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Figure S1. Phylogenetic tree based on the 125 phosphatases amino acid sequences retrieved from the BLASTp search using
L. lactis PHP HOL-Pase, E. coli DDDD HOL-Pase, and E. coli DDDD GmhB as queries. After the multi-alignment trimming,
201 positions have been considered for the phylogenetic tree construction. Colors light blue and pink identify the two main
clusters. Proteins reported in orange are those from the tree queries, those in blue are from Bacteroidetes, in green from
Chlorobi, and in red from Balneolota.
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Figure S2. Phylogenetic tree based on the concatenation of 182 conserved proteins of the 91 superphylum organisms and

17 outgroups. After the multi-alignment trimming, 47919 positions have been considered for the phylogenetic tree

construction. Organisms reported in orange are the outgroups, those in blue are Bacteroidetes, in green Chlorobi, in red

Balneolota, and in violet Rhodothermota. Genomic organization of his genes is represented on the right side of the figure.
Numbers within the alien gene icons represent groups of proteins with a significant BLASTp E-value (Table S3, Additional
file S1). Information about organisms growth temperature range is reported next to organisms names.



Tree scale: 0.1 ——

— Gracilimonas mengyeensis DSM 21985 HisG

Staphylococcus aureus NCTC 8325 HisG
Clostridium novyi NT HisG

Hungatella xylanolytica DSM 3808 HisG
Streptococcus gallolyticus ATCC 43143 HisG
Lactococcus lactis 111403 HisG

Bacillus subtilis 168 HisG

Neisseria meningitidis MC58 HisG

Burkholderia cenocepacia J2315 HisG
Sphingomonas wittichii RW1 HisG

-Prochlorococcus marinus MIT 9211 HisG
Gloeobacter violaceus PCC 7421 HisG
Streptomyces griseus NBRC 13350 HisG
-Micrococcus luteus NCTC 2665 HisG
Longibacter salinarum KCTC 52045 HisG
Salinibacter ruber DSM 13855 HisG
Longimonas halophila KCTC 42399 HisG

-Akkermansia muciniphila ATCC BAA-835 HisG
-Acidobacterium capsulatum ATCC 51196 HisG
Geobacter thiogenes ATCC BAA-34 HisG
Rubrivirga marina SAORIC-28 HisG
Rhodothermus marinus DSM 4252 HisG
Rhodothermus profundi DSM 22212 HisG
Chloroherpeton thalassium ATCC 35110 HisG
Chlorobaculum limnaeum DSM 1677 HisG
Chlorobaculum tepidum TLS HisG
Prosthecochloris aestuarii DSM 271 HisG
Pelodictyon luteolum DSM 273 HisG
Chlorobium phaeobacteroides DSM 266 HisG
Chlorobium limicola DSM 245 HisG

100

Fodinibius salinus DSM 21935 HisG
51 -Aliifodinibius roseus DSM 21986 HisG
86 -Aliifodinibius sediminis DSM 21194 HisG
——————————  Xlella fastidiosa 9a5¢ HisG
Melioribacter roseus P3M HisG
Ignavibacterium album JCM 16511 HisG
Pedobacter psychrophilus CCM 8644 HisG
Sphingobacterium spiritivorum ATCC 33861 HisG
Pedobacter heparinus DSM 2366 HisG
Pedobacter insulae DSM 18684 HisG
Solitalea koreensis DSM 21342 HisG
Mucilaginibacter mallensis MP1X4 HisG
Arcticibacter svalbardensis MN12-7 HisG
Microscilla marina ATCC 23134 HisG
Myroides phaeus DSM 23313 HisG
Nonlabens tegetincola JCM 12886 HisG
Flavobacterium aquatile LMG 4008 HisG
Algoriella xinjiangensis XJ109 HisG
Odoribacter splanchnicus DSM 20712 HisG
Phaeodactylibacter xiamenensis KD52 HisG
Reichenbachiella agariperforans DSM 26134 HisG
Ulvibacter litoralis DSM 16195 HisG
Chryseobacterium aquaticum KCTC 12483 HisG
Chryseobacterium gleum NCTC11432 HisG
Fluviicola taffensis DSM 16823 HisG
Flavobacterium johnsoniae UN101 HisG
Flavobacterium cucumis DSM 18830 HisG
Imtechella halotolerans K1 HisG
Leeuwenhoekiella marinoflava LMG 1345 HisG
-Zhouia amylolytica CGMCC 1.6114 HisG
Zunongwangia profunda SM-A87 HisG
Salegentibacter salegens ACAM 48 HisG
Croceibacter atlanticus HTCC2559 HisG
Aquimarina aggregata RZW4-3-2 HisG
Robiginitalea biformata HTCC2501 HisG
Maribacter cobaltidurans B1 HisG
Arenibacter echinorum DSM 23522 HisG
Cellulophaga lytica DSM 7489 HisG
Muricauda ruestringensis DSM 13258 HisG
Kordia algicida OT-1 HisG
Tenacibaculum maritimum NCIBM 2154T HisG
Wenyingzhuangia marina DSM 100572 HisG
Polaribacter filamentus ATCC 700397 HisG
Flaviramulus basaltis DSM 18180 HisG
Gelidibacter algens DSM 12408 HisG
Olleya aquimaris DSM 24464 HisG
Formosa algae KMM 8021 HisG
Thermophagus xiamenensis DSM 19012 HisG
Draconibacterium orientale FH5T HisG
B Parabacteroides distasonis ATCC 8503 HisG
Paludibacter propionicigenes \WB4 HisG
Coprobacter fastidiosus NSB1 HisG
Prevotella bergensis DSM 17361 HisG
Prevotella maculosa OT 289 HisG
Paraprevotella clara YIT 11840 HisG
Bacteroides vulgatus ATCC 8482 HisG
Bacteroides fragilis NCTC 9343 HisG
Bacteroides helcogenes P 36-108 HisG
Schieiferia thermophila DSM 21410 HisG
Niastella koreensis GR20-10 HisG
Filimonas lacunae NBRC 104114 HisG
Thermofiavifilum thermophilum DSM 14807 HisG
Cytophaga hutchinsonii ATCC 33406 HisG
Cesiribacter andamanensis AMV16 HisG
Hymenobacter roseosalivarius DSM 11622 HisG
Pontibacter actiniarum DSM 19842 HisG
Rufibacter tibetensis 1351 HisG
Roseivirga ehrenbergii KMM 6017 HisG
Cyclobacterium marinum DSM 745 HisG
Algoriphagus ratkowskyi DSM 22686 HisG
Algoriphagus hitonicola DSM 19315 HisG
Belliella baltica DSM 15883 HisG
Matrivirga tractuosa DSM 4126 HisG
Leadbetterella byssophila DSM 17132 HisG
Siphonobacter aquaeclarae DSM 21668 HisG
Spirosoma linguale DSM 74 HisG
Dyadobacter fermentans DSM 18053 HisG
Flexibacter flexilis DSM 6793 HisG

99

35

g

61
42

Figure S3. Phylogenetic tree based on the HisG amino acid sequences of the 91 superphylum organisms and 17 outgroups.
After the multi-alignment trimming, 249 positions have been considered for the phylogenetic tree construction. Organisms

reported in orange are the outgroups. Those in blue are Bacteroidetes, in green Chlorobi, in red Balneolota, and in violet
Rhodothermota.
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Figure S4. Phylogenetic tree based on the HisD amino acid sequences of the 91 superphylum organisms and 17 outgroups.
After the multi-alignment trimming, 372 positions have been considered for the phylogenetic tree construction. Organisms
reported in orange are the outgroups. Those in blue are Bacteroidetes, in green Chlorobi, in red Balneolota, and in violet
Rhodothermota.
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Figure S5. Phylogenetic tree based on the HisC amino acid sequences of the 91 superphylum organisms and 17 outgroups.
After the multi-alignment trimming, 301 positions have been considered for the phylogenetic tree construction. Organisms
reported in orange are the outgroups. Those in blue are Bacteroidetes, in green Chlorobi, in red Balneolota, and in violet
Rhodothermota.
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Flavobacterium johnsoniae UW101 HisNB
Flavobacterium cucumis DSM 18830 HisNB
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Figure S6. Phylogenetic tree based on the HisB amino acid sequences of the 91 superphylum organisms and 17 outgroups.
After the multi-alignment trimming, 314 positions have been considered for the phylogenetic tree construction. Organisms
reported in orange are the outgroups. Those in blue are Bacteroidetes, in green Chlorobi, in red Balneolota, and in violet
Rhodothermota.
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Figure S7. Phylogenetic tree based on the HisH amino acid sequences of the 91 superphylum organisms and 17 outgroups.
After the multi-alignment trimming, 137 positions have been considered for the phylogenetic tree construction. Organisms
reported in orange are the outgroups. Those in blue are Bacteroidetes, in green Chlorobi, in red Balneolota, and in violet
Rhodothermota.
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Figure S8. Phylogenetic tree based on the HisA amino acid sequences of the 91 superphylum organisms and 17 outgroups.
After the multi-alignment trimming, 185 positions have been considered for the phylogenetic tree construction. Organisms

reported in orange are the outgroups. Those in blue are Bacteroidetes, in green Chlorobi, in red Balneolota, and in violet
Rhodothermota.
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Figure S9. Phylogenetic tree based on the HisF amino acid sequences of the 91 superphylum organisms and 17 outgroups.
After the multi-alignment trimming, 250 positions have been considered for the phylogenetic tree construction. Organisms
reported in orange are the outgroups. Those in blue are Bacteroidetes, in green Chlorobi, in red Balneolota, and in violet

Rhodothermota.
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_{ Fluviicola taffensis DSM 16823 HislE
1 Rufibacter til is 1351 HislE
Phaeodactylibacter xiamenensis KD52 His|E
Algoriphagus hitonicola DSM 19315 HislE
Algoriphagus ratkowskyi DSM 22686 HisIE
Marivirga tractuosa DSM 4126 HislE
%Rob/gmltalea biformata HTCC2501 HislE
Xylella fastidiosa 9a5c¢ HislE
Odoribacter splanchnicus DSM 20712 HislE
Aliifodinibius sediminis DSM 21194 HislE
Aliifodinibius roseus DSM 21986 HislE
Fodinibius salinus DSM 21935 His|E
No tegetincola JCM 12886 HislE
Cesiribacter andamanensis AMV16 HisIE
Spirosoma linguale DSM 74 HislE
Dyadobacter fermentans DSM 18053 HislE
Cyclob. i i DSM 745 HislE
Filimonas lacunae NBRC 104114 HislE
Thermoflavifilum thermophilum DSM 14807 HislE
Thermophagus xiamenensis DSM 19012 HislE
15 Siphonobacter aquaeclarae DSM 21668 Hisl-HisE
1 Parabacteroides distasonis ATCC 8503 HislE
Belliella baltica DSM 15883 HisIE
Paludibacter propionicigenes WB4 HislE
3 Draconibacterium orientale FH5T HislE
n Coprobacter fastidiosus NSB1 HislE
3 Bacteroides vulgatus ATCC 8482 HislE
28 Bacteroides fragilis NCTC 9343 HislE
42 Bacteroides helcogenes P 36-108 HislE
Niastella koreensis GR20-10 HisIE
20 Ignavibacterium album JCM 16511 His|E
Imtechella halotolerans K1 HisIE
2 Cytophaga hutchinsonii ATCC 33406 HislE
Paraprevotella clara YT 11840 HislE
1 Prevotella bergensis DSM 17361 HislE
45 Prevotella maculosa OT 289 HisIE
Zunongwangia profunda SM-A87 HislE
B Salegentibacter salegens ACAM 48 HislE
6] Flaviramulus basaltis DSM 18180 HisIE
Aquimarina aggregata RZW4-3-2 HislE
8 Leeuwenhoekiella marinoflava LMG 1345 His|E
ulum til NCIBM 2154T HislE
Kordia algicida OT-1 HislE
Maribacter cobaltidurans B1 HisIE
Flavobacterium johnsoniae UN101 HislE
2| Flavobacterium cucumis DSM 18830 HislE
3 Wenyingzhuangia marina DSM 100572 HislE
Zhouia amylolytica CGMCC 1.6114 HislE
Croceibacter atlanticus HTCC2559 HisIE
2 22 Gelidibacter algens DSM 12408 HislE
Arenibacter echinorum DSM 23522 HislE
7 Reichenbachiella agariperforans DSM 26134 His|E
9 Muricauda ruestringensis DSM 13258 HislE
2 Cellulophaga lytica DSM 7489 HislE
0 Formosa algae KMM 8021 HislE
40 Olleya aquimaris DSM 24464 HisIE
L Polaribacter filamentus ATCC 700397 HislE

Figure S10. Phylogenetic tree based on the HisIE amino acid sequences of the 91 superphylum organisms and 17 outgroups
(HisI and HisE sequences have been concatenated for those organisms with separated genes). After the multi-alignment
trimming, 145 positions have been considered for the phylogenetic tree construction. Organisms reported in orange are
the outgroups. Those in blue are Bacteroidetes, in green Chlorobi, in red Balneolota, and in violet Rhodothermota.
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Maribacter cobaltidurans B1 HisH2-HisF2

Chryseobacterium gleum NCTC 11432 HisH2-HisF2
Melioribacter roseus P3M HisH2-HisF2

26

Figure S11. Phylogenetic tree constructed using the concatenated sequences of HisH and HisF or HIS7 of some members
of the superphylum (19 Bacteroidetes, 4 Chlorobi, 2 Balneolota and 2 Rhodothermota) and outgroups representative of
Bacteria (21), Archaea (3) and Eukarya (8). For those outgroups not reported in Table S2 (Additional file S1), the accession
numbers of HisH and HisF or HIS7 proteins have been reported in the tree. After the multi-alignment trimming, 426
positions have been considered for the phylogenetic tree construction. Organisms reported in orange are the outgroups.
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100 74 1

Gracilimonas mengyeensis DSM 21985 HisH-HisF
Aliifodinibius roseus DSM 21986 HisH-HisF
Ignavibacterium album JCM 16511 HisH1-HisF
Melioribacter roseus P3M HisH1-HisF1

Solitalea koreensis DSM 21342 HisH-HisF
% Pedobacter insulae DSM 18684 HisH-HisF
69 Arcticibacter svalbardensis MN12-7 HisH-HisF
Chryseobacterium gleum ATCC 35910 HisH1-HisF1
42 T'; Ulvibacter litoralis DSM 16195 HisH-HisF
50 Flavobacterium aquatile LMG 4008 HisH-HisF

Pontibacter actiniarum DSM 19842 HisH-HisF
Paludibacter propionicigenes WB4 HisH-HisF
Thermofilavifilum thermophilum DSM 14807 HisH-HisF
Dyadobacter fermentans DSM 18053 HisH-HisF
-Algoriphagus ratkowskyi DSM 22686 HisH-HisF
Roseivirga ehrenbergii KMM 6017 HisH-HisF
Prevotella maculosa OT 289 HisH-HisF
Bacteroides fragilis NCTC 9343 HisH-HisF
Zhouia amylolytica CGMCC 1.6114 HisH-HisF
Maribacter cobaltidurans B1 HisH1-HisF1
Aquimarina aggregata RZW4-3-2 HisH-HisF
Salegentibacter salegens ACAM 48 HisH-HisF
Wenyingzhuangia marina DSM 100572 HisH-HisF
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— —Pelodictyon luteolum DSM 273 HisH-HisF
100 L Chilorobaculum limnaeum DSM 1677 HisH-HisF
20 4? Longibacter salinarum KCTC 52045 HisH-HisF
100 Rhodothermus marinus DSM 4252 HisH-HisF
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—
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Those in blue are Bacteroidetes, in green Chlorobi, in red Balneolota, and in violet Rhodothermota.



