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The subsurface represents a stable environment that 

was likely habitable early in Earth history and current-
ly harbors vast microbial biosphere. Moreover, subsur-
face environments may have been (and possibly are) 
habitable on other planets of the Solar System (e.g., 
Mars [1]). Oil reservoirs represent an accessible nutri-
ent-rich ecological niche of the deep biosphere. Alt-
hough most oil reservoirs are occupied by microbial 
populations, when and how the microbes colonized 
these environments remains unanswered. Two alterna-
tive hypotheses have been proposed. In the first, ‘buri-
al and isolation’ hypothesis, the microorganisms bur-
ied with the sediments adapt to the new environment as 
the oil reservoir is formed [2]. In the alternative ‘colo-
nization’ hypothesis, subsurface microorganisms popu-
late the oil reservoir after their formation [3]. 

Bacteria from the genus Thermotoga are hyper-
thermophilic anaerobes that have been detected and 
isolated from numerous oil reservoirs, as well as from 
geothermally heated sea floors and continental hot 
springs [4]. The oil reservoir isolates appear to be 
physiologically adapted to the reservoir conditions. Do 
the oil reservoir isolates represent recent invaders from 
geographically adjacent marine populations (or vice 
versa), or do the two ecologically different habitats 
harbor distinct subpopulations of Thermotoga adapted 
to their respective niches? 

To address this question, we compared 11 genomes 
of Thermotoga spp. hyperthermophiles from subsur-
face oil reservoirs in the North Sea and Japan, geo-
thermally heated sea floors in Italy and the Azores, and 
shallow marine hydrothermal vents in the Kuril Is-
lands. We complemented our genomes with Thermoto-
ga DNA from publicly available subsurface meta-
genomes from North America and Australia [5, 6].  

Our analysis reveals complex non-bifurcating evo-
lutionary history of the Thermotoga genomes, suggest-
ing high amounts of gene flow across all sampled loca-
tions, a conjecture supported by numerous recombina-
tion events (Figure 1) [7]. Hence, Thermotoga popula-
tions of oil reservoirs do not appear isolated. These 
results favor ‘colonization’ over ‘burial and isolation’ 
scenario, and a more complex view of the evolution of 
populations in the oil reservoirs emerges, in which 
bacteria from the subsurface and marine populations 

have been continuously migrating into the oil reser-
voirs and influencing their genetic composition.  

Our analysis also reveals larger gene flow among 
the subsurface populations than between subsurface 
and marine populations [7]. What would be the mech-
anism of gene flow across geographically isolated oil 
reservoirs? Although some gene flow likely involves 
dispersal via the surface (for example, burial, oil seeps 
and hydrothermal vent plumes), followed by subse-
quent selection for genes beneficial for subsurface life, 
we suggest that within-subsurface gene exchange is 
nonnegligible. Future investigations are needed to de-
termine how such gene flow is achieved. 
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Figure 1. Visualization of recombination 

events detected among seven Thermotoga ge-
nomes. The genomes are color coded and arranged 
on the circumference of a circle. The recombina-
tion events with predicted donor and recipient are 
shown as lines connecting the two genomes and the 
locations of recombined regions. The line color 
reflects the donor lineage.  Modified from [7]. 
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