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ABBREVIATIONS 19 

ICP-OES : Inductively Coupled Plasma-Optical Emission Spectrometry  20 

ASTER : Accélérateur pour les Sciences de la Terre, Environnement, Risques (Accelerator 21 

for Earth Sciences, Environment, Risks) 22 

 23 



SUPPLEMENTARY MATERIALS AND METHODS 24 

Specimen collection 25 

Once extracted from the core drill, the sample was put immediately in a storage box, where 26 

from the entire piece about 3 kg was taken manually (manipulations were performed with a 27 

new linen gloves) and put in a sterile plastic bag. The sample was then transported frozen 28 

without being thawed. Examined macroscopically, this sample was composed to loam and 29 

pieces of dolomite and marl. The specimen was kept frozen (-20 °C) during the whole trip 30 

from Siberia to our laboratory in Marseille 31 

Culturomics 32 

Seven solid media (supplementary Table 4) were incubated under 2 different atmospheres and 33 

at 3 different incubation temperatures. Besides, inoculation was performed both directly on 34 

the solid media and after pre-enrichment in blood culture bottle aerobic and anaerobic 35 

(supplementary Table 4). Follow-ups was performed every 3 days for 30 days. Culture media 36 

used included: 5% sheep blood-enriched columbia agar (COS) (bioMérieux, Marcy l’Etoile, 37 

France), modified-R-Medium [1], two halophilic media [2] (with pH=7 and pH=8.5) and 38 

three “minimal” media. The R-medium was consisted of a mixture of three solutions (A, B, 39 

C) [1]; it has been modified with sometimes a modification of the quantity of the elements 40 

contained in the solutions, the addition or subtraction of a component or a mutation of one 41 

solution component from one solution to another. Thus, solution A contained 15g casein 42 

hydrolysate proteose, 15g peptone, 10g yeast extract (Sigma-Aldrich), 2g α-ketoglutarate 43 

(Sigma-Aldrich), 5g sodium chloride (Merck Health), 10g glucose (MP Biomedicals, Illkirch, 44 

France), 0.5 g Na2S. The haemin (Sigma-Aldrich), α-ketoglutarate, sodium chloride and 45 

glucose were subtracted from solution B. The amount of distilled water was increased to 400 46 

mL for solution C. 5% of sheep blood was added to the mixture of the three solutions after 47 

autoclave. The rest of the other elements remained identical as previously described [1]. The 48 



minimal culture media was designed especially for this work in order to mimic environmental 49 

conditions. Three versions of this culture medium were  performed  in this study. The first 50 

version was composed of: 1g/L yeast extract, 1g/L peptone, 6 g/L NaCl, 1g/L K2HPO4, 51 

15g/L agar, the pH was adjusted to 7; the second and third versions of minimal culture media  52 

have the same composition as the first, except for the amount of NaCl (1.5 g for second 53 

version) and pH (pH 8.5 for third version). 54 

Cultures were performed under aerobic and anaerobic conditions with incubation at 3 55 

different temperatures: room temperature (19°C±4), 30°C and 4°C, either in direct culture or 56 

after pre-enrichment in blood culture bottle containing 2ml sheep blood 2ml of rumen fluid 57 

previously filter sterilized through a 0.2 μm pore filter (Thermo Fisher Scientific, Villebon-58 

sur-Yvette, France). The negative controls was also performed. 59 

For each culture medium, we used each different type of incubation, culture and atmosphere. 60 

So, in total, it was used 84 different growing conditions, including 42 in aerobic and 42 in 61 

anaerobic conditions (Supplementary Table 4). All observed colonies were subcultured on 62 

columbia agar with 5% sheep blood (bioMérieux) for MALDI-TOF MS identification and 63 

before DNA extraction and 16S rRNA sequencing. 64 

Strain identification by MALDI-TOF MS and 16s rRNA sequencing 65 

MALDI-TOF MS analysis of different colonies was performed on a MicroFlex mass 66 

spectrometer (Bruker Daltonics, Leipzig, Germany) as previously described [3]. The acquired 67 

spectrum was then loaded into the MALDI Biotyper Software (Bruker Daltonics) and 68 

analyzed, as previously described [3] by using the standard pattern-matching algorithm, which 69 

compared the spectrum acquired with that present in the library (Bruker database and ours, 70 

constantly updated), including 7,463 species. Score values of ≥1.7 but <2 indicated 71 

identification beyond the genus level, and score values of ≥2.0 indicated identification at the 72 

species level. Scores of <1.7 were interpreted as not relevant.  73 



Sequencing of 16S rRNA gene was performed for unidentified colonies. For DNA extraction, 74 

we used the EZ1 DNA Tissue Kit using Biorobot EZ1 Advanced XL (Qiagen, Courtaboeuf, 75 

France). The amplification of the 16s rRNA gene was carried out using PCR technology and 76 

universal primers FD1 and RP2 (Eurogentec, Angers, France). Afterwards, the purification, 77 

sequencing, and assembly of the amplified products were realized as previously described [4]. 78 

Sequences of 16S rRNA genes were confronted with those which are available in GenBank 79 

by BLASTn (http://www.ncbi.nlm.nih.gov/genbank/). When the percentage of identity was 80 

lower than 98.7%, the studied strain was considered as a new species [5]. 81 

Antibiotic resistance 82 

Phenotype of resistance 83 

The antibiograms were carried out according to the disks method to determine the sensitivity 84 

to antibiotics tested. As a prelude to the antibiotic susceptibility test, the strains were grown 85 

on Mueller-Hinton E (MH-E) agar for 24 to 48 hours. Then, from this fresh culture, an 86 

inoculum of 0.5 McFarland was prepared in saline (0.85% NaCl) and the antibiograms were 87 

performed on the same medium as recommended by EUCAST[6,7]. Enterococcus faecalis 88 

DSM 2570 and Escherichia coli DSM 1103 were used as quality controls. For Gram negative 89 

strains we tested 19 antibiotics representing 9 different families and for gram-positive we 90 

tested 16 antibiotics representing 11 different families (Table 5 B). For gram-negative strains 91 

the antibiotic disc panel used, included: Amoxicillin (25µg), Amoxicillin / Clavulanic Acid 92 

(30µg), Cefepime (30µg), Rifampicin (30µg), Cefalotin (30µg), Ceftriaxone (30µg), 93 

Piperacillin / Tazobactam (85µg), Imipenem (10 µg), Fosfomycin (50µg), Furane (300µg), 94 

Trimethoprim / Sulfamethoxazole (25µg), Amikacin (50µg), Ciprofloxacin (5µg), 95 

Doxycycline (30µg), Meropeneme (10µg), Gentamicine (500µg), Ticarcillin (75µg), 96 

Ticarcillin / clavulanic acid (75µg) and Colimycin (50µg). As for gram-positive strains, the 97 

antibiotic panel included: Penicillin G (10µg), Fosfomycin (30µg), Oxacillin (5µg), 98 



Rifampicin (30µg), Clindamycin (15µg), Erythromycin (15µg), Pristinamycin (15µg), 99 

Gentamicin (15µg), Vancomycin (30µg), Teicoplanine (30µg), Doxycycline (30µg), 100 

Cefoxitine (30µg), Ciprofloxacin (5µg), Fusidic acid (10µg), Linezolid (30µg), Trimethoprim 101 

/ Sulfamethoxazole (25µg) (Table 5 A and B). 102 

Permafrost dating 103 

Mineralogical analysis 104 

Interpretation: Presence of dolomite. Therefore, the dating will be done through the 105 

determination of the in situ-produced cosmogenic nuclide 36Cl concentration accumulated 106 

within the carbonate minerals lattices as a result of nuclear reactions (spallation) between the 107 

primary and secondary cosmic-ray particles and, essentially, the calcium (Ca) and potassium 108 

(K ) constituting these minerals (insitu-production) and accumulating in the sample over time. 109 

Determination of the accumulated 36Cl concentration. 110 

 Protocol. 111 

-  Sieving of the dried sample on a 50 μm sieve in order to eliminate the clay fraction; 112 

-  Decontamination of any atmospheric 36Cl (not produced in the carbonate minerals) 113 

component by MilliQ water (resistivity> 18.2 MOhms / cm) leaching followed by a partial 114 

dissolution (very partial in our case considering the quantity available) of the sample; 115 

-  Addition of the carrier (0.2919 g) whose characteristics are listed below 116 

Spike 010813 

Characteristics of the Spike 010813 Uncertainty 

Measured average of the ratio 35Cl/37Cl = 918 4.4 

Measured average of the ratio 36Cl/37Cl = 2.717E-12 5.0E-13 

% 35 Cl = 99.8912%  

0.0005% % 37Cl = 0.1088% 

Molar mass of  Cl spike [g.mol-1]= 34.9710 0.0003 

Concentration of spike [mg/g] = 6.92 0.05 



 117 

-  Total dissolution of dolomite and calcite (42.96 g) by addition of an excess of nitric acid; 118 

-  Filtration and removal of an aliquot to determine the concentration of Ca, K and Mg by 119 

ICP-OES (see below); 120 

-  Precipitation of Cl by addition of AgNO3. 121 

-  Drying and measurements of the chlorine isotopic ratios on the French AMS national 122 

facility ASTER (see below). 123 

Determination of the concentration of target atoms by « Inductively Coupled Plasma-Optical 124 

Emission Spectrometry » (ICP-OES) 125 



 126 

 127 

Determination of the in situ-produced 36Cl concentration. 128 

 Measurements of the chlorine isotopic ratios (36Cl/35Cl, 36Cl/37Cl, 35Cl/37Cl) were 129 



performed on the French AMS national facility ASTER, an accelerator mass spectrometer 130 

operating at 5 million volts (5 MV). 131 

❖ Standards.132 

 133 

In-house standard CEREGE : SM-CL-12[8]  134 

External error: 2.74% (36Cl/35Cl), 2.13% (36Cl/37Cl) and 1.62% (35Cl/37Cl)[9]  135 

❖ Sample and chemical blank. 136 

 137 



 138 

 139 

❖ 36Cl concentration. 140 

The in situ-produced 36Cl accumulated concentration calculated from all these measurements 141 

is:  (705 ± 114) x 103 at/g. 142 

 143 

Interpretation. 144 

Such a high concentration of in situ-produced 36Cl accumulated at 10 meters depth implies a 145 

very long interaction time with particles from cosmic radiation. However, given the sampling 146 

depth (10 m), the determining parameter will be the density of the material overlying the 147 



collected specimen.  Indeed, this density must be such that the particles from cosmic radiation 148 

still have sufficient energy after passing through the overlying material to induce nuclear 149 

reactions producing 36Cl from Ca (the concentration in K is negligible in the case studied, see 150 

above). 151 

Assuming: 152 

1- that the denudation rate affecting the area is negligible; 153 

2- that the sample has always been at the depth from which it was taken; 154 

3- that the cosmic radiation flux is constant over time; 155 

the model allowing determining a cosmic ray exposure duration from the measured 36Cl 156 

concentration converges to a solution for a density of the material covering over 10 m the 157 

sample of 1.18 g/cm3 leading to a minimum exposure duration of (2.7 ± 0.4) million years. 158 

 159 

Density : 1.18 g/cm3 

 
36Cl  concentration 

(103 atoms 36Cl/g) 

36Cl uncertainty 

(103 atoms 36Cl/g) 

Cosmic ray exposure 

duration at 10 m 

(million years) 

Duration 

uncertainty 

(million years) 

Permafrost 

sample 

705 114 2.7 0.4 

 160 

Considering the characteristic density of different soil types (see table below), which depends 161 

both on (i) the abundance of the sandy fraction (reduced in our case) which induces a density 162 

increase), 163 

and, (ii) the humidity rate (high in our case) which implies a density decrease), a density of 164 

1.18 g/cm3 for the material covering the sample at 10 m  depth seems entirely reasonable. 165 

Density (g/cm3) 1.6 1.4 1.4 1.3 1.4 



Soil features 

Sand, loamy 

sand, sandy 

loam 

sandy loam, 

loam 

Sand-clay loam, 

loam, 

clay loam 

Limons, 

silt loam 

silt loam, 

silty clay 

 166 

One can argue that the density used in this calculation is somehow low but due to the high 167 

water (ice) content in our sample (density of ice is ~0.92 g/cm3 between 0 and minus 20 168 

degrees Celsius) and the muddy structure of the sample (bulk density of saturated muddy soil 169 

can vary from 1 to 1.3 g/cm3 [10], a density of 1.18 g/cm3 for the material covering the 170 

sample at 10 m depth seems entirely reasonable. Considering a higher density will increase 171 

the sample shielding to cosmic rays and therefore will yield to an older age. 172 

Genomic study 173 

DNA extraction  174 

gDNA of each strain was extracted in two steps :A mechanical treatment was first performed 175 

by glass beads acid washed (G4649-500g Sigma) using a FastPrep BIO 101 instrument 176 

(Qbiogene, Strasbourg, France) at maximum speed (6.5m/s) for 90s. Then after 2-2.5 hours 177 

lysozyme incubation at 37°C , DNA was extracted on the  EZ1 biorobot (Qiagen) with EZ1 178 

DNA tissues kit. The elution volume is 50µL. gDNA was quantified by a Qubit assay with the 179 

high sensitivity kit (Life technologies, Carlsbad, CA, USA).  Quantified concentrations for the 180 

gDNAs of each strain are listed in supplementary Table 1. 181 

Genome sequencing  182 

Genome sequencing  Achromobacter insolitus G1433b (Permafrost) 183 

Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 184 

USA) with the 2 paired end. The paired end strategies were barcoded in order to be mixed 185 

respectively with 14 and 15 others genomic projects prepared with the Nextera XT DNA 186 

sample prep kit (Illumina). 187 

To prepare the paired end library, dilution was performed to require 1ng of each genome as 188 

input. The « tagmentation » step fragmented and tagged the DNA. Then limited cycle PCR 189 



amplification (12 cycles) completed the tag adapters and introduced dual-index barcodes. 190 

After purification on AMPure XP beads (Beckman Coulter Inc, Fullerton, CA, USA), the 191 

libraries were then normalized on specific beads according to the Nextera XT protocol 192 

(Illumina). Normalized libraries were pooled for sequencing on the MiSeq. Automated cluster 193 

generation and paired end sequencing with dual index reads were performed in a single 39-194 

hours run in 2x250-bp.This library was loaded on two flowcells 195 

Total information of 1.8 and 11.4 Gb was obtained from a 183 and 1348 k/mm2 cluster 196 

density with a cluster passing quality control filters of  91.4 and 87 %. Within this run, the 197 

index representation for Achromobacter insolitus was determined to 4.08 and 8.41%. The 142 198 

184 and 1 861 354 paired end reads were filtered according to the read qualities. 199 

The 2 paired end raw data were mixed to generate an assembly of the genome. 200 

Genome sequencing Bacillus idriensis G1436 (Permafrost): 1PE + 1 MinIon 201 

Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 202 

USA) with the paired end strategy and was barcoded in order to be mixed respectively with 203 

18 others genomic projects prepared with the Nextera XT DNA sample prep kit (Illumina) 204 

To prepare the paired end library, dilution was performed to require 1ng of each genome as 205 

input to prepare the paired end library. The « tagmentation » step fragmented and tagged the 206 

DNA. Then limited cycle PCR amplification (12 cycles) completed the tag adapters and 207 

introduced dual-index barcodes. After purification on AMPure XP beads (Beckman Coulter 208 

Inc, Fullerton, CA, USA), the libraries were then normalized on specific beads according to 209 

the Nextera XT protocol (Illumina). Normalized libraries were pooled into a single library for 210 

sequencing on the MiSeq. The pooled single strand library was loaded onto the reagent 211 

cartridge and then onto the instrument along with the flow cell. Automated cluster generation 212 

and paired end sequencing with dual index reads were performed in a single 39-hours run in 213 

2x250-bp. 214 



Total information of 8.6 Gb was obtained from a 963 k/mm2 cluster density with a cluster 215 

passing quality control filters of 89.9%. Within this run, the index representation for Bacillus 216 

idriensis was determined to 6.68%. The 1 105 836 paired end reads were filtered according to 217 

the read qualities. 218 

Oxford Nanopore approach was performed on 1D genomic DNA sequencing for the MinIon 219 

device using SQK-LSK108 kit.Library was constructed from 1.5µg genomic DNA without 220 

fragmentation and end repair. Adapters were ligated to both ends of genomic DNA. After 221 

purification on AMPure XP beads (Beckman Coulter Inc, Fullerton, CA, USA), the library 222 

was quantified by a Qubit assay with the high sensitivity kit (Life technologies, Carlsbad, CA, 223 

USA). 92.52 ng adapted and tethered as library was loaded on the flow cell via the SpotON 224 

port. 225 

1056 activ pores were detected for the sequencing and the workflow WIMP was choosen for 226 

bioinformatic analysis in live. After 35 minutes as run time and end life of the flowcell, 41 227 

150 reads as raw data were generated. 228 

Genome sequencing  Bacillus idriensis G1763 : 1PE 229 

Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 230 

USA) with the paired end  strategiy and was barcoded in order to be mixed respectively with 231 

18 others genomic projects prepared with the Nextera XT DNA sample prep kit (Illumina) 232 

To prepare the paired end library, dilution was performed to require 1ng of each genome as 233 

input to prepare the paired end library. The « tagmentation » step fragmented and tagged the 234 

DNA. Then limited cycle PCR amplification (12 cycles) completed the tag adapters and 235 

introduced dual-index barcodes. After purification on AMPure XP beads (Beckman Coulter 236 

Inc, Fullerton, CA, USA), the libraries were then normalized on specific beads according to 237 

the Nextera XT protocol (Illumina). Normalized libraries were pooled into a single library for 238 

sequencing on the MiSeq. The pooled single strand library was loaded onto the reagent 239 



cartridge and then onto the instrument along with the flow cell. Automated cluster generation 240 

and paired end sequencing with dual index reads were performed in a single 39-hours run in 241 

2x250-bp. 242 

Total information of  8.7 Gb was obtained from a 927K/mm2 cluster density with a cluster 243 

passing quality control filters of 94.1 %. Within this run, the index representation for Bacillus 244 

idriensis was determined to 4.74%. The 793 176 paired end reads were filtered according to 245 

the read qualities. 246 

Genome sequencing Bacillus idriensis G1764 : 1PE 247 

Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 248 

USA) with the paired end  strategiy and was barcoded in order to be mixed respectively with 249 

18 others genomic projects prepared with the Nextera XT DNA sample prep kit (Illumina) 250 

To prepare the paired end library, dilution was performed to require 1ng of each genome as 251 

input to prepare the paired end library. The « tagmentation » step fragmented and tagged the 252 

DNA. Then limited cycle PCR amplification (12 cycles) completed the tag adapters and 253 

introduced dual-index barcodes. After purification on AMPure XP beads (Beckman Coulter 254 

Inc, Fullerton, CA, USA), the libraries were then normalized on specific beads according to 255 

the Nextera XT protocol (Illumina). Normalized libraries were pooled into a single library for 256 

sequencing on the MiSeq. The pooled single strand library was loaded onto the reagent 257 

cartridge and then onto the instrument along with the flow cell. Automated cluster generation 258 

and paired end sequencing with dual index reads were performed in a single 39-hours run in 259 

2x250-bp. 260 

Total information of 8.7 Gb was obtained from a 927K/mm2 cluster density with a cluster 261 

passing quality control filters of 94.1 %. Within this run, the index representation for Bacillus 262 

idriensis was determined to 4.88%. The 816 977 paired end reads were filtered according to 263 

the read qualities. 264 



Genome sequencing  Brevundimonas aurantiaca G1452 (Permafrost): 1MP+2PE+ 1 265 

MinIon 266 

Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 267 

USA) with the mate pair strategy. The gDNA was barcoded in order to be mixed with 11 268 

others projects with the Nextera Mate Pair sample prep kit (Illumina). 269 

The mate pair library was prepared with 1.5µg of genomic DNA using the Nextera mate pair 270 

Illumina guide. The genomic DNA sample was simultaneously fragmented and tagged with a 271 

mate pair junction adapter. The pattern of the fragmentation was validated on an Agilent 2100 272 

BioAnalyzer (Agilent Technologies Inc, Santa Clara, CA, USA) with a DNA 7500 labchip. 273 

The DNA fragments ranged in size from 1.5 kb up to 11kb with an optimal size at 8.042 kb. 274 

No size selection was performed and 600 ng of tagmented fragments were circularized. The 275 

circularized DNA was mechanically sheared to small fragments with an optimal at 817 bp on 276 

the Covaris device S2 in T6 tubes (Covaris, Woburn, MA, USA). The library profile was 277 

visualized on a High Sensitivity Bioanalyzer LabChip (Agilent Technologies Inc, Santa Clara, 278 

CA, USA) and the final concentration library was measured at  9.03 nmol/l. 279 

The libraries were normalized at 2nM and pooled. After a denaturation step and dilution at 15 280 

pM, the pool of libraries was loaded onto the reagent cartridge and then onto the instrument 281 

along with the flow cell. Automated cluster generation and sequencing run were performed in 282 

a single 39-hours run in a 2x251-bp. 283 

Total information of  8.2 Gb was obtained from a  932K/mm2 cluster density with a cluster 284 

passing quality control filters of 91 %. Within this run, the index representation for 285 

Brevundimonas aurantiaca was determined to 8.05%. The 1 305 582 paired end reads were 286 

filtered according to the read qualities. 287 

Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 288 

USA) with the 2 paired end. The paired end strategies were barcoded in order to be mixed 289 



respectively with 14 and 15 others genomic projects prepared with the Nextera XT DNA 290 

sample prep kit (Illumina). 291 

To prepare the paired end library, dilution was performed to require 1ng of each genome as 292 

input. The « tagmentation » step fragmented and tagged the DNA. Then limited cycle PCR 293 

amplification (12 cycles) completed the tag adapters and introduced dual-index barcodes. 294 

After purification on AMPure XP beads (Beckman Coulter Inc, Fullerton, CA, USA), the 295 

libraries were then normalized on specific beads according to the Nextera XT protocol 296 

(Illumina). Normalized libraries were pooled for sequencing on the MiSeq. Automated cluster 297 

generation and paired end sequencing with dual index reads were performed in a single 39-298 

hours run in 2x250-bp.This library was loaded on two flowcells 299 

Total information of 1.8 and 6.9 Gb was obtained from a 183 and 714 k/mm2 cluster density 300 

with a cluster passing quality control filters of 91.4 and 96.6 %. Within this run, the index 301 

representation for Brevundimonas aurantiaca was determined to 1.68  and 4.31%. The 58 613 302 

and 576 036 paired end reads were filtered according to the read qualities 303 

Oxford Nanopore approach was performed on 1D genomic DNA sequencing for the MinIon 304 

device using SQK-LSK108 kit.Library was constructed from 1.5µg genomic DNA without 305 

fragmentation and end repair. Adapters were ligated to both ends of genomic DNA. After 306 

purification on AMPure XP beads (Beckman Coulter Inc, Fullerton, CA, USA), the library 307 

was quantified by a Qubit assay with the high sensitivity kit (Life technologies, Carlsbad, CA, 308 

USA). 215.2ng adapted and tethered as library was loaded on the flow cell via the SpotON 309 

port. 310 

1271 activ pores were detected for the sequencing and the workflow WIMP was choosen for 311 

bioinformatic analysis in live. After 1h31 as run time and end life of the flowcell, 39 720 312 

reads as raw data were generated. 313 

Genome sequencing Brevundimonas aurantiaca G1603 : 1MP + 1MinIon 314 



Genomic DNA of was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 315 

USA) with the mate pair strategy. The gDNA was barcoded in order to be mixed with 11 316 

others projects with the Nextera Mate Pair sample prep kit (Illumina). 317 

The  mate pair library was prepared with 1.5µg of genomic DNA using the Nextera mate pair 318 

Illumina guide. The genomic DNA sample was simultaneously fragmented and tagged with a 319 

mate pair junction adapter. The profile of the fragmentation was validated on an Agilent 2100 320 

BioAnalyzer (Agilent Technologies Inc, Santa Clara, CA, USA) with a DNA 7500 labchip. 321 

The optimal size of obtained fragments was 7.07 kb. No size selection was performed and 600 322 

ng of tagmented fragments were circularized. The circularized DNA was mechanically 323 

sheared to small fragments with an optimal at 367bp on the Covaris device S2 in T6 tubes 324 

(Covaris, Woburn, MA, USA). The library profile was visualized on a High Sensitivity 325 

Bioanalyzer LabChip (Agilent Technologies Inc, Santa Clara, CA, USA) and the final 326 

concentration library was measured at 6.7011 nmol/l. The libraries were normalized at 2 nM, 327 

pooled with 11 other projects, denatured and diluted at 25pM. Automated cluster generation 328 

and sequencing run were performed in a single 39-hours run in a 2x250-bp. 329 

Total information of  2.9 Gb was obtained from a 290 K/mm2 cluster density with a cluster 330 

passing quality control filters of 98.5 %. Within this run, the index representation for 331 

Brevundimonas aurantiaca was determined to 7.43 %. The 428 609 paired end reads were 332 

filtered according to the read qualities.These reads were trimmed then assembled  333 

Oxford Nanopore approach was performed on 1D genomic DNA sequencing for the MinIon 334 

device using SQK-LSK108 kit.Library was constructed from 1.5µg genomic DNA without 335 

fragmentation and end repair. Adapters were ligated to both ends of genomic DNA. After 336 

purification on AMPure XP beads (Beckman Coulter Inc, Fullerton, CA, USA), the library 337 

was quantified by a Qubit assay with the high sensitivity kit (Life technologies, Carlsbad, CA, 338 



USA). 210.4 ng adapted and tethered as library was loaded on the flow cell via the SpotON 339 

port. 340 

259 activ pores were detected for the sequencing and the workflow WIMP was choosen for 341 

bioinformatic analysis in live. After 5h33  as run time and end life of the flowcell, 38 292 342 

reads as raw data were generated.  343 

Genome sequencing Brevundimonas aurantiaca G1765 : 1PE 344 

Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 345 

USA) with the paired end  strategiy and was barcoded in order to be mixed respectively with 346 

18 others genomic projects prepared with the Nextera XT DNA sample prep kit (Illumina) 347 

To prepare the paired end library, dilution was performed to require 1ng of each genome as 348 

input to prepare the paired end library. The « tagmentation » step fragmented and tagged the 349 

DNA. Then limited cycle PCR amplification (12 cycles) completed the tag adapters and 350 

introduced dual-index barcodes. After purification on AMPure XP beads (Beckman Coulter 351 

Inc, Fullerton, CA, USA), the libraries were then normalized on specific beads according to 352 

the Nextera XT protocol (Illumina). Normalized libraries were pooled into a single library for 353 

sequencing on the MiSeq. The pooled single strand library was loaded onto the reagent 354 

cartridge and then onto the instrument along with the flow cell. Automated cluster generation 355 

and paired end sequencing with dual index reads were performed in a single 39-hours run in 356 

2x250-bp. 357 

Total information of  8.7 Gb was obtained from a 927K/mm2 cluster density with a cluster 358 

passing quality control filters of 94.1 %. Within this run, the index representation for 359 

Brevundimonas aurantiaca was determined to 4.97%. The 832 008 paired end reads were 360 

filtered according to the read qualities. 361 

Genome sequencing  Brevundimonas aurantiaca G1737: 1PE 362 



Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 363 

USA) with the paired end  strategiy and was barcoded in order to be mixed respectively with 364 

24 others genomic projects prepared with the Nextera XT DNA sample prep kit (Illumina) 365 

To prepare the paired end library, dilution was performed to require 1ng of each genome as 366 

input to prepare the paired end library. The « tagmentation » step fragmented and tagged the 367 

DNA. Then limited cycle PCR amplification (12 cycles) completed the tag adapters and 368 

introduced dual-index barcodes. After purification on AMPure XP beads (Beckman Coulter 369 

Inc, Fullerton, CA, USA), the libraries were then normalized on specific beads according to 370 

the Nextera XT protocol (Illumina). Normalized libraries were pooled into a single library for 371 

sequencing on the MiSeq. The pooled single strand library was loaded onto the reagent 372 

cartridge and then onto the instrument along with the flow cell. Automated cluster generation 373 

and paired end sequencing with dual index reads were performed in a single 39-hours run in 374 

2x250-bp. 375 

Total information of  10.3Gb was obtained from a 1179K/mm2 cluster density with a cluster 376 

passing quality control filters of 89.7 %. Within this run, the index representation for 377 

Brevundimonas aurantiaca was determined to 5.45%. The 1 086 624 paired end reads were 378 

filtered according to the read qualities. 379 

Genome sequencing  Janibacter melonis G1437 (Pemafrost): 1PE + 1MinIon 380 

Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 381 

USA) with the paired end  strategiy and was barcoded in order to be mixed respectively with 382 

18 others genomic projects prepared with the Nextera XT DNA sample prep kit (Illumina) 383 

To prepare the paired end library, dilution was performed to require 1ng of each genome as 384 

input to prepare the paired end library. The « tagmentation » step fragmented and tagged the 385 

DNA. Then limited cycle PCR amplification (12 cycles) completed the tag adapters and 386 

introduced dual-index barcodes. After purification on AMPure XP beads (Beckman Coulter 387 



Inc, Fullerton, CA, USA), the libraries were then normalized on specific beads according to 388 

the Nextera XT protocol (Illumina). Normalized libraries were pooled into a single library for 389 

sequencing on the MiSeq. The pooled single strand library was loaded onto the reagent 390 

cartridge and then onto the instrument along with the flow cell. Automated cluster generation 391 

and paired end sequencing with dual index reads were performed in a single 39-hours run in 392 

2x250-bp. 393 

Total information of 8.6 Gb was obtained from a 963 k/mm2 cluster density with a cluster 394 

passing quality control filters of  89.9%. Within this run, the index representation for 395 

Janibacter melonis was determined to 3.39%. The 560 645 paired end reads were filtered 396 

according to the read qualities. 397 

Oxford Nanopore approach was performed on 1D genomic DNA sequencing for the MinIon 398 

device using SQK-LSK108 kit.Library was constructed from 1.5µg genomic DNA without 399 

fragmentation and end repair. Adapters were ligated to both ends of genomic DNA. After 400 

purification on AMPure XP beads (Beckman Coulter Inc, Fullerton, CA, USA), the library 401 

was quantified by a Qubit assay with the high sensitivity kit (Life technologies, Carlsbad, CA, 402 

USA). 264.8 ng adapted and tethered as library was loaded on the flow cell via the SpotON 403 

port. 404 

780 activ pores were detected for the sequencing and the workflow WIMP was choosen for 405 

bioinformatic analysis in live. After 54 minutes as run time and end life of the flowcell, 43 406 

923 reads as raw data were generated. 407 

Genome sequencing  Janibacter melonis G1734 1PE + 1 MinIon 408 

Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 409 

USA) with the paired end  strategiy and was barcoded in order to be mixed respectively with 410 

24 others genomic projects prepared with the Nextera XT DNA sample prep kit (Illumina) 411 



To prepare the paired end library, dilution was performed to require 1ng of each genome as 412 

input to prepare the paired end library. The « tagmentation » step fragmented and tagged the 413 

DNA. Then limited cycle PCR amplification (12 cycles) completed the tag adapters and 414 

introduced dual-index barcodes. After purification on AMPure XP beads (Beckman Coulter 415 

Inc, Fullerton, CA, USA), the libraries were then normalized on specific beads according to 416 

the Nextera XT protocol (Illumina). Normalized libraries were pooled into a single library for 417 

sequencing on the MiSeq. The pooled single strand library was loaded onto the reagent 418 

cartridge and then onto the instrument along with the flow cell. Automated cluster generation 419 

and paired end sequencing with dual index reads were performed in a single 39-hours run in 420 

2x250-bp. 421 

Total information of  10.3Gb was obtained from a 1179K/mm2 cluster density with a cluster 422 

passing quality control filters of 89.7 %. Within this run, the index representation for 423 

Janibacter melonis was determined to 1.54%. The 307 273 paired end reads were filtered 424 

according to the read qualities. 425 

Oxford Nanopore approach was performed on 1D genomic DNA sequencing for the MinIon 426 

device using SQK-LSK108 kit.Library was constructed from 1.5µg genomic DNA without 427 

fragmentation and end repair. Adapters were ligated to both ends of genomic DNA. After 428 

purification on AMPure XP beads (Beckman Coulter Inc, Fullerton, CA, USA), the library 429 

was quantified by a Qubit assay with the high sensitivity kit (Life technologies, Carlsbad, CA, 430 

USA). 255.2 ng adapted and tethered as library was loaded on the flow cell via the SpotON 431 

port. 432 

843 activ pores were detected for the sequencing and the workflow WIMP was choosen for 433 

bioinformatic analysis in live. After 1h40  as run time and end life of the flowcell, 41 260 434 

reads as raw data were generated. 435 

Genome sequencing Janibacter melonis G1766: 1PE 436 



Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 437 

USA) with the paired end  strategiy and was barcoded in order to be mixed respectively with 438 

18 others genomic projects prepared with the Nextera XT DNA sample prep kit (Illumina) 439 

To prepare the paired end library, dilution was performed to require 1ng of each genome as 440 

input to prepare the paired end library. The « tagmentation » step fragmented and tagged the 441 

DNA. Then limited cycle PCR amplification (12 cycles) completed the tag adapters and 442 

introduced dual-index barcodes. After purification on AMPure XP beads (Beckman Coulter 443 

Inc, Fullerton, CA, USA), the libraries were then normalized on specific beads according to 444 

the Nextera XT protocol (Illumina). Normalized libraries were pooled into a single library for 445 

sequencing on the MiSeq. The pooled single strand library was loaded onto the reagent 446 

cartridge and then onto the instrument along with the flow cell. Automated cluster generation 447 

and paired end sequencing with dual index reads were performed in a single 39-hours run in 448 

2x250-bp. 449 

Total information of  8.7 Gb was obtained from a 927K/mm2 cluster density with a cluster 450 

passing quality control filters of 94.1 %. Within this run, the index representation for 451 

Janibacter melonis was determined to 4.74%. The 793 176 paired end reads were filtered 452 

according to the read qualities 453 

Genome sequencing  Kocuria rhizophila G1424 (Permafrost): 2PE 454 

Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 455 

USA) with the 2 paired end. The paired end strategies were barcoded in order to be mixed 456 

respectively with 18 and 15 others genomic projects prepared with the Nextera XT DNA 457 

sample prep kit (Illumina). 458 

To prepare the paired end library, dilution was performed to require 1ng of each genome as 459 

input. The « tagmentation » step fragmented and tagged the DNA. Then limited cycle PCR 460 

amplification (12 cycles) completed the tag adapters and introduced dual-index barcodes. 461 



After purification on AMPure XP beads (Beckman Coulter Inc, Fullerton, CA, USA), the 462 

libraries were then normalized on specific beads according to the Nextera XT protocol 463 

(Illumina). Normalized libraries were pooled for sequencing on the MiSeq. Automated cluster 464 

generation and paired end sequencing with dual index reads were performed in a single 39-465 

hours run in 2x250-bp.This library was loaded on two flowcells 466 

Total information of 8.6 and 11.4 Gb was obtained from a 963 and 1348 k/mm2 cluster 467 

density with a cluster passing quality control filters of  89.9 and 87 %.  Within this run, the 468 

index representation  for Kocuria rhizophila was determined to 3.94 and 7.56%. The 651 836 469 

and 1 671 896 paired end reads were filtered according to the read qualities. 470 

The 2 paired end raw data were mixed to generate an assembly of the genome 471 

Genome sequencing  Microbacterium hydrocarbonoxydans G1438 (Pemafrost): 1PE + 472 

1MinIon 473 

Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 474 

USA) with the paired end  strategiy and was barcoded in order to be mixed respectively with 475 

18 others genomic projects prepared with the Nextera XT DNA sample prep kit (Illumina) 476 

To prepare the paired end library, dilution was performed to require 1ng of each genome as 477 

input to prepare the paired end library. The « tagmentation » step fragmented and tagged the 478 

DNA. Then limited cycle PCR amplification (12 cycles) completed the tag adapters and 479 

introduced dual-index barcodes. After purification on AMPure XP beads (Beckman Coulter 480 

Inc, Fullerton, CA, USA), the libraries were then normalized on specific beads according to 481 

the Nextera XT protocol (Illumina). Normalized libraries were pooled into a single library for 482 

sequencing on the MiSeq. The pooled single strand library was loaded onto the reagent 483 

cartridge and then onto the instrument along with the flow cell. Automated cluster generation 484 

and paired end sequencing with dual index reads were performed in a single 39-hours run in 485 

2x250-bp. 486 



Total information of 8.6 Gb was obtained from a 963 k/mm2 cluster density with a cluster 487 

passing quality control filters of  89.9%. Within this run, the index representation for 488 

Microbacterium hydrocarbonoxydans was determined to 3.87%. The 639 608 paired end 489 

reads were filtered according to the read qualities. 490 

Oxford Nanopore approach was performed on 1D genomic DNA sequencing for the MinIon 491 

device using SQK-LSK108 kit.Library was constructed from 1.5µg genomic DNA without 492 

fragmentation and end repair. Adapters were ligated to both ends of genomic DNA. After 493 

purification on AMPure XP beads (Beckman Coulter Inc, Fullerton, CA, USA), the library 494 

was quantified by a Qubit assay with the high sensitivity kit (Life technologies, Carlsbad, CA, 495 

USA). 248.8 ng adapted and tethered as library was loaded on the flow cell via the SpotON 496 

port. 497 

827 activ pores were detected for the sequencing and the workflow WIMP was choosen for 498 

bioinformatic analysis in live. After 1h47 as run time and end life of the flowcell, 43 923 499 

reads as raw data were generated. 500 

Genome sequencing  Paracoccus yeei G1426 (Pemafrost): 2PE 501 

Genomic DNA was sequenced on the MiSeq Technology (Illumina Inc, San Diego, CA, 502 

USA) with the 2 paired end. The paired end strategies were barcoded in order to be mixed 503 

respectively with 18 and 15 others genomic projects prepared with the Nextera XT DNA 504 

sample prep kit (Illumina). 505 

To prepare the paired end library, dilution was performed to require 1ng of each genome as 506 

input. The « tagmentation » step fragmented and tagged the DNA. Then limited cycle PCR 507 

amplification (12 cycles) completed the tag adapters and introduced dual-index barcodes. 508 

After purification on AMPure XP beads (Beckman Coulter Inc, Fullerton, CA, USA), the 509 

libraries were then normalized on specific beads according to the Nextera XT protocol 510 

(Illumina). Normalized libraries were pooled for sequencing on the MiSeq. Automated cluster 511 



generation and paired end sequencing with dual index reads were performed in a single 39-512 

hours run in 2x250-bp.This library was loaded on two flowcells 513 

Total information of 8.6 and 11.4 Gb was obtained from a 963 and 1348 k/mm2 cluster 514 

density with a cluster passing quality control filters of  89.9 and 87 %. Within this run, the 515 

index representation  for Paracoccus yeei was determined to 5.48 and 8.57%. The 906 329 516 

and 1 896 724 paired end reads were filtered according to the read qualities. 517 

The 2 paired end raw data were mixed to generate an assembly of the genome. 518 

 519 

SUPPLEMENTARY RESULTS AND DISCUSSION 520 

Physicochemical properties, dating and optimization of culture media 521 

Physicochemical requirements were pH: 8.5; redox potential -87mV and salinity: 6g/L. The 7 522 

culture media and the different conditions used (supplementary Table 4), were optimized for 523 

bacterial species culture in the permafrost sample. The age of permafrost determined from its 524 

in situ-produced cosmogenic nuclide 36Cl concentration has been estimated at ~2.7 million 525 

years.  526 

Microbial culturomics    527 

The culture techniques were performed after cleaning and removing the outer layers of the 528 

carrots of the permafrost with sterile water to remove any contamination that might have 529 

occurred during handling before arrival in the laboratory. The 84 different conditions 530 

(supplementary Table 4) allowed us to test 7,015 bacterial colonies representing 28 bacterial 531 

species of which 20 were correctly identified by MALDI-TOF and 8 were identified by 532 

sequencing of rRNA 16S (Table 2). The bacteria obtained by 16S sequencing were: 533 

Agrococcus baldri, Microbacterium hydrocarbonoxydans, Pedobacter quisquiliarum, 534 

Planomicrobium glaciei, Janibacter melonis, Pantoea massiliensis, Paenibacillus 535 

provencensis and Bacillus massiliglaciei, this last being a new bacterial species 536 



Medium performance 537 

By comparing all cultures conditions, we found that the minimal medium (any atmosphere, 538 

pH and salinity combined) was the best conditions for bacterial isolation of this Siberian 539 

permafrost (Table 1).  540 

In fact, of the 28 bacterial species, 22 (82.14 %) were obtained on minimal medium. The 541 

version of minimal medium for which NaCl concentration was 1.5 g/L and pH=7 allowed to 542 

isolate totality of these 22 bacterial species, whereas only 6/22 (27.27%) were recovered using 543 

the versions of minimal medium with different pH or NaCl concentrations (i.e., minimal 544 

medium NaCl 6, pH 7 and minimal medium NaCl 6, pH 8.5 respectively). Incubation at room 545 

temperature (i.e. 19°C±4) was more productive than that at 30°C (Table 1). Cultures 546 

performed at 4°C were all sterile and cultures on halophilic medium were also negative.  547 

Genomic analysis 548 

The genomes of permafrost species have been compared with three of their contemporaneous 549 

counterparts. For each species of permafrost, one of the closest species belonging to the same 550 

genus was also used to create an outgroup in the phylogenetic tree. 551 

Based on the availability of at least three contemporary genomes and the elimination of a 552 

contamination hypothesis, seven bacterial species were selected for genomic studies. These 553 

species are: Achromobacter insolitus, Bacillus idriensis, Brevundimonas aurantiaca, 554 

Janibacter melonis, Kocuria rhizophila, Microbacterium hydrocarbonoxydans and 555 

Paracoccus yeei. 556 

Pan-genome  557 

Core and accessory genes 558 

The numbers of total clusters of the pan-genomes were: 8,774; 8,156; 4,607; 4,648; 3,221; 559 

6,825; 6,800 respectively for the species Achromobacter insolitus, Bacillus idriensis, 560 

Brevundimonas aurantiaca, Janibacter melonis, Kocuria rhizophila, Microbacterium 561 



hydrocarbonoxydans and Paracoccus yeei .The core genome may represent about a quarter 562 

(1,449 genes/6,825=21.23% for Microbacterium hydrocarbonoxydans), a third (3421 563 

genes/8,774=38.99% for Achromobacter insolitus; 2,670 genes/8,156=32.73% for Bacillus 564 

idriensis species) or about half (2,230 genes/4,607=48.40% for Brevundimonas aurantiaca; 565 

2,584 genes/4,648=55.59% for Janibacter melonis; 1,686 genes/ 3,221=52.34% for Kocuria 566 

rhizophila and 3,171 genes/6,800=46.63% for Paracoccus yeei) of the total clusters 567 

(Supplementary Figure 3). The genomic content of permafrost species is clearly distinct from 568 

their contemporary counterparts.  569 

Unique genes 570 

For Achromobacter insolitus, the numbers of genes contained in the genomes are respectively 571 

of 5,929; 6,055; 6,032; 5,667 for non-permafrost strains: AB2, DSM23807, FDAARGOS88 572 

and the permafrost strain. The number of genes that are unique to the genomes of these 4 573 

strains are respectively of 119; 312; 663 and 2,143. 574 

For Bacillus idriensis, the numbers of genes contained in the genomes are respectively of 575 

4,759; 4,856; 4,722; 5,051 for non-permafrost strains: G715; G1763; G1764 and the 576 

permafrost strain. The number of genes that are unique to the genomes of these 4 strains are 577 

respectively of 597; 484; 341 and 1,005.  578 

For Brevundimonas aurantiaca, the numbers of genes contained in the genomes are 579 

respectively of 3,275; 3,220; 3,127; 3,173 for non-permafrost strains: G1603, G1737, G1765 580 

and the permafrost strain. The number of genes that are unique to the genomes of these 4 581 

strains are respectively of 662; 377; 159 and 222. 582 

For Janibacter melonis, the numbers of genes contained in the genomes are respectively 583 

3,063; 3,873; 3,348; 3,261 for non-permafrost strains: CD114, G1734, G1766, and the 584 

permafrost strains. The number of genes that are unique to the genomes of these 4 strains are 585 

respectively of 261; 759; 178; 79. 586 



For Kocuria rhizophila the numbers of genes contained in the genomes are respectively 2,306; 587 

2,307; 2,461; 2,290 for non-permafrost strains: DC2201, FDAARGOS, UMB0131 and the 588 

permafrost strain. The number of genes that are unique to the genomes of these 4 strains are 589 

respectively of 2; 2; 342; 182. 590 

For Microbacterium hydrocarbonoxydans, the numbers of genes contained in the genomes are 591 

respectively 3,419; 3,308; 3,653; 3,464 for non-permafrost strains: DSM16089, NBRC 592 

103074, SA35 and the permafrost strain. The number of genes that are unique to the genomes 593 

of these 4 strains are respectively of 144; 49; 1,996; 1,249. 594 

For Paracoccus yeei, the numbers of genes contained in the genomes are respectively 4,528; 595 

4,624; 4,426; 4,500 for non-permafrost strains: CCUG32053, FDAARGOS, TT13 and 596 

permafrost strain. The number of genes that are unique to the genomes of these 4 strains are 597 

respectively of 727; 952; 315; 393.  598 

It is therefore found that the proportions of unique genes are high for the permafrost strains 599 

compared to the contemporary strains for the species Achromobacter insolitus and Bacillus 600 

idriensis. For the other species, the highest proportions of unique genes are represented by 601 

one or more of the contemporary strains. 602 

Phylogeny and ancestral SNP 603 

Besides, the comparison of the evolutionary distances of bacterial strains of the same species 604 

with each other shows two cases: 605 

(i) The case where the longest evolutionary distances are those shared between all 606 

contemporary strains and the permafrost strain. This is the case for the bacterial 607 

specie Achromobacter insolitus (Supplementary Figure 6A). 608 

(i) The case where the longest evolutionary distances can also be shared on the one 609 

hand between the strain of permafrost and one or more of the contemporary strains 610 

and on the other hand between only the contemporary strains. This is observed for 611 



bacterial species: Bacillus idriensis (Supplementary Figure 6B), Brevundimonas 612 

aurantiaca (Supplementary Figure 6C), Janibacter melonis (Supplementary Figure 613 

6D), Kocuria rhizophila ( Supplementary Figure 6E), Microbacterium 614 

hydrocarbonoxydans (Supplementary Figure 6F) and Paracoccus yeei 615 

(Supplementary Figure 6G) 616 

Single-nucleotide polymorphism in the core genome in the same species' strains : AC 617 

versus CG 618 

Supplementary Table 3 shows the proportions of A and T mutated to G or C compared to 619 

those of G and C mutated to A or T in strains of the same species taken in pairs. 620 

For the bacterial species Bacillus idriensis and Microbacterium hydrocarbonoxydans, the 621 

strain of permafrost compared to each contemporary strain reveals proportions of A and T 622 

mutated to G or C higher than those of G and C mutated to A or T. For these two bacterial 623 

species, the proportions of GC would therefore seem to be higher than those of the AT in the 624 

permafrost strain than in contemporary ones. The inverse scheme is observed for the strains of 625 

the species Achromobacter insolitus ie the proportions of G and C mutated to A or T are 626 

greater than those of A and T mutated to G or C (Supplementary Table 3). 627 

For all strains of the others species, none of these two previous cases was found. The 628 

proportions of G and C mutated at A or T as well as A and T mutated to G or C can be 629 

superior to each other between the contemporary strains or between one or two contemporary 630 

strains and the permafrost strain (Supplementary Table 3). 631 



Supplementary Table 1. Bacterial strains used for genomic comparisons 

 Strains whose genomes are sequenced in the laboratory 

 

 

Species Strain number/Project number Strategy used         gDNA quantity Isolation source 

Achromobacter insolitus CSURP2857/G1433b 2PE 22 ng/µl Permafrost 

Bacillus idriensis CSURP2855/G1436 1PE + 1 MinIon 105 ng/µl Permafrost 

Brevundimonas aurantiaca CSURP3513/G1452 1PE + 1 MinIon 125 ng/µl Permafrost 

Janibacter melonis CSURP2733/G1437 1PE + 1 MinIon 61 ng/µl Permafrost 

Kocuria rhizophila CSURP2672/G1424 2PE 12 ng/µl Permafrost 

Microbacterium hydrocarbonoxydans CSURP2596/G1438 1PE + 1 MinIon 142 ng/µl Permafrost 

Paracoccus yeei CSURP2668/G1426 2PE 118 ng/µl Permafrost 

Bacillus idriensis G715   Human 

Bacillus idriensis CSURP7623/G1763 1PE 199 ng/µl Human 

Bacillus idriensis CSURP7624/G1764 1PE 183 ng/µl Human 

Brevundimonas aurantiaca CSURP666/G1603 1MP + 1MinIon 107 ng/µl Human 

Brevundimonas aurantiaca CSURP5651/G1737 1PE 58 ng/µl Human 

Brevundimonas aurantiaca CSURP7625/G1765 1PE 93.2 ng/µl Human 

Janibacter melonis CSURP690/G1734 1PE + 1 MinIon 73.6 ng/µl Human 

Janibacter melonis CSURP7627/ G1766 1PE 108 ng/µl Human 

 Species whose genomes are taken on NCBI genome 

 

 

Achromobacter insolitus strain AB2 antarctic soil 

Achromobacter insolitus strain DSM23807 Human 

Achromobacter insolitus strain LMG6003 Human (leg wound) 

Janibacter melonis strain CD11-4 Human (duodenal mucosa of celiac 

disease patient) 

Kocuria rhizophila strain DC2201 soil 

Kocuria rhizophila strain FDAARGOS_302 rhizosphere of narrowleaf cattail 

Kocuria rhizophila strain UMB0131 Human (female urinary 

microbiome) 

Microbacterium hydrocarbonoxydans strain SA35 rhizosphere 

Microbacterium hydrocarbonoxydans strain NBRC 103074 oil-contaminated soil 

Microbacterium hydrocarbonoxydans strain  DSM 16089 Non Human 

Paracoccus yeei strain FDAARGOS-252 Human (urine suprapubic aspirate) 

Paracoccus yeei strain TT13 Human (human skin) 



PE: Paired-End; MP: Pate Pair 

 

 

Paracoccus yeei strain  CCUG 32053 Human (eye) 

 Species close to our species permafrost ( taken on NCBI genome) 

 

 

Achromobacter  aloeverae  strain  AVA-1 Aloe vera  

Bacillus subtilis subsp. subtilis  strain 168 Human 

Brevundimonas subvibrioides  strain ATCC 15264 fresh water 

Janibacter indicus  strain 0704P10-1 (= CGMCC 1.12511) hydrothermal sediment 

Kocuria flava  strain HO-9041 air 

Microbacterium paraoxydans  strain CF36 (=DSM15019) Human (human blood) 

Paracoccus aminophilus  strain DM-15 (=JCM 7686) soil 



Supplementary Table 2. Habitat of bacterial species isolated from permafrost 

 

 

Permafrost strains  Known habitat References 

Achromobacter denitrificans 
- Human  

- Environment (soil, water, mud, plants …) 

 

[11–13] 

[14] 

Achromobacter insolitus  

Achromobacter pulmonis [15] 

Achromobacter spanius  

Acinetobacter baumannii 
- Human specimens,  

- Natural environment 

[16] 

[17,18] 

Agrococcus baldri - Environment (air) [19] 

Bacillus idriensis - Human 

- Environment (Permafrost) 

 

 

[16,20–22] Bacillus megaterium 

Bacillus massilioglaciei 

Bacillus simplex  

Brevundimonas aurantiaca 

- Environment 

- Permafrost-affected soils (Brevundimonas 

spp)   

[23] 

[22] 

Enterobacter cloacae 
- Human 

-  Environement (including Permafrost) 

[24] 

[16] 

Janibacter melonis 
- Cold environment : isolated from  from 

Arctic sea ice, Canada Basin 

[25] 

Kocuria rhizophila 
- Rhizoplane 

- Environement (including Permafrost) 

[26] 

[21] 

Microbacterium 

hydrocarbonoxydans  

- Oil-contaminated soil 

- Permafrost (Microbacterium spp) 

[27] 

[28] 

Micrococcus luteus 
- Human 

- Environment (Amber, Permafrost) 

[29] 

[30] 

[21] 

Paenibacillus provencensis - Human 

- Environment (including 

Permafrost)Permafrost  

[31] 

[21,22] 
Paenibacillus urinalis  

Pantoea massiliensis - Human Lab data 

Pantoea septica - Human [32] 

Paracoccus yeei 

- Human 

- Arctic sea ice, Canada Basin (Paracoccus 

spp)  

[33] 

[25] 

Pedobacter quisquiliarum - Environment  (sludge) [34] 

Planomicrobium glaciei - Environment (Glacier)  [35] 

Sphingomonas paucimobilis  
- Human 

- Environement (including Permafrost) 

[36] 

[20] 

Staphylococcus capitis - Human 

- Environment  

- Animal 

- Food 

 

Staphylococcus epidermidis  [29,37] 

Staphylococcus pasteuri  

Staphylococcus saprophyticus    



Supplementary Table 3. Number of single-nucleotide polymorphisms in the core genome in the same 

species strains’ : AC versus CG 

Achromobacter insolitus 

 Strains 
GC->AT AT->GC Other 

DSM23807 VS AB2  9669 9582 4375 

FDAARGOS VS AB2  8133 8290 3715 

FDAARGOS VS DSM23807  10069 10313 4799 

Permafrost VS DSM23807  159009 142699 188158 

Permafrost VS FDAARGOS  159228 142674 188235 

Permafrost VS AB2  158994 142597 188037 

Bacillus idriensis 

Strains 
GC->AT AT->GC Other 

G1764 VS G1763  4402 4359 2258 

G715 VS G1763  133727 169363 92642 

G715 VS G1764  133802 169481 92735 

Permafrost VS G1764  133966 169761 92718 

Permafrost VS G715  9135 9251 5543 

Permafrost VS G1763  133917 169669 92689 

Brevundimonas aurantiaca 

Strains 
GC->AT AT->GC Other 

G1737 VS G1603  8434 7892 8011 

G1765 VS G1603  17164 16991 15823 

G1765 VS G1737  15397 15766 14707 

Permafrost  VS G1737  15474 15823 14782 

Permafrost VS G1765  12231 12211 11268 

Permafrost VS G1603  17388 17195 16292 

Janibacter melonis 

Strains 
GC->AT AT->GC Other 

G1734 VS CD114  18982 16419 29319 

G1766 VS CD114  16474 15081 26753 

G1766 VS G1734  13592 14762 21387 

Permafrost VS G1734  15096 16171 25352 

Permafrost VS G1766  13346 13251 21627 



 

Permafrost VS CD114  16995 15507 28257 

Kocuria rhizophila 

Strains 
GC->AT AT->GC Other 

FDAARGOS VS DC2201  8 9 3 

UMB0131 VS DC2201  36186 43706 93609 

UMB0131 VS FDAARGOS  36179 43698 93606 

Permafrost VS UMB0131  12268 12200 14380 

Permafrost VS DC2201  36294 43882 94245 

Permafrost VS FDAARGOS  36287 43874 94242 

Microbacterium hydrocarbonoxydans 

Strains 
GC->AT AT->GC Other 

NBRC103074 VS DSM16089  0 0 1 

SA35 VS DSM16089  57576 59648 112189 

SA35 VS NBRC103074  57576 59648 112190 

Permafrost VS NBRC103074  45006 57103 94237 

Permafrost VS SA35  58702 68727 110859 

Permafrost VS DSM16089  45006 57103 94236 

Paracoccus yeei 

Strains 
GC->AT AT->GC Other 

FDAARGOS VS CCUG32053  17324 17909 11136 

TT13 VS CCUG32053  17246 17475 11329 

TT13 VS FDAARGOS  16052 15696 10039 

Permafrost VS FDAARGOS  16162 15799 10135 

Permafrost VS TT13  254 247 215 

Permafrost VS CCUG32053  17357 17579 11421 



Supplementary Table 4. Culture conditions of Siberian Permafrost sample. For each 

culture medium, each incubation temperature, each type of culture and atmosphere was 

used 

Inoculation method Media used Incubation 

temperature 

Atmosphere 

 Columbia agar   

 R-Medium   

Direct Culture Halophile medium pH 7 Room temperature 

(19°C±4) 

Aerobic 

Preincubation blood 

culture bottle + blood+ 

rumen 

Halophile medium pH 8.5 4°C 

 

30°C 

Anaerobic 

 Minimal medium NaCl 1.5; 

pH 7 

  

  

Minimal medium NaCl 6;  

pH 7 

  

 Minimal medium NaCl 6;  

pH 8.5 

  

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 5A. Antibiotic susceptibility testing results from gram-negative permafrost’s strains and from their contemporary isolates available in the 1 

CSUR. R: resistant; S: susceptible; I: intermediate. Acquired resistances are highlighted in bold for permafrost strains.  2 

AMX: Amoxicillin ; AMC :Amoxicillin- clavulanate ; FEP :Cefepime ; CF :Cefalotin ; CRO :Ceftriaxone ; TZP : Piperacillin / Tazobactam ; IPM :Imipenem ; 3 

MEM :Meropenem ; TIC:Ticarcillin ; TCC :Ticarcillin- clavulanate ; AK : Amikacin ; GM :Gentamicin ; RA : Rifampicin ; FOS :Fosfomycin ; FT : Nitrofurantoin ; 4 

SXT:Trimethoprim/Sulfamethoxazole ; CIP: Ciprofloxacin ; DOX :Doxycycline ; CT : Colimycin  5 

 6 

Strains / antibiotics 
AMX AMC  FEP  CF CRO TZP IPM  MEM TIC TCC AK GM RA FOS FT SXT CIP DOX  CT 

A. denitrificans permafrost R R R R R S S S S S S S R R R S R S S 

A. denitrificans CSUR P4838 I S R R R S S S S S R S R R R R S S S 

A. denitrificans CSUR P9121 R S R R R S S S S S S S R R R S S S S 

A. insolitus permafrost R R R R R S S S S S S S R R R S R S S 

A. insolitus CSUR P6430 S S R S R S S S S S S S I R R R S S S 

A. insolitus CSUR P8677  I I R R R S S S S S R R R R R S R I R 

A. pulmonis permafrost R R R R R S S S S S S S R R R S R S S 

A. spanius permafrost R R R R R S S S S S S S I R R S R S S 

A. spanius CSUR P539 R S R I R S S S S S S S R R R S S S S 

A. baumannii permafrost R R R R R R I S R R R S R R R R R S S 

A. baumannii CSUR P1877 R R R R R R R R R R R S I R R R R R S 

A. baumannii CSUR P1878 R R R R R R R R R R R S I R R R R R S 

A. baumannii P1879 R R R R R R R R R R R S I R R R R R S 

B. aurantiaca permafrost R R R I S S S S R S S S S S R R R S R 

E. cloacae permafrost R R S R S S S S S S S S R S R S S S S 

E. cloacae CSUR P1586 R R S R S S S S S S S S R S R S S S S 

E. cloacae CSUR P1944 R R R R R R I S R R S S R R R R R R S 

E. cloacae CSUR P2050 R R R R R R R R R R S S R S R R R S S 

P. massiliensis permafrost R R S I S S S S S S S S R R R S S S S 

P. septica permafrost R R S I S S S S S S S S R S R S S S S 

P. septica CSUR P4907 S S S I S R S S R R S S R R R S S S S 

P. septica CSUR P7571 S I S R S I S S R R S S R R R S S S S 



P. septica CSUR P7887 R S S I S R S S R R S S I R R S S S S 

P. yeei permafrost S S R S S S S S S S S S S R R R S S S 

P. yeei CSUR P8037 S S R S S I S S S S S S S R S R S S S 

P. yeei CSUR P9414 S S R S S S S S S S S S S R S S S S S 

P. yeei CSUR P9616 S S R S S I S S S S S S S R S R S S S 

P. quisquiliarum permafrost R S S R R S S S S S S S S R S S S S R 

S. paucimobilis permafrost S I R R R R S S R S S S S S R S S S R 

S. paucimobilis CSUR P7590 S S R R R S S S S S S S S S R S S S R 

S. paucimobilis CSUR P8007 I S R R I S S S S S S S S S R S S S R 

7 

8 



Supplementary Table 5B. Antibiotic susceptibility testing results from gram-positive permafrost’s strains and from their contemporary isolates 

available in the CSUR. R: resistant; S: susceptible; I: intermediate. 

PG :Penicillin G ; OXA :Oxacillin ; FOX :Cefoxitin ; FOS: Fosfomycin ; RA :Rifampicin ; CLI :Clindamycin ; E : Erythromycin ; PT :Pristinamycin ; 

VA :Vancomycin ; TEC :Teicoplanin ; GM :Gentamycin : DOX :Doxycycline ; CIP :Ciprofloxacin ; FA :Fusic acid ; LZD : Linezolid ; SXT :Trimethoprim / 

Sulfamethoxazole 

 

Strains / antibiotics PG OX

A 

FOX  FOS RA CLI E PT VA TEC GM DOX CIP FA  LZD SXT  

A. baldri permafrost S S S S S S S S S S S S S S S S 

B. idriensis permafrost S S I S I R I S S S S S S S S S 

B. idriensis CSUR P7624 R R R R I R S S S S S S S S S S 

B. idriensis CSUR P783 R R R S I R S S S S S S S S S S 

B. massiliglaciei 

permafrost 

S S S R S S S S S S S S S R S S 

B. megaterium permafrost S S S R S R S S S S S S S S S S 

B. megaterium CSUR 

P9393 

S S S R I R S S S S S S S R S S 

B. megaterium CSUR 

P6976 

R S R R I R S S S S S S S R S S 

B. megaterium CSUR 

P5156 

S S I R R R S S S R S S S R S S 

B. simplex permafrost R R R R S S S S S S S S S S S S 

B. simplex CSUR P9615 R R R S I S R S S S S S S R S S 

B. simplex CSUR P558 R R R S I S R S S S S S S R S S 

B. simplex CSUR P5196 R R R S R S S S S S R S S R S S 

J. melonis permafrost S R S R S S S S S S S S S S S S 

K.rhizophila permafrost S S S S S S S S S S S S S S S S 

K.rhizophila CSUR P8472 S S S S S S S S S S R S S S S S 

K.rhizophila CSUR P9116 S S S S S S S S S S S S S S S S 

K.rhizophila CSUR P8307 S R S R S S I S S S S S S S S S 



M.hydrocarbonoxydans 

permafrost 

S R R R S S S S S S S S S S S S 

M.luteus permafrost S R S S S S R S S S S S S S S S 

M.luteus CSUR P8054 S R S S S S S S S S S S S S S S 

M.luteus CSUR P8591 S R S S S S S S S S S S S S S S 

M.luteus CSUR P9060 S R S S S S S S S S S S S S S S 

P.provencensis 

permafrost 

R R R R I R R S S S S S S S S S 

P.provencensis CSUR 

P281 

S R R R S R S S S S S S S S S S 

P.provencensis CSUR 793 R R R R S R R S S S S S S R S S 

P.urinalis permafrost R R R R I R R I S S S S S R S S 

P.urinalis CSUR P6030 R R R R I R R S S S S S S S S S 

P.urinalis CSUR P280 R R R R S R R S S S S S S R S S 

P.glaciei permafrost S S R S S S S S S S S S S S S S 

S. capitis permafrost R S I R S S S S S S S S S S S S 

S. capitis CSUR P5933 S S S R S S S S S S S S S S S S 

S. capitis CSUR P6520 R R R R S S S S S S R S S S S S 

S. capitis CSUR P311 R R R S R S S S S S R S S R S S 

S. epidermidis permafrost  R S R R I S S S S S S S S S S R 

S. epidermidis CSUR 

P2761 

S S S S S S R S S S S S S R S S 

S. epidermidis CSUR 

P2286 

R S S S S S R S S S S I S R S S 

S. pasteuri permafrost  R S S R I S S S S S S S S S S S 

S. pasteuri CSUR P7522 R S S S S S S R S S S S S S S S 

S. pasteuri CSUR P8187 S S S S S S S S S S S S S S S S 

S. pasteuri CSUR P7813 R S S R S S R S S S S S S S S S 

S. saprophyticus 

permafrost  

S S R R S S R S S S S I S R S S 

S. saprophyticus CSUR 

P7584 

S S S R S S R S S S S S S R S S 



S. saprophyticus CSUR 

P7602 

S S R S S S S I S S S S S R S S 

S. saprophyticus CSUR 

P7607 

S S S S S S S I S S S S S R S S 
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