Metagenome-assembled genomes reveal many novel microbial lineages in the geothermal springs of the subantarctic Kerguelen Islands
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Text S1. Attempt to classify MAGs on the basis of overall genome relatedness indices (OGRI). 

In an attempt to go further than the classification made by GTDB-Tk, and as the taxonomy proposed by GTDB is new and does not correspond exactly to the one recognized by the International Code of Nomenclature of prokaryotes (ICNP), we also analyzed the data according to the rules of the Code and its nomenclature. For this purpose, we performed a tentative classification based on the LPSN taxonomy by using a combination of overall genome relatedness indices (OGRI) classically used with isolates for the delineation of the different taxonomic ranks, namely: 16S rRNA gene sequence similarity, average nucleotide identity score (ANI) and average amino-acid identity value (ANI). We considered the following thresholds for the different taxonomic ranks and sequences/indices considered: i/ on the basis of 16S rRNA sequences, <98.7% for a new species, <94.5% for a new genus, <86.5% for a novel order [1]; ii/ on the basis of ANI, <94–96% for a new species [2], <70.85–76.56% for a new genus [3]; on the basis of AAI, 95–100% for a same species, 65–95% for a same genus and 45–65% for a same family [4]. When the taxonomic affiliation could not be resolved by considering the standard deviation value calculated for the indices, the two possible taxonomic affiliations were indicated in Table S2 with a superscript number. When these indices could not be considered due to the lack of cultivated close relatives, we considered GTDB-Tk classification.

For Bacteria, taxonomic, phylogenomic and phylogenetic analyses allowed us to place the MAGs in the following clades: three in the Thermoflexus genus from three different springs (RB10-MAG04, RB13-MAG05, RB32-MAG02), one in the Dehalococcoidales order (RB32-MAG04), one in the Thermomicrobium genus (RB32-MAG08), one in the Chloroflexales order (RB32-MAG14), one in the Ktedonobacteraceae family (RB108-MAG03), four in the Hydrogenivirga genus from the four different springs (RB10-MAG07, RB13-MAG10, RB32-MAG07, RB108-MAG02), two in the Aquificaceae family (RB10-MAG12, RB32-MAG11), five in the Thermus genus from the four geothermal sources (RB10-MAG08, RB10-MAG11, RB13-MAG09, RB32-MAG10, RB108-MAG01), one in the Meiothermus genus (RB13-MAG13), two in the ‘Candidatus Caldipriscus’ genus (RB10-MAG09, RB32-MAG12), one in the Acidiferrobacteraceae family (RB13-MAG01), three in the Armatimonadetes phylum (RB10-MAG03, RB13-MAG04, RB32-MAG03), and one in the ‘Candidatus Patescibacteria’ superphylum (RB32-MAG13). 

For Archaea, assignations of the MAGs were as followed: three in the Acidilobaceae family (RB10-MAG01, RB13-MAG02, RB32-MAG01), two in the Zestosphaera genus (RB10-MAG02, RB13-MAG06), four in the Ignisphaera genus (RB10-MAG05, RB13-MAG08, RB13-MAG11, RB32-MAG05), three in the Thermofilaceae family (RB10-MAG06, RB13-MAG03, RB32-MAG09), three in the Thermoproteales order (RB10-MAG10, RB13-MAG07, RB32-MAG06), and one could not be classified (RB13-MAG12). 

Out of these 42 MAGs, 23 corresponded to different taxa at the taxonomic rank of species or higher and were distributed respectively, into 1 known species called Thermus thermophilus, 11 new genomic species within the genera Zestosphaera, Thermoflexus, Ignisphaera (×2), Thermofilum, Hydrogenivirga, Thermus, Meiothermus, ‘Candidatus Caldipriscus’ and Thermomicrobium, 4 putative new genera belonging to the families Acidilobaceae, Acidiferrobacteraceae, Aquificaceae and Ktedonobacteraceae, 5 putative new families within the order Armatimonadales and Thermoproteales (×2), Dehalococcoidales and Chloroflexales, and 1 putative new class within the superphylum ‘Candidatus Patescibacteria’. 

These analyses have made it possible to refine the classification of the taxa present in these sources but must be considered with care because a MAG is a consensus genome of a population, and not equivalent to a genome from an isolated strain, from a clone [5].
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Table S1. Physico-chemical conditions of the RB108, RB13, RB10 and RB32 geothermal springs. bdl, below detection limit. χ, conductivity.

	
	Field measurements
	Laboratory measurements (mg/L)

	Sample
	T(°C)
	pH
	pH (mV)
	χ
(mS/cm)
	CaCO3 (mg/L)
	F–
	Cl–
	NO2–
	Br–
	NO3–
	PO42–
	SO42–
	Na+
	K+
	Mg2+
	Ca2+

	RB108
	101.3
	9.59
	-111.9
	3.45
	83
	21.00
	1012.00
	bdl
	1.37
	0.16
	bdl
	33.10
	699.2
	23.76
	bdl
	7.868

	RB13
	93.0
	7.61
	-10.9
	0.166
	29
	0.43
	14.32
	bdl
	0.04
	0.16
	0.10
	11.83
	20.90
	8.78
	0.51
	4.699

	RB10
	78.4
	8.70
	-67.7
	0.149
	25
	0.58
	13.52
	0.06
	0.04
	bdl
	bdl
	12.35
	19.96
	6.82
	0.11
	3.342

	RB32
	97.0
	5.79
	95.1
	0.086
	3
	bdl
	5.53
	bdl
	0.03
	bdl
	bdl
	14.36
	7.50
	3.37
	0.65
	0.345

















Table S2. Taxonomical diversity classification of the 42 MAGs according to LPSN taxonomy (https://lpsn.dsmz.de/) based on average genome relatedness indices. AAI analysis was used to analyze the taxonomic position of some MAGs; for some of them, the calculated standard deviations did not allow for an accurate and unique classification. In these cases, the possible alternative classifications, considering the standard deviations are presented in Table 2 with a superscript number. Legend: 1Possibly a new family considering the standard deviation. 2Possibly a new genus considering the standard deviation. 3Possibly the family Armatimonadaceae considering the standard deviation. 4Possibly the family Thermoproteaceae considering the standard deviation. 5Possibly the family Dehalococcoidaceae considering the standard deviation. 6Possibly the family Chloroflexaceae considering the standard deviation. *: GTDB-Tk classification.
	MAG ID
	Domain
	Phylum
	Class
	Order
	Family
	Genus
	Species

	RB10-MAG01
	Archaea
	Crenarchaeota
	Thermoprotei
	Acidilobales
	Acidilobaceae1
	New 
	

	RB10-MAG02
	Archaea
	Crenarchaeota
	Thermoprotei
	Desulfurococcales
	Desulfurococcaceae
	Zestosphaera2
	New 

	RB10-MAG03
	Bacteria
	Armatimonadetes
	Armatimonadia
	Armatimonadales  
	New3
	
	

	RB10-MAG04
	Bacteria
	Chloroflexi
	Thermoflexia
	Thermoflexales
	Thermoflexaceae
	Thermoflexus
	New

	RB10-MAG05
	Archaea
	Crenarchaeota
	Thermoprotei
	Desulfurococcales
	Desulfurococcaceae
	Ignisphaera
	New

	RB10-MAG06
	Archaea
	Crenarchaeota
	Thermoprotei
	Thermoproteales
	Thermofilaceae
	Thermofilum
	New

	RB10-MAG07
	Bacteria
	Aquificae
	Aquificae
	Aquificales
	Aquificaceae
	Hydrogenivirga
	New 

	RB10-MAG08
	Bacteria
	Deinococcus-Thermus
	Deinococci
	Thermales
	Thermaceae
	Thermus
	thermophilus

	RB10-MAG09
	Bacteria
	WOR-3* 
	Hydrothermia*
	LBFQ01* 
	LBFQ01* 
	Caldipriscus* 
	New*

	RB10-MAG10
	Archaea
	Crenarchaeota
	Thermoprotei
	Thermoproteales
	New4
	
	

	RB10-MAG11
	Bacteria
	Deinococcus-Thermus
	Deinococci
	Thermales
	Thermaceae
	Thermus
	New

	RB10-MAG12
	Bacteria
	Aquificae
	Aquificae
	Aquificales
	Aquificaceae1
	New 
	

	RB13-MAG01
	Bacteria
	Proteobacteria
	Gammaproteobacteria
	Acidiferrobacterales
	Acidiferrobacteraceae1 
	New 
	

	RB13-MAG02
	Archaea
	Crenarchaeota
	Thermoprotei
	Acidilobales
	Acidilobaceae1
	New 
	

	RB13-MAG03
	Archaea
	Crenarchaeota
	Thermoprotei
	Thermoproteales
	Thermofilaceae1
	New
	

	RB13-MAG04
	Bacteria
	Armatimonadetes
	Armatimonadia
	Armatimonadales
	New3
	
	

	RB13-MAG05
	Bacteria
	Chloroflexi
	Thermoflexia
	Thermoflexales
	Thermoflexaceae
	Thermoflexus
	New

	RB13-MAG06
	Archaea
	Crenarchaeota
	Thermoprotei
	Desulfurococcales
	Desulfurococcaceae
	Zestosphaera
	New

	RB13-MAG07
	Archaea
	Crenarchaeota
	Thermoprotei
	Thermoproteales 
	New4
	
	

	RB13-MAG08
	Archaea
	Crenarchaeota
	Thermoprotei
	Desulfurococcales
	Desulfurococcaceae
	Ignisphaera
	New

	RB13-MAG09
	Bacteria
	Deinococcus-Thermus
	Deinococci
	Thermales
	Thermaceae
	Thermus
	New

	RB13-MAG10
	Bacteria
	Aquificae
	Aquificae
	Aquificales
	Aquificaceae
	Hydrogenivirga
	New 

	RB13-MAG11
	Archaea
	Crenarchaeota
	Thermoprotei
	Desulfurococcales
	Desulfurococcaceae
	Ignisphaera
	New

	RB13-MAG12
	Archaea
	Not defined
	
	
	
	
	

	RB13-MAG13
	Bacteria
	Deinococcus-Thermus
	Deinococci
	Thermales
	Thermaceae
	Meiothermus2
	New

	RB32-MAG01
	Archaea
	Crenarchaeota
	Thermoprotei
	Acidilobales
	Acidilobaceae1
	New 
	

	RB32-MAG02
	Bacteria
	Chloroflexi
	Thermoflexia
	Thermoflexales
	Thermoflexaceae
	Thermoflexus
	New

	RB32-MAG03
	Bacteria
	Armatimonadetes
	Armatimonadia
	Armatimonadales
	New3
	
	

	RB32-MAG04
	Bacteria
	Chloroflexi
	Dehalococcoidia
	Dehalococcoidales
	New5
	
	

	RB32-MAG05
	Archaea
	Crenarchaeota
	Thermoprotei
	Desulfurococcales
	Desulfurococcaceae
	Ignisphaera
	New

	RB32-MAG06
	Archaea
	Crenarchaeota
	Thermoprotei
	Thermoproteales
	New4
	
	

	RB32-MAG07
	Bacteria
	Aquificae
	Aquificae
	Aquificales
	Aquificaceae
	Hydrogenivirga
	New 

	RB32-MAG08
	Bacteria
	Chloroflexi
	Thermomicrobia
	Thermomicrobiales
	Thermomicrobiaceae
	Thermomicrobium
	New 

	RB32-MAG09
	Archaea
	Crenarchaeota
	Thermoprotei
	Thermoproteales
	Thermofilaceae1
	New 
	

	RB32-MAG10
	Bacteria
	Deinococcus-Thermus
	Deinococci
	Thermales
	Thermaceae
	Thermus
	New

	RB32-MAG11
	Bacteria
	Aquificae
	Aquificae
	Aquificales
	Aquificaceae1
	New 
	

	RB32-MAG12
	Bacteria
	WOR-3*
	Hydrothermia*
	LBFQ01*
	LBFQ01*
	Caldipriscus*
	New*

	RB32-MAG13
	Bacteria
	Superphylum ‘Candidatus Patescibacteria’*
	Paceibacteria*
	UBA6257*
	HR35*
	HRBIN35*
	

	RB32-MAG14
	Bacteria
	Chloroflexi
	Chloroflexia
	Chloroflexales
	New6
	
	

	RB108-MAG01
	Bacteria
	Deinococcus-Thermus
	Deinococci
	Thermales
	Thermaceae
	Thermus
	thermophilus

	RB108-MAG02
	Bacteria
	Aquificae
	Aquificae
	Aquificales
	Aquificaceae
	Hydrogenivirga
	New 

	RB108-MAG03
	Bacteria
	Chloroflexi
	Ktedonobacteria
	Ktedonobacterales
	Ktedonobacteraceae1 
	New  
	




Figure S1: Phylogenomic trees showing the positioning of the 42 MAGs based on GTDB-Tk classification and GTDB database (R95). A. Aquificota; B. Armatimonadota; C. Chloroflexota; D. Deinococcota; E. Proteobacteria; F. Patescibacteria; G. WOR-3; H. Thermoproteota; and I. Aenigmatarchaeota.
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Figure S2: (A) Histogram representing the average nucleotide identity of the 42 MAGs calculated with FastANI (GTDB-Tk) with respect to closest genomes and MAGs from the GTDB database. (B) Tentative prediction of the taxonomic position of MAGs based on overall genome relatedness indices (OGRI), with respect to cultured microorganisms. We considered the following thresholds for the different taxonomic ranks and sequences/indices considered: i/ on the basis of 16S rRNA sequences, <98.7% for a new species, <94.5% for a new genus, <86.5% for a novel order [1]; ii/ on the basis of ANI, <94–96% for a new species [2], <70.85–76.56% for a new genus [3]; on the basis of AAI, 95–100% for a same species, 65–95% for a same genus and 45–65% for a same family [4]. These analyses indicate that these springs are reservoirs of novel taxa. Nevertheless, they must be considered with care because OGRI are generally used for genome comparisons and a MAG is a consensus genome of a population.
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