Table S1. Distribution of Sec-/Cys-containing sequences in different organisms

Selenoprotein family

Number of organisms
containing both Sec form
and Sec trait

Number of organisms
containing only Cys
form and Sec trait

Number of organisms
containing Cys form but
no Sec trait

FdhA 67 6 126
SelD 38 37 46
FrhD 10 5 9
HdrA 7 11 29
Peroxiredoxin 10 56 251
HesB-like 11 20 63
GrdA 10 0 0
GrdB 10 1 5
SelW-like 10 0 13
Prx-like 7 11 26
Thioredoxin 7 61 278
FrhA 4 12 24
GlpC 3 8 6
Proline reductase 5 1 7
DsbA-like 4 58 169
Glutaredoxin 3 45 237
Thiol:disulfide interchange protein 3 46 114
AhpD-like 2 59 228
ArsC-like 2 1 4
DsbG-like 2 10 31
Distant AhpD homolog 2 23 64
Homolog of AhpF, N-terminal domain 2 35 88
DsrE-like 1 0 4
NADH oxidase 1 59 231
GPx 1 63 244




Table S2. Complete list of sister and more distant species of selenoprotein-containing bacteria

Sister organisms

Distant organisms

Phylum Organism 1 > 3 1 ) 3 1
Symbiobacterium Rubrobacter Bifidobacterium Tropheryma whipplei Kineococcus Mycobacterium Brevibacterium linens Corynebacterium
thermophilum xylanophilus longum radiotolerans avium ’ diphtheriae
Rubrobacter Symbiobacterium Bifidobacterium Tropheryma whipplei Kineococcus Mycobacterium Brevibacterium linens Corynebacterium
xylanophilus thermophilum longum radiotolerans avium ' diphtheriae
Actinobacteria Bresz?:ec}iirlum Tropheryma whipplei Leifsonia xyli Arthrobacter sp. gﬁi;%l;;lcl;z: ;{c(zldnif)(;;loecrizlﬁv Mycobacterium avium COZ.ZZf:;;Z;um
Mycobacterium . . Mpycobacterium . Brevibacterium Kineococcus Rubrobacter Symbiobacterium
. Mycobacterium bovis Mycobacterium sp. ; . : .
avium leprae linens radiotolerans xylanophilus thermophilum
Kineococcus . Acidothermus Mpycobacterium Brevibacterium Symbiobacterium Corynebacterium
. Frankia sp. . - . . . . .
radiotolerans cellulolyticus avium linens thermophilum diphtheriae
Acidobacteria  Solibacter usitatus - - - Aczdoba;terza - - -
bacterium
Aquificae Agquifex aeolicus - - - - - - -
. Chloroflexus Chloroflexus . Heliothrix Dehalococcoides Thermomicrobium Candidatus Chlorothrix
Chloroflexi . Roseiflexus sp. . . -
aurantiacus aggregans oregonensis ethenogenes roseum halophila
Spirochaetes Ziz Z.’Zi’;;a Treponema pallidum Borrelia garinii Borrelia burgdorferi 555 ;:;Zj clz};zas - - -
Syntrophobacter Syntrophus Syntrophus Desulfotalea Desulfovibrio Geobacter Desulfuromonas
fumaroxidans aciditrophicus buswellii j psychrophila vulgaris metallireducens acetoxidans
Desulfotalea Desulfobacterium . . e Geobacter Desulfuromonas oo ) Anaeromyxobacter
psych]rpophila autoj;rophicum Nitrospina gracilis j sulfurreducens acejtfoxidans Desulfovibrio vulgaris dehalo{genans
Desulfovibrio Desulfovibrio Lawsonia Geobacter Desulfotalea Desulfuromonas Anaeromyxobacter
desulfuricans vulgaris intracellularis j sulfurreducens psychrophila acetoxidans dehalogenans
Desulfovibrio Desulfovibrio Lawsonia Geobacter Desulfotalea Desulfuromonas Anaeromyxobacter
vulgaris desulfuricans intracellularis j sulfurreducens psychrophila acetoxidans dehalogenans
Syntrophus . Syntrophobacter Desulfuromonas Desulfotalea oo . Geobacter
aci);itropphicus Syntrophus buswellii ;umafoxidans ] acejlf:)xidans psychfophila Desulfovibrio vulgaris sulfurreducens
Deltaproteobact Pelobacter Pelobacter Geobacter Geobacter Desulfotalea Desulfovibrio Syntrophus Anaeromyxobacter
eria carbinolicus propionicus sulfurreducens metallireducens psychrophila vulgaris aciditrophicus dehalogenans
Geobacter Geobacter Geobacter Pelobacter Desulfotalea Desulfovibrio Syntrophus Desulfuromonas
metallireducens sulfurreducens uraniumreducens carbinolicus psychrophila vulgaris aciditrophicus acetoxidans
Geobacter Geobacter Geobacter Pelobacter Desulfotalea Desulfovibrio Syntrophus Desulfuromonas
sulfurreducens metallireducens uraniumreducens carbinolicus psychrophila vulgaris aciditrophicus acetoxidans
Geobacter Geobacter Geobacter Pelobacter Desulfotalea Desulfovibrio Syntrophus Desulfuromonas
uraniumreducens sulfurreducens metallireducens carbinolicus psychrophila vulgaris aciditrophicus acetoxidans
Desulfuromonas Geobacter Geobacter Pelobacter Desulfotalea Syntrophus Anaeromyxobacter Desulfovibrio
acetoxidans metallireducens sulfurreducens carbinolicus psychrophila aciditrophicus dehalogenans vulgaris
Anaeromyxobacter Desulfotalea Syntrophus oo : Geobacter
dehalo);enans Myxococcus xanthus ) ) psychfophila aci);litroﬁhicus Desulfovibrio vulgaris metallireducens
Firmicutes/Baci Bacillus sp. Bacillus anthracis Bacillus clausii Bacillus thuringiensis Listeria innocua Oce'anobac.lllus Staphylococcus aureus Geobaczl.l "
llales iheyensis kaustophilus
Firmicutes/ Moorella Thermoanaerobacter ~ Thermoanaerobact . . Carboxydothermus Desulfitobacterium - P Desulfotomaculum
Clostridia thermoacetica ethanolicus er tengcongensis Ammonifex degensii hydrogenoformans hafniense Clostridium difficile reducens
geong yarog
Syntrophomonas Caldicellulosiruptor Anaerobranca Moorella Carboxydothermus Thermoanaerobacter Desulfotomaculum
wolfei saccharolyticus gottschalkii ] thermoacetica hydrogenoformans tengcongensis reducens




Desulfotomaculum Carboxydothermus  Desulfitobacterium Moorella Syntrophomonas - s Thermoanaerobacter
; - . . Clostridium difficile ;
reducens hydrogenoformans hafniense thermoacetica wolfei tengcongensis
Carboxydothermus Desulfotomaculum Desulﬁtoéacterlum _ Moorella' Syntrophomonas Clostridium difficile Tl hermoanaerochter
hydrogenoformans reducens hafniense thermoacetica wolfei tengcongensis
Thermoanaerobact Moorella Thermoanaerobact . . Carboxydothermus Desulfitobacterium - o Desulfotomaculum
. . . Ammonifex degensii ; Clostridium difficile
er tengcongensis thermoacetica er ethanolicus hydrogenoformans hafniense reducens
Clostl.’ldlum Clostridium difficile Clostridium tetani Clostrfdlum Thermoanaerochter Moorella. Desulﬁtoéacterlum Carboxydothermus
perfringens botulinum tengcongensis thermoacetica hafniense hydrogenoformans
Clostridium Clostridium . . Clostridium Thermoanaerobacter Moorella Desulfitobacterium Carboxydothermus
e . Clostridium tetani . ; . .
difficile perfringens botulinum tengcongensis thermoacetica hafniense hydrogenoformans
Alkallzph.llus Clostridium difficile Clostfzdmm Clostridium tetani Carboxydothermus Tl hermoanaerobc.zcter Desulfotomaculum Moorella.
metalliredigenes : perfringens hydrogenoformans tengcongensis reducens thermoacetica
Desulfitobacterium Carboxydothermus Desulfotomaculum ) Clostridium Alkaliphilus Thermoanaerobacter Moorella
hafniense hydrogenoformans reducens perfringens metalliredigenes tengcongensis thermoacetica
. Paracoccus Rhodobacter Xanthobacter Sinorhizobium . . . .
Sulfitobacter sp. Jannaschia sp. denitrificans sphaeroides autotrophicus meliloti Silicibacter sp. Rickettsia bellii
Paracoccus . Rhodobacter Xanthobacter Sinorhizobium e . . ..
Alphaproteobac denitrificans Sulfitobacter sp. Jannaschia sp. sphaeroides autotrophicus meliloti Silicibacter sp. Rickettsia bellii
teria Xanthoba?ter Brucella suis Bar.tonella Smorhl;obfum Par.ac‘occus Silicibacter sp. Rickettsia bellii Acidiphilium
autotrophicus quintana meliloti denitrificans cryptum
Sln?rh{zobzum Rhizobium etli Agrobacte.rlum Xanthoba?ter Par'ac.occus Silicibacter sp. Rickettsia bellii Acidiphilium
meliloti pSymA tumefaciens autotrophicus denitrificans cryptum
Dechloromonas Bordetella Burkholderia Chromobacterium Thiobacillus
. Azoarcus sp. - - o . . .
aromatica bronchiseptica pseudomallei violaceum denitrificans
Burkholderia . . Burkholderia Burkholderia Dechloromonas Bordetella Chromobacterium Thiobacillus
Burkholderia mallei . . S . : . . .
fungorum pseudomallei vietnamiensis aromatica bronchiseptica violaceum denitrificans
Burkholderia . . Burkholderia Burkholderia Dechloromonas Bordetella Chromobacterium Thiobacillus
. . Burkholderia mallei . P . ; . . .
thailandensis pseudomallei ambifaria aromatica bronchiseptica violaceum denitrificans
Burkholderia . . Burkholderia Burkholderia Dechloromonas Bordetella Chromobacterium Thiobacillus
. Burkholderia mallei P . S . .
pseudomallei ambifaria fungorum aromatica bronchiseptica violaceum denitrificans
Burkholderia Burkholderia Burkholderia Burkholderia Dechloromonas Bordetella Chromobacterium Thiobacillus
Betaproteobacte mallei pseudomallei vietnamiensis cenocepacia aromatica bronchiseptica violaceum denitrificans
ria Burkholderia . . Burkholderia Burkholderia Dechloromonas Bordetella Chromobacterium Thiobacillus
P Burkholderia mallei . . . ; . . .
ambifaria pseudomallei cenocepacia aromatica bronchiseptica violaceum denitrificans
Burkholderia . . Burkholderia . Dechloromonas Bordetella Chromobacterium Thiobacillus
. S Burkholderia mallei . Burkholderia dolosa . S . L
viethamiensis pseudomallei aromatica bronchiseptica violaceum denitrificans
Burkholderia . . Burkholderia Burkholderia Dechloromonas Bordetella Chromobacterium Thiobacillus
Burkholderia mallei A . : . . .
dolosa ambifaria fungorum aromatica bronchiseptica violaceum denitrificans
Burkholderia Burkholderia Burkholderia . . Dechloromonas Bordetella Chromobacterium Thiobacillus
. . Burkholderia mallei . . . . .
cenocepacia pseudomallei dolosa aromatica bronchiseptica violaceum denitrificans
. . . Burkholderia Burkholderia Dechloromonas Bordetella Chromobacterium Thiobacillus
Burkholderia sp. Burkholderia mallei . . . S . .
pseudomallei cenocepacia aromatica bronchiseptica violaceum denitrificans
Epstlonpr:oteoba Wo‘lznella Hellcochler Hellcoba.cter Tl hzon.'zlc‘rosplra Campylobacter jejuni Campylgbac.ter Nautilia sp. )
cteria succinogenes hepaticus pylori denitrificans upsaliensis
Helicobacter . , Wolinella Thiomicrospira L Campylobacter e
hepaticus Helicobacter pylori succinogenes denitrificans Campylobacter jejuni upsaliensis Nautilia sp. -
Thiomicrospira Wolinella Helicobacter . . . L .
denitrificans succinogenes hepaticus Helicobacter pylori Campylobacter coli ~ Campylobacter jejuni Nautilia sp. -
Campylobacter Campylobacter jejuni Campylo{mcter Campylf)bac.ter Wo.lznella Helzcobgcter Nautilia sp. T hzon.uc.’rosptra
fetus coli upsaliensis succinogenes hepaticus denitrificans




Campylobacter L Campylobacter Campylobacter Wolinella Helicobacter . Thiomicrospira
; Campylobacter jejuni ; Co . . Nautilia sp. .
lari coli upsaliensis succinogenes hepaticus denitrificans
C lobact C lobact Wolinell Helicobact - Thiomi j
ampy-ovacter Campylobacter jejuni ampyrooacter Campylobacter fetus onnetta ericovacter Nautilia sp. fomcrospira
upsaliensis coli succinogenes hepaticus denitrificans
Campylobacter . Campylobacter Campylobacter Wolinella Helicobacter . Thiomicrospira
Pyio Campylobacter coli pyrobac Pyrobac . reos Nautilia sp. 1OmICTOSp
Jejuni upsaliensis upsaliensis succinogenes hepaticus denitrificans
C lobact C lobact ) Wolinell Helicobact e Thiomi j
ampytobacter Campylobacter jejuni ampytobacter Campylobacter coli otneta eliconacter Nautilia sp. romicrospira
coli upsaliensis succinogenes hepaticus denitrificans
Photobacteri Photobacteri _ . . o ) Sh 1l Pseud H hil
ofobactertum otosacterium Vibrio cholerae Vibrio vulnificus Escherichia coli ewanetia seudomonas AEmOpHITS
Gammaproteob sp. profundum oneidensis aeruginosa influenzae
i Photobacterium . _ _ . L . Shewanella Pseudomonas Haemophilus
acterta Photobacterium sp. Vibrio cholerae Vibrio vulnificus Escherichia coli . . . . pht
profundum : oneidensis aeruginosa influenzae
. . o . Photobacteri . : Sh 1l Pseud He hil
Vibrio angustum Vibrio cholerae Vibrio vulnificus ofodacterium Escherichia coli ewanetia seudomonas aemophitus
profundum oneidensis aeruginosa influenzae
Pseud Pseud Pseud Pseud. . ) Sh 1 o .
seudomonas seudomonas seudomonas seudomonas Escherichia coli ewanera Haemophilus influenzae Vibrio cholerae
aeruginosa Sfluorescens putida syringae oneidensis
Pseudomonas Pseudomonas Pseudomonas Pseudomonas . . Shewanella o _
. . . Escherichia coli . . Haemophilus influenzae Vibrio cholerae
Sfluorescens aeruginosa putida syringae oneidensis :
Pseud Pseud Pseud Pseud. o . Sh 1l o .
seudomonas seudomondas seudomonas seudomonas Escherichia coli ewanetia Haemophilus influenzae Vibrio cholerae
putida aeruginosa Sfluorescens syringae oneidensis
Sh 1l Sh 1 Colwelli H hil . . . Pseud
Shewanella sp. ewaner’a ewanetia onwetiia aemopnitus Escherichia coli Vibrio cholerae seudomonas
oneidensis denitrificans psychrerythraea influenzae aeruginosa
Shewanella Shewanella Colwellia Haemophilus L . _ Pseudomonas
. . . Shewanella sp. ; P Escherichia coli Vibrio cholerae .
oneidensis denitrificans psychrerythraea influenzae aeruginosa
Actinobacill; Actinobacill, H hil Mannheimi o . _ . . .
clinobacitius clinobacttius aemopniius Jannnewma Escherichia coli Vibrio cholerae Shewanella oneidensis Pseudomonas putida
pleuropneumoniae succinogenes influenzae succiniciproducens
H hil H hill Mannheimi Pasteurell . . . . . .
aemopnius aemoprius annhetna asteure’ta Escherichia coli Vibrio cholerae Shewanella oneidensis ~ Pseudomonas putida
ducreyi influenzae succiniciproducens multocida
Haemophilus Mannheimia Pasteurella . . L . . . . .
. L . Haemophilus ducreyi Escherichia coli Vibrio cholerae Shewanella oneidensis ~ Pseudomonas putida
influenzae succiniciproducens multocida
Pasteurell Mannheimi He hill Actinobacill . . _ . . .
asteure’ta annhemia aemopmitus CHnobactiis Escherichia coli Vibrio cholerae Shewanella oneidensis ~ Pseudomonas putida
multocida succiniciproducens influenzae succinogenes
Actinobacill Actinobacill H hil, Pasteurell . . . . . .
clmobactitus clinobaciis aemophius asteure’ta Escherichia coli Vibrio cholerae Shewanella oneidensis ~ Pseudomonas putida
succinogenes pleuropneumoniae influenzae multocida
Mannheimia Haemophilus Actinobacillus Pasteurella L . . . ) .
L . P . . Escherichia coli Vibrio cholerae Shewanella oneidensis ~ Pseudomonas putida
succiniciproducens influenzae pleuropneumoniae multocida
Photorhabdus o . Yersinia pestis . _ Haemophilus . : .
. Escherichia coli Salmonella enterica Vibrio cholerae ; Shewanella oneidensis ~ Pseudomonas putida
luminescens KIM influenzae
Yersini . . Yersini ti Photorhabd . H hil . . Pseud
ersima. - Escherichia coli ersima pestis otornabaus Vibrio cholerae aemophitus Shewanella oneidensis seudomondas
pseudotuberculosis KIM luminescens influenzae aeruginosa
Yersinia pestis o . Yersinia Photorhabdus . Haemophilus . . Pseudomonas
p Escherichia coli . ; Vibrio cholerae ; P Shewanella oneidensis .
KIM pseudotuberculosis luminescens influenzae aeruginosa
Yersini o . Yersini ti Photorhabd oo H hil . : Pseud
rersua Escherichia coli ersuma pests otornabaus Vibrio cholerae aemopniius Shewanella oneidensis seuaomonas
intermedia KIM luminescens influenzae aeruginosa
Yersini . . Yersini Photorhabd . H hil . ) Pseud
ersima. Escherichia coli ersima otornabaus Vibrio cholerae aemophitus Shewanella oneidensis seudomondas
frederiksenii pseudotuberculosis luminescens influenzae aeruginosa
.. .. . . Yersinia Photorhabdus . Haemophilus . . Pseudomonas
Yersinia mollaretii Escherichia coli . ; Vibrio cholerae ; P Shewanella oneidensis .
pseudotuberculosis luminescens influenzae aeruginosa
.. L. . . Yersinia Photorhabdus . Haemophilus . . Pseudomonas
Yersinia bercovieri Escherichia coli ll . ; Vibrio cholerae . P Shewanella oneidensis .
pseudotuberculosis luminescens influenzae aeruginosa




o . Yersini ] P . H ] . . P
Salr?wne.l la Escherichia coli ersinia pestis hott_)rhabdus Vibrio cholerae aemop hilus Shewanella oneidensis seud()fnonas
typhimurium KIM luminescens influenzae aeruginosa
Salmon.ella Escherichia coli Yersinia pestis Phot?rhabdus Vibrio cholerae ngmop hilus Shewanella oneidensis Pseudomonas
enterica KIM luminescens influenzae aeruginosa
. . .. . almonella Photorhabdus . Haemophilus . . Pseudomonas
Escherichia coli Yersinia pestis KIM 5 . ; Vibrio cholerae ; P Shewanella oneidensis .
enterica luminescens influenzae aeruginosa




Table S3. Selenoprotein loss events identified in 25 bacterial selenoprotein families

Sister organisms

Distant organisms

Selenoprotein Phylum Organism 1 ) 3 1 2 3 2
Firmicutes/Clostridia/ Clostridium difficile Clostridium Clostridium tetani Clostridium Thermoanaerobacter Moorella Desulfitobacteriu Carboxydothermus
Clostridium perfringens (-) -) botulinum (-) tengcongensis (-) thermoacetica (U) m hafniense (U) hydrogenoformans (U)
FdhA Firmicutes/Clostridia/ Moorella Thermoanaerobacter The;tfmoanaerocht Ammonifex i‘ag[foxy d(;hermus Desulfitobacterium Clostridium Desulfotomaculum
Thermoanaerobacteriales thermoacetica ethanolicus () er engc(gngenszs degensii (-) 4 ioge(nl(])) ormans hafniense (U) difficile (U) reducens (U)
Actinobacteria Symbiobacterium Rubrobacter Bifidobacterium Tropheryma Kineococcus Mycobacterium Brevibacterium Corynebacterium
thermophilum xylanophilus (U) longum (-) whipplei (-) radiotolerans (C) avium (C) linens (C) diphtheriae (-)
Actinobacteri Rubrobacter Symbiobacterium Bifidobacterium Tropheryma Kineococcus Mpycobacterium Brevibacterium Corynebacterium
crmobacieria xylanophilus thermophilum (U) longum (-) whipplei (<) radiotolerans (C) avium (C) linens (C) diphtheriae (<)
Firmicutes/Clostridia/ Clostridium difficile Clostridium Clostridium tetani Clostridium Thermoanaerobacter Moorella Desulfitobacteriu Carboxydothermus
Clostridium ' perfringens (U) -) botulinum (-) tengcongensis (U) thermoacetica (U) m hafniense (C) hydrogenoformans (U)
SelD Firmicutes/Clostridia/ Clostridium Clostridium difficile Clostridium tetani Clostridium Thermoanaerobacter Moorella Desulfitobacteriu Carboxydothermus
Clostridium perfiringens U) -) botulinum (-) tengcongensis (U) thermoacetica (U) m_hafniense (C) hydrogenoformans (U)
Firmicutes/Clostridia/ Moorella Thermoanaerobacter ?j:;oacr;ze};()nicgt Ammonifex i’agﬁ;}xg jg;g;;’z:; Desulfitobacterium Clostridium Desulfotomaculum
Thermoanaerobacteriales thermoacetica ethanolicus (-) g(U) 8 degensii (-) yarog! ) hafniense (C) difficile (U) reducens (U)
Firmicutes/Clostridia/ Thermoanaerobacter Moorella Thermoanaerobact Ammonifex i’agfé)xg jg;g;;’z:; Desulfitobacterium Clostridium Desulfotomaculum
Thermoanaerobacteriales tengcongensis thermoacetica (U) er ethanolicus (-) degensii (-) yarog ) hafniense (C) difficile (U) reducens (U)
Firmicutes/Clostridia/ Moorella Thermoanaerobacter YZZ::Z,OZZ?,WeO,i?gt Ammonifex Clostridium difficile Desulfotomaculum Desulfitobacteriu Carboxydothermus
Thermoanaerobacteriales thermoacetica ethanolicus (-) g ‘) g degensii (<) -) reducens (U) m hafniense (-) hydrogenoformans (U)
Firmicutes/Clostridia/Pept Carboxydothermus Desulfotomaculum Desulfitobacteriu Moorella Syntrophomonas Clostridium Thermoanaerobacter
ococcaceae hydrogenoformans reducens (U) m hafniense (-) thermoacetica (U) wolfei (U) difficile (-) tengcongensis (-)
FrhD Firmicutes/Clostridia/Pept Desulfotomaculum ga;boxy dt;hermus Desulfitobacteriu Moorella Syntrophomonas Clostridium Thermoanaerobacter
ococcaceae reducens (2) 4 roge(nlzormans m hafniense (-) thermoacetica (U) wolfei (U) difficile (-) tengcongensis (-)
Firmicutes/Clostridia/Syntr Syntrophomonas Caldicellulosiruptor Anaerobranca Moorella ga;f;xz Zg}fﬁ;’ss; Y?fgzoacr;ze};()nicgt Desulfotomaculum
ophomonadaceae wolfei saccharolyticus (-) gottschalkii (-) thermoacetica (U) yarog: ) 8 ) 8 reducens (U)
Firmicutes/Clostridia/ Moorella Thermoanaerobacter ?j:;oacr;ze};()nicgt Ammonifex Clostridium difficile Syntrophomonas Desulfotomaculum Carboxydothermus
Thermoanaerobacteriales thermoacetica ethanolicus (-) 8 ) 8 degensii (-) -) wolfei (U) reducens (U) hydrogenoformans (U)
Firmicutes/Clostridia/Pept Carboxydothermus Desulfotomaculum Desulfitobacteriu Moorella Syntrophomonas Clostridium Thermoanaerobacter
ococcaceae hydrogenoformans reducens (U) m hafniense (-) thermoacetica (U) wolfei (U) difficile (-) tengcongensis (-)
HdrA Firmicutes/Clostridia/Pept Desulfotomaculum ga;boxy do;hermus Desulfitobacteriu Moorella Syntrophomonas Clostridium Thermoanaerobacter
ococcaceae reducens 4 roge(nlzormans m hafniense (-) thermoacetica (U) wolfei (U) difficile (-) tengcongensis (-)
Firmicutes/Clostridia/Syntr Syntrophomonas Caldicellulosiruptor Anaerobranca Moorella ga;f;xz Zg}fﬁ;’ss; Y?fgzoacr;ze};()nicgt Desulfotomaculum
ophomonadaceae wolfei saccharolyticus (-) gottschalkii (-) thermoacetica (U) yarog! ) 8 ) 8 reducens (-)
Actinobacteria Symbiobacterium Rubrobacter Bifidobacterium Tropheryma Kineococcus Mycobacterium Brevibacterium Corynebacterium
thermophilum xylanophilus (-) longum (-) whipplei (-) radiotolerans (C) avium (C) linens (C) diphtheriae (C)
Deltaproteobacteria/ Geobacter Geobacter - G‘eob:zt;fer‘ Pelobacter Syntrophobacter Desulfovibrio Syntrophus Desulfuromonas
HesB-like Geobacteraceae sulfurreducens metallireducens (-) “ anmrr;- )e ueens carbinolicus (-) fumaroxidans (U) vulgaris (U) aciditrophicus (U) acetoxidans (U)
Firmicutes/Clostridia/Pept Desulfitobacterium Carboxydothermus Desulfotomaculum Clostridium Alkaliphilus The;tfmoanaerocht Moorella thermoacetica
ococcaceae hafniense hydrogenoformans (-) reducens (-) perfringens (U) metalliredigenes (U) er engc(gngenszs -)
GrdA Firmicutes/Clostridia/Pept Carboxydothermus Desulfotomaculum Desulfitobacteriu Thermoanaerobacter Clostridium difficile Moorella Syntrophomonas wolfei
ococcaceae hydrogenoformans reducens (-) m hafniense (-) tengcongensis (U) (U) thermoacetica (-) (-)




Carboxydothermus

Firmicutes/Clostridia/Ther ~ Thermoanaerobacter Moorella Thermoanaerobact Ammonifex hydrogenoformans Clostridium difficile Desulfitobacteriu Desulfotomaculum
moanaerobacteriales tengcongensis thermoacetica (-) er ethanolicus (-) degensii (<) yarog ) ) m hafniense (-) reducens (-)
- L L L . L Carboxydothermus Thermoanaerobact .
Firmicutes/Clostridia/ Clostridium difficile Clostridium Clostridium tetani Clostridium Moorella hydrogenoformans or tenocongensis Desulfitobacterium
Clostridium perfringens (-) (-) botulinum (-) thermoacetica (-) yarog ) ’ g(U)g o hafniense (-)
L L Alkaliphilus Clostridium difficile Clostridium Clostridium tetani Carboxydothermus Thermoanaerobacter  Desulfotomaculum — Moorella thermoacetica
Firmicutes/Clostridia A . hydrogenoformans .
metalliredigenes U) perfringens (-) -) ) tengcongensis (U) reducens (-) -)
Deltaproteobacteria/ Syntrophus Syntrophus buswellii Syntrophobacter Desulfuromonas Desulfotalea Desulfovibrio Geobacter
Syntrophobacterales aciditrophicus -) fumaroxidans (-) acetoxidans (U) psychrophila (-) vulgaris (-) sulfurreducens (-)
Deltaproteobacteria/ Desulfuromonas Geobacter Geobacter Pelobacter Syntrophus Desulfotalea Anaeromyxobacter ~ Desulfovibrio vulgaris
Desulfuromonadales acetoxidans metallireducens (-) sulfurreducens (-) carbinolicus (-) aciditrophicus (U) psychrophila (-) dehalogenans (-) -)
Firmicutes/Clostridia/Pept Carboxydothermus Desulfotomaculum Desulfitobacteriu Thermoanaerobacter Clostridium difficile Moorella Syntrophomonas wolfei
ococcaceae hydrogenoformans reducens (-) m hafniense (-) tengcongensis (U) (U) thermoacetica (-) (-)
Firmicutes/Clostridia/Ther ~ Thermoanaerobacter Moorella Thermoanaerobact Ammonifex Carboxydothermus Clostridium difficile Desulfitobacteriu Desulfotomaculum
GrdB . . . . I hydrogenoformans ;
moanaerobacteriales tengcongensis thermoacetica () er ethanolicus (-) degensii (<) ) ) m hafniense (-) reducens (-)
Firmicutes/Clostridia/ Clostridium difficil Clostridium Clostridium tetani Clostridium ia;boxy d(;hermus Thermoanaerobacter Moorella Desulfitobacterium
Clostridium ostrdium aypcre perfiringens (-) -) botulinum (-) 4 roge(n[(])) ormans tengcongensis (U) thermoacetica (-) hafniense (-)
L L Alkaliphilus Clostridium difficile Clostridium Clostridium tetani Carboxydothermus Thermoanaerobacter — Desulfotomaculum — Moorella thermoacetica
Firmicutes/Clostridia L . hydrogenoformans .
metalliredigenes (U) perfiingens (-) -) ) tengcongensis (U) reducens (-) -)
Actinobacteria Symbiobacterium Rubrobacter Bifidobacterium Tropheryma Kineococcus Streptomyces Mycobacterium Corynebacterium
thermophilum xylanophilus (-) longum (-) whipplei (-) radiotolerans (C) avermitilis (C) avium (-) diphtheriae ()
SelW-like Deltaproteobacteria/ Geobacter Geobacter - G‘eob:zt;er‘ Pelobacter Desulfotalea Desulfovibrio Syntrophus Desulfuromonas
Geobacteraceae sulfurreducens metallireducens (-) “ anlurr;_ )e ucens carbinolicus (-) psychrophila (U) vulgaris (-) aciditrophicus (-) acetoxidans (C)
Deltaproteobacteria/Desulf Desulfotalea Desulfobacterium Nitrospina gracilis Geobacter Desulfuromonas Desulfovibrio Anaeromyxobacter
obacterales psychrophila autotrophicum (-) -) sulfurreducens (U) acetoxidans (C) vulgaris (-) dehalogenans (-)
DsbA-lik Firmicutes/Clostridia/Pept Desulfotomaculum Carboxydothermus Desulfitobacteriu Clostridium difficile Thermoanaerobacter Moorella Syntrophomonas wolfei
sbA-lixe ococcaceae reducens hydrogenoformans (-) m hafniense (-) (C) tengcongensis (C) thermoacetica (-) (-)
Deltaproteobacteria/ Desulfuromonas Geobacter Geobacter Pelobacter Desulfotalea Syntrophus Anaeromyxobacter ~ Desulfovibrio vulgaris
ArsC Desulfuromonadales acetoxidans metallireducens (-) sulfurreducens (-) carbinolicus (-) psychrophila (U) aciditrophicus (-) dehalogenans (-) -)
Deltaproteobacteria/Desulf Desulfotalea Desulfobacterium Nitrospina gracilis Desulfuromonas Anaeromyxobacter Geobacter Desulfovibrio vulgaris
obacterales psychrophila autotrophicum (-) -) acetoxidans (U) dehalogenans (-) sulfurreducens (-) (-)
AhpF Firmicutes/Clostridia/Pept Carboxydothermus Desulfotomaculum Desulfitobacteriu Clostridium difficile Moorella Syntrophomonas Thermoanaerobacter
P ococcaceae hydrogenoformans reducens (-) m hafniense (C) (C) thermoacetica (-) wolfei (-) tengcongensis (-)
NADH oxid Deltaproteobacteria/ Geobacter Geobacter urar?iijnbrae(ZZem Pelobacter Desulfotalea Desulfovibrio Syntrophus Desulfuromonas
oxidase Geobacteraceae metallireducens sulfurreducens (C) ’ carbinolicus (-) psychrophila (C) vulgaris (C) aciditrophicus (C) acetoxidans (-)

-




Table S4. Relationship between selenium utilization traits and oxygen requirement

Sec trait Sec and Selenouridine No selenium Total
(only) Selenouridine traits trait utilization trait s
Anaerobic 13 11 5 27 56
Facultative 12 14 17 73 116
Microaerophilic 3 6 2 21 32
Aerobic 11 22 107 145
Total 33 42 46 228 349

Table SS5. Relationship between selenium utilization traits and optimal growth temperature

Sec trait Sec and Selenouridine No selenium Total
ota
(only) Selenouridine traits trait utilization trait s
<20°C
. 0 2 3 6 11
(Psychrophilic)
20~30 °C 13 17 40 117 187
30~40 °C 15 21 3 93 132
> 40 °C
5 2 0 12 19
(Thermophilic)
Total 33 42 46 228 349




Table S6. Relationship between Sec-/Cys-containing Prx and oxygen requirement

Prx (Sec) Prx (Cys in Sech)* Prx (Cys in Sec)* Prx lacking Total

Anaerobic 7 10 33 6 56
Facultative 2 15 90 9 116
Microaerophilic 0 14 6 12 32
Aerobic 1 17 122 5 145
Total 10 56 251 32 349

Sec’: Organisms containing the Sec-decoding trait
Sec”: Organisms lacking the Sec-decoding trait

Table S7. Relationship between Sec-/Cys-containing HesB-like and oxygen requirement

HesB-like HesB-like HesB-like HesB-like
(Sec) (Cysin Sec’)  (Cys in Sec) lacking Total
Anaerobic 7 5 3 41 56
Facultative 2 4 14 96 116
Microaerophilic 2 5 20 5 32
Aerobic 0 6 26 113 145

Total 11 20 63 255 349




