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Abstract :   
 
A novel anaerobic methylotrophic halophilic methanogen strain SLHTYROT was isolated from a deep 
hypersaline anoxic basin called “Tyro” located in the Eastern Mediterranean Sea. Cells of SLHTYROT 
were motile cocci. The strain SLHTYROT grew between 12 and 37 °C (optimum 30 °C), at pH between 
6.5 and 8.2 (optimum pH 7.5) and salinity from 45 to 240 g L−1 NaCl (optimum 135 g L−1). Strain 
SLHTYROT was methylotrophic methanogen able to use methylated compounds (trimethylamine, 
dimethylamine, monomethylamine and methanol). Strain SLHTYROT was able to grow at in situ 
hydrostatic pressure and temperature conditions (35 MPa, 14 °C). Phylogenetic analysis based on 16S 
rRNA gene and mcrA gene sequences indicated that strain SLHTYROT was affiliated to genus 
Methanohalophilus within the order Methanosarcinales. It shared >99.16% of the 16S rRNA gene 
sequence similarity with strains of other Methanohalophilus species. Based on ANIb, AAI and dDDH 
measurements, and the physiological properties of the novel isolate, we propose that strain SLHTYROT 
should be classified as a representative of a novel species, for which the name Methanohalophilus 
profundi sp. nov. is proposed; the type strain is SLHTYROT (=DSM 108854 = JCM 32768 = UBOCC-M-
3308). 
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INTRODUCTION 

Tyro basin was the first deep hypersaline anoxic basin discovered [13]. Between 5.6 and 5.3 million 

years ago, the Messinian salinity crisis was characterized by cyclic desiccation of the Mediterranean Sea 

causing deposition of massive evaporites [5,7]. The subsequent dissolution of these ancient evaporite rocks 

resulted in formation of brines that filled most depressions along the seafloor. These contemporaneous 

formations occur now at a depth of more than 3,000 m below the sea level (bsl) and are known as deep-sea 

hypersaline anoxic basins (DHABs) [32]. So far, eight deep hypersaline anoxic lakes Tyro, Bannock, 

Discovery, Atalante, Urania, Medee, Thetis, and Kryos have been discovered and studied for microbiology in 

the Eastern Mediterranean Sea [8,9,32,36,37]. Molecular analysis of the microbial diversity inhabiting these 

basins revealed the presence of numerous uncultivated phylogenetic clades. Based on the geochemistry 

indicating the biogenic methane production in these basins and the simultaneous detection of uncultivated 

Archaea closely related to known methanogenic clades named MSBL1 (Mediterranean Sea Brine Lake), it 

was speculated that the members of this MSBL1 clade were the methane producers [32,36]. However the 

production of methane by members of the MSBL1 is still under debate because no representative strain have 

been isolated in pure culture and metagenomics studies still failed to demonstrate the presence of enzymes 

required for methane production from the 15 metagenomes of the MSBL1 [22,35]. 

Interestingly, methyl coenzyme M reductase transcripts of the mcrA genes, specific common 

phylogenetic markers for the detection of methanogens, were recovered from several hypersaline anoxic 

basins and formed a tight cluster affiliated with Methanohalophilus [34], suggesting these microorganisms 

could be active methanogens. To date, the genus Methanohalophilus comprises four species, all isolated from 

terrestrial environment, Methanohalophilus mahii, M. halophilus, M. portucalensis and M. levihalophilus 

[2,14,25,33]. On the basis of 16S rRNA sequence analysis and rRNA probe hybrization, it was also proposed 

to rename Methanococcoides euhalobius, a methanogen isolated from deep shale reservoir, to 

Methanohalophilus euhalobius [10,24]. Recently, the analysis of the genome of a new Methanohalophilus 

strain RSK isolated from the Kebrit deep Brine in the Red Sea showed a highly conserved genomic core 

among the Methanohalophilus genus [12]. 
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In the present study, we describe a novel methylotrophic, halophilic, piezophilic, anaerobic archaeon 

belonging to the genus Methanohalophilus and isolated from the deep halophilic anoxic basin “Tyro” 

extending our knowledge of the presence of this genus as the possible source of biogenic methane in the deep-

sea hypersaline anoxic lakes.  

 

Materials and Methods 

 

The deep hypersaline anoxic basin Tyro (33.52419°N; 26.21956°E) at a depth of 3,350 m has been 

sampled during the oceanographic cruise “MAMBA C” in 2011. Depth-stratified brine samples were collected 

on board the RV Urania. Sampling was performed with 12 L Niskin bottles, housed on a rosette provided by 

SBE-911 plus CTD sensors (Sea-Bird Electronics, Bellevue, WA, USA). The interface was captured and 

fractionated as described elsewhere [34]. Salinity measurements at the top and bottom of the Niskin bottle 

indicated the fraction sampled of the interface collected. Samples for cation analysis were collected in 2 mL 

tubes and stored at -80°C directly on board. Sodium, methylated amines (methylamine, dimethylamine, 

trimethylamine, choline, N,N-dimethylethanolamine, N-methylethanolamine), ammonium and ethanolamine 

were analysed using a Dionex ICS-2000 Reagent-Free™ Ion Chromatography System (Dionex, Camberley 

UK) fitted with a AS50 autosampler and an IonPac CS16 column maintained at 60°C coupled with a CSRS 

300 of 4 mm suppressor and a DS6 conductivity detector (35°C). The gradient program was: 14 mmol L-1 

methanesulphonic acid (MSA) for 30 min, increase 5.33 mmol L-1 MSA min-1 to 46 mmol L-1 (0 min), 

decrease 68 mmol L-1 MSA min-1 to 12 mmol L-1 (8.5 min), increase 5.8 mmol L-1 MSA min-1 to 70 mmol L-

1 (5 min), decrease 11.2 mmol L-1 MSA min-1 to 14 mmol L-1 (5 min). Sub-samples for microbiology cultures 

were collected in 1 L Pyrex bottle flushed with nitrogen and closed with butyl rubber stopper. Sub-samples 

for cation measurements and microbiology cultures were taken at the same time. 

In the laboratory, brine samples were used as inoculum for anaerobic enrichments. The medium that 

was used for the enrichment of the strain had the following composition (per liter): 200 g NaCl, 4 g MgCl2. 

6H2O, 3.75 g MgSO4. 7H2O, 0.25 g NH4Cl, 0.33 g KCl, 0.14 g CaCl2. 2H2O, 10 mL trace element solution 

(DSMZ medium 141), 2 g NaHCO3, 0.2 g yeast extract, 0.2 g tryptone, 0.2 g casamino acids, 1.91 g 
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trimethylamine (TMA) and 0.14 g KH2PO4. The pH was adjusted to 7.0 at room temperature. The medium 

was boiled under N2/CO2 (80/20) gas, cooled down prior to addition of 0.5 g of cysteine-hydrochloride. The 

medium was dispensed into 50 mL serum bottles in 20 mL portions. The vessels were sealed with butyl rubber 

stoppers and aluminum crimp caps. The medium was autoclaved (121°C for 20 min). Thereafter, 1 mL of 

brine sample was transferred to a 50 mL serum bottle containing 20 mL of medium reduced with 0.004 M 

Na2S from a sterile anoxic stock solution. A pure culture was obtained from single colonies on enrichment 

medium solidified with 0.8% gellan gum (Phytagel™, Sigma-Aldrich) in Wolf’s flask incubated at 20°C. 

After the third transfer on Wolfe’s flask, a single white colony was picked, and designated as strain 

SLHTYROT. The purity of the strain was determined on the one hand, by inoculation of a methyl-free medium 

and on the other hand, by sequencing the 16S rRNA and mcrA genes amplified from DNA extracted from 

SLHTYROT cultures. 

Pressure experiments were done in serum glass vials of 20 mL totally filled with liquid medium and 

closed with butyl rubber stoppers and aluminium caps. Vials were then transferred into stainless steel pressure 

vessel-incubators that were heated in ovens, custom-built by Top Industrie (Vaux le Penil, FRANCE). Each 

vessel-incubators was pressurized to one of the following specific pressures: 10, 20, 35, 50 and 70 MPa and 

heated to 30°C [21]. Hydrostatic pressure was generated using a hydraulic pump (Top Industrie S.A.), and 

cold tap water served as hydraulic fluid. Bourdon® pressure gauges (100 MPa) monitored the pressure in each 

pressure vessel [21]. Atmospheric-pressure controls were prepared in the same conditions and were incubated 

in an oven at 30°C (0.1 MPa). In a second round of experiment, incubations were also performed at the in situ 

temperature (14°C) and pressure (35 MPa) by placing the pressure-vessel incubator in an air-conditioned 

room. 

Genomic DNA of strain SLHTYROT was isolated by using the procedure described by Charbonnier & 

Forterre (1994) [6]. Precipitated DNA was collected using a sterile glass rod, washed in 70% ethanol, dried at 

room temperature for 10 to 15 min. Finally, DNA was suspended in TE (Tris-EDTA) overnight at 4°C. The 

complete genome was sequenced with a combination of two sequencing approaches. A 100 bp paired-end 

library sequenced on an Illumina HiSeq (Illumina, Beckman Coulter Genomics, Danvers, MA) and a 

PacBio RS library (Genotoul, Toulouse). The 49,403,100 paired reads of 100 bp were quality trimmed (Q30) 
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and de novo assembled into scaffolds with the 117,638 PacBio reads using SPAdes version 3.10.0 [23]. The 

27 resulting scaffolds were then reorganized using MeDuSa scaffolder and Methanohalophilus halophilus 

DSM 3094T as reference genome [4]. A final gap-closing step was added using the scaffolded genome and 

the Illunina reads with the GapClose software included in SOAPdenovo2 leading to a final assembly with 4 

scaffolds (including 2 genomic scaffolds > 1,000 bases) [20].  

The annotation was performed on the MicroScope Microbial Genome Annotation and Analysis Platform 

(MaGe) at the genoscope [30,31]. Average nucleotide identity (ANIb) and Average amino acid identity (AAI) 

scores were calculating using the phylogenomic pipeline EDGAR 2.3 [1]. In silico DNA-DNA hybridization 

(DDH) estimations were calculated using the genome-to-genome distance calculator (GGDC2.1). In pour 

case, the GGDC results were based on the recommended formula 2 which is independent of genome size and 

thus is robust when comparing genomes of different sizes. 

The 16S rRNA and mcrA genes were amplified and sequenced as described previously [18]. The mcrA 

gene sequence was translated to the amino acid sequence in silico and aligned with those of related taxa using 

ClustalW implemented in ARB package [19].  

The 16S rRNA gene sequences obtained in this study were imported into the version 132 of Silva 

database [26]; (http://www.arb-silva.de) using the ARB software package [19]. Sequences from other studies 

that were not included in Silva were retrieved from GenBank (http://www.ncbi.nlm.nih.gov/). The sequences 

were automatically aligned against the entire database by using the “Integrated Aligner” of ARB, and the 

alignments were refined manually. The final consensus sequence was assembled from three independent 

sequencing from each primer used. Positions that had not been sequenced in one or more reference organisms 

were omitted. Phylogenetic trees (1,226 nucleotides) including sequence from strain RSK were calculated 

using RaxML, a maximum-likelihood method [29], with rate distribution model GTRGAMMA and a 

weighting mask based on positional variability of archaeal reference sequences. The outgroup-rooted 

(Methanopyrus kandleri) phylogenetic tree topology and node support (1,000 bootstraps) were tested. 

The mcrA gene sequences were imported into a seed alignment. The mcrA sequences were translated 

into amino acid sequences, hand-aligned and then by using the Fast Aligner in ARB. Trees were calculated at 

the amino acid level (228 amino acids) using a maximum likelihood RaxML method [27] with amino acids 

http://www.arb-silva.de/
http://www.ncbi.nlm.nih.gov/
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rate distribution model PROTGAMMA and substitution model DAYHOFF implanted in ARB package. The 

outgroup-rooted (Methermicoccus shengliensis and Methanosaeta harundinacea) phylogenetic tree topology 

and node support (1,000 bootstraps) were tested. 

 

Results &discussion 

 

Tyro is a funnel-shaped anoxic basin, diameter c.a. 4 km, located at the western end of the Strabo 

trench at a depth of 3,350 meters in the Eastern Mediterranean Sea [7]. The Tyro basin is a thalassic lake, 

characterised by salinity close to saturation (315 ‰), high concentrations of sodium (5,300 mM) and chloride 

(5,350 mM). Between the deep anoxic brine and the overlying seawater a sharp interface of few meters 

exhibiting a steep salinity gradient ranging from 39 ‰ at its upper face to 315 ‰ at its lower face. DHAB 

interfaces are hot spots for wide range of metabolically active microorganisms mainly revealed by molecular 

surveys [8,9,32,35]. These studies also reported the presence of numerous uncultivated lineages identified as 

MSBL candidate divisions. It was even suggested that MSBL1 could be a group of methanogens [3,32] 

responsible for the production of the biogenic methane in DHABs. In order to try to elucidate the metabolism 

of MSBL1 archaea, numerous enrichment cultures were performed from Tyro DHAB brine samples using a 

range of methanogenic substrates (MMA, DMA, TMA, DMEA, choline, glycine betaine, DMS, methanol, 

formate, acetate, H2/CO2). The only cultivated methanogen was a methylotrophic halophilic archaeon (strain 

SLHTYROT) closely affiliated with Methanohalophilus genus. 

Strain SLHTYROT was isolated from a sample (TY11Barch-14) characterized by a high salinity (215 

‰) collected at the interface of the Tyro basin. After 8 months of incubation at 20 °C, motile cocci that 

fluoresced blue-green under UV (420 nm) were enriched in a medium containing 200 g L-1 of NaCl. 

Subculturing of this enrichment revealed that the optimal salinity was close to 135 g L-1 of NaCl. After 2 

months of incubation at 20°C, mustard-coloured colonies with a diameter of 1-2 mm were observed in the 

Wolfe’s flask. Once isolated, cells of strain SLHTYROT appeared as regular slightly motile cocci, with a 

diameter of 0.7 to 1.2 µm (Fig. 1). 
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The comparison of the physiological characteristics between strain SLHTYROT and species of the 

Methanohalophilus genera are presented in Table 1, in summary it shows that SLHTYROT strain is the only 

motile, piezophilic and the most halophilic species of the Methanohalophilus genus.  

To resolve the phylogeny of SLHTYROT, 16S rRNA and mcrA gene sequences were compared to a 

comprehensive set of sequences from public databases. Based on 16S rRNA gene sequences, the closest 

neighbors of the strain SLHTYROT were Methanohalophilus species. The highest similarity was observed 

with the species M. halophilus strain Z7982T (99.83%) and M. portucalensis strain FDF-1T (99.83%) and the 

lowest with M. euhalobius strain 283 (99.23%). The 16S rRNA gene sequence from SLHTYROT showed 

99.66% similarity with Methanohalophilus strain RSK, isolated also from a deep hypersaline anoxic 

environment [12] (Table S1). The 16S rRNA and mcrA gene phylogenetic trees including Methanohalophilus 

spp. confirmed that strain SLHTYROT grouped within genus Methanohalophilus (Fig. 2 and 3). These 

topologies were supported by bootstrap values (> 70% for 16S rRNA and > 50% for mcrA) with maximum 

likelihood methods (Fig. 2 and 3). Moreover, an environmental RNA-derived 16S rRNA sequence, recovered 

from the same brine sample, was closely related to the type strain SLHTYROT within the Methanohalophilus 

genus (data not shown), suggesting these communities were metabolically active and could be involved either 

directly or indirectly in the methane cycling process. In addition, environmental mcrA gene sequences 

recovered from Discovery, L’Atalante, Kryos and Thetis deep hypersaline anoxic basins were included in the 

analysis. Strain SLHTYROT was closely related to one mcrA sequence collected from the Thetis hypersaline 

brine (HQ658638) suggesting that methane in hypersaline basin might be produced by methanogens belonging 

to Methanohalophilus genus (data not shown). 

SLHTYROT whole-genome sequencing results were distributed among 4 scaffolds representing a total 

size of 1,830,088 bp (with 898 unspecified bases) and an average coverage of approximately 5,300X. This 

genome has a GC content (42.7 %) in the range of all other Methanohalophilus species (41.9 to 44%; Table 

1). The genome of SLHTYROT harbours a total of 2,027 open-reading frames that were identified using the 

MaGe platform [30,31] (Table 1). These values were also in the range to those predicted for all other 

Methanohalophilus spp (1,990 to 2,124; Table 1). The core genome of strain SLHTYROT and close relatives 
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of Methanohalophilus spp has 1219 protein-coding genes which represents 57 to 61% of their predicted 

proteomes. The proportion of unique proteins present in the SLHTYROT genome (7.3%, n=149) is also in the 

range of other Methanohalophilus spp (6.1 to 9.3%, n=125 to 192) suggesting they could represent genomic 

traits specific to each species of Methanohalophilus. Moreover, most these unique proteins in SLHTYROT 

genome were assigned as hypothetical proteins (58%) which could later uncover specific traits for adaptation 

to DHABs. 

Analysis of 16S rRNA sequences has a limited resolution to discriminate between closely related 

species. DNA-DNA digital hybridization (dDDH) were performed between strain SLHTYROT and the closest 

validate references M. portucalensis FDF-1T (58%), M. mahii SLPT (45%) and M. halophilus Z-7982T (51%) 

calculated using the genome-to-genome distance calculator GGDC2.1 [11]. All dDDH values obtained were 

below the threshold value of 70 % DNA–DNA relatedness generally accepted for the definition of a novel 

species [28]. Average nucleotide identity (ANI) among described Methanohalophilus species and 

Methanohalophilus strain RSK, calculated using the ANI calculator of [11], varies between 90.96 and 94.34% 

(Fig. S1). The value of 94.34% is obtained between strain SLHTYROT and M. portucalensis. Average amino 

acid identity (AAI) among Methanohalophilus spp., calculated using the AAI calculator of the phylogenomic 

EDGAR platform, varies between 93.11% and 95.82% which is also below the threshold value of 96% [16] 

(Fig. S2). Thus, based on an ANI threshold of ∼95%, AAI threshold of ∼96%, and dDDH results below 70% 

which are currently being operationally used for species delineation[15–17], our results indicate that strain 

SLHTYROT represents a novel species in the genus Methanohalophilus.  

Growth of SLHTYROT under high hydrostatic pressure was also investigated as Tyro basin samples 

were collected at a depth of 3,350 m. We observed that the strain SLHTYROT was able to grow under 

hydrostatic pressure at 30°C with an optimum at 35 MPa which was close to the in situ hydrostatic pressure 

(Fig. 4). M. halophilus, M. portucalensis and M. mahii were not able to grow under hydrostatic pressure (data 

not shown). Growth of the isolate at in situ pressure (35 MPa) and temperature (14°C) was also demonstrated 

as cell densities reached 5 x 108 cells mL-1 after two months of incubation. Furthermore, high concentrations 
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(< 0.816 µM) of N-methyl compounds such as trimethylamine were also detected in the upper interface of the 

Tyro brine lake indicating that methanogenic substrates were also available in situ. 

 

Conclusion 

Strain SLHTYROT could be metabolically active in situ, as it can grow at in situ temperature (14°C), 

hydrostatic pressure (35 MPa), salinity (215‰) and utilize the high concentrations of N-methyl compounds 

present at the Tyro basin interface as catabolic substrates. Moreover, 16S rRNA and mcrA gene sequences 

transcripts were closely affiliated to the genus Methanohalophilus and were detected in the same interface or 

others DHABs suggesting that the strain SLHTYROT could be one of the microbial partners involved in the 

methane production in the Tyro basin. 

Novel strain SLHTYROT is the first piezophilic, highly halophilic microorganism isolated from deep-

sea belonging to the Methanohalophilus genus. Phenotypical, phylogenetic and genomic features indicate that 

it represents a novel species of the genus Methanohalophilus for which the name Methanohalophilus profundi 

sp. nov., is proposed, in reference to the depth of its source location.  

 

Description of Methanohalophilus profundi sp. nov. 

Methanohalophilus profundi (pro.fun’di. L. gen. n. profundi of the depth of the sea). 

Cells are regular cocci (diameter 0.7-1.2 µm), slightly motile and occur singly or in pairs. Colonies are 

mustard-coloured, circular and convex. Obligately anaerobic. Growth occurs on methylated compounds 

(TMA, DMA, MMA, methanol).  

Optimal growth occurs at 30°C, pH 7.5 and 13.5 % (w/v) NaCl. Piezophilic, growing optimally under 

35 MPa (pressure range: 0-50 MPa). 

The type strain SLHTYROT (=DSM 108854= JCM 32768= UBOCC-M-3308) was isolated from the 

Tyro deep-sea hypersaline anoxic basin located at a depth of 3,350 m in the Eastern Mediterranean Sea closed 

to the Strabo trench. (33.52419°N; 26.21956°E). 

The DNA G+C content of this strain is 42.7 mol %.  
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Description of the Methanohalophilus profundi sp. nov. is given in Table 2. 
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Fig. 1. 

 

 

 

 

 

 

 

Fig. 1. Transmission electron micrograph of negatively stained cell of SLHTYROT. The arrows 

indicated the presence of two flagella. 
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Fig. 2. 

 

Fig. 2. Maximum likelihood tree based on 16S rRNA gene sequences of strain SLHTYROT and the type 

strains of related taxa within the Methanosarcinaceae. Methanopyrus kandleri served as outgroup. Numbers 

at node indicate branches with bootstrap values >70% (1,000 replicates) in maximum likelihood trees (RaxML 

and PROTGAMMA-DAYHOFF rate distribution model analysis of 1,226 nucleic acid positions). The 

sequence obtained in this study is marked in bold type. Bar. 0.1 substitutions per nucleotide. 
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Fig. 3. 

 

Fig. 3. Phylogenetic tree showing the relationship between strain SLHTYROT and methanogenic Archaea 

related to members of the genus Methanohalophilus in public databases, based on a Maximum Likelihood 

with RaxML and PROTGAMMA-DAYHOFF rate distribution model analysis of an alignment of mcrA genes 

(228 amino acid positions). The sequence obtained in this study is marked in bold type. Bootstrap values (%) 

are based on 1,000 replicates and are indicated at nodes for branch bootstrap support values ≥50%. Bar, 0.1 

substitutions per site. 
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Fig. 4.  

 

Fig. 4. Growth of strain SLHTYROT under hydrostatic pressure. The cells densities were measured by flow 

cytometry as described in the material and methods. The 0.1 MPa point correspond to a penicillin flask with 

a N2 atmosphere under 0.1 MPa incubated as control. All the cultures were stopped when the control flask 

reached around 5 x 107 cells mL-1. 
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Table 1. Characteristics differentiating strain SLHTYROT from Methanohalophilus species. Species: 1, 1 

Methanohalophilus profundi SLHTYROT (this study); 2, M. portucalensis FDF-1T[2]; 3, M. mahii SLPT [25]; 2 

4, M. halophilus Z-7982T [38]; 5, M. levihalophilus GTA13T [14], 6, Methanohalophilus euhalobius[10,24] ; 3 

7, Methanohalophilus strain RSK [12]. Legend: +, positive; -, negative. nd: not determined. 4 

*: Genome analysis 5 
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&: Unique proteins within Methanohalophilus genus. 6 
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Table 2.  8 

Description of Methanohalophilus profundi sp. nov. 9 

 10 

Genus name Methanohalophilus 

Species name Methanohalophilus profundi 

Species status  sp. nov. 

Species etymology pro.fun’di. L. gen. n. profundi of the depth of the sea. 

Description of the new taxon and 

diagnostic traits 

Cells are regular cocci (diameter 0.7-1.2 µm), slightly motile and occur singly or 

in pairs. Colonies are mustard-coloured, circular and convex. Obligately anaerobic. Pure 

cultures of SLHTYROT grew between 12 and 37°C. No growth was detected at 7 and 

40°C. Growth of isolate SLHTYROT was observed at range of NaCl concentrations (45 to 

240 g L-1; optimum at 135 g L-1) representative of the in situ environmental conditions. 

No growth was observed at 30 and 255 g L-1 NaCl. Isolate SLHTYROT grew between pH 

6.5 and 8.0, with an optimum pH around 7.5. No growth was detected at pH 6.0 and 8.5.. 

Piezophilic, growing optimally under 35 MPa (pressure range: 0-50 MPa). Growth occurs 

preferentially on methylated compounds (TMA, DMA, MMA, methanol) No growth was 

observed on DMS, glycine betaine, choline and N,N-dimethylethanolamine, formate, 

acetate and H2/CO2. When supplemented individually in the basal medium with vitamin 

mixture (Medium 141, DSMZ), yeast extract (0.02 %), peptone, tryptone, casamino acids 

stimulated the growth yield. Ammonium, nitrate, nitrite, gelatin and yeast extract were 

used as nitrogen sources in a nitrogen free medium (ammonium chloride and yeast extracts 

are removed from the medium).. Urea was not used. The presence of oxygen (>2%) in the 

gas phase completely inhibited growth.  

 

Country of origin GREECE 

Region of origin 

Tyro deep-sea hypersaline anoxic basin located at a depth of 3,350 m in the Eastern 

Mediterranean Sea closed to the Strabo trench 

 

Date of isolation (dd/mm/yyyy) 16/10/2012 

Source of isolation  Brine, deep sea hypersaline basin 
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Sampling date (dd/mm/yyyy) 17/9/2011 

Latitude (xx°xx′xx″N/S) 35°1’12’’ N 

Longitude (xx°xx′xx″E/W) 22°0’36’’E 

Altitude (meters above sea level) - 

16S rRNA gene accession nr. MH223463. 

Genome accession number  

[RefSeq; EMBL; …] 
QBKB00000000 

Genome status Complete 

Genome size 1,829 Kbp 

GC mol% 42.7 

Number of strains in study 1 

Source of isolation of non-type strains - 

Information related to the Nagoya 

Protocol 
Hellenic republics, Ministry of Foreign affairs, No.: 6357.1/AS 37648 

Designation of the Type Strain SLHTYROT 

Strain Collection Numbers =DSM 108854=JCM 32768 

 11 
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Supplementary material 14 

 15 

 16 

Methanohalophilus profundi sp. nov., a methylotrophic halophilic piezophilic methanogen isolated from 17 

a deep hypersaline anoxic basin. 18 

Stéphane L’Haridona*, Hani Harouna, Erwan Correb, Erwan Roussela, Chalopin Morganea, Patricia 19 

Pigneta, Charlotte balièrea, Violetta la Conoc, Mohamed Jebbara, Michail Yakimovc and Laurent 20 

Toffina. 21 
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 24 

 25 

 26 

Fig. S1. 27 

 28 

Fig. S1. Average Nucleotide Identity (ANI) among described Methanohalophilus spp. with available 29 

genomes. The ANI values, given in percent, were calculated using the ANI-Matrix calculator (Rodriguez-R 30 

and Konstantinidis, 2016).using the phylogenomic pipeline EDGAR 2.3. 31 

 32 

 33 
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Fig. S2.  34 

 35 

 36 

 37 

Fig. S2. Average Amino acid Identity (AAI) values among described Methanohalophilus spp. with available 38 

genomes. The AAI values, given in percent, were calculated using the AAI-Matrix calculator (Rodriguez-R 39 

and Konstantinidis 2016) using the phylogenomic pipeline EDGAR 2.3. 40 

 41 
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