Supplementary Information

Reconstructing genomes of carbon monoxide oxidisers in volcanic deposits including
members of the class Ktedonobacteria

Marcela Hernandez %", Blanca Vera-Gargallo 3, Marcela Calabi-Floody 4, Gary M
King 5, Ralf Conrad ¢ and Christoph C. Tebbe !

! Thiinen Institut fiir Biodiversitét, Braunschweig, Germany, christoph.tebbe@thuenen.de;
2 School of Environmental Sciences, Norwich Research Park, University of East Anglia,
Norwich, UK, marcela.hernandez@uea.ac.uk;

3 Department of Microbiology and Parasitology, Faculty of Pharmacy, University of
Seville, Seville, Spain, vera@us.es;

4BIOREN-UFRO, Universidad de La Frontera, Temuco, Chile;
marcela.calabi@ufrontera.cl;

> Department of Biological Sciences, Louisiana State University, Baton Rouge, LA, USA;
gkingme@gmail.com;

®Max Planck Institute for Terrestrial Microbiology, Marburg, Germany, conrad@mpi-
marburg.mpg.de;

*Correspondence: marcela.hernandez@uea.ac.uk (M.H.)

Supplementary figure legend:

Figure S1. Relative abundance of main phyla based on classification of scaffolds >500 bp.
Other phyla include members of Planctomycetes, Gemmatimonadetes, Cyanobacteria,
Firmicutes, Armatimonadetes and Patescibacteria.

Supplementary table legends:

Table S1. List of strains used for the tree construction.

Table S2. Summary table of other complete cellular functions in the MAGs isolates form
sites 1640, 1751 and 1957 retrieved from KEGG analysis. Reference genomes for
Ketedonobacteria: DSM45816T [1], DSM44963T [2] and NBRC 1135517 [3], (K: KEGG
orthology; M: KEGG Mode). Asterisks indicate the MAGs isolated from the class
Ktedonobacteria.

Table S3. Summary of the metagenome-assembled genomes (MAGs) isolated in the
present study. Average amino-acid identity (AAI) was calculated by comparing the MAGs
with their closest reference genomes identified based on the RAST results. The RefSeq
accession number of the reference genomes are provided in parenthesis.

Table S4. Summary of enzymatic functions for CO-, H2-, and formate-oxidation in the
Ktedonobacteria reference genomes. Carbon monoxide oxidation: K03518 carbon
monoxide dehydrogenase small subunit coxS, K03519 carbon monoxide dehydrogenase
medium subunit coxM, K03520 carbon monoxide dehydrogenase large subunit coxL.
Formate oxidation: K00122 formate dehydrogenase, K00123 formate dehydrogenase
major subunit. Hydrogen oxidation: H, dehydrogenase: K00436: NAD-reducing
hydrogenase large subunit.
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Bacteroidetes 1% I 2% I 3%
Verrucomicrobia 0.7% | 1% | 2%
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Figure S1. Relative abundance of main phyla based on classification of scaffolds >500 bp.
Other phyla include members of Planctomycetes, Gemmatimonadetes, Cyanobacteria,
Firmicutes, Armatimonadetes and Patescibacteria.
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Table S2. Summary table of other complete cellular functions in the MAGs isolates form
sites 1640, 1751 and 1957 retrieved from KEGG analysis. Reference genomes for
Ketedonobacteria: DSM45816T [1], DSM44963T [2] and NBRC 1135517 [3], (K: KEGG
orthology; M: KEGG Mode). Asterisks indicate the MAGs isolated from the class
Ktedonobacteria.

1640 1751 1957 Reference
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Fatty acid metabolism

MO00082 Fatty acid biosynthesis, initiation

MO00083 Fatty acid biosynthesis, elongation

M00086 beta-Oxidation, acyl-CoA synthesis

MO00087 beta-Oxidation

Lipid metabolism

M00091 Phosphatidylcholine (PC) bi , PE => PC

M00093 Phosphatidylethanol (PE) biosynthesis, PA => PS => PE
MO00098 Acylglycerol degradation

Purine metabolism

MO00048 Inosine is, PRPP + =>IMP
MO00049 Adenine ribonucleotide biosynthesis, IMP => ADP,ATP
M00050 Guanine ribonucleotide biosynthesis IMP => GDP,GTP
Pyrimidine metabolism

M00052 Pyrimidine ribonucleotide biosynthesis, UMP => UDP/UTP,CDP/CTP
M00046 Pyrimidine deg., uracil => beta-alanine, thymine => 3-aminoisobutanoate
Serine and threonine metabolism

MO00018 Threonine biosynthesis, aspartate => homoserine => threonine
MO00020 Serine biosynthesis, glycerate-3P => serine

MO00555 Betaine biosynthesis, choline => betaine

Cysteine and methionine metabolism

MO00017 Methionine biosynthesis, apartate => homoserine => methionine

MO00021 Cysteine biosynthesis, serine => cysteine

M00035 Methionine degradation

M00338 Cysteine biosynthesis, ine + serine => cysteine

Branched-chain amino acid i

MO00019 Val/isoleucine biosynth yruvate => val/2-oxobutanoate => isoleucine
M00432 Leucine b i lerate =>

MO00535 Isol t hesis, pyruvate => 2

MO00570 Isoleucine biosynthesis, threonine => 2-oxobutanoate => isoleucine
Arginine and proline metabolism

MO00015 Proline biosynthesis, glutamate => proline

MO00028 Ornithine biosynthesis, glutamate => ornithine

M00844 Arginine biosynthesis, ornithine => arginine
Polyamine biosynthesis

MO00134 Polyamine biosynthesis, arginine => ornithine => putrescine

MO00135 GABA biosynthesis, eukaryotes, putrescine => GABA

Aromatic amino acid metabolism

M00022 Shikimate pathway, phosphoenolpyruvate + erythrose-4P => chorismate
M00023 Tryptophan biosynthesis, chorismate => tryptophan

Histidine metabolism

M00026 Histidine biosynthesis, PRPP => his
M00045 Histidine degradation, histidine => N-formiminoglutamate => glutamate
Lysine metabolism

MO00016 Lysine biosynthesis, succinyl-DAP pathway, aspartate => lysine
M00527 Lysine biosynthesis, DAP aminotransferase pathway, aspartate => lysine
Other amino acid metabolism

MO00027 GABA (gamma-Aminobutyrate) shunt

MO00118 Glutathione biosynthesis, glutamate => glutathione
Lipopolysaccharide metabolism

M00063 CMP-KDO biosynthesis

MO00866 KDO2-lipid A biosynthesis, Raetz pathway, non-LpxL-LpxM type
Cofactor and vitamin metabolism

MO00115 NAD biosynthesis, aspartate => NAD

MO0119 Pantothenate biosynthesis, valine/L-aspartate => pantothenate

M00120 Coenzyme A biosynthesis, pantothenate => CoA

MO00121 Heme biosynthesis, plants and bacteria, glutamate => heme

M00123 Biotin biosynthesis, pimeloyl-ACP/CoA => biotin

MO00140 Cl-unit interconversion, prokaryotes

MO00577 Biotin biosynthesis, BioW pathway, pimelate => pimeloyl-CoA => biotin
M00846 Siroheme biosynthesis, glutamate => siroheme

idine

MO00868 Heme biosynthesis, animals and fungi, glycine => heme

M00880 Molybdenum cofactor biosynthesis, GTP => molybdenum cofactor
Sulfur metabolism

MO00176 Assimilatory sulfate reduction, sulfate => H2S

Nitrogen metabolism

M00531 Assimilatory nitrate reduction, nitrate => ammonia

Polyketide sugar unit biosynthesis
M00793 dTDP-L-rhamnose biosynthesis
Aromatics degradation

MO00551 Benzoate deg., benzoate =>
Metabolic capacity

MO00616 Sulfate-sulfur assimilation
MO00615 Nitrate assimilation




LS (T°'TO0000TONONS ZN) 8ZVEOT INSA 03soJ pjidipidy S9|el10eqop Y e11930eqopY 0TL699€ 999607 's9 980 v1'66 T'9T-LS6T-OVIN

€€LS (T'TO0000TOYNONS ZN) 8THEOT INSA D3sos pjidipiy s3|el4330eqOpIY elI91OEQOPIY  YYOVT6E 986TL S'19 vS'€ 1976 T'ST-LS6T-DOVIN
¥€'19 (T'6€2T00TOANYE ZN) ,€dV-SH Sualonfuqns piaoydsipioy sa|e||11dsopoyy elI91IE]O3I0Md  0909€59 [4474 619 6T°€E 6496 T'¥T-LS6T-OVIN
LS'vy  (1°SS0000T0IANS~ZN) ,00200L DDLV /3UOGap 19190G0I3Y}50.d $3|B1GO.IIWIOINIIBA BIGOMIIWOINIBA  TLOSSCS 295€T 509 60"t 9'S6 TE€T-LS6T-OVIN
81°LS (T°€8¥CTO ON) ,961TS DDLV Wnpjnsdod winjia3o0qopy s3|elia10eqOpIY elI91OB]OPIY  98TE6LY 1612C 6'85 ur TV'EL T'CT-LS6T-OVIN
9€YS (T°'TO0000TONONS ZN) 8TVEOT INSA p3sos pjidipidy $3|e13IRqOPPY BLI9DBQOPY  YTYE6EE 19088 609 wt €0'68 T'TT-LS6T-OVIN
€6'CS (T'S6SETO ON) | TZOEY INSA Wnaso. wnibupiodsordairs s3|e3e0Awoudy BlI91OBQOUIDY  6290ZY 66SLT v'IL L0T 19'¢L T'0T-LS6T-OVIN
9T'Cs (T'S6SETO ON) | TTOEY INSA Wnaso. wnibupiodsordais s3|e1ddAwoudY BLI91OBQOUIY 6656059 €919¢ €L 6’y 1606 T'6-LS6T-DOVIN
909 (1°82T£00dD™ZN) ,80LSEN $!S2U00ZDWID|DY DSOLIOWILSD S9|EPRUOWIRWWDY S$9I9PRUOWNBWWRYD  €8T/TTY €980T S €€ 6v'0L T'8-LS6T-OVIN
86'LY (T°600800 DN) SPEUIIIT SI|11BSIIA J230RGLIOY SNIDPIPULD s3|esaeqohug BLI9YOEQOPIY  YESESIY  BVLLET 685 LT W0v6  T'L-LS6T-OVIN
99'8¢ (T'8SLS€0dD™ ZN) ,Z9-SMVIS /[051GN. 43390G0.I0dsouopazy elI308GOUOPaLY Xalosoly)  ¢6%S89S ¥92¢T 8'vS 86'T 9€'08 T'9-LS6T-DOVIN
T6'SS (T'€60€TO DN) ,£T8EY INSQ WnJjwl bWaUUASOUNIY s3|e30AwouPY BLDIBQOUIY Y6V LESS T6€6L v'IL 60 S0'86 T'S-LS6T-OVIN
9€ 1y (T'S8EETO DN) | ¥ON /IsUabap xafjuowy  $3|eJ3)IeqoI9eUROWIDY L sadluuld  9TSL00€ 591§ L9 10 ¥9'CL Tv-LS6T-OVIN
£5'€9 (T°T00000TOMZNE ™ ZN) ,ZTM [Up2jnA 13390GOAIIa elI308GOUOPaIY xayyosolyy  8T9TYT9 SLEET LTS L€ L TELSET-OVIA
1065 (1'85£S€0dD™ ZN) ,Z9-SMVDS //0slign. 4a3o0go.odsouopary e11910EqOUOPaTY Xa30401yD G8SLTE9  TOL6TT €S 96'€ 796 T'C-LS6T-OVIN
LL'6Y (T°TO0000TO4INI™ZN) | E€1dIN SNIpBaIbbD 13300g0kig s3|esaeqohug BlI91OEQOPIY  SSE8E6Y 2159 €85 8¥'€ 858 T'T-LS6T-OVIN
96'0% (T°600800 DN) SEUIIIT SII1IESIIA J310RGLOY SNIDPIPUDD sa|esaeqohug eli?eqoplY  L08TSLY 1217 80L T€ €0L TT-TSLT-OVIN

16y (T°€8SSTOdD ZN) S-¥TN /p40jib spUow0asoy sa|e||141dsopoyy elBIBQOAI0Nd  SEYVTSLS v6CTT 8'99 8EL'E 9€'S8  T°T-0v9T-OVIN
$9'8S (T'€60€TO DN) |£Z8EY NS Wniw bwauuAsoudy s3|e3adAwoudY BlI91OBQOUIDY  EOEELOS £988 169 9€S'T £5°08 T'T-0v9T-OVIN
(%) (da) (%) (%) (%)

A\ A4 QUIOUIS UAIFNY 19pJo/ssep ejlAyd azis OSN JD uoneulweluo) ssaudldjdwo) Y]

‘sisaqjuared ur pap1Aod a1k SOWOUdF 99UIJAI AY) JO JIqUINU UOISSAIIL bagyay Ay, "synsax
LSV oY} U0 paseq PAIJIIuUIPI SQWOUIZ dIUIIIJAI JSISO[D J1dY} YNM SOV A3 Surredwiod Aq paje[nofed sem ([vv) Anuapl
p1roe-oure d3eIdAY “Apnis Juasaid ay) ur pajeost (SHVIA) SSWOUdS3 PA[qUIdSSB-dWoud3ejow Ay} Jo Arewuung €S 9[qel.



X X X X X X (1] I9T8SFINSA  *T'00000000ININI ZN wyijorq LS SUD-LOAIPIX0qD) DAOdSYDUIIPSOULIDY |
X X X X X X paysiqndun  [ARZ8YLIINSY  ['00000000LOAd ZN [0S [ewdyods 9L/ 11T DYAN SISUQOYIUO DAOdSYDWUISOULIDY |
X X X X X X [8] TASZYLO6SINSY  1'00000000AZI ZN [0S [eULISYI0dT Nl DUUD.ND DLOASUDUUASOULIIY ]
X X X X X X [L] IALSL96EINSY 100000000141 ZN  SSew Te[nuels ayi-[10s oroun snurd)p 121909081
X X X X X X (L] [AGGLI6ENSY  *1°00000000SAIE ZN ~ SSeW Ie[nUeIS OYI[-[10s Jlroun 1yspinqoy 1210090421 q
X X X X X X [L] TA€SL96EINSY  T°000000009ATd ZN  SSewr Je[nueirsd oY[-[Ios Fmoc n SISUIIOSDIUNS] ADIODGIOUNSUI, ]
X X X X X X [l 8STSOL:INSA I'S1¥80T700 40D SIOS PAI  ZD-SMVDS fostqn.L 12190qo.10dsouopary
X X X X X X [s] I1881-VVE DOLY  1'00000000XA1d ZN 1s0dwod adux 10T stsuaypOY X14jo10dsou iy |
X X X X X X €] LISSETTIOYEN  1'00000000MZ 3 ZN S[1OS JIUBD[OA LCTM Do 12190qoS(
X X X X X X [¥] IATSL96EINSY  1°000000000d19 ZN s[tos Apped LTS SHODYUDAND 4219DqOA(T
X X X X X X [zl €967% INSA  1'00000000DAAV ZN sfros ueadong ,1T-1dSOS A2fiutaoD.4 12120qOUOPILY
9¢+003 €T100M TTIO0M 0TSEOM 61SEOM 8ISEOM  dUARIY uonv9[[0) bogjoy 30IN0S UONL[OS] ureng so1adg

‘Jrungns 931e] 9seudZ0IPAY SUINPAI-VN 9€H00 :95eud30IpAYap CH :uoneprxo ud3oIpAH ungns Jofew aseud30IpAyap djeuLio)
€T1007 9Seud30IpAyap WO} 7Z 100 :UONEBPIXO JBUWLIO, “TX0J jrungns 331e[ 3Seud30IpAYIP 9pIXouow uoqred )Zsc0 JAX09 ungns
wnIpaw 9seudS0IpAYOp OpIXoUOW uoqied §1S¢O ‘SX09 jungns [[eus 3seuaFoIpAYIp 9pIXoUOW U0gIed §1S¢O :UONBPIXO PIXOUOW
uo0qgJIe)) 'SOWOoUd3 J0UIOJAI BLIAIOBQOUOPIIY Y} Ul UOIIBPIXO0-JBWLIO) PUE ‘-7H ‘- 10J suonounj orjewdzud jo Arewwung 'S 9[qeL,



Supplementary references

1.

King, C.E.; King, G.M. Description of Thermogemmatispora carboxidivorans sp.
Nov., a carbon-monoxide-oxidizing member of the class Ktedonobacteria isolated
from a geothermally heated biofilm, and analysis of carbon monoxide oxidation by
members of the class Ktedonobacteria. Int. J. Syst. Evol. Microbiol. 2014, 64,
1244-1251.

Chang, Y.J.; Land, M.; Hauser, L.; Chertkov, O.; Del Rio T.G.; Nolan, M.; et al.
Non-contiguous finished genome sequence and contextual data of the filamentous
soil bacterium Ktedonobacter racemifer type strain (SOSP1-21). Stand. Genomic.
Sci. 2011, 5, 97-111.

Zheng, Y.; Wang, C.M.; Sakai, Y.; Abe, K.; Yokota, A.; Yabe, S. Dictyobacter
vulcani sp. nov., belonging to the class Ktedonobacteria, isolated from soil of the
Mt Zao volcano. Int. J. Syst. Evol. Microbiol. 2020, 70, 1805-1813.

Yabe, S.; Sakai, Y.; Abe, K.; Yokota, A.; Také, A.; Matsumoto, A.; et al.
Dictyobacter aurantiacus gen. nov., sp. nov., a member of the family
Ktedonobacteraceae, isolated from soil, and emended description of the genus
Thermosporothrix. Int. J. Syst. Evol. Microbiol. 2017, 67,2615-2621.

Yabe, S.; Aiba, Y.; Sakai, Y.; Hazaka, M.; Yokota, A. Thermosporothrix hazakensis
gen. nov., sp. nov., isolated from compost and description of
Thermosporotrichaceae fam. nov. within the class Ktedonobacteria. /nt. J. Syst.
Evol. Microbiol. 2010, 60, 1794-1801.

Yan, B.; Guo, X.; Liu, M.; Huang, Y. Ktedonosporobacter rubrisoli gen. nov., sp.
nov., a novel representative of the class Ktedonobacteria, isolated from red soil,
and proposal of Ktedonosporobacteraceae fam. nov. Int. J. Syst. Evol. Microbiol.
2020, 70, 1015-1025.

Wang, C.M.; Zheng, Y.; Sakai, Y.; Toyoda, A. Minakuchi, Y.; Abe, K.; et al.
Tengunoibacter tsumagoiensis gen. nov., sp. nov., Dictyobacter kobayashii sp. nov.,
Dictyobacter alpinus sp. nov., and description of Dictyobacteraceae fam. nov.
within the order Ktedonobacterales isolated from Tengu-no-mugimeshi, a soil-like
granular mass of microorganisms, and emended descriptions of the genera
Ktedonobacter and Dictyobacter. Int. J. Syst. Evol. Microbiol. 2019, 69, 1910-
1918.

Zheng, Y.; Wang, C.M.; Sakai, Y.; Abe, K.; Yokota, A.; et al. Thermogemmatispora
aurantia sp. nov. and Thermogemmatispora argillosa sp. nov., within the class

Ktedonobacteria, and emended description of the genus Thermogemmatispora. Int.
J. Syst. Evol. Microbiol. 2019, 69, 1744-1750.



