
Suppl. Figure 4. Bayesian phylogeny of the undecaprenyl pyrophosphate phosphatase (UppP).

Tree  is  unrooted  and  reconstructed  using  171 sequences  and  190 conserved  sites.  Multifurcations

correspond to branches with Bayesian posterior probabilities <0.5, whereas numbers at nodes indicate

Bayesian posterior probabilities higher than 0.5. Colors on leaves represent the affiliation of sequences

to their respective domain of life: archaea (blue) and bacteria (orange).

It was impossible to detect any significant UppP homologues in eukaryotes even when an HMM

profile was built from a prokaryotic alignment to look for distant homologues (see Methods). On the

contrary, some archaeal and a wide diversity of bacterial homologues were identified. The phylogeny

of the UppP homologues shows that most archaeal sequences cluster within a monophyletic group

(BPP = 0.96), and that others are likely xenologues derived from bacteria. The crenarchaea form a

monophyletic group within the archaeal clade, but the other proteoarchaea to which they are frequently

associated  are  scattered  among  the  paraphyletic  euryarchaeal  sequences.  Such  discrepancies  with

regard to the taxonomic groups can be explained by inter-archaeal HGT and/or reconstruction errors

due  to  a  lack  of  phylogenetic  signal.  Yet,  the  fact  that  a  wide  diversity  of  archaea  have  UppP

homologues that cluster in a monophyletic group suggests the presence of this gene in LACA. This

enzymes are good candidates for de novo polyprenol pyrophosphatase activity in archaea, a hypothesis

that would be worth testing experimentally. With regard to bacterial UppP homologues, it is noteworthy

that,  in  spite  of  many  obvious  xenologues  and the  poor  resolution  in  some basal  nodes,  a  lot  of

sequences cluster according to the main bacterial taxa. This supports the ancestral origin of UppPs in

bacteria. Importantly, the presence of UppP homologues in the respective ancestors of both archaea and

bacteria may suggest a cenancestral origin of UppP, thus supporting the idea that the cenancestor could

have synthesized functional bacterial-like polyisoprenol lipid carriers. 



Euryarchaea

0.3

Methanosphaera stadtmanae [GenBank: WP_011405633.1]

Conexibacter woesei [GenBank: ADB54080.1]

Chloroflexus aurantiacus [GenBank: YP_001637370.1]

Fimbriimonas ginsengisoli [GenBank: WP_025229649.1]

Hydrogenivirga sp. [GenBank: EDP74264.1]

Deinococcus deserti [GenBank: WP_012693376.1]

Synergistes jonesii [GenBank: KEJ91493.1]

Halothermothrix orenii [GenBank: WP_012635818.1]

Akkermansia muciniphila [GenBank: WP_012420918.1]

Methanothermobacter marburgensis [GenBank: WP_013294857.1]

Desulfatibacillum alkenivorans [GenBank: WP_015947157.1]

Kordiimonas gwangyangensis [GenBank: WP_020398483.1]

Nostoc punctiforme [GenBank: WP_012410834.1]

Thermosipho africanus [GenBank: WP_012579584.1]

Microchaete sp. [GenBank: WP_017651574.1]

Natranaerobius thermophilus [GenBank: WP_012448208.1]

Chloroherpeton thalassium [GenBank: WP_012499293.1]

Nautilia profundicola [GenBank: WP_015902057.1]

Methanococcoides burtonii [GenBank: YP_566705.1]

Aurantimonas coralicida [GenBank: WP_024350744.1]

Bacillus subtilis [GenBank: CCU60147.1]

Deinococcus radiodurans [GenBank: NP_294177.1]

Coprothermobacter proteolyticus [GenBank: WP_012544079.1]

Neochlamydia sp. [GenBank: WP_042243487.1]

Mesotoga prima [GenBank: WP_014730448.1]

Sulfurovum sp. [GenBank: WP_008242234.1]

Sorangium cellulosum [GenBank: WP_020739009.1]

Bordetella bronchiseptica [GenBank: WP_003809994.1]

Oceanimonas sp. [GenBank: WP_014293595.1]

Pyrobaculum sp. [GenBank: WP_014289310.1]

Prosthecochloris aestuarii [GenBank: WP_012506243.1]

Methanothermus fervidus [GenBank: YP_004003586.1]

Alcanivorax pacificus [GenBank: WP_008736693.1]

Desulfovibrio acrylicus [GenBank: WP_020001639.1]

Streptococcus agalactiae [GenBank: WP_000905331.1]

Sulfurimonas autotrophica [GenBank: WP_013327769.1]

Pleurocapsa sp. [GenBank: AFY79152.1]

Staphylococcus aureus [GenBank: WP_000469884.1]

Fischerella muscicola [GenBank: WP_016869714.1]

Nocardia farcinica [GenBank: WP_041561025.1]

Halobacteroides halobius [GenBank: WP_015326433.1]

Sulfolobus solfataricus [GenBank: WP_009988521.1]

Acaryochloris sp. [GenBank: WP_010477252.1]

Aquifex aeolicus [GenBank: NP_214508.1]

Frankia alni [GenBank: WP_011604817.1]

Methylophilus methylotrophus [GenBank: WP_018987268.1]

Petrotoga mobilis [GenBank: WP_012209014.1]

Pyrobaculum aerophilum [GenBank: WP_011007344.1]

Thermovirga lienii [GenBank: WP_014163522.1]

Metallosphaera yellowstonensis [GenBank: WP_009069896.1]

Ferrovum myxofaciens [GenBank: WP_031596794.1]

Frankia alni [GenBank: WP_011605438.1]

Herpetosiphon aurantiacus [GenBank: ABX03356.1]

Dichelobacter nodosus [GenBank: WP_012030635.1]

Chlorogloeopsis fritschii [GenBank: WP_016877717.1]

Geobacter sulfurreducens [GenBank: WP_010941055.1]

Rhodospirillum centenum [GenBank: WP_041786652.1]

Mitsuokella multacida [GenBank: EEX68189.1]

Myxococcus xanthus [GenBank: WP_011556445.1]

Burkholderia cenocepacia [GenBank: CAR53415.1]

Parvularcula bermudensis [GenBank: WP_013300316.1]

Streptomyces aurantiacus [GenBank: EPH46781.1]

Flavobacterium antarcticum [GenBank: WP_022827497.1]

Thiobacillus thioparus [GenBank: WP_018507451.1]

Neisseria meningitidis [GenBank: EFM05325.1]

Kitasatospora sp. [GenBank: WP_030460196.1]

Sulfolobus islandicus [GenBank: WP_012710845.1]

Conexibacter woesei [GenBank: ADB48517.1]

Chlorobium limicola [GenBank: WP_012466649.1]

Frankia alni [GenBank: WP_011604380.1]

Blastopirellula marina [GenBank: EAQ80454.1]

Gemmata obscuriglobus [GenBank: WP_029600782.1]

Actinoplanes friuliensis [GenBank: WP_023362906.1]

Nitratifractor salsuginis [GenBank: WP_013554203.1]

Spirochaeta sp. [GenBank: KGM38294.1]

Fervidobacterium nodosum [GenBank: WP_011993489.1]

Ignavibacterium album [GenBank: WP_014559523.1]

Haladaptatus paucihalophilus [GenBank: WP_007983301.1]

Methanoplanus limicola [GenBank: WP_004075911.1]

Aminomonas paucivorans [GenBank: WP_006300401.1]

Nitrososphaera viennensis [GenBank: AIC14735.1]

Hydrogenobacter thermophilus [GenBank: WP_012962712.1]

Ktedonobacter racemifer [GenBank: EFH90647.1]

Cytophaga aurantiaca [GenBank: WP_018342970.1]

Thermococcus barophilus [GenBank: WP_013466975.1]

Isosphaera pallida [GenBank: ADV61539.1]

Melioribacter roseus [GenBank: WP_014856401.1]

Persephonella marina [GenBank: WP_012676789.1]

Anaerolinea thermophila [GenBank: WP_013559729.1]

Thermovibrio ammonificans [GenBank: WP_013537742.1]

Metallosphaera sedula [GenBank: YP_001191103.1]

Methanoculleus sp. [GenBank: KDE54612.1]

Acidianus hospitalis [GenBank: YP_004459009.1]

Candidatus Caldiarchaeum subterraneum [GenBank: YP_008796577.1]

Caldilinea aerophila [GenBank: YP_005442399.1]

Nitrosococcus halophilus [GenBank: WP_013034349.1]

Caulobacter crescentus [GenBank: ENZ82763.1]

Enterococcus faecalis [GenBank: ADX80867.1]

Gloeobacter violaceus [GenBank: NP_926227.1]

Marinithermus hydrothermalis [GenBank: WP_013703572.1]

Actinopolyspora halophila [GenBank: WP_026152363.1]

archaeon Lokiarchaeota [GenBank: KKK42805.1]

Thermococcus litoralis [GenBank: YP_008430039.1]

Gallionella capsiferriformans [GenBank: WP_013294756.1]

Caldivirga maquilingensis [GenBank: WP_012186612.1]

Synechococcus sp. JA-3-3Ab [GenBank: WP_011429010.1]

Mesorhizobium australicum [GenBank: WP_015314715.1]

Hydrogenobaculum sp. [GenBank: AGH93011.1]

Fischerella thermalis [GenBank: WP_009460033.1]

Thermus islandicus [GenBank: WP_022798965.1]

Candidatus Korarchaeum cryptofilum [GenBank: WP_012309483.1]

Collinsella tanakaei [GenBank: EGX70974.1]

Kosmotoga olearia [GenBank: WP_015869248.1]

Acidithiobacillus ferrooxidans [GenBank: WP_012536253.1]

Azoarcus sp. [GenBank: WP_015437408.1]

Marinitoga piezophila [GenBank: WP_014297283.1]

Desulfurobacterium thermolithotrophum [GenBank: WP_013637908.1]

Bdellovibrio bacteriovorus [GenBank: P60936.1]

Truepera radiovictrix [GenBank: WP_013176882.1]

Chlorobaculum tepidum [GenBank: WP_010932021.1]

Sulfurihydrogenibium subterraneum [GenBank: WP_028950986.1]

Planctomyces maris [GenBank: EDL56098.1]

Pelodictyon luteolum [GenBank: WP_011357207.1]

Kitasatospora sp. [GenBank: WP_030457673.1]

Haloarcula japonica [GenBank: WP_004593937.1]

Ilumatobacter coccineus [GenBank: WP_015440658.1]

Sulfolobus tokodaii [GenBank: NP_377795.1]

Waddlia chondrophila [GenBank: WP_013182489.1]

Methanolobus tindarius [GenBank: WP_023844684.1]

Chthonomonas calidirosea [GenBank: YP_008088253.1]

Opitutus terrae [GenBank: ACB76875.1]

Propionibacterium acidipropionici [GenBank: WP_015071668.1]

Actinobaculum massiliense [GenBank: WP_040317372.1]

Methanosaeta thermophila [GenBank: YP_844036.1]

Brachyspira innocens [GenBank: WP_020006024.1]

Bacteroides fragilis [GenBank: EKA87722.1]

Ilyobacter polytropus [GenBank: WP_013386707.1]

Thermotoga maritima [GenBank: NP_228701.1]

Treponema denticola [GenBank: EMB42614.1]

Singulisphaera acidiphila [GenBank: WP_015249133.1]

Gloeocapsa sp. [GenBank: ELR96348.1]

Desulfarculus baarsii [GenBank: WP_013259492.1]

Campylobacter jejuni [GenBank: WP_032592228.1]

Pyrobaculum islandicum [GenBank: YP_929648.1]

Hydrogenivirga sp. [GenBank: EDP76272.1]

Rhodopirellula baltica [GenBank: WP_011121390.1]

Thermoproteus uzoniensis [GenBank: WP_013679773.1]

Sphingobium indicum [GenBank: EIM67153.1]

Fusobacterium nucleatum [GenBank: ETZ25510.1]

Methanolobus psychrophilus [GenBank: WP_015054134.1]

Nitrosomonas eutropha [GenBank: WP_011633326.1]

Oceanithermus profundus [GenBank: WP_013457393.1]

Methanobrevibacter smithii [GenBank: WP_019268435.1]

Terrimonas ferruginea [GenBank: WP_028786545.1]

Sebaldella termitidis [GenBank: WP_012863494.1]

Pseudomonas aeruginosa [GenBank: KAJ21238.1]

Ferroglobus placidus [GenBank: YP_003436342.1]

Phycisphaera mikurensis [GenBank: WP_014436836.1]

Alicyclobacillus acidocaldarius [GenBank: WP_012810976.1]

Pirellula staleyi [GenBank: WP_012910973.1]

Lyngbya aestuarii [GenBank: WP_023066877.1]

Algoriphagus marincola [GenBank: WP_024284021.1]

Meiothermus ruber [GenBank: WP_013012748.1]

Alicyclobacillus acidocaldarius [GenBank: WP_012809651.1]

Salinimonas chungwhensis [GenBank: WP_018982810.1]

Methanopyrus kandleri [GenBank: WP_011019580.1]

Burkholderia cenocepacia [GenBank: CAR51590.1]

Pseudonocardia autotrophica [GenBank: WP_037049070.1]

Escherichia coli [KEGG: bacA]

Clostridium acetobutylicum [GenBank: WP_010963823.1]

Truepera radiovictrix [GenBank: WP_013177777.1]
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Suppl. Figure 4.


