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Fig. S1. Flow diagram of the Methods used in this paper
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Fig. S2. Phylogeny of Oxyphotobacteria and Melainabacteria genomes among the bacterial phyla based on up to 38 marker genes

Phylogenetic maximum likelihood (RAXML, JTT, G) and maximum parsimony (PAUP*) trees based on a concatenated alignment of up to 38
marker genes, showing the phylogenetic robustness of the phylum Cyanobacteria and the classes Oxyphotobacteria and Melainabacteria. 422
OTUs (operational taxonomic units) from Bacteria and Archaea were used to produce the phylogenetic tree (Table S4). Bootstrap analyses (100
times) were performed for the data set with maximum likelihood (RAXML, JTT, G; FastTree, JTT, CAT) and maximum parsimony (PAUP¥*)
methods, and the values obtained are shown in respective trees, except for the values from FastTree, which are shown on the tree generated with
RAXML bootstrapping. Genomes in green are representatives from Di Rienzi et al., 2013 and genomes in red are Melainabacteria from this
study. Bootstrap values >60% are shown. p_ represents phylum and c_ represents class. Candidatus has been abbreviated to Ca. for the most

complete genomes.
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Fig. S3. Phylogeny of Oxyphotobacteria and Melainabacteria among the bacterial phyla based on up to 83 marker genes

Phylogenetic maximum likelihood (RAXML, JTT, G) and maximum parsimony (PAUP*) trees based on a concatenated alignment of up to 83
marker genes, showing the phylogenetic robustness of the phylum Cyanobacteria and the classes Oxyphotobacteria and Melainabacteria. 322
OTUs from Bacteria were used to produce the phylogenetic tree (Table S4). Bootstrap analyses (100 times) were performed for the data set
with maximum likelihood (RAXML, JTT, G; FastTree, JTT, CAT) and maximum parsimony (PAUP*) methods, and the values obtained are
shown in respective trees, except for the values from FastTree, which are shown on the tree generated with RAXML. Genomes in green are
representatives from Di Rienzi et al., 2013 and genomes in red are Melainabacteria from this study. Bootstrap values >60% are shown. p_

represents phylum, ¢ represents class and o represents order. Candidatus has been abbreviated to Ca. for the most complete genomes.
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Fig. S4. Phylogeny of Oxyphotobacteria and Melainabacteria in the Cyanobacteria phylum based on up to 83 marker genes

Phylogenetic maximum likelihood (RAXML, JTT, G) and maximum parsimony (PAUP*) trees based on a concatenated alignment of up to 83
marker genes, showing the phylogenetic robustness of the phylum Cyanobacteria and the classes with Chloroflexi used as the outgroup. The
Oxyphotobacteria were grouped as according to Shih et al., 2013 (Table S3). Bootstrap analyses (100 times) were performed for the data set
with maximum likelihood (RAXML, JTT, G; FastTree, JTT, CAT) and maximum parsimony (PAUP*) methods, and the values obtained are
shown in respective trees, except for the values from FastTree, which are shown on the tree generated with RAXML. Genomes in green are
representatives from Di Rienzi et al., 2013 and genomes in red are Melainabacteria from this study. Bootstrap values >60% are shown. p_

represents phylum, ¢ represents class and o represents order. Candidatus has been abbreviated to Ca. for the most complete genomes.
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Fig. S5. 16S rRNA gene tree showing the phylogenetic robustness of the
Cyanobacteria and its class level lineages in the bacterial domain

Maximum likelihood (RAXML, GTR, G, I; FastTree, JTT, CAT) trees based on the
16S rRNA gene, showing the phylogenetic robustness of the classes
Oxyphotobacteria and Melainabacteria. 418 OTUs (operational taxonomic units) from
Bacteria and Archaea were used to construct the trees. Bootstrap analyses (100 times)
were performed for the data set with maximum likelihood (RAXML, GTR, G, I;
FastTree, JTT, CAT). Bootstrap values >60% are shown.
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Fig. S6. Gene tree showing the hydrogenase genes found in the Melainabacteria
representatives.

A representative collection of hydrogenase genes publicly available from NCBI was
combined with genes identified from this study and from Di Rienzi et al., 2013.
Hydrogenase genes common to genomes from both studies are colored blue and
grouped together. Hydrogenases found only in this study are colored red and genes

only identified in the genomes of Di Rienzi et al., 2013 are colored green.



MEL_BlI
MEL_B2
ACD20

Ca. O. phosphatis

Ca. C. bioreactoricola

. TROQVEOXGILYSTRIQIVLLOIZINLNDTOR ORI I/ Y
4 Gain of flagella A %%%Q%QQ %%%w&@@@‘?@@‘sﬁﬁéﬁﬁ“? Q\'}‘\\Q\@@g%é\o&
T Loss of flagella IS
< Color Ke
0123456
B 71MEL Cl
Zag

MH_37

MEL Al

92/96—Zag 11

Ca. Gastranaerophilus phascolarctosicola
100 EL Bl
MEL B2

ACD20™ , . .
Ca. Caenarcanum bioreactoricola

JD p_Chlamydiae, type III secretory flagellar biosynthesis

i[] p_Proteobacteria, type III secretion protein SctV

1 OOD p_Chlamydia flagellar secretion protein

100

Opitutus terrae PB90
100 Thermotoga petrophila RKU—1

IThermotoga maritima MSB8, DSM 3109
Thermovirga lienii Cas60314, DSM 17291

Thermanaerovibrio acidaminovorans Su883, DSM 6589
ACD20
MEL B2

MEL _BI1
Halanaerobium praevalens GSL, DSM 2228
Gemmata obscuriglobus UQM 2246
Thermodesulfatator indicus CIR29812, DSM 15286
Rhodospirillum rubrum S1, ATCC 11170
Thermocrinis albus HI 11/12, DSM 14484
Thermovibrio ammonificans HB—1, DSM 15698

Sulfurihydrogenibium azorense Az-Ful

Desulfurispirillum indicum S5, DSM 22839
Leptospirillum ferrooxidans C2-3

Borrelia duttonii Ly
Planctomyces brasiliensis IFAM, flagella
Rhodopirellula baltica SH 1, fla 1448, DSM 5305
Leptonema illini 3055, DSM 21528

Gemmatimonas aurantiaca T-27T

Alicycliphilus denitrificans BC

Photorhabdus luminescens laumondii TTO1

1001 Dickeya zeae Ech1591

Dickeya dadantii 3937

Pusillimonas sp. T7-7
Azotobacter vinelandii DJ, ATCC BAA-1303

4100|jT erriglobus saanensis SP1PR4
Acidobacterium capsulatum ATCC 51196

68

100

95

=]
(=}



Fig. S7. Heat map showing the presence and absence of flagella genes from the
Melainabacteria representatives

(A) A maximum parsimony tree based on a concatenated alignment of up to 83
marker genes. Purple arrows indicate the gain of a functional flagella and blue arrows
indicate the loss of a functional flagella. The heat map indicates the square root of the
number of flagella genes found in each of the Melainabacteria representatives. (B)
Flagella gene trees for FIhA and (C) flagella gene tree for FliM. Genomes used to
make the trees are found in Table S6. Genomes in green are Melainabacteria
representatives from Di Rienzi et al., 2013, genomes in red are Melaianabacteria
representatives from this study. Candidatus has been abbreviated to Ca. for the most

complete genomes.
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Fig. S8. Venn diagram of the three Gastranaerophilales genomes from the same
species

(A) Shared orthologs between MH 37, MEL C1 and Zag 1 showing the number of
genes that are core to the three genomes, and those that are found between two
genomes and individual genomes. The total number for each genome does not include
paralogs. (B) Average nucleotide identity between MH 37, MEL CI1 and Zag 1,

where >95% ANI is used to define a species.
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Fig. S9. COG category P (inorganic ion transport and metabolism) for Oxyphotobacteria and Melainabacteria

Shown are all COGs from category P with a difference in mean proportions >= 0.02% between Oxyphotobacteria and Melainabacteria and a

Storey's q-value of <= 0.05.
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Fig. S10. COG category Q (secondary metabolites and biosynthesis, transport and catabolism) for Oxyphotobacteria and
Melainabacteria

Shown are all COGs from category Q with a difference in mean proportions >= 0.02% between Oxyphotobacteria and Melainabacteria and a

Storey's g-value of <= 0.05
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