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Movie S1. Seabed hydrocarbon seepage. 

 

Table S1. Marine sediment core site locations and sample descriptions. 

Table S2. Hydrocarbon geochemical measurements on marine sediment cores. 

Table S3. ASV table with taxonomic classification of 16S rRNA gene amplicon libraries. 

Table S4. Analysis of similarity (ANOSIM) test results. 

Table S5. IndicSpecies Stat values. 

Table S6. Taxonomic assignment. 

Table S7. Metagenome-assembled genomes (MAGs). 

Table S8. Summary of genes detected in metagenome-assembled genomes (MAGs). 

Table S9. Sporulation genes annotated against Pfam, TIGRFAM and Swiss-Prot databases. 

 

  



 

 

Fig. S1. Deep sea study sites in the NW Atlantic Ocean. Sediment coring locations on the 

Scotian Slope. The inset shows the extent of the 20,000 km2 study area, approximately 200 km off 

the east coast of Nova Scotia, Canada, and 2,200 km west of the mid-Atlantic ridge (inset). 

Bathymetric map from the General Bathymetric Chart of the Oceans (GEBCO, www.gebco.net) 

and National Oceanic and Atmospheric Administration (NOAA, www.ngdc.noaa.gov/). 

  



 

 

Fig. S2. Microbial community variance between core sites. Non-metric multidimensional 

scaling of the Bray-Curtis dissimilarity of the microbial community composition after sediment 

incubation at (A) 40°C and (B) 60°C (for 50°C incubations, see Fig. 2B). Red symbols indicate 

sites with strong geochemical evidence of hydrocarbons (n=2), green symbols indicate sites with 

inconclusive hydrocarbon signals (n=4), and blue symbols indicate sites where hydrocarbons were 

not detected (n=8). Triplicate amplicon libraries are plotted for each condition. Sites with strong 

thermogenic hydrocarbon signals have distinct microbial populations after high temperature 

incubation (see also table S4), relative to the sites without thermogenic hydrocarbon signals. This 

is indicated by standard deviation ellipses of the hydrocarbon groups. 

  



 

 

Fig. S3. Endospore germination and enrichment after high temperature incubation. Relative 

sequence abundance of Firmicutes in 372 libraries of 16S rRNA gene amplicons before (d0; post-

pasteurisation) and after 28 and 56 days of anoxic incubation at 40, 50, or 60°C (see table S3 for 

detailed microbial community compositions). Each blue bar represents a single library of 4,635 

subsampled reads, and demonstrates an increased proportion of Firmicutes following 28 and 56 

days of incubation. The proportion of Firmicutes in d0 libraries was on average 0.9%, and was 

even lower in libraries from unpasteurized surface sediments, which are dominated by cold-

adapted populations able to colonize seabed environments including hydrocarbon seeps (23). 

  





 

 

 



 

 

 

 



 

 

Fig. S4. Phylogenetic association of seep-associated sequences with sequences from other 

environments. Maximum likelihood tree showing phylogenetic relationships between 42 seep-

associated ASVs (bold) and close relatives in the GenBank database. Black circles at the branch 

nodes indicate >80% bootstrap support (1,000 re-samplings). Scale bar indicates 10% sequence 

divergence as inferred from PhyML. Pseudomonas aeruginosa (accession number Z76672) was 

used as an outgroup to root the tree. 

  



 

 

 



Fig. S5. Phylogenetic relationships of putative glycyl-radical enzymes with alkylsuccinate 

synthases. Putative anaerobic alkane-degrading pyruvate-formate lyase enzyme variants from 

Desulfohalotomaculum, Caminicella and Parameldivibacter thermophilic spores in this study 

(shown in blue) cluster together with homologous pflD gene sequences found in oil reservoir 

thermophiles UPetromonas tenebris (33), Archaeoglobus fulgidus strain 7324 (37), and 

Thermococcus sibiricus strain MM 739 (38) shown in red. Isolated strains of Archaeoglobus and 

Thermococcus have been shown to degrade alkanes in pure culture at high temperature under 

anaerobic conditions (86, 38). These pflD gene sequences, as well as reference sequences of alkane 

succinate synthase (AssA and MasD) genes also having experimental verification of anaerobic 

alkane degradation, are shown in bold. Benzyl succinate synthase (BssA) and naphthyl-2-methyl-

succinate synthase (NmsA) sequences are represented by collapsed clades. Black circles at the 

branch nodes indicate >80% bootstrap support (1,000 re-samplings). Scale bar indicates 10% 

sequence divergence as inferred from PhyML. A sequence of pyruvate formate lyase (Pfl) from E. 

coli was used to root the tree. 

  



 

 

Fig. S6. Endospores remain viable during burial. Detection of endospore-forming bacteria with 

the same taxonomic classification as seep-associated ASVs (cf. table S5) in deeper Scotian Slope 

sediment layers following incubation at 50°C. Size of the circles indicates the maximum relative 

sequence abundance of a taxon in unrarefied sequence libraries at the indicated depth. Based on 

sediment accumulation rates of 0.1 to 0.2 mm y-1 reported in the study area (45, 46), these results 

confirm spore viability over a 90–180 ka period corresponding to the deepest piston cores (9 mbsf) 

that were obtained in this study. 

  



Movie S1. Seabed hydrocarbon seepage. Video footage collected using an underwater remotely 

operated vehicle (ROV) of seabed geofluid flow in the study area (56). Vertical hydrocarbon 

migration rates from a subsurface reservoir to the seabed can be estimated using buoyancy models 

incorporating Darcy’s law (41) and estimates on the order of 10 cm d-1 reported for seepage of 

hydrocarbons (42). 

  



Table S1. Marine sediment core site locations and sample descriptions. Core number, 

expedition name, date of core collection, latitude, longitude, water depth, core type and core length.  

 

Table S2. Hydrocarbon geochemical measurements on marine sediment cores. Measurements 

of interstitial gas composition, interstitial gas isotopes, gas chromatography of the extractable 

organic matter, and GC-MS of the saturated and aromatic hydrocarbon fractions. 

 

Table S3. ASV table with taxonomic classification of 16S rRNA gene amplicon libraries. Data 

from 14 core sediments, in triplicate, before incubation (0 d; post-pasteurization) and after 28 (28 

d) or 56 (56 d) days of incubation at 40, 50, or 60°C, subsampled to 4,635 sequences. 

 

Table S4. Analysis of similarity (ANOSIM) test results. Microbial community composition 

differences between subsets of the 16S rRNA gene amplicon libraries for groups of core sediments. 

 

Table S5. IndicSpecies Stat values. Data showing significant associations (P < 0.05) of 

Firmicutes ASVs to sediments with geochemical evidence of thermogenic hydrocarbons (n=2) 

when tested against sediments without geochemical evidence of thermogenic hydrocarbons (n=8) 

after combined 28 and 56 days of incubation. 

 

Table S6. Taxonomic assignment. Taxonomy (Silva version 138) of 10,860,283 curated 16S 

rRNA sequences from 59 oil reservoir sequencing surveys. 

 

Table S7. Metagenome-assembled genomes (MAGs). MAG taxonomic classification, 

completeness (%), contamination (%), genome size (Mbp), GC content, strain heterogeneity, 

predicted genes and coding density, as well as MAG to amplicon sequence variant (ASV) 

correlation. 

 

Table S8. Summary of genes detected in metagenome-assembled genomes (MAGs). Genes 

identified to be required for dissimilatory sulfate reduction, fermentation, hydrocarbon activation, 

sporulation, glycolysis, and the TCA cycle. 



Table S9. Sporulation genes annotated against Pfam, TIGRFAM and Swiss-Prot databases. 

Data includes sporulation genes detected in 15 MAGs.  
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