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Supplementary Results

1. Reconstruction of central metabolic pathways

The main pathways operative in members of the Sedimentisphaerales were reconstructed 

based on the presence of genes with a key function in the central carbon metabolism. A list 

of key genes detected in the complete genomes of isolates and almost complete MAGs 

(>90% completeness) is shown in Supporting Information Table S2. The uptake of glucose 

occurs likely via permeases of the major facilitator (MFS) superfamily. Although components 

of a phosphotransferase system (PTS) were detected in several genomes, active transport via 

group translocation is apparently not functional in members of this group, because specific 

PTS components involved in the uptake and phosphorylation of sugars were not present. 

Therefore, enzymes of the PTS system are probably involved in the global regulation of 

central metabolic pathways as proposed previously for Kiritimatiella glycovorans (Spring et 

al., 2016). Most members of the Sedimentisphaerales seem to use a sugar kinase of the 

NBD/HSP70 family for the phosphorylation of glucose. In several cases these sugar kinases 

were combined with an N-terminal DNA-binding domain, so that they possibly could also 

control the transcription of genes involved in the metabolism of sugars. The main route for 

the degradation of glucose to pyruvate in most of the strains seems to be the Embden-

Meyerhof-Parnas (EMP) pathway. A peculiarity of this pathway in strains from hypersaline 

environments seems to be that the gene for 6-phosphofructokinase is missing in ST-NAGAB-

D1, while the pyruvate kinase gene is absent in ST-PulAB-D4T, L21-RPul-D3T and SM-Chi-D1. 

Both enzymes catalyse irreversibly reactions in glycolysis and can be replaced with 

pyrophosphate--fructose 6-phosphate 1-phosphotransferase and pyruvate, phosphate 

dikinase, respectively. These enzymes depend on pyrophosphate instead of ATP and can 

participate in glycolysis as well as gluconeogenesis. The gene for fructose-1,6-

bisphosphatase, which catalyses the irreversible production of fructose-6-phosphate in the 

canonical gluconeogenesis route was lacking in all analysed genomes, which could indicate 

that in all strains pyrophosphate--fructose 6-phosphate 1-phosphotransferase participates in 

the terminal step of gluconeogenesis. It is assumed that the reversible reactions catalysed by 

pyrophosphate-dependent enzymes are traits of an ancient variation of the EMP pathway 

and favourable under energy limited anoxic conditions (Chastain et al., 2011; Spring et al., 

2016). In addition, several members of this lineage are able to use alternative glycolytic 
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pathways for the production of NADPH and pentose phosphates, which are required for 

biosynthetic purposes. However, the oxidative branch of the pentose phosphate pathway is 

probably not functional in the halophilic isolates ST-PulAB-D4T and L21-RPul-D3T, which lack 

the gene for glucose-6-phosphate 1-dehydrogenase.

Under anoxic growth conditions the oxygen sensitive enzymes pyruvate:ferredoxin 

oxidoreductase and pyruvate-formate lyase can be used for the decarboxylation of pyruvate 

to acetyl-CoA. Both enzymes were encoded in all analysed genomes. Genes of a pyruvate 

dehydrogenase complex that is functional in the presence of oxygen were only present in 

genomes of the isolates SM-Chi-D1 and ST-NAGAB-D1 as well as the MAG GWF2_41_51, 

which possibly indicates an oxygen-tolerant growth of these strains. Acetyl-CoA can be 

further metabolized in fermentative reactions or used for precursor synthesis. Surprisingly, 

in the analysed members of this group genes of the enzymes pyruvate carboxylase or 

phosphoenolpyruvate carboxylase, which are usually involved in the synthesis of the C4 

precursor oxaloacetate, were not detected. However, oxaloacetate could be produced in a 

thermodynamically unfavourable reaction by a GTP-dependent phosphoenolpyruvate 

carboxykinase, which is encoded in all genomes. In addition, genomes of several halophilic 

isolates encode genes of a Na+-translocating oxaloacetate decarboxylase, which could also 

operate in the reverse direction by utilizing the sodium motive force for the carboxylation of 

pyruvate (Dimroth, 1994). A principal function of this membrane-bound complex as pyruvate 

carboxylase in members of the Sedimentisphaerales would explain its exclusive occurrence 

in strains from hypersaline environments, where external sodium concentrations are 

expected to be higher than in the cytoplasm. For the production of a C5 carbon skeleton the 

precursor 2-oxoglutarate is synthesized by the oxidative fork of an incomplete tricarboxylic 

acid cycle. A complete cycle is prevented in the analysed strains by a lack of the enzymes 2-

oxoglutarate dehydrogenase and succinate dehydrogenase/fumarate reductase, which is in 

line with a proposed strictly fermentative metabolism of members of this group.

The distribution of key genes involved in fermentation reactions suggests that in 

these bacteria a mixed acid fermentation is operative enabling substrate–level 

phosphorylation and the regeneration of NAD+. Acetate is produced from acetyl-CoA via 

reactions catalysed by phosphotransacetylase and acetate kinase, while lactate is produced 

from pyruvate by a lactate dehydrogenase. In addition, a combined acetaldehyde 

dehydrogenase/alcohol dehydrogenase for ethanol production was detected in the strains 
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ST-PulAB-D4T, L21-RPul-D3T and ST-NAGAB-D1, but not in the strain SM-Chi-D1, which did 

not produce ethanol. All analysed genomes encode at least one cytoplasmic iron-only 

hydrogenase, which probably use a confurcating mechanism for the production of hydrogen 

from reduced ferredoxin and NADH (Schut and Adams, 2009). In addition, genes encoding 

reversible [NiFe] hydrogenases where detected in MAGs from freshwater environments. 

Elements of a respiratory electron transport chain, like cytochromes, lipoquinones or 

terminal oxidases were absent in all analysed genomes of this lineage, thereby confirming a 

strictly fermentative metabolism in which energy is mainly generated via substrate-level 

phosphorylation. Nevertheless, some membrane-bound enzyme complexes were identified 

that could play a role in the formation of a chemiosmotic membrane potential. A RNF-type 

electron transport complex present in all members of this group could participate in the 

translocation of sodium ions by using reduced ferredoxin for the reduction of NAD+, while a 

putative energy-converting membrane-bound [NiFe] hydrogenase was restricted to genomes 

retrieved from freshwater environments. The generated membrane potential could be 

utilized for the synthesis of ATP by a canonical FoF1-type ATP synthase or for the production 

of oxaloacetate as outlined above. On the other hand, a V-type ATPase could provide pH 

homeostasis during fermentation by an outward pumping of protons.

It can be assumed that environments populated by members of the 

Sedimentisphaerales like hypersaline microbial mats or aquifer sediments are occasionally 

exposed to oxygen, so that effective defence mechanisms against cellular damage caused by 

reactive oxygen species should be present. Genes encoding catalase, an enzyme typically 

found in aerobic bacteria, were detected only rarely in these strains, while superoxide 

dismutase genes were present in most genomes. In addition, alternative systems for oxygen 

reduction based on the cytoplasmic iron-containing proteins desulfoferrodoxin, rubredoxin 

and rubrerythrin were common within this group.

2. Phenotypic characterization of isolates

In terms of physiology, all cultured strains assigned to the Sedimentisphaerales were 

characterized by a strictly anaerobic fermentative metabolism. Respiratory lipoquinones 

were not detected and tests for catalase and terminal cytochrome c oxidase were negative. 

The substrate utilization spectrum of the novel strains was mainly restricted to sugars and 

polysaccharides. In all strains except SM-Chi-D1 the end products determined upon growth 
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on glucose included ethanol, acetate, formate, lactate, carbon dioxide and hydrogen, which 

is typical of a mixed-acid fermentation. In contrast, strain SM-Chi-D1 produced mainly 

lactate and no ethanol. All tested strains were unable to utilize nitrate as sole source of 

nitrogen. Strain ST-NAGAB-D1 was the only strain that could assimilate sulfate as sulfur 

source, while the strains ST-PulAB-D4T, SM-PulAB-D3, L21-RPul-D3T and SM-Chi-D1 were not 

able to grow with sulfate as sole source of sulfur. Members of this clade were quite 

aerotolerant and could grow in the presence of up to 0.5% (v/v) oxygen in the headspace gas 

atmosphere. The oxygen was reduced during growth but had no positive effect on the 

growth yield. Growth of these strains in mineral medium required the addition of vitamins, 

but not yeast extract. 

In a previous study a cell wall peptidoglycan layer with 2,6-diaminopimelic acid (DAP) 

as diagnostic diamino acid could be detected in strain L21-RPul-D3T (Jeske et al., 2015). In 

the current study DAP could be identified in whole cell hydrolysates of the remaining strains, 

albeit in very small amounts (unpublished results). In contrast, no DAP has been determined 

in cell hydrolysates of the related species Phycisphaera mikurensis (Fukunaga et al., 2009) 

and Algisphaera agarilytica (Yoon et al., 2014), which could be however due to a lower 

sensitivity of the detection methods used. Major compounds in cellular fatty acid patterns of 

strains ST-PulAB-D4T, SM-PulAB-D3, L21-RPul-D3T and SM-Chi-D1 were branched chain 

anteiso-C13 and anteiso-C15 fatty acids, while in strain ST-NAGAB-D1 the straight-chain 

monounsaturated fatty acids C16:1 and C18:1 were dominating. In Supporting Information 

Table S3 the cellular fatty acid patterns of the strains ST-PulAB-D4T, SM-PulAB-D3 and L21-

RPul-D3T representing two separate species of the proposed order Sedimentisphaerales are 

compared with the patterns of the related type species Phycisphaera mikurensis (Fukunaga 

et al., 2009), Algisphaera agarilytica (Yoon et al., 2014) and Tepidisphaera mucosus 

(Kovaleva et al., 2014). The polar lipid patterns of all analysed isolates were characterized by 

phosphatidylglycerol and several unidentified phospholipids (Supporting Information Fig. 

S7). In addition, strains ST-PulAB-D4T, SM-PulAB-D3, L21-RPul-D3T and ST-NAGAB-D1 

produced glycolipids, while the presence of aminolipids (phosphatidylethanolamine and 

unidentified aminolipids) was restricted to both strains SM-Chi-D1 and ST-NAGAB-D1 

(unpublished results).
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Supplementary Tables

Table S1. Phylogenetic diversity within major lineages of the class Phycisphaerae based on 
16S rRNA gene sequences.

Lineage Number of 
sequences

Median 
sequence 
identity

Minimum 
sequence 
identity

Habitat preference a

Sedimentisphaerales 868 89.90% 75.89% Marine sediments

Candidatus Order I 191 84.90% 76.72% Marine sediments and 
hypersaline mats

Candidatus Order II 95 88.30% 73.25% Hypersaline mats

Tepidisphaerales 310 90.00% 75.11% Soil

Phycisphaerales 590 84.40% 74.95% Marine sediments and 
hypersaline mats

Candidatus Order III 238 87.60% 70.98% Hypersaline mats

Candidatus Order IV 17 90.00% 80.93% Marine sediments
a  Environmental assignment of more than 50% of the retrieved 16S rRNA gene sequences within an 
order-level phylogenetic group according to the SILVA 128 SSU Ref NR 99 data set.
The designation of Candidatus orders is based on the phylogenetic tree shown in Fig. 1.
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Table S2. Distribution of key genes of central metabolic pathways in complete genomes of 
cultured strains and almost complete MAGs representing uncultured members of the 
proposed order Sedimentisphaerales.

Gene 1 2 3 4 5 6 7

Embden-Meyerhof-Parnas pathway and gluconeogenesis
Glucokinase (COG0837) - - + - - - -
Hexokinase (COG5026) - - - - + + +
Sugar kinase (COG1940) ++ ++ ++ ++ ++ ++ -
Glucose-6-phosphate isomerase 
(COG0166)

+ + + + + + -

6-phosphofructokinase ++ ++ + - ++ + ++
Pyrophosphate--fructose 6-phosphate 
1-phosphotransferase

+ ++ ++ ++ + ++ +

Fructose/tagatose bisphosphate 
aldolase (COG0191)

+ + + + + ++ +

Fructose-bisphosphate aldolase 
(COG1830)

+ + + + - ++ +

Triosephosphate isomerase 
(COG0149)

+ + + + + + +

Glyceraldehyde-3-phosphate 
dehydrogenase (COG 0057) 

+ + + + + + +

3-Phosphoglycerate kinase (COG0126) + + + + + + +
Phosphoglycerate mutase, BPG-
independent (COG 0696)

+ + + + + + +

Enolase (COG0148) + + + + + + +
Pyruvate kinase (COG0469) - - - + + + +
Pyruvate, phosphate dikinase/PEP 
synthase (COG0574)

+ + + + + + +

PEP carboxykinase, GTP (COG1274) + + + + + + +
Fructose-1,6-bisphosphatase 
(COG0158/COG3855)

- - - - - - -

Pentose phosphate and Entner-Doudoroff pathway
Glucose-6-phosphate 1-
dehydrogenase (COG0364)

- - + + + + +

6-Phosphogluconolactonase 
(COG0363)

- - - + + + +

6-Phosphogluconate dehydrogenase 
(COG0362)

+ + + + + + +

Ribulose 5-phosphate 3-epimerase 
(COG0036)

+ + + + + ++ +

Ribose-5-phosphate isomerase 
(COG0120)

- - - - - + -

Ribose 5-phosphate isomerase B 
(COG0698)

++ ++ ++ ++ + ++ ++

Transketolase (COG0021) + + + + + + +
Transaldolase (COG0176) - - - + - - +
Phosphogluconate dehydratase 
(COG0129)

+ + + + + + ++
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KDPG aldolase (COG0800) ++ ++ ++ + + - +

Pyruvate decarboxylation
Pyruvate dehydrogenase E1 
component (COG1071/COG0022)

- - + + - + -

Pyruvate dehydrogenase E2 
component (COG0508)

- - + + - + -

Dihydrolipoamide dehydrogenase 
(COG1249)

++ ++ ++ ++ + ++ +

Pyruvate:ferredoxin oxidoreductase 
(COG0674)

+ + + + + + +

Pyruvate-formate lyase (COG1882) ++ ++ + + + + +

Tricarboxylic acid cycle
Citrate synthase (COG0372) + + + - - + +
Aconitase A (COG1048) + + + + + + +
Isocitrate/isopropylmalate 
dehydrogenase (COG0473)

+ + + + ++ + ++

Monomeric isocitrate dehydrogenase 
(COG2838)

+ + + + - - -

2-oxoglutarate dehydrogenase 
(COG0567)

- - - - - - -

2-oxoglutarate ferredoxin 
oxidoreductase 
(COG0674/COG1013/COG1014)

- - - + + + +

Succinyl-CoA synthetase 
(COG0045/COG0074)

- - - + - - -

Succinate dehydrogenase/Fumarate 
reductase (COG0479)

- - - - - - -

Fumarate hydratase I 
(COG1838/COG1951)

+ + + + + + +

Malate/lactate dehydrogenase 
(COG0039)

- - - - + + ++

Mixed acid fermentation
Phosphotransacetylase (COG0280) + + + + + + +
Acetate kinase (COG0282) + + + + + + +
Acetaldehyde dehydrogenase/alcohol 
dehydrogenase (AdhE)

+ + - + - - -

Lactate dehydrogenase (COG1052) + + + ++ + + -
NAD(P)-dependent iron only 
hydrogenase (COG1894/ 
COG1905/COG4624)

++ ++ ++ + ++ + ++

[Ni,Fe] hydrogenase I (COG0374/ 
COG1740)

- - - - ++ + -

Chemiosmotic membrane potential
FoF1-type ATP synthase 
(COG0055/COG0056/COG0224/
COG0355/COG0356/COG0636/

+ + + + + + -

8



COG0711/COG0712)
Archaeal/V-type H+ ATPase 
(COG1155/COG1156/COG1269/
COG1390/COG1394/COG1436/
COG1527)

+ + + + + (+) ++

Na+-translocating oxaloacetate 
decarboxylase (COG5016/ 
COG1883/COG3630)

+ + + - - - -

RNF-type Na+-translocating 
ferredoxin:NAD+ oxidoreductase 
(COG2878/COG4656/COG4657/
COG4658/COG4659/COG4660)

+ + + + + + +

Membrane-bound [NiFe] hydrogenase 
III (COG3260/COG3261/COG4237/
COG0650/ COG0651)

- - - - + + +

Oxygen tolerance
Catalase (COG0753) - - + - - - -
Catalase (peroxidase I) - - - - - - +
Nickel superoxide dismutase + + + + - - -
Superoxide dismutase (COG0605) - - - - - ++ +
Desulfoferrodoxin (COG2033) + + + ++ + + +
Rubredoxin (COG1773) + + + + + ++ +
Rubrerythrin (COG1633) + + + ++ ++ ++ ++
Flavorubredoxin (COG0426) + + + + + + +

Designations of isolates and MAGs: 1, ST-PulAB-D4T; 2, L21-RPul-D3T; 3, SM-Chi-D1; 4, ST-NAGAB-D1; 
5, bin0; 6, GWF2_41_51; 7, Planc_01. Symbols: -, no gene detected; +, one gene present; ++, two or 
more genes present.
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Table S3. Cellular fatty acid patterns of species affiliated with the proposed genus 
Sedimentisphaera and type species of other genera of the Phycisphaerae class. 

Fatty acid 1 (2) a 2 (1) 3 (3) 4 (1) 5 (1)

i-C12:0 2.9-3.5 6.2 - - -

C12:1 - - 4.5-6.3 - -

C12:0 0.8-1.1 1.4 - 1.7 -

ai-C13:0 16.8-16.9 17.3 - - -

i-C14:0 9.5-12.7 15.4 tr tr 4.4

C14:0 1.6-2.7 3.0 tr 6.0 -

ai-C15:0 26.7-29.5 21.2 tr 20.6 10.1

C15:0 - - 2.1-2.5 9.8 2.9

i-C14:0 3OH - - 2.5-3.2 - -

i-C16:1 - - 24.7-27.6 - -

i-C16:0 9.2-10.1 10.4 14.2-15.4 - 66.8

C16:1 c9 - - - 1.6 -

C16:0 4.9-6.6 7.3 34.0-36.5 32.8 tr

Summed feature 4 b - - 1.2-1.3 - -

ai-C17:0 2.2-3.9 2.0 2.6-3.1 - 3.7

C17:0 - - 2.1-3.2 1.3 tr

i-C16:0 3OH 2.0-3.3 2.9 - - -

i-C18:0 1.0-1.4 1.2 - - -

ai-C18:0 - - - 2.6 -

C18:1 c9 - - - 11.0 -

C18:0 5.1-5.2 4.8 1.2-2.4 4.8 -

C18:0 3OH - - tr 2.7 -

i-C20:0 tr-1.2 tr - - -

C20:0 5.5-7.6 3.9 - - -
a Numbers in parentheses indicate the number of analysed strains.
b Summed feature 4 consists of ai-C17:1 and/or i-C17:1.
Species and used references: 1, Sedimentisphaera salicampi (this study); 2, S. cyanobacteriorum (this 
study); 3, Phycisphaera mikurensis (Fukunaga et al., 2009); 4, Algisphaera agarilytica (Yoon et al., 
2014); 5, Tepidisphaera mucosa (Kovaleva et al., 2014). Major fatty acids (>5% of total amount) are 
given in bold; fatty acids that were detected only in trace amounts (<1.0% of the total amount) in all 
samples are not shown. Abbreviations: -, not detected; tr, trace amounts (<1.0% of the total 
amount); c, cis isomer; i and ai indicate iso- and anteiso-branched fatty acids, respectively. Values are 
percentages of total fatty acids.
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Table S4. Phenotypic traits of type strains affiliated with the proposed genus 
Sedimentisphaera compared to representatives of the related genera Phycisphaera, 
Algisphaera and Tepidisphaera. 

Characteristic 1 2 3 4 5

Isolation source Hypersaline 
sediment

Hypersaline 
microbial mat

Marine red 
alga

Marine green 
alga

Hot spring 
microbial mat

Temperatures [°C]
Range 20-45 18-40 10-30 20-30 20-56
Optimum 37 35 25-30 28 47-50

NaCl conc. [g/l]
Range 60-160 70-180 7-49 <70 ND
Optimum 100 120 18-25 20 ND

pH
Range 6.0-8.5 6.5-8.0 ND 6.0-8.0 4.5-8.5
Optimum 7.5-8.0 7.5 ND 7.0 7.0-7.5

Motility - - + + +
Pigmentation - - + + +
Catalase - - + + -
Oxidase - - - - +
Utilization of O2 - - + + +
Anaerobic growth + + + - +
Nitrate reduction - - + - -
Hydrolysis

Agar - - + + -
Gelatin - - - + ND
Starch + + - + +

Substrate utilization
N-Acetylglucosamine - - ND + +
Arabinose - + + + -
Cellobiose - + ND + ND
Fructose + + + - -
Galactose + + ND - +
Lactose + + ND - +
Maltose + + ND + +
Mannose + + ND - +
Melibiose + + ND - ND
Rhamnose - - + + ND
Ribose - - + + ND
Sucrose + + ND + +
Trehalose - - ND + +
Xylose - + + - +

Main non-gaseous 
products of glucose 
fermentation

Ethanol, 
acetate, 
formate, 
lactate

Ethanol, 
acetate, 
formate, 
lactate

ND None Acetate, 
propionate

Major quinone None None MK-6 MK-6 MK-6
Major cellular fatty acids 
(>15% of total)

ai-C15:0,
ai-C13:0

ai-C15:0,
ai-C13:0,
i-C14:0

C16:0,

i-C16:1,
i-C16:0

C16:0,

ai-C15:0

i-C16:0

Polar lipids PG, GL, PL, L PG, GL ND ND PE, PS, PG, 
APL, L

DNA G+C content [mol%] 46.3 47.4 73.3 63.0 53.0

Strains and used references: 1, Sedimentisphaera salicampi ST-PulAB-D4T (this study); 2, S. 
cyanobacteriorum L21-RPul-D3T (this study); 3, Phycisphaera mikurensis FYK-2301M01T (Fukunaga et 
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al., 2009); 4, Algisphaera agarilytica 06SJR6-2T (Yoon et al., 2014); 5, Tepidisphaera mucosa 2842T 

(Kovaleva et al., 2014). Common traits of all strains were a spherical cell morphology, dimensions 
ranging from 0.5 - 1.2 µm; division by binary fission; a Gram-negative cell wall type, no 
intracytoplasmic membranes, no endospores, and utilization of glucose. Abbreviations: ND, not 
determined; +, positive; -, negative; ALDE, aldehyde; i and ai indicate iso- and anteiso-branched fatty 
acids, respectively; PG, phosphatidylglycerol; GL, unidentified glycolipid; PL, unidentified 
phospholipid; L, unidentified polar lipid; PE, phosphatidylethanolamine; PS, phosphatidylserine; APL, 
unidentified aminophospholipid.
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Supplementary Figures

Figure S1. Phylogenetic tree of the PVC superphylum deduced from RpoB protein 
sequences showing the placement of the newly isolated anaerobic strains within the 
proposed order Sedimentisphaerales.

The tree topology was reconstructed under the maximum-likelihood criterion and rooted using the 
RpoB protein sequence of Escherichia coli K12 (P0A8V2, not shown). Sequences extracted from 
metagenome-assembled genomes are indicated by the abbreviation MAG. Note, that the RpoB 
protein sequence extracted from the MAG EBPR_Bin_263 is only partial (764 amino acids). Accession 
numbers are given in parentheses (IMG numbers refer to the respective gene ID in the IMG/M 
database). Abbreviations used to label order-level lineages: I, Candidatus Order I; III, Candidatus 
Order III, Ps., Phycisphaerales; Pm., Planctomycetales; C. B., “Candidatus Brocadiales”. The meaning 
of symbols and colours is explained in Figure 1. Scale bar, 0.10 changes per amino acid position.

13



Figure S2. Genome structures and origins of replication in two reference strains isolated 
from a hypersaline cyanobacterial mat.

Results are shown for the type strains Salinispira pacifica L21-RPul-D2T (A) and Salinivirga 
cyanobacteriivorans L21-Spi-D4T (B). The first nucleotide of the dnaA_1 gene was used as starting 
point of the genome sequence. The top panels illustrate predictions of the oriC sites using the 
software tool Ori-Finder. For detection of DnaA boxes the sequence motif found in Flavobacteriaceae 
(tgttccacg) was considered with no more than one mismatch. Based on the determined GC disparity 
curve the suggested sites of termination and oriC are denoted by red and green arrows, respectively. 
Numbers indicate the position of sites at the chromosome in kb.
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In the middle coverage plots along the genome sequences obtained by PacBio sequencing are shown. 
The green and red arrows mark the deduced sites of origin and termination of replication, 
respectively.
In the bottom panels circular plots of the genome sequences are shown. Circles denote from the 
outside to inside: position of transposase genes (blue), position of genes associated with the 
canonical oriC (green) and priA (red), position of dnaA genes (red), sites of predicted genomic islands 
(turquoise), G+C content (grey, above average; black, below average), GC skew (olive green, above 
average; purple, below average). The purple diamonds and green dots on the G+C graphs indicate 
the maximum of DnaA box clusters and the tentative origins of replication deduced from the 
coverage plots, respectively.
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Figure S3. Variation in the abundance of genes encoding proteins with known functions in 
genomes of cultured strains affiliated with the proposed order Sedimentisphaerales. 
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The determination of average abundance values was based on a set of Sedimentisphaerales genomes 
shown in the phylogenetic tree in Supporting Information Fig. S1. In the presented diagrams only the 
20 most prevalent functional protein types of each category are shown. The average numbers of 
genes encoding distinct functional proteins within the Sedimentisphaerales lineage are shown in 
parentheses after the abbreviation of the detected enzyme or protein type. Brackets are used to 
group protein families with similar functions (transporters, carbohydrate-active enzymes) or catalytic 
sites (peptidases). A) Variation of the abundance of genes encoding proteins of known transporter 
families. Explanations of the used abbreviations of transporter families can be found at the 
Transporter Classification Database web site (http://www.tcdb.org/search/). B) Variation of the 
abundance of genes encoding enzymes of known peptidase families. Explanations of the used 
abbreviations of peptidase families can be found at the MEROPS web site 
(https://www.ebi.ac.uk/merops/cgi-bin/family_index?type=P). C) Variation of the abundance of 
genes encoding carbohydrate-active enzymes. Explanations of the used abbreviations of enzyme 
families can be found at the CAZy web site (http://www.cazy.org/Glycoside-Hydrolases.html).
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Figure S4. Venn diagrams displaying the shared gene content among isolate genomes.

The number of overlapping protein genes is given inside the areas of the circles and the total number 
of protein genes used for each strain is shown in parentheses. Diagrams were created using the Venn 
diagram plotter available from the Pacific Northwest National Laboratory Software Distribution 
Center (https://omics.pnl.gov/software/venn-diagram-plotter). A) Diagram comparing the genomic 
content of three closely related strains representing a genus-level lineage. B) Diagram showing the 
shared gene content among genomes of three distantly related strains representing different genera.
.
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Figure S5. Synteny plots of isolate genomes illustrating various levels of evolutionary 
relationships.

The six frame amino acid translation of the DNA input sequences were used for comparing genomes 
using PROmer software. Blue dots represent regions of similarity found on parallel strands and red 
dots show regions of similarity found on anti-parallel strands.
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Figure S6. Taxogenomic comparison of newly isolated strains affiliated with the proposed 
order Sedimentisphaerales.

Numbers in the lower triangle indicate ANI values between pairs of genomes, whereas the respective 
AAI values are shown in the upper triangle. Shades in different colours were used to illustrate various 
taxonomic levels. Values highlighted in red indicate members of a single species, green marks 
members of the same genus and blue indicates an affiliation to different genera. The shown 
phylograms were provided by the OrthoANI and AAI Matrix Calculator programs and based on the 
UPGMA hierarchical clustering method. 
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Figure S7. Polar lipid patterns of strains affiliated with the proposed genus 
Sedimentisphaera after two-dimensional thin layer chromatography. 

Chromatograms are shown for strains ST-PulAB-D4T (A), SM-PulAB-D3 (B) and L21-RPul-D3T (C). 
Staining of the chromatograms was done with molybdatophosphoric acid. Specific spray reagents 
were used to detect the functional head groups of the lipids. Abbreviations: L1, unidentified polar 
lipid; PL1, unidentified phospholipid; PG, phosphatidylglycerol; GL1-GL3, unidentified glycolipids.
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