0
0

100

1
0
0

10
0

100

99

100

1
0
0

10
0

80

100

91 10
0

1
0
0

99

100

100

10097

100

10
0

100

9
2

7
9

90

1
0
0

1
0
0

10
0

10
0

10
0

1
0
0

1
0
0

1
0
0

76

99

9
61

0
0

100

100

1
0
0

100

100

100

100

100

10
0

100

100

10
010

0

100

1
0
0

100

100

100

100

95

1
0
0

74

100

100

100

100

99

99

99

1
0

0

99

1
0
0

99

100
100

100

100

1
0
0

100

100

100

1
0
0

10
0

10
0

1
0
0

100

100

100

100

10
0

1
0
0

99

1
0
0

88

100

100

100

100

1
0
0

1
0
0

9
3

1
0
0

100

97

100

100

9
8

10
0

1
0
0

100

94

99

10
0

98

100

100

8
7

100

10
0

1
0
0

10
0

99

9
9

100

100

100

100

100

73

1
0
0

10
0

100

7
3

100

99

99
100

1
0
0

100

9
6

98

100

100

1
0
0

100

1
0
0

100
10

0

10
0

98

96

100

1
0
0

1
0
0

1
0
0

100

1
0
0

10
0

98

1
0
0

1
0
0

99

100

100

100

100

10
0

100

79

1
0
0

9
7

99

90

100

1
0
0

100

100

100

100

10
0

100

1
0
0

1
0
0

97

8
6

100

100

97

100

100

100
1
0
0

100

100

100

1
0
0

1
0
0

1
0
0

1
0
0

99

99

1
0
0

10
0

99

100

1
0
0

1
0
0

1
0
0

100

100

100

100

100

9
7

1
0
0

100

91

10
0

1
0
0

10
0

10
0

1
0
0

10
0

100

1
0
0

100

9
3

10
0

10
0

1
0
0

9
9

99

90

1
0
0

1
0
0

100

100

1
0
0

97

87

93

100

100

10
0

8
9

1
0
0

100

1
0
0

1
0
0

79

98

93

1
0
0

100

100

7
6

10
0

98

100

1
0
0

9
9

1
0
0

97

1
0
0

100

1
0
0

100

100

1
0
0

9
2

100

100

100

8
4

99

100

76

100

1
0
0

1
0
0

91

100

87

1
0
0

100

100

100

1
0
0

100

1
0
0

97

100

8
9

100

1
0
0

9
9

1
0
0

1
0
0

100

100

100

100

90

1
0
0

1
0
0

100

100

100

9
3

97

100

100

1
0
0

100

95

100

1
0
0

10
0

99

1
0
0

1
0
0

100

100

9
5

100

100

10
0

100

1
0
0

99

95

100

98

1
0
0

99

100

1
0
0

100

8
6

100

100

1
0
0

100

100

9
8

100

1
0
0

100

100

94

100

100

1
0
0

10
0

10
0

100

92

8
9

100

100

9
8

100

10
0

10
0

100

79

100

1
0
0

100

100

95

1
0
0

100

1
0
0

100

85

1
0
0

10
0

100

100

100

1
0
0

1
0
0

94

100

1
0
0

100

1
0
0

100

98

100

92

1
0
0

100

96

Tree scale: 1

pEC316_KPC-like

b)

Supplementary figure 2 (continued)



A0A0H5Q6Q5 uncultured prokaryote

F9RQI0 Bacteria Proteobacteria Vibrionaceae Vibrio scophthalmi

A0A0H5Q5R0 uncultured prokaryote

K
2

IM
9

6
 B

a
cte

ria
 A

ctin
o

b
a

cte
ria

 B
ifid

o
b

a
cte

ria
ce

a
e

 B
ifid

o
b

a
cte

riu
m

 b
ifid

u
m

Q4FGL2 plasmid pUCLAc Bacteria Proteobacteria Xanthomonadaceae Xylella fastidiosa

A
0A

0H
5Q

43
6 

un
cu

ltu
re

d 
pr

ok
ar

yo
te A

0
A

0
H

5
Q

JN
8
 u

n
cu

ltu
re

d
 p

ro
ka

ryo
te

A
0
A

1
V

8
Q

4
J7

 B
a
ct

e
ri
a
 A

ct
in

o
b
a
ct

e
ri
a
 B

ifi
d
o
b
a
ct

e
ri
a
ce

a
e
 B

ifi
d
o
b
a
ct

e
ri
u
m

 d
e
n
tiu

m

A
0A

0H
5Q

5H
2 uncultured prokaryote

Q83WL3 Bacteria Proteobacteria Xanthomonadaceae Xylella fastidiosa

A
0A

08
7A

Y
E
5 

B
ac

te
ria

 A
ct

in
ob

ac
te

ria
 B

ifi
do

ba
ct

er
ia

ce
ae

 B
ifi

do
ba

ct
er

iu
m

 k
as

hi
w

an
oh

en
se

A
0
A

0
N

0
X

6
J5

 B
a
cte

ria
 P

ro
te

o
b
a
cte

ria
 P

se
u
d
o
m

o
n
a
d
a
ce

a
e
 P

se
u
d
o
m

o
n
a
s a

m
yg

d
a
li

A
0
A

2
6
1
F
G

U
7
 B

a
cte

ria
 A

ctin
o
b
a
cte

ria
 B

ifid
o
b
a
cte

ria
ce

a
e
 B

ifid
o
b
a
cte

riu
m

 tissie
ri

Q44128 plasmid pAP12875 Bacteria
 Proteobacteria

 Acetobacteraceae Acetobacter p
asteuria

nus

P03627 Viruses Inoviridae Pseudomonas virus Pf3

A0A0H5QLQ0 uncultured prokaryote

P74974 plasmid pXF868 Bacteria Proteobacteria Xanthomonadaceae Xylella fastidiosa

A
0

A
0

H
5

Q
3

W
0

 u
n

cu
ltu

re
d

 p
ro

ka
ryo

te

A
0
A

0
H

5
Q

6
8
8
 u

n
cu

ltu
re

d
 p

ro
ka

ry
o
te

A0A2A1ZNF1 B
acte

ria
 Te

neric
ute

s C
andidatu

s I
zim

aplasm
a sp

. Z
iA

1

Q52242 plasm
id pVT736-1 Plasm

id pVT736-1

A0A0H5Q5M0 uncultured prokaryote

R
6
G

D
Y

3
 B

a
ct

e
ri
a
 A

ct
in

o
b
a
ct

e
ri
a
 B

ifi
d
o
b
a
ct

e
ri
a
ce

a
e
 B

ifi
d
o
b
a
ct

e
ri
u
m

 b
ifi

d
u
m

 C
A

G
 2

3
4

A
0
A

0
H

2
N

V
3
3
 B

a
cte

ria
 A

ctin
o
b
a
cte

ria
 B

ifid
o
b
a
cte

ria
ce

a
e
 B

ifid
o
b
a
cte

riu
m

 b
ifid

u
m

A0A0H
5Q

R
41 uncultured prokaryote

A
0
A

1
V

8
Q

4
G

2
 B

a
ct

e
ri
a
 A

ct
in

o
b
a
ct

e
ri
a
 B

ifi
d
o
b
a
ct

e
ri
a
ce

a
e
 B

ifi
d
o
b
a
ct

e
ri
u
m

 d
e
n
tiu

m

Q
32

X78
 p

la
sm

id
 p

XAG
82

 B
ac

te
ria

 P
ro

te
ob

ac
te

ria
 X

an
th

om
on

ad
ac

ea
e 

Xan
th

om
on

as
 c

itr
i

A0A0H5PYL5 uncultu
red prokaryote

A
0A

0H
5Q

P
I0 uncultured prokaryote

Q9PHK6 Bacteria Proteobacteria Xanthomonadaceae Xylella fastidiosa

A0A0H5Q1Z4 uncultured prokaryoteA0A
12

6S
VH

1 
Bac

te
ria

 A
ct

in
ob

ac
te

ria
 B

ifi
do

ba
ct

er
ia

ce
ae

 B
ifi
do

ba
ct

er
iu

m
 a

ng
ul

at
um

Q4FGL4 plasmid pUCLAa Bacteria Proteobacteria Xanthomonadaceae Xylella fastidiosa

A
0
A

0
H

5
Q

4
5
8
 u

n
cu

ltu
re

d
p
ro

ka
ry

o
te

A
0
A

0
H

5
Q

3
V

6
 u

n
cu

ltu
re

d
 p

ro
ka

ry
o
te

A0A086ZD
Z4 Bacteria Actinobacteria Bifidobacteriaceae Bifidobacterium

 bohem
icum

E
8
M

H
G

2
 B

a
cte

ria
 A

ctin
o
b
a
cte

ria
 B

ifid
o
b
a
cte

ria
ce

a
e
 B

ifid
o
b
a
cte

riu
m

 lo
n
g
u
m

A
0A

0H
5Q

3P
5 uncultured prokaryote

A0A0C2FT72 E
uka

ry
ota

 N
em

ato
da A

ncy
losto

m
atid

ae A
ncy

losto
m

a d
uodenale

98

95

10
0

1
0
0

10
0

99

100

100

1
0
0

1
0
0

89

100

9
99

8

100

1
0
0

100

100

100

100

1
0
0

98

93

90

9
9

9
4

9210
0

9
9

9
7

100

1
0
0

100

100

Tree scale: 1

D3JVB8 Viruses Pleolipoviridae Haloarcula virus HHPV1

A
0
A

1
P

8
L
X

0
4
 p

la
sm

id
 p

H
L
A

J5
II A

rch
a
e
a
 E

u
rya

rch
a
e
o
ta

 N
a
tria

lb
a
ce

a
e
 H

a
lo

b
ifo

rm
a
 la

cisa
lsi

A
0A

25
6J

9R
0 

A
rc

ha
ea

 E
ur

ya
rc

ha
eo

ta
 H

al
or

ub
ra

ce
ae

 H
al

or
ub

ru
m

 e
zz

em
ou

le
ns

e

M
0I912 Archaea Euryarchaeota Haloferacaceae Haloferax sulfurifontis

A0A238VVP7 Archaea Euryarchaeota Halorubraceae Halorubrum vacuolatum

Q
7M

53
8 

A
rc

ha
ea

 E
ur

ya
rc

ha
eo

ta
 H

al
ob

ac
te

ria
ce

ae
 H

al
ob

ac
te

riu
m

 s
p.

M0DD55 Archaea Euryarchaeota Haloferacaceae Halogeometric
um pallid

um

W
0G

H
T
4 A

rchaea E
uryarchaeota H

aloarculaceae H
aloarcula hispanica

L9XW89 Archaea Euryarchaeota Natrialbaceae Natrinema versiforme

Q48304 plasmid pHK2 Archaea Euryarchaeota Haloferacaceae Haloferax lucentense

U
PI0

00
96

AAA8F

A
0
A

2
A

2
F

IJ
0
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

ru
b
ra

ce
a
e
 H

a
lo

ru
b
ru

m
 s

p
. 
W

N
0
1
9

UPI0006788CDE

A0A0D6JQD4 Archaea Euryarchaeota Haloferacaceae Haloferax massiliensis

A
0
A

2
G

1
W

G
9
3
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

ru
b
ra

ce
a
e
 H

a
lo

ru
b
ru

m
 p

e
rs

ic
u
m

A0A0F7PCJ3 Archaea Euryarchaeota Halobacteriaceae Halanaeroarchaeum sulfurireducens

A
0A

1G
6S

N
56 A

rchaea E
uryarchaeota N

atrialbaceae H
aloterrigena hispanica

A0A202E6U5 Archaea Euryarchaeota Natrialbaceae Natronolimnobius baerhuensis

P
1
7
5
6
5
 p

la
sm

id
 p

G
R

B
1
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

b
a
ct

e
ri
a
ce

a
e
 H

a
lo

b
a
ct

e
ri
u
m

 s
a
lin

a
ru

m

U
P

I0
0
0
6
7
8
0
5
B

2

A
0A

25
6J

FD
2 

A
rc

ha
ea

 E
ur

ya
rc

ha
eo

ta
 H

al
or

ub
ra

ce
ae

 H
al

or
ub

ru
m

 e
zz

em
ou

le
ns

e

Q7ZA98 plasmid pNB101 Archaea E
uryarchaeota N

atria
lbaceae N

atro
nobacteriu

m sp. A
S-7091

A0A1Q
1FEF6 Archaea Euryarchaeota H

aloarculaceae H
alorientalis sp. IM

1011

W0FEU8 Viruses Pleolipoviridae Haloarcula virus HHPV2

M
0
E

T
4
6
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

ru
b
ra

ce
a
e
 H

a
lo

ru
b
ru

m
 c

o
ri
e
n
se

M0J7E8 Archaea Euryarchaeota Haloferacaceae Haloferax denitrificans

A
0
A

2
G

1
W

G
J3

 A
rch

a
e
a
 E

u
rya

rch
a
e
o
ta

 H
a
lo

ru
b
ra

ce
a
e
 H

a
lo

ru
b
ru

m
 p

e
rsicu

m

M
0
P

4
7
1
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

ru
b
ra

ce
a
e
 H

a
lo

ru
b
ru

m
 k

o
cu

ri
i

Q
47

97
8 

pl
as

m
id

 e
hs

p 
A

rc
ha

ea
 E

ur
ya

rc
ha

eo
ta

 H
al

ob
ac

te
ria

ce
ae

 H
al

ob
ac

te
riu

m
 s

al
in

ar
um

Q
5
3
C

6
1
 p

la
sm

id
 p

Z
M

X
2
0
1
 A

rch
a
e
a
 E

u
rya

rch
a
e
o
ta

 N
a
tria

lb
a
ce

a
e
 N

a
trin

e
m

a
 sp

. C
X

2
0
2
1

D3JVC6 plasmid pHK2 Archaea Euryarchaeota Haloferacaceae Haloferax lucentense

A
0

A
1

X
4

H
9

6
6

 A
rch

a
e

a
 E

u
rya

rch
a

e
o

ta
 H

a
lo

ru
b

ra
ce

a
e

 H
a

lo
ru

b
ru

m
 e

zze
m

o
u

le
n

se

UPI00071E80C7

M0I9F6 A
rch

aea E
urya

rch
aeota H

alofera
ca

ce
ae H

alofera
x a

lexa
ndrin

us

A0A1J4LZ15 Archaea Euryarchaeota Natrialbaceae Natrialba sp. SSL1

A
3
Q

Q
Z

1
 p

la
sm

id
 p

S
N

 A
rc

h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 N
a
tr

ia
lb

a
ce

a
e
 H

a
lo

te
rr

ig
e
n
a
 t
h
e
rm

o
to

le
ra

n
s

A
0A

1I6K
3C

6 A
rchaea E

uryarchaeota H
aloarculaceae H

alom
icrobium

 zhouii

C
7
P

0
U

9
 A

rch
a
e
a
 E

u
rya

rch
a
e
o
ta

 H
a
lo

a
rcu

la
ce

a
e
 H

a
lo

m
icro

b
iu

m
 m

u
ko

h
a
ta

e
i

A
0

A
1

7
8

A
8

Z
4

 B
a

ct
e

ri
a

 F
ir
m

ic
u

te
s 

B
a

ci
lla

ce
a

e
 B

a
ci

llu
s 

g
a

la
ct

o
si

d
ily

tic
u

s

L
9
X

X
V

3
 A

rch
a
e
a
 E

u
rya

rch
a
e
o
ta

 N
a
tria

lb
a
ce

a
e
 N

a
tro

n
o
b
a
cte

riu
m

 g
re

g
o
ryi

A0A0W1R328 Archaea Euryarchaeota Haloferacaceae Haloferax sp. SB29

A0A256KEF6 Archaea Euryarchaeota Halorubraceae Halorubrum sp. E3

A0A1G9THH6 Archaea Euryarchaeota Haloferacaceae Halogranum gelatinilyticum

M
0
C

M
L
2
 A

rch
a
e
a
 E

u
rya

rch
a
e
o
ta

 H
a
lo

a
rcu

la
ce

a
e
 H

a
lo

sim
p
le

x ca
rlsb

a
d
e
n
se

R
4W

1X9 Archaea Euryarchaeota N
atrialbaceae Salinarchaeum

 sp. H
archt-Bsk1

A0A2B7GLJ1 Archaea Euryarchaeota Natrialbaceae Natrinema sp. CBA1119

M
0J

G
M

2 
Arc

ha
ea

 E
ur

ya
rc

ha
eo

ta
 H

al
of

er
ac

ac
ea

e 
H
al

of
er

ax
 d

en
itr

ifi
ca

ns

UPI000694D9C3

A0A0H3YBU0 p
lasm

id p
HF2 A

rc
haea E

ury
arc

haeota
 H

alofe
ra

ca
ce

ae H
alofe

ra
x s

p. Q
22

A
0A

1I6Q
U

Q
4 A

rchaea E
uryarchaeota N

atrialbaceae H
alostagnicola kam

ekurae

A0A0D6JQ
P8 A

rc
haea E

ury
arc

haeota
 H

alo
fe

ra
ca

ce
ae H

alo
fe

ra
x 

m
ass

ilie
nsis

Q
48

32
3 

A
rc

ha
ea

 E
ur

ya
rc

ha
eo

ta
 H

al
ob

ac
te

ria
ce

ae
 H

al
ob

ac
te

riu
m

 s
p.

P
1
4
3
2
1
 p

la
sm

id
 p

H
G

N
1
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

b
a
ct

e
ri
a
ce

a
e
 H

a
lo

b
a
ct

e
ri
u
m

 s
p
. 
G

N
1
0
1

A
0
A

1
M

5
R

D
9
5
 A

rch
a
e
a
 E

u
rya

rch
a
e
o
ta

 H
a
lo

ru
b
ra

ce
a
e
 H

a
lo

b
a
cu

lu
m

 g
o
m

o
rre

n
se

L5NX33 Archaea Euryarchaeota Haloferacaceae Haloferax sp. BAB2207

94

100

100

100

100

100

9
1

8
9

100

10
0

9
0

100 100

83

96

1
0
0

86

100

10
01

0
0

96

8
7

1
0
0

100

91

99

100

100

100

100

1
0
0

9
0

96

95

100

99

100

100

1
0
0

100

79

1
0
0

100
10

0

9
9

1
0
0 1
0
0

1
0
0

Tree scale: 1

M0LIG8 Archaea Euryarchaeota Haloarculaceae Haloarcula japonica

A0A0P7FWD7 Archaea Euryarchaeota Halorubraceae Halolamina pelagica

M
0
F

F
M

1
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

fe
ra

ca
ce

a
e
 H

a
lo

fe
ra

x 
sp

. 
A

T
C

C
 B

A
A

-6
4
6

UPI000737B291

A
0A

0E
3P

K
68

 A
rc

ha
ea

 E
ur

ya
rc

ha
eo

ta
 M

et
ha

no
sa

rc
in

ac
ea

e 
M

et
ha

no
sa

rc
in

a 
si
ci
lia

e

A0A0P7GW
R1 A

rc
haea E

ury
arc

haeota
 H

aloru
bra

ce
ae H

alolam
ina p

elagica

UPI000678747C

A0A
0E

3N
L4

2 
Arc

ha
ea

 E
ur

ya
rc

ha
eo

ta
 M

et
ha

no
sa

rc
in

ac
ea

e 
M

et
ha

no
sa

rc
in

a 
sp

. W
W

M
59

6

A
0
A

0
E

3
S

5
3
2
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 M
e
th

a
n
o
sa

rc
in

a
ce

a
e
 M

e
th

a
n
o
sa

rc
in

a
 la

cu
st

ri
s

A
0
A

0
Q

4
B

C
0
9

A
rch

a
e
a
 E

u
rya

rch
a
e
o
ta

 M
e
th

a
n
o
m

a
ssiliico

cca
le

s a
rch

a
e
o
n
 R

u
m

E
n
 M

2

A0A162FUH5 Archaea Euryarchaeota Haloarculaceae Haloarcula sp. K1

U
P
I000A

3D
6995

A0A0M9AHA5 Archaea Euryarchaeota H
aloarculaceae H

aloarcula
rubrip

romontorii

A
0
A

0
E

3
P

N
5
8
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 M
e
th

a
n
o
sa

rc
in

a
ce

a
e
 M

e
th

a
n
o
sa

rc
in

a
 s

ic
ili

a
e

M
0K

C
Q

1 
Arc

ha
ea

 E
ur

ya
rc

ha
eo

ta
 H

al
oa

rc
ul

ac
ea

e 
H
al

oa
rc

ul
a 

ar
ge

nt
in

en
si
s

A0A0M9AKC3 Archaea Euryarchaeota Haloarculaceae Haloarcula rubripromontorii

A0A0E3SEL4 Archaea Euryarchaeota Methanosarcinaceae Methanosarcina horonobensis

Q
8T

M
P

9 
A

rc
ha

ea
 E

ur
ya

rc
ha

eo
ta

 M
et

ha
no

sa
rc

in
ac

ea
e 

M
et

ha
no

sa
rc

in
a 

ac
et

iv
or

an
s

A0A0P6VLW
3 A

rch
aea E

urya
rch

aeota M
ethanosa

rci
nace

ae M
ethanosa

rci
na fla

ve
sc

ens

A0A0M9APV8 Archaea Euryarchaeota Haloarculaceae Haloarcula rubripromontorii

M0L7B3 Archaea Euryarchaeota Haloarculaceae Haloarcula japonica

Q
4
6
A

C
8
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 M
e
th

a
n
o
sa

rc
in

a
ce

a
e
 M

e
th

a
n
o
sa

rc
in

a
 b

a
rk

e
ri

D
7D

S
J5 A

rchaea E
uryarchaeota M

ethanococcaceae M
ethanococcus voltae

H
9
A

B
L
5
 V

iru
se

s P
le

o
lip

o
virid

a
e
 H

a
lo

ru
b
ru

m
 viru

s H
R

P
V

2

U
P

I0
0
0
A

3
D

6
C

9
A

X
1K

IU
9 m

arine sedim
ent m

etagenom
e

A
0
A

0
D

6
JW

Q
4
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

fe
ra

ca
ce

a
e
 H

a
lo

fe
ra

x 
m

a
ss

ili
e
n
si

s

A
0
A

1
V

5
IC

L
4
 A

rch
a
e
a
 E

u
rya

rch
a
e
o
ta

 E
u
rya

rch
a
e
o
ta

 a
rch

a
e
o
n
 A

D
u
rb

.B
in

A
0
8
7

V
6D

T
E

5 A
rchaea E

uryarchaeota H
alorubraceae H

alorubrum
 sp. A

J67

A
0
A

0
E

3
L
L
S

1
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 M
e
th

a
n
o
sa

rc
in

a
ce

a
e
 M

e
th

a
n
o
sa

rc
in

a
 b

a
rk

e
ri

C7NPY2 Archaea Euryarchaeota Haloarculaceae Halorhabdus utahensis

C1JJY0 Viruses Pleolipoviridae Halorubrum virus HRPV1U
P

I0
0
0
6
7
9
E

2
2
B

X1JD
X4 m

arine sedim
ent m

etagenom
e

H
9
A

B
P

2
 V

iru
se

s P
le

o
lip

o
virid

a
e
 H

a
lo

ru
b
ru

m
 viru

s H
R

P
V

6

A0A0E3SJY5 Archaea Euryarchaeota Methanosarcinaceae Methanosarcina barkeri

A0A0E3QD54 Archaea Euryarchaeota Methanosarcinaceae Methanosarcina sp. Kolksee

U
P

I0
0
0
6
1
C

3
A

7
8

R
4
L
B

R
1
 p

la
sm

id
 p

T
P

2
 A

rch
a
e
a
 E

u
rya

rch
a
e
o
ta

 T
h
e
rm

o
co

cca
ce

a
e
 T

h
e
rm

o
co

ccu
s p

rie
u
rii

A0A0E3NZQ1 Archaea Euryarchaeota M
ethanosarcinaceae M

ethanosarcina sp. M
TP4

D
7
D

R
A

9
 A

rch
a
e
a
 E

u
rya

rch
a
e
o
ta

 M
e
th

a
n
o
co

cca
ce

a
e
 M

e
th

a
n
o
co

ccu
s vo

lta
e

M
0
H

0
7
3
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

fe
ra

ca
ce

a
e
 H

a
lo

fe
ra

x 
g
ib

b
o
n
si

i

UPI0006B64DA0

L9
U

V
Y
7 

A
rc

ha
ea

 E
ur

ya
rc

ha
eo

ta
 H

al
of

er
ac

ac
ea

e 
H

al
of

er
ax

 v
ol

ca
ni

i

A0A0E3WTQ6 Archaea Euryarchaeota Methanosarcinaceae Methanosarcina horonobensis

D
4G

Y
30

 A
rc

ha
ea

 E
ur

ya
rc

ha
eo

ta
 H

al
of

er
ac

ac
ea

e 
H

al
of

er
ax

 v
ol

ca
ni

i

UPI000B78794F

100

1
0
0

1
0
0

43

99

4
3

10
0

4
6

100

100

7
0

98

77

1
0
0

100

100

100

1
0
0

100

10
0

1
0
0

91

100

100

100

99

100

10
0

1
0
0

100

49

100

100

1
0
0

100

1
0
0

100

9
5

6
5

100

1
0
0

99

95

Tree scale: 1

e)

g)

f)

pVT736-1-like pGRB1-like

pTP2-like

A0A1Y4VWC9 Bacteria Firmicutes Lactobacillaceae Lactobacillus gallinarum

D8N8Z8 Bacteria Proteobacteria Burkholderiaceae Ralstonia solanacearum

A0A
24

9S
KF0 

Bac
te

ria
 F

irm
icu

te
s 

Ent
er

oc
oc

ca
ce

ae
 E

nt
er

oc
oc

cu
s 

th
ai

la
nd

icu
s

R
5
Q

U
R

4
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
F

ir
m

ic
u
te

s 
b
a
ct

e
ri
u
m

 C
A

G
 6

4
6

R
6
M

K
5
9
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
F

ir
m

ic
u
te

s 
b
a
ct

e
ri
u
m

 C
A

G
 4

1

A
0A

0H
5Q

41
2 

un
cu

ltu
re

d 
pr

ok
ar

yo
te

A
0A

1Q
4L317 B

acteria F
irm

icutes B
acillaceae B

acillus cereus

B
0G

2P
4 

B
ac

te
ria

 F
irm

ic
ut

es
 L

ac
hn

os
pi

ra
ce

ae
 D

or
ea

 fo
rm

ic
ig

en
er

an
s

W
7D

3V
6 B

acteria Firm
icutes Listeriaceae Listeria fleischm

annii

A
0A

0H
5P

W
D

5 uncultured prokaryote

A
0A

17
4Y

J8
5 

B
ac

te
ria

 F
irm

ic
ut

es
 L

ac
hn

os
pi

ra
ce

ae
 R

um
in

oc
oc

cu
s 

to
rq

ue
s

A
0
A

1
7
4
E

G
7
8
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
L
a
ch

n
o
sp

ir
a
ce

a
e
 C

o
p
ro

co
cc

u
s 

co
m

e
s

H1B9P2 Bacteria Firmicutes Erysipelotrichaceae Erysipelotrichaceae bacterium 6 1 45

A0A089Y739 plasmid wkB8 plasmid Bacteria Firmicutes Lactobacillaceae Lactobacillus sp. wkB8

A0A242J7
U7 B

acte
ria

 F
irm

icu
te

s E
nte

ro
co

cc
ace

ae E
nte

ro
co

cc
us f

aeciu
m

A0A150YI38 Bacteria Firmicutes Bacillaceae Bacillus sp. KCTC 13219

A
0A

1R
0W

4P
5 B

acteria Firm
icutes P

aenibacillaceae P
aenibacillus sp. FS

L H
7-0326

A0A1F5BTZ3 Bacteria Candidatus Azambacteria Candidatus Azambacteria bacterium RIFCSPLOWO2 01 FULL 46 25

A
0
A

0
G

1
Y

G
S

7
 B

a
cte

ria
 C

a
n
d
id

a
tu

s M
a
g
a
sa

n
ikb

a
cte

ria
 C

a
n
d
id

a
tu

s M
a
g
a
sa

n
ikb

a
cte

ria
 b

a
cte

riu
m

 G
W

2
0
11

 G
W

A
2
 5

6
 11

A
0
A

1
C

5
Q

R
M

7
 B

a
cte

ria
 F

irm
icu

te
s C

lo
strid

ia
ce

a
e
 u

n
cu

ltu
re

d
 C

lo
strid

iu
m

 sp
.

A
8
M

H
T

4
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
C

lo
st

ri
d
ia

ce
a
e
 A

lk
a
lip

h
ilu

s 
o
re

m
la

n
d
ii

A
0
A

1
J4

R
S

M
4
 B

a
cte

ria
 C

a
n
d
id

a
tu

s B
e
rke

lb
a
cte

ria
 C

a
n
d
id

a
tu

s B
e
rke

lb
a
cte

ria
 b

a
cte

riu
m

 C
G

1
 0

2
 4

2
 4

5

A
0A

1D
3R

7L2 B
acteria F

irm
icutes B

acillaceae B
acillus cereus

B2UIP4 Bacteria Proteobacteria Burkholderiaceae Ralstonia pickettii

A0A0C
7LH

V7 Bacteria Firm
icutes Peptostreptococcaceae Paeniclostridium

 sordellii

A
0
A

1
F

6
D

C
Z

9
 B

a
cte

ria
 C

a
n
d
id

a
tu

s K
a
ise

rb
a
cte

ria
 C

a
n
d
id

a
tu

s K
a
ise

rb
a
cte

ria
 b

a
cte

riu
m

 R
IF

C
S

P
H

IG
H

O
2
 0

2
 F

U
L
L
 5

0
 5

0

S1NKX2 Bacteria
 Firm

icutes Enterococcaceae Enterococcus dispar

A
0
A

0
H

5
Q

1
F

9
 u

n
cu

ltu
re

d
 p

ro
ka

ryo
te

A
0
A

1
M

6
T

S
Y

2
 B

a
cte

ria
 F

irm
icu

te
s C

lo
strid

ia
ce

a
e
 C

a
m

in
ice

lla
 sp

o
ro

g
e
n
e
s

A
0A

0H
5Q

58
8 

un
cu

ltu
re

d 
pr

ok
ar

yo
te

A
0
A

0
H

5
P

W
E

8
 u

n
cu

ltu
re

d
 p

ro
ka

ryo
te

A
0
A

2
5
5
IIY

5
 B

a
cte

ria
 F

irm
icu

te
s L

a
ch

n
o
sp

ira
ce

a
e
 L

a
ch

n
o
ta

le
a
 g

lyce
rin

i

A
0
A

1
E

5
K

T
B

6
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
E

n
te

ro
co

cc
a
ce

a
e
 E

n
te

ro
co

cc
u
s 

ri
vo

ru
m

A0A1W6FWJ9 Bacteria Proteobacteria Burkholderiaceae Burkholderia pseudomallei

A
0A

1W
1H

S
C

2 
B

ac
te

ria
 N

itr
os

pi
ra

e 
N

itr
os

pi
ra

ce
ae

 N
itr

os
pi

ra
 s

p.
 N

D
1

A0A1V3NNX1 B
acte

ria
 F

irm
icu

tes E
ntero

co
cc

ace
ae E

ntero
co

cc
us c

ass
elifl

avu
s

A0A075R
C
62 plasm

id pBR
LA07 Bacteria Firm

icutes Paenibacillaceae Brevibacillus laterosporus

D4LCX4 Bacteria Firmicutes Ruminococcaceae Ruminococcus champanellensis

J8I6Q0 Bacteria Firmicutes Bacillaceae Bacillus cereus

A
0
A

0
U

3
L
K

L
5
 B

a
ct

e
ri
a
 P

ro
te

o
b
a
ct

e
ri
a
 O

xa
lo

b
a
ct

e
ra

ce
a
e
 H

e
rb

a
sp

ir
ill

u
m

 r
u
b
ri
su

b
a
lb

ic
a
n
s

A0A037UT24 Bacteria Tenericutes Spiroplasm
ataceae

Spiroplasm
a m

elliferum

B1YM
S4 plasm

id pEXIG
02 Bacteria Firm

icutes Exiguobacterium
 sibiricum

S
0K

0W
0 B

acteria Firm
icutes E

nterococcaceae E
nterococcus dispar

A0A1L4AZ81 Bacteria Proteobacteria Burkholderiaceae Ralstonia solanacearum

F1YXU3 Bacteria Firmicutes Streptococcaceae Streptococcus parauberis

A
0A

0H
5Q

H
00

 u
nc

ul
tu

re
d 

pr
ok

ar
yo

te

A
0
A

0
G

1
H

R
11

 B
a
ct

e
ri
a
 C

a
n
d
id

a
tu

s 
F

a
lk

o
w

b
a
ct

e
ri
a
 C

a
n
d
id

a
tu

s 
F

a
lk

o
w

b
a
ct

e
ri
a
 b

a
ct

e
ri
u
m

 G
W

2
0
1
1
 G

W
F

2
 4

3
 3

2

A
0A

05
9M

X
Z2

 B
ac

te
ria

 F
irm

ic
ut

es
 E

nt
er

oc
oc

ca
ce

ae
 E

nt
er

oc
oc

cu
s 

fa
ec

al
is

A
0A

17
4F

B
21

 B
ac

te
ria

 F
irm

ic
ut

es
 L

ac
hn

os
pi

ra
ce

ae
 R

um
in

oc
oc

cu
s 

to
rq

ue
s

B1BI00 Bacteria Firmicutes Clostridiaceae Clostridium perfringens

A0A1C7HRZ8 Bacteria Firmicutes Erysipelotrichaceae Erysipelotrichaceae bacterium I46

A
0
A

0
V

8
Q

B
8
0
 B

a
cte

ria
 F

irm
icu

te
s R

u
m

in
o
co

cca
ce

a
e
 A

ce
tivib

rio
 e

th
a
n
o
lg

ig
n
e
n
s

A0A1V3NTD7 B
act

eria
 F

irm
icu

te
s 

Ente
ro

co
cc

ace
ae E

nte
ro

co
cc

us 
ca

ss
elifl

avu
s

W
1
I6

H
6
 p

la
sm

id
 p

R
G

I0
0
9
3
7
 B

a
cte

ria
 u

n
cu

ltu
re

d
 b

a
cte

riu
m

A0A088XY99 Bacteria Proteobacteria Burkholderiaceae Burkholderia oklahomensis

G3A0F7 B
acteria

 P
roteobacteria

 B
urkholderia

ceae R
alstonia syzygii

A0A
1G

0E
M

S9 
Bac

te
ria

 P
ro

te
ob

ac
te

ria
 G

al
lio

ne
lla

le
s 

ba
ct

er
iu

m
 R

IF
CSPHIG

HO
2 

02
 F

ULL
 5

7 
16

A0A
2K

3Q
R
P0 

Bac
te

ria
 F

irm
ic
ut

es
 E

nt
er

oc
oc

ca
ce

ae
 E

nt
er

oc
oc

cu
s 

ga
llin

ar
um

A0A1F8GRZ4 Bacteria Candidatus Yanofskybacteria Candidatus Yanofskybacteria bacterium RIFCSPLOWO2 01 FULL 49 25

W
1I3G

4 plasm
id pR

G
I00870

B
acteria uncultured bacterium

A0A1C0UMH2 Bacteria Proteobacteria Burkholderiaceae Ralstonia solanacearum

A0A097ZIH2 Viruses Inoviridae Ralstonia virus RS603

A0A095Q973 Bacteria Proteobacteria Burkholderiaceae Burkholderia pseudomallei

A0JC16 Viruses Inoviridae Ralstonia virus RSM1

A
0
A

1
C

7
H

X
J1

 B
a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
E

ry
si

p
e
lo

tr
ic

h
a
ce

a
e
 E

ry
si

p
e
lo

tr
ic

h
a
ce

a
e
 b

a
ct

e
ri
u
m

 I
4
6

A
0
A

2
3
9
B

5
W

7
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
A

n
a
e
ro

vi
rg

u
la

 m
u
lti

vo
ra

n
s

A0A
1F

4I
SI8

 B
ac

te
ria

 P
ro

te
ob

ac
te

ria
Bur

kh
ol
de

ria
le
s 
ba

ct
er

iu
m

 R
IF

C
SPLO

W
O
2 

02
 F

U
LL

 6
7 

64

A
0A

0H
5Q

9I
0 

un
cu

ltu
re

d 
pr

ok
ar

yo
te

A0A0S4WUA6 Bacteria Proteobacteria Burkholderiaceae Ralstonia solanacearum

C2K014 Bacteria Firmicutes Lactobacillaceae Lactobacillus rhamnosus

A0A175A245 Bacteria Firmicutes Erysipelotrichaceae Clostridium innocuum

A
0A

1W
1H

M
B

4 
B

ac
te

ria
 N

itr
os

pi
ra

e 
N

itr
os

pi
ra

ce
ae

 N
itr

os
pi

ra
 s

p.
 N

D
1

A0A
2A

2A
UM

0 
Bac

te
ria

 P
ro

te
ob

ac
te

ria
 C

om
am

on
ad

ac
ea

e 
Com

am
on

ad
ac

ea
e 

ba
ct

er
iu

m
 N

M
L7

9-
07

51

A
0A

1F
9V

E
C

8 
B
ac

te
ria

 E
lu

si
m

ic
ro

bi
a 

E
lu

si
m

ic
ro

bi
a 

ba
ct

er
iu

m
 R

IF
C

S
P
LO

W
O

2 
12

 F
U

LL
 5

9 
9

A
0A

20
0H

V
S
2 

B
ac

te
ria

 F
irm

ic
ut

es
E
nt

er
oc

oc
ca

ce
ae

 E
nt

er
oc

oc
cu

s 
sp

. 1
2F

9 
D

IV
07

23

A
0
A

1
F

6
N

B
J3

 B
a
cte

ria
 C

a
n
d
id

a
tu

s M
a
g
a
sa

n
ikb

a
cte

ria
 C

a
n
d
id

a
tu

s M
a
g
a
sa

n
ikb

a
cte

ria
 b

a
cte

riu
m

 R
IF

C
S

P
L
O

W
O

2
 0

2
 F

U
L
L
 4

4
 11

A0A
07

6P
JS

5 
Bac

te
ria

 P
ro

te
ob

ac
te

ria
 C

om
am

on
ad

ac
ea

e 
C
om

am
on

as
 te

st
os

te
ro

ni

A0A1G2MXT7 Bacteria Candidatus Taylorbacteria Candidatus Taylorbacteria bacterium RIFCSPHIGHO2 12 FULL 45 16

A0A1C5Z7N1 Bacteria Firmicutes Ruminococcaceae uncultured Ruminococcus sp.

S0KK25 B
acteria

 Firm
icutes E

nterococcaceae E
nterococcus dispar

D8IVB2 Bacteria Proteobacteria Oxalobacteraceae Herbaspirill
um seropedicae

A0A1L8TT09 B
acte

ria
 F

irm
icu

te
s E

nte
ro

co
cc

ace
ae E

nte
ro

co
cc

us g
allin

aru
m

Q3ZVF7 Viruses Inoviridae Spiroplasma phage SVGII3

A
0A

17
4F

A
I0

 B
ac

te
ria

 F
irm

ic
ut

es
 L

ac
hn

os
pi

ra
ce

ae
 D

or
ea

 lo
ng

ic
at

en
a

B1SX87 Bacteria Proteobacteria Burkholderiaceae Burkholderia ambifaria

A
0
A

1
E

5
G

P
S

2
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
E

n
te

ro
co

cc
a
ce

a
e
 E

n
te

ro
co

cc
u
s 

q
u
e
b
e
ce

n
si

s

A0A
1L

8R
8E

3 
Bac

te
ria

 F
irm

ic
ut

es
 E

nt
er

oc
oc

ca
ce

ae
 E

nt
er

oc
oc

cu
s 

ca
ni

nt
es

tin
i

E7G829 Bacteria Firmicutes Erysipelotrichaceae Coprobacillus cateniformis

A
0
A

1
7
4
I1

U
6
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
L
a
ch

n
o
sp

ir
a
ce

a
e
 C

o
p
ro

co
cc

u
s 

co
m

e
s

A0A1F4UJS7 Bacteria candidate division WWE3 candidate division WWE3 bacterium RBG 19FT COMBO 34 6

A
0
A

0
E

9
F

T
R

7
 B

a
cte

ria
 C

h
la

m
yd

ia
e
 C

h
la

m
yd

ia
ce

a
e
 C

h
la

m
yd

ia
 tra

ch
o
m

a
tis

A0A0G1HF22 Bacteria Candidatus Collierbacteria Candidatus Collierbacteria bacterium GW2011 GWF2 44 15

W
1
I5

V
9
 p

la
sm

id
 p

R
G

I0
1
2
8
9
 B

a
cte

ria
 u

n
cu

ltu
re

d
 b

a
cte

riu
m

A0A1G6A853 Bacteria Firmicutes Streptococcaceae Streptococcus henryi

Q
9
3
G

A
0
 B

a
ct

e
ri
a
 F

u
so

b
a
ct

e
ri
a
 F

u
so

b
a
ct

e
ri
a
ce

a
e
 F

u
so

b
a
ct

e
ri
u
m

 n
u
cl

e
a
tu

m

A0A0A1FDE9 Bacteria Proteobacteria Oxalobacteraceae Collim
onas arenae

R0CMG4 Bacteria
 Proteobacteria

 Burkholderia
ceae Ralstonia pickettii

A
0
A

0
C

2
F

Q
H

1
 E

u
ka

ryo
ta

 N
e
m

a
to

d
a
 A

n
cylo

sto
m

a
tid

a
e
 A

n
cylo

sto
m

a
 d

u
o
d
e
n
a
le

A
0A

0H
5P

X
G

9 uncultured prokaryote

A
0A

1F
6M

B
K

1 B
acteria C

andidatus M
agasanikbacteria C

andidatus M
agasanikbacteria bacterium

 R
IF

C
S

P
H

IG
H

O
2 02 F

U
LL 45 10

R
2R

4X
8 B

acteria F
irm

icutes E
nterococcaceae E

nterococcus casseliflavus

A
0
A

1
G

2
H

Z
K

4
 B

a
ct

e
ri
a
 C

a
n
d
id

a
tu

s 
S

ta
sk

a
w

ic
zb

a
ct

e
ri
a
 C

a
n
d
id

a
tu

s 
S

ta
sk

a
w

ic
zb

a
ct

e
ri
a
 b

a
ct

e
ri
u
m

 R
IF

C
S

P
H

IG
H

O
2
 0

2
 F

U
L
L
 3

4
 9

A
7
B

4
X

0
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
L
a
ch

n
o
sp

ir
a
ce

a
e
 R

u
m

in
o
co

cc
u
s 

g
n
a
vu

s

W
1I

7R
2 

B
ac

te
ria

 u
nc

ul
tu

re
d 

ba
ct

er
iu

m

B
8
F

W
B

5
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
P

e
p
to

co
cc

a
ce

a
e
 D

e
su

lfi
to

b
a
ct

e
ri
u
m

 h
a
fn

ie
n
se

U2XZ55 Bacteria Firm
icutes Streptococcaceae Streptococcus anginosus

Q1LES3 Bacteria Proteobacteria Burkholderiaceae Cupriavidus metallidurans

A0A1J0Z2W
4 Bacteria Tenericutes Spiroplasmataceae Spiroplasma citri

A0A1J0Z1Z1 Bacteria Tenericutes Spiroplasm
ataceae Spiroplasm

a citri

A0A1Y4PWZ4 Bacteria Firmicutes Lactobacillaceae Lactobacillus gallinarum

A
0A

1J9ZG
E
9 B

acteria Firm
icutes

B
acillaceae B

acillus sp. 0711P
9-1

A0A1Q6JU99 Bacteria Firmicutes Clostridiaceae Clostridium sp. 26 21

A
0
A

1
N

6
U

Y
R

2
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
H

a
la

n
a
e
ro

b
ia

ce
a
e
 H

a
la

n
a
e
ro

b
iu

m
 k

u
sh

n
e
ri

B5UAS3 Viruses Inoviridae Ralstonia virus RSM3

A
0A

1L8TA
C

1 B
acteria Firm

icutes E
nterococcaceae E

nterococcus gallinarum

A8YXH2 Bacteria Firmicutes Lactobacillaceae Lactobacillus helveticus

R7BAZ7 Bacteria Firmicutes Firmicutes bacterium CAG 341

W
1
I4

R
1
 p

la
sm

id
 p

R
G

I0
0
1
4
2
 B

a
cte

ria
 u

n
cu

ltu
re

d
 b

a
cte

riu
m

W1I3N3 Bacteria uncultured bacterium

A0A1R0WDQ7 Bacteria Firmicutes Paenibacillaceae Paenibacillus sp. FSL H7-0326

G0AGW4 Bacteria Proteobacteria Oxalobacteraceae Collim
onas fungivorans

A0A1L8XKU3 B
acte

ria
 F

irm
icu

tes E
ntero

co
cc

ace
ae E

ntero
co

cc
us t

haila
ndicu

s

A
0A

0N
0K

R
S
5 

B
ac

te
ria

 F
irm

ic
ut

es
 E

nt
er

oc
oc

ca
ce

ae
 E

nt
er

oc
oc

cu
s 

sp
. R

IT
-P

I-f

A
0A

1J4T
334 B

acteria C
andidatus F

alkow
bacteria C

andidatus F
alkow

bacteria bacterium
 C

G
1 02 37 21

A0A0F6G4I6 Bacteria Proteobacteria Burkholderiaceae Burkholderia pseudomallei

W
1
I9

T
0
 B

a
cte

ria
 u

n
cu

ltu
re

d
 b

a
cte

riu
m

A1TT58 B
acte

ria
 P

ro
te

obacte
ria

 C
om

am
onadace

ae A
cid

ovo
ra

x c
itr

ulli

A
0
A

1
I4

K
M

V
2
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
H

a
la

n
a
e
ro

b
ia

ce
a
e
 H

a
la

n
a
e
ro

b
iu

m
 s

a
ls

u
g
in

is

G3A3V3 B
acte

ria
 P

roteobacte
ria

 B
urkh

olderia
ce

ae R
alst

onia sy
zy

gii

R7GZ15 Bacteria Firmicutes Ruminococcaceae Ruminococcus sp. CAG 403

A0A0G0RP56 Bacteria Parcubacteria group bacterium GW2011 GWE1 40 20

W1I5Z0 Bacteria uncultured bacterium

Q
5
2
1
7
8
 p

la
sm

id
 p

H
T

9
2
6
 B

a
cte

ria
 F

irm
icu

te
s P

a
e
n
ib

a
cilla

ce
a
e
 B

re
vib

a
cillu

s b
o
rste

le
n
sis

A
0
A

1
V

4
W

S
J9

 B
a
cte

ria
 P

ro
te

o
b
a
cte

ria
 S

yn
tro

p
h
o
rh

a
b
d
a
ce

a
e
 S

yn
tro

p
h
o
rh

a
b
d
u
s sp

. P
ta

B
.B

in
0
0
6

A
0
A

1
H

8
J4

8
6
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
B

a
ci

lla
ce

a
e
 L

ys
in

ib
a
ci

llu
s 

sp
. 
S

G
4
5

L2EFB1 Bacteria Proteobacteria Burkholderiaceae Cupriavidus sp. HMR-1

A
0
A

1
F
5
T
S

3
1
 B

a
cte

ria
 C

a
n
d
id

a
tu

s F
a
lko

w
b
a
cte

ria
 C

a
n
d
id

a
tu

s F
a
lko

w
b
a
cte

ria
 b

a
cte

riu
m

 R
IF

O
X

Y
D

2
 F

U
L
L
 3

4
 1

2
0

A
0
A

1
F

5
T

LY
1
 B

a
cte

ria
 C

a
n
d
id

a
tu

s F
a
lko

w
b
a
cte

ria
C

a
n
d
id

a
tu

s F
a
lko

w
b
a
cte

ria
 b

a
cte

riu
m

 R
IF

O
X

Y
D

2
 F

U
L
L
 3

4
 1

2
0

A0A
1L

8T
U
Z1

 B
ac

te
ria

 F
irm

ic
ut

es
 E

nt
er

oc
oc

ca
ce

ae
 E

nt
er

oc
oc

cu
s 

ga
llin

ar
um

A0A1H0G
M

04 B
act

eria
 P

ro
te

obact
eria

 C
om

am
onadace

ae A
lb

id
ife

ra
x 

sp
. O

V413

A0A0F6IVL5 Bacteria Firm
icutes Bacillaceae Bacillus thuringiensis

A0A1F6H654 Bacteria Candidatus Levybacteria Candidatus Levybacteria bacterium RBG 16 35 11

A
0
A

0
P

8
W

6
4
8
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
C

lo
st

ri
d
ia

ce
a
e
 O

xo
b
a
ct

e
r 

p
fe

n
n
ig

ii

A0A1J9W
PA6 Bacteria Firm

icutes Bacillaceae Bacillus anthracis

A
0
A

1
7
4
IT

7
2
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
F

la
vo

n
ifr

a
ct

o
r 

p
la

u
tii

A
0
A

1
F

5
T

Q
P

5
 B

a
cte

ria
 C

a
n
d
id

a
tu

s F
a
lko

w
b
a
cte

ria
 C

a
n
d
id

a
tu

s F
a
lko

w
b
a
cte

ria
 b

a
cte

riu
m

 R
IF

O
X

Y
D

2
 F

U
L
L
 3

4
 1

2
0

A0A0E9AV38 Bacteria Chlamydiae Chlamydiaceae Chlamydia trachomatis

A0A0E3CGY4 B
acte

ria
 P

ro
teobacte

ria
 C

omamonadace
ae C

omamonas t
esto

ste
ro

ni

W1I5W8 plasmid pRGI01306 Bacteria uncultured bacterium

A
0
A

1
F

6
M

C
I4

 B
a
cte

ria
 C

a
n
d
id

a
tu

s M
a
g
a
sa

n
ikb

a
cte

ria
 C

a
n
d
id

a
tu

s M
a
g
a
sa

n
ikb

a
cte

ria
 b

a
cte

riu
m

 R
IF

C
S

P
H

IG
H

O
2
 0

2
 F

U
L
L
 4

5
 1

0

A0A1F4VCD1 Bacteria candidate division WWE3 candidate division WWE3 bacterium RIFCSPLOWO2 01 FULL 41 18

A6SYX3 Bacteria
 Proteobacteria

 Oxalobacteraceae Janthinobacteriu
m sp. M

arseille

K
2
E

L
9
4
 g

ro
u
n
d
w

a
te

r 
m

e
ta

g
e
n
o
m

e

A0A1C5W2R5 Bacteria Firmicutes Clostridiaceae uncultured Clostridium sp.
A0A0U5K2M5 Bacteria Firmicutes Lactobacillaceae Lactobacillus reuteri

A0A1S6FEE7 Bacteria Proteobacteria Oxalobacteraceae Janthinobacterium sp. LM6

B7W
X61 B

acte
ria

 P
ro

teobacte
ria

 C
omamonadace

ae C
omamonas t

esto
ste

ro
ni

A
0A

2A
8P

7Z
5 B

acteria F
irm

icutes B
acillaceae B

acillus cereus

A
0
A

0
G

1
D

2
4
9
 B

a
cte

ria
 C

a
n
d
id

a
tu

s C
o
llie

rb
a
cte

ria
 C

a
n
d
id

a
tu

s C
o
llie

rb
a
cte

ria
 b

a
cte

riu
m

 G
W

2
0
1
1
 G

W
C

2
 4

3
 1

2

A
0A

0N
1C

P
16 B

acteria F
irm

icutes E
nterococcaceae E

nterococcus sp. R
IT-P

I-f

A
0A

1C
5Z

S
J7

 B
ac

te
ria

 F
irm

ic
ut

es
 R

um
in

oc
oc

ca
ce

ae
 u

nc
ul

tu
re

d 
R

um
in

oc
oc

cu
s 

sp
.

G
2R

Y
K
2 plasm

id W
S
H

-002 p3 B
acteria Firm

icutes B
acillaceae B

acillus m
egaterium

A0A1L6I9J3 Bacteria Proteobacteria Burkholderiaceae Paraburkholderia sp. SOS3

W
1I5L5 plasm

id pR
G

I00936 B
acteria uncultured bacterium

A
0
A

0
7
4
L
M

A
7
 B

a
cte

ria
 F

irm
icu

te
s A

licyclo
b
a
cilla

ce
a
e
 T

u
m

e
b
a
cillu

s fla
g
e
lla

tu
s

A
0
A

0
H

5
Q

0
M

4
 u

n
cu

ltu
re

d
 p

ro
ka

ryo
te

B
9T

B
L6

 E
uk

ar
yo

ta
 S

tre
pt

op
hy

ta
 E

up
ho

rb
ia

ce
ae

 R
ic

in
us

 c
om

m
un

is

A0A2I1YYB7 Bacteria Firmicutes Streptococcaceae Streptococcus mitis

Q
5
2
7
4
5
 p

la
sm

id
 p

B
A

W
3
0
1
 B

a
cte

ria
 F

irm
icu

te
s R

u
m

in
o
co

cca
ce

a
e
 R

u
m

in
o
co

ccu
s fla

ve
fa

cie
n
s

R5GKL9 Bacteria Firmicutes Eubacteriaceae Eubacterium sp. CAG 786

A0A1G2UZ79 Bacteria Candidatus Zambryskibacteria Candidatus Zambryskibacteria bacterium RIFOXYC1 FULL 39 10

A
0
A

0
S

2
W

6
2
2
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
In

te
st

in
im

o
n
a
s 

b
u
ty

ri
ci

p
ro

d
u
ce

n
s

J3DER4 Bacteria Proteobacteria Oxalobacteraceae Herbaspirill
um sp. C

F444

W
1
I2

9
1
 B

a
cte

ria
 u

n
cu

ltu
re

d
 b

a
cte

riu
m

A0A0P7L5T4 Bacteria Firm
icutes Lactobacillaceae Lactobacillus kunkeei

K
1
X

J2
4
 g

ro
u
n
d
w

a
te

r 
m

e
ta

g
e
n
o
m

e

A0A1F0S4C1 Bacteria Firmicutes Lactobacillaceae Lactobacillus sp. HMSC056D05

C5NZ18 Bacteria Firmicutes Gemella haemolysans

Q2SW27 Bacteria Proteobacteria Burkholderiaceae Burkholderia thailandensis

A0A1L8R9X8 Bacteria
 Firm

icutes Enterococcaceae Enterococcus canintestin
i

A0A2A4E2N0 Bacteria
 Firm

icutes Enterococcaceae Enterococcus fa
ecium

A
0A

1M
9P

V
V
0 B

acteria A
ctinobacteria M

ycobacteriaceae M
ycobacteroides abscessus

A0A
17

9E
R
H
5 

Bac
te

ria
 F

irm
ic
ut

es
 E

nt
er

oc
oc

ca
ce

ae
 E

nt
er

oc
oc

cu
s 
th

ai
la
nd

ic
us

A0A1Y0FKQ3 Bacteria Proteobacteria Burkholderiaceae Ralstonia solanacearum

A
0
R

8
X

1
 B

a
ct

e
ri
a

F
ir
m

ic
u
te

s 
B

a
ci

lla
ce

a
e
 B

a
ci

llu
s 

th
u
ri
n
g
ie

n
si

s

A0A2G3MC82 Bacteria Proteobacteria Oxalobacteraceae Janthinobacterium sp. BJB304

A
0
A

1
Q

3
Y

N
X

1
 B

a
ct

e
ri
a
 P

ro
te

o
b
a
ct

e
ri
a
 B

u
rk

h
o
ld

e
ri
a
le

s 
b
a
ct

e
ri
u
m

 7
0
-6

4

W
1
I6

4
7
 p

la
sm

id
 p

R
G

F
0
0
1
1
6
 B

a
cte

ria
 u

n
cu

ltu
re

d
 b

a
cte

riu
m

A
0A

0E
9M

58
5 

B
ac

te
ria

 P
ro

te
ob

ac
te

ria
 G

al
lio

ne
lla

ce
ae

 F
er

rip
ha

se
lu

s 
am

ni
co

la

A0A116LLI0 Bacteria Firm
icutes Streptococcaceae Streptococcus suis

R
8
C

IS
2
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
B

a
ci

lla
ce

a
e
 B

a
ci

llu
s 

ce
re

u
s

A0A132C918 Bacteria Proteobacteria Burkholderiaceae Burkholderia sp. ABCPW 14

A
0A

2H
0T

X
D

6 B
acteria C

andidatus M
agasanikbacteria C

andidatus M
agasanikbacteria bacterium

 C
G

10 big fil rev 8 21 14 0 10 42 10

A0A1X1ILF1 Bacteria Firm
icutes Streptococcaceae Streptococcus oralis

B2U9Y3 Bacteria Proteobacteria Burkholderiaceae Ralstonia pickettii

A
0A

0R
1K

V
F0 B

acteria Firm
icutes Lactobacillaceae Lactobacillus koreensis

A
0A

1J4T
6X

7 B
acteria C

andidatus F
alkow

bacteria C
andidatus F

alkow
bacteria bacterium

C
G

1 02 37 21

A
0
A

1
V

4
V

Q
D

3
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
P

e
p
to

co
cc

a
ce

a
e
 P

e
lo

to
m

a
cu

lu
m

 s
p
.

P
ta

B
.B

in
0
1
3

A0A1L8RDS9 Bacteria Firm
icutes Enterococcaceae Enterococcus canis

A
0
A

1
7
3
Y

M
K

1
 B

a
cte

ria
 F

irm
icu

te
s F

la
vo

n
ifra

cto
r p

la
u
tii

A
0A

1F
4C

E
V
3 

B
ac

te
ria

 P
ro

te
ob

ac
te

ria
 B

et
ap

ro
te

ob
ac

te
ria

 b
ac

te
riu

m
 R

IF
C

S
P
LO

W
O

2 
12

 F
U

LL
 6

2 
13

b

A
0
A

0
G

0
JQ

J0
 B

a
cte

ria
 C

a
n
d
id

a
tu

s F
a
lko

w
b
a
cte

ria
 C

a
n
d
id

a
tu

s F
a
lko

w
b
a
cte

ria
 b

a
cte

riu
m

 G
W

2
0
11

 G
W

E
1
 3

8
 3

1

A
0A

0M
2C

I2
8 

B
ac

te
ria

 F
irm

ic
ut

es
 E

nt
er

oc
oc

ca
ce

ae
 E

nt
er

oc
oc

cu
s 

fa
ec

al
is

A
0
A

1
Q

6
N

4
7
3
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
C

lo
st

ri
d
ia

le
s 

b
a
ct

e
ri
u
m

 N
o
v 

3
7
 4

1

A0A1I4R8A1 Bacteria Proteobacteria Pseudomonadaceae Rugamonas rubra

A
0
A

0
G

0
T

8
W

4
 B

a
cte

ria
 C

a
n
d
id

a
tu

s M
o
ra

n
b
a
cte

ria
 C

a
n
d
id

a
tu

s M
o
ra

n
b
a
cte

ria
 b

a
cte

riu
m

 G
W

2
0
11

 G
W

C
2
 4

0
 1

2

A
0
A

0
J1

K
Z

H
1
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
B

a
ci

lla
ce

a
e
 B

a
ci

llu
s 

a
lti

tu
d
in

is

A0A0E1S8G0 Bacteria Proteobacteria Burkholderiaceae Burkholderia pseudomallei

A0A077K9V5 Viruses Inoviridae Ralstonia virus RSM3

A
0
A

1
M

5
T

S
0
1
 B

a
ct

e
ri
a
 A

ct
in

o
b
a
ct

e
ri
a
 F

ra
n
ki

a
ce

a
e
 J

a
tr

o
p
h
ih

a
b
ita

n
s 

e
n
d
o
p
h
yt

ic
u
s

A0A1X1GNZ8 Bacteria Firmicutes Streptococcaceae Streptococcus oralis

B2UBW5 Bacteria
 Proteobacteria

 Burkholderia
ceae R

alstonia pickettii

A0A0M
2DSQ7 B

acte
ria

 P
ro

te
obacte

ria
 C

om
am

onadace
ae C

om
am

onas s
p. E

6

R6IXF2 Bacteria Firmicutes Clostridiaceae Clostridium sp. CAG 217

R
2PPP1 Bacteria Firm

icutes Enterococcaceae Enterococcus asini

I9
L
A

P
2
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
S

p
o
ro

m
u
sa

ce
a
e
 P

e
lo

si
n
u
s 

fe
rm

e
n
ta

n
s

F8DS61 plasmid pLR584 Bacteria Firmicutes Lactobacillaceae Lactobacillus reuteri

V7ZJZ
8 B

acte
ria

 F
irm

icu
te

s E
nte

ro
co

cc
ace

ae E
nte

ro
co

cc
us f

aeca
lis

A
0
A

0
A

3
JR

B
9
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
B

a
ci

lla
ce

a
e
 L

ys
in

ib
a
ci

llu
s 

m
a
ss

ili
e
n
si

s

J1
H

3
4
3
 B

a
cte

ria
 F

irm
icu

te
s C

lo
strid

ia
ce

a
e
 C

lo
strid

iu
m

 sp
. M

S
T

E
9

A0A088XPW3 Bacteria Proteobacteria Burkholderiaceae Burkholderia oklahomensis

E7GC52 Bacteria Firmicutes Erysipelotrichaceae Coprobacillus cateniformis

A0A0S4X1J2 Bacteria Proteobacteria Burkholderiaceae Ralstonia solanacearum

A
0
A

1
F

5
S

E
I0

 B
a
cte

ria
 C

a
n
d
id

a
tu

s F
a
lko

w
b
a
cte

ria
 C

a
n
d
id

a
tu

s F
a
lko

w
b
a
cte

ria
 b

a
cte

riu
m

 R
IF

O
X

Y
A

2
 F

U
L
L
 4

7
 1

9

W
1
I8

G
2
 B

a
ct

e
ri
a
 u

n
cu

ltu
re

d
 b

a
ct

e
ri
u
m

A0A249SFJ8 Bacteria Firm
icutes Enterococcaceae Enterococcus thailandicus

A0A
1P

8J
V10

 B
ac

te
ria

 P
ro

te
ob

ac
te

ria
 C

om
am

on
ad

ac
ea

e 
R
ho

do
fe

ra
x 

ko
re

en
se

A0A1X0W
YQ9 Bacteria Firm

icutes Streptococcaceae Streptococcus oralis

A
0A

1E
5K

U
31

 B
ac

te
ria

 F
irm

ic
ut

es
 E

nt
er

oc
oc

ca
ce

ae
 E

nt
er

oc
oc

cu
s 

riv
or

um

S3BFX8 Bacteria Firmicutes Streptococcaceae Streptococcus sp. HPH0090

G
9
Y

T
N

7
 B

a
cte

ria
 F

irm
icu

te
s F

la
vo

n
ifra

cto
r p

la
u
tii

A0A249SLN6 Bacteria
 Firm

icutes Enterococcaceae Enterococcus th
aila

ndicus

R
7
B

T
I7

 B
a
cte

ria
 F

irm
icu

te
s F

irm
icu

te
s b

a
cte

riu
m

 C
A

G
 4

7
5

A0A037UQM
0 Bacteria Tenericutes Spiroplasm

ataceae Spiroplasm
a m

elliferum

Q
1
H

1
B

3
 B

a
ct

e
ri
a
 P

ro
te

o
b
a
ct

e
ri
a
 M

e
th

yl
o
p
h
ila

ce
a
e
 M

e
th

yl
o
b
a
ci

llu
s 

fla
g
e
lla

tu
s

A
0
A

0
H

5
Q

1
N

5
 u

n
cu

ltu
re

d
 p

ro
ka

ryo
te

A0A0H5Q
333 uncultured prokaryote

G1VKL0 Bacteria Firmicutes Erysipelotrichaceae Erysipelotrichaceae bacterium 2 2 44A

A
0
A

0
H

5
P

Z
N

8
 u

n
cu

ltu
re

d
 p

ro
ka

ryo
te

M
5AH68 plasm

id pKB290-6 Bacteria Firm
icutes Lactobacillaceae Lactobacillus brevis

R
7
R

8
N

6
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
L
a
ch

n
o
sp

ir
a
ce

a
e
 R

o
se

b
u
ri
a
 s

p
. 
C

A
G

 1
0
0

A0A1B4P3W8 Bacteria Proteobacteria Burkholderiaceae Burkholderia latens

A
0A

1C
5Y

J1
5 

B
ac

te
ria

 F
irm

ic
ut

es
 L

ac
hn

os
pi

ra
ce

ae
 u

nc
ul

tu
re

d 
C

op
ro

co
cc

us
 s

p.

H
0U

8G
9 B

acteria Firm
icutes P

aenibacillaceae B
revibacillus laterosporus

A
0
A

1
G

8
M

S
L
8
 B

a
ct

e
ri
a
 F

ir
m

ic
u
te

s 
H

a
la

n
a
e
ro

b
ia

ce
a
e
 H

a
la

n
a
e
ro

b
iu

m
 c

o
n
g
o
le

n
se

G
9XYP3 Bacteria Tenericutes Spiroplasm

ataceae Spiroplasm
a m

elliferum

1
0
0

77

99

75

100

100

1
0
0

100

1
0
0

100

84

1
0
0

100

89

98

10
0

100

100

1
0
0

97

100

100

84

100

93

100

100

1
0
0

70

100

95

10
0

8
9

10
0

98

1
0
0

100
7
9

100

95

100

100

100

99

8
5

100

100

10
0

100

99

9
8

10
0

8
8

1
0
0

1
0
0

98

98

10
0

7
2

100

1
0
0

8
9

100

9
4

100

9
0

87

10
0

100

100

9
3

9
5

88

100

100

9
6

10
0

99

10
0

100

100

95

89

100

98 98

1
0
0

1
0
0

100

1
0
0

100

93

9
6

100

100

1
0
0

100

100

10
0

1
0
0

1
0
0

10
0

86

87

100

10
0

100

100
1
0
0

1
0
0

100

9
9

100

10
0

10
0

99

78
10

0

100

91

100

99

100

1
0
0

1
0
0

100

100

100

1
0
0

1
0
0

100

7
9

100

1
0
0

10
0

83

9
2

9
9

7
7

100

89

87

93

100

1
0
0

98

89

100

100

9
9

100

100

100

100

100

100

10
0

1
0
0

1
0
0

96

10
0

100

100

100

1
0
0

1
0
0

100

10
0

100

90

1
0
0

10
0

97

100

9
9

1
0
0

100

9
2

1
0
0

85

9
0

100

100

100

100

100

99

98

94

1
0
0

9
1

100

100

Tree scale: 1

A0A133VHD7 Archaea Euryarchaeota candidate divison MSBL1 archaeon SCGC-AAA382A20

X
1
Q

9
C

1
 m

a
ri
n
e
 s

e
d
im

e
n
t 
m

e
ta

g
e
n
o
m

e

X1M3W2 marine sediment m
etagenome

A
0A

0F
9K

F
66 m

arine sedim
ent m

etagenom
e

A
0A

2E
4JP

23 A
rchaea T

haum
archaeota T

haum
archaeota archaeon

A0A075HL91 Archaea Thaumarchaeota uncultured marine thaumarchaeote KM3 72 D04

A
0
A

0
7
5
H

E
C

7
 A

rch
a
e
a
 T

h
a
u
m

a
rch

a
e
o
ta

 u
n
cu

ltu
re

d
 m

a
rin

e
 th

a
u
m

a
rch

a
e
o
te

 K
M

3
 6

7
 A

0
4

UPI000C1F649D

X1KUX7 marine sediment metagenome

Q
5
V

IV
9
 p

la
sm

id
 p

S
C

M
2
0
1
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

a
rc

u
la

ce
a
e
 H

a
lo

a
rc

u
la

 s
p
. A

S
7
0
9
4

X
1
A

S
L
9
 m

a
ri
n
e
 s

e
d
im

e
n
t 
m

e
ta

g
e
n
o
m

e

X1HNR7 marine sediment metagenome

A0A2H
1EG

B3 Archaea Thaum
archaeota N

itrosotalea sp. N
d2

X1F
IU

6 
m

ar
in

e 
se

di
m

en
t m

et
ag

en
om

e

X
1D

N
B
9 

m
ar

in
e 

se
di

m
en

t m
et

ag
en

om
e

X
1
K

N
L
2
 m

a
rin

e
se

d
im

e
n
t m

e
ta

g
e
n
o
m

e

A0A1G7L2H1 A
rch

aea E
urya

rch
aeota M

ethanosa
rci

nace
ae M

ethanolobus v
ulca

ni

A0A120M
I02 Archaea Euryarchaeota m

ethanogenic archaeon ISO
4-H

5

A
0
A

2
G

1
X

4
Z

1
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

ru
b
ra

ce
a
e
 H

a
lo

ru
b
ru

m
 s

p
. 
C

3

X
1
L
S

B
1
 m

a
ri
n
e
 s

e
d
im

e
n
t 
m

e
ta

g
e
n
o
m

e

A
0
A

0
F

8
W

4
U

4
 m

a
rin

e
 se

d
im

e
n
t m

e
ta

g
e
n
o
m

e

X1KCC0 marine sediment metagenome

X
1
K

H
Z
9
 m

a
rin

e
 s

e
d
im

e
n
t 
m

e
ta

g
e
n
o
m

e

X1S055 marine sediment metagenome

A
0A

1I
2X

2V
6 

A
rc

ha
ea

 E
ur

ya
rc

ha
eo

ta
 H

al
of

er
ac

ac
ea

e 
H

al
op

el
ag

iu
s 

in
or

di
na

tu
s

A
0
A

0
F
9
L
H

Z
5
 m

a
rin

e
 se

d
im

e
n
t m

e
ta

g
e
n
o
m

e

X
0
Z

A
B

4
 m

a
rin

e
 se

d
im

e
n
t m

e
ta

g
e
n
o
m

e
A

0
A

0
7
5
H

D
7
9
 A

rch
a
e
a
 T

h
a
u
m

a
rch

a
e
o
ta

 u
n
cu

ltu
re

d
 m

a
rin

e
 th

a
u
m

a
rch

a
e
o
te

 K
M

3
 5

3
 F

0
8

X1NMA7 marine sediment metagenome

X1R948 marine sediment metagenome

M
0
N

F
X

3
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

co
cc

a
ce

a
e
 H

a
lo

co
cc

u
s 

th
a
ila

n
d
e
n
si

s

L9
X

Y
23

 A
rc

ha
ea

 E
ur

ya
rc

ha
eo

ta
 N

at
ria

lb
ac

ea
e 

N
at

ro
no

co
cc

us
 je

ot
ga

li

X1TUR7 marine sediment metagenome

X1B5I2 m
arin

e sedim
ent m

etagenome

U
PI0

00
67

98
D
A0

X1NSG5 marine sediment m
etagenome

P94911 p
lasm

id p
C2A A

rc
haea E

ury
arc

haeota
 M

eth
anosa

rc
inace

ae M
eth

anosa
rc

ina a
ce

tiv
ora

ns

X
1L

V
12

 m
ar

in
e 

se
di

m
en

t m
et

ag
en

om
e

X
1G

LT
0 m

arine sedim
ent m

etagenom
e

A
0
A

0
F

9
N

C
U

1
 m

a
rin

e
 se

d
im

e
n
t m

e
ta

g
e
n
o
m

e

A0A2A3T9S7 Archaea Thaumarchaeota Thaumarchaeota archaeon

N
at

rin
ie

m
a 

vi
ru

s 
S
N

J1

A0A1I4UPE8 Archaea Euryarchaeota M
ethanosarcinaceae M

ethanolobus profundi

X1GZJ6 marine sediment metagenome

A
0
A

0
7
5
G

Y
H

0
 A

rch
a
e
a
 T

h
a
u
m

a
rch

a
e
o
ta

 u
n
cu

ltu
re

d
 m

a
rin

e
 th

a
u
m

a
rch

a
e
o
te

 K
M

3
 1

9
6
 F

1
0

X1QK90 marine sediment metagenome

X1KCR0 marine sediment metagenome

M
0
N

G
H

7
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

co
cc

a
ce

a
e
 H

a
lo

co
cc

u
s 

th
a
ila

n
d
e
n
si

s

X
1
D

0
V

1
 m

a
rin

e
 se

d
im

e
n
t m

e
ta

g
e
n
o
m

e

X
1
K

9
Y

4
m

a
rin

e
 se

d
im

e
n
t m

e
ta

g
e
n
o
m

e

M
0
A

X
X

4
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 N
a
tr

ia
lb

a
ce

a
e
 N

a
tr

ia
lb

a
 c

h
a
h
a
n
n
a
o
e
n
si

s

X1EH42 marine sediment metagenome
X1LF04 marine sediment metagenome

M
4YK32 Archaea Euryarchaeota Therm

oplasm
atales archaeon BRNA1

X1LVB6 marine sediment metagenome

X
1
B

0
G

6
 m

a
ri
n
e
 s

e
d
im

e
n
t 
m

e
ta

g
e
n
o
m

e

X1I
T04

 m
ar

in
e 

se
di

m
en

t m
et

ag
en

om
e

X1LPF2 marine sediment metagenome

A
0A

081R
L90 A

rchaea Thaum
archaeota M

arine G
roup I thaum

archaeote S
C
G

C
 A

A
A
799-N

04

A0A
09

9T
2F

8 
Arc

ha
ea

 E
ur

ya
rc

ha
eo

ta
 M

et
ha

no
sa

rc
in

ac
ea

e 
M

et
ha

no
co

cc
oi

de
s 

m
et

hy
lu

te
ns

X
0Y

C
Y

9 
m

ar
in

e 
se

di
m

en
t m

et
ag

en
om

e

X
1
K

S
N

9
 m

a
rin

e
 se

d
im

e
n
t m

e
ta

g
e
n
o
m

e

A
0A

087R
W

Y
3 A

rchaea Thaum
archaeota M

arine G
roup

I thaum
archaeote S

C
G

C
 A

A
A
799-P

11

A
0
A

0
H

5
Q

1
Y

9
 u

n
cu

ltu
re

d
 p

ro
ka

ry
o
te

X1LAX2 marine sediment metagenome

A0A075G4G0 Archaea Thaumarchaeota uncultured marine thaumarchaeote KM3 05 H05

X1PW97 marine sediment metagenome

X1CUQ6 m
arin

e se
dim

ent m
eta

genom
e

A
0
A

0
C

5
B

R
0
9
 A

rch
a
e
a
 T

h
a
u
m

a
rch

a
e
o
ta

 N
itro

so
p
u
m

ila
ce

a
e

C
a
n
d
id

a
tu

s N
itro

so
p
u
m

ilu
s p

ira
n
e
n
sis

X
1A

K
A
2 m

arine sedim
ent m

etagenom
e

X1L1G2 m
arin

e sedim
ent m

etagenome

X1A2P9 marine sediment metagenome

X1LIK5 marine sediment metagenome

I3D
2U

7 A
rchaea T

haum
archaeota N

itrosopum
ilaceae C

andidatus N
itrosopum

ilus salaria

Q
8
J2

Z
8
 p

la
sm

id
 p

Z
M

X
1
0
1
 A

rc
h
a
e
a
 E

u
ry

a
rc

h
a
e
o
ta

 H
a
lo

ru
b
ra

ce
a
e
 H

a
lo

ru
b
ru

m
 s

a
cc

h
a
ro

vo
ru

m

A0A126Q
UP9 Archaea Euryarchaeota m

ethanogenic archaeon m
ixed culture ISO

4-G
1

X1RR68 marine sediment metagenome

9
1

7
4

100

1
0
0

10
0

100

95

100
100

10
0

1
0
0

83

99

91

99

100
9
9

71

73

7696

10
0

99

100

99

100

99

8
2

100

99

98

100

100

1
0
0

100

98

100

9
8

1
0
0

79

1
0
0

100

1
0
0

1
0
0

7
9

100

1
0
0

1
0
0

96

100

10
0

100

100

9
5

72

1
0
0

10
0

100

93

10
0

1
0
0

9
3

100
1
0
0

70

97

100

100

9
8

Tree scale: 1

c)                                             

pKH9-like pC2A-like

d)

Supplementary figure 2. Maximum likelihood phylogenetic trees of Rep proteins from the 7 clusters (a-g) from supercluster 1 

including both viral and plasmid sequences. Viral and plasmid sequences are highlighted on green and magenta backgrounds, 

respectively. All branches are labeled with the accession numbers of the sequences and taxonomy of the corresponding taxa.
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CVH76026.1|Coriobacteriaceae bacterium CHKCI002

CDF01935.1|Ruminococcus sp. CAG 624

WP 026669310.1|Butyrivibrio sp. AE3006

WP 029176105.1|Streptococcus suis

WP 003030931.1|Streptococcus anginosus|StrAng-E1
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CEI31812.1|Propionibacterium freudenreichii

CDA18875.1|Ruminococcus sp. CAG 488|RumCAG-E1

WP 007889993.1|Roseburia inulinivorans

WP 017824301.1|Brachybacterium muris

WP 000818357.1|Streptococcus agalactiae

CRY93789.1|uncultured prokaryote|pRGRH0065

WP 052038917.1|Actinomyces sp. S4-C9

WP 021639163.1|Clostridium sp. KLE 1755

WP 043534193.1|Actinomyces sp. MS2

WP 067940518.1|Actinomyces radicidentis

WP 044572803.1|Arthrobacter sp. A3

WP 005464724.1|Saccharomonospora glauca

WP 006681830.1|Actinomyces turicensis

CBL40434.1|butyrate-producing bacterium SS3/4

WP 000186194.1|Streptococcus agalactiae

GAC78794.1|Gordonia malaquae NBRC 108250|GorMal-E1

CRY97508.1|uncultured prokaryote|pRGFK1613
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ABJ73998.1|Lactococcus lactis subsp. cremoris SK11
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WP_000044268.1|Streptococcus sp. SK140
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KXT29039.1|Candidatus Phytoplasma oryzae

YP_003617079.1|Rehmannia glutinosa phytoplasma|pPARG1

CDE19587.1|Acidiphilium sp. CAG 727|AciCAG-E1

ODR34583.1|Eisenbergiella tayi

ABC65805.1|Aster yellows witches-broom phytoplasma AYWB|pAYWB-IV

ABC65794.1|Aster yellows witches-broom phytoplasma AYWB|pAYWB-II

YP_001966814.1|Candidatus Phytoplasma australiense|pCPa

WP_002578150.1|Clostridium bolteae|CloBol-E1

CUN62864.1|Hungatella hathewayi

CCZ68460.1|Ruminococcus gnavus CAG 126

CCZ93342.1|Coprococcus eutactus CAG 665

CCY61699.1|Clostridium sp. CAG 264

YP_006961027.1|Periwinkle leaf yellowing phytoplasma|p09PLY-1

WP_019282500.1|Vibrio anguillarum|VibAng-E1

SCG87263.1|uncultured Clostridium sp.

WP_028509833.1|Ruminococcus sp. NK3A76

WP_011161011.1|Onion yellows phytoplasma|OniYel-E1
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WP_046324376.1|Lactobacillus

YP_006939186.1|Staphylococcus epidermidis|pSAP110B

KXA58447.1|Streptococcus mitis

WP_013641468.1|Lactobacillus acidophilus

WP_008469878.1|Lactobacillus hominis

WP_056985318.1|Lactobacillus amylovorus|LacAmy-E1

WP_000093566.1|Streptococcus mitis

WP_003549058.1|Lactobacillus acidophilus

WP_012845653.1|Lactobacillus johnsonii

WP_007125042.1|Lactobacillus ultunensis

WP_049150683.1|Lactobacillus gasseri

EEJ43069.1|Leuconostoc mesenteroides subsp. cremoris ATCC 19254

CDA26462.1|Lactobacillus amylovorus CAG 719

CDI43023.1|Lactobacillus helveticus CIRM-BIA 953

WP_016226904.1|Lachnospiraceae bacterium 10-1

KRN07545.1|Lactobacillus sucicola DSM 21376 = JCM 15457

AKG47101.1|Lactobacillus vaginalis|pC107

WP_042900192.1|Streptococcus mitis|StrMit-E1

CUR41281.1|Lactobacillus reuteri

WP_046025501.1|Lactobacillus fermentum

WP_011254167.1|Lactobacillus acidophilus

WP_003665528.1|Lactobacillus reuteri|LacReu-E1

KRN00682.1|Lactobacillus taiwanensis DSM 21401|LacTai-E1

KRK41125.1|Lactobacillus amylovorus DSM 20531

WP_034540695.1|Lactobacillus mucosae

WP_050492321.1|Streptococcus mitis

WP_051448806.1|Viridibacillus arenosi|VirAre-E1

SCH55298.1|uncultured Collinsella sp.

WP_050444210.1|Enterococcus faecalis

CDI42894.1|Lactobacillus helveticus CIRM-BIA 953

WP_057827851.1|Lactobacillus aviarius

WP_057827085.1|Lactobacillus aviarius

WP_062359070.1|Weissella sp. DD23

WP_016356676.1|Carnobacterium maltaromaticum

WP_006499656.1|Lactobacillus mucosae|LacMuc-E1

ABP89830.1|Streptococcus suis 05ZYH33

WP_013641481.1|Lactobacillus acidophilus

WP_004900270.1|Leuconostoc citreum

WP_008472153.1|Lactobacillus gigeriorum

WP_060461663.1|Lactobacillus crispatus
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YP_007008175.1|Wheat blue dwarf phytoplasma|pWBD1
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Supplementary figure 3. Phylogenetic trees and genome maps of representative integrated plasmids from 
pCRESS1 through pCRESS9 (a-i). Branches with support values of 65 and lower are contracted.



Supplementary figure 4. Comparison of the sequence motifs from AAA+ ATPases and superfamily 3 helicase 

domains. Similar motifs are shown in grey background.
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Supplementary figure 5. Maximum likelihood phylogenetic trees of Rep proteins. a) IQ-Tree phylogeny with 
ultra-fast bootstrap supports. b) RAxML phylogeny with bootstrap branch supports. c) IQ-Tree phylogeny 
reconstructed using the 20-profile mixture model (C20) which allows 20 substitution models along the sequences 
in the alignment. 
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Supplementary figure 6. Maximum likelihood phylogenetic trees of Rep proteins using different sequence 

sampling: a) pE194/pMV158 cluster is absent; b) pE194/pMV158 cluster is present. The trees were 

constructed using PhyML.
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