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ABSTRACT 
 

A large fraction of Earth’s biosphere is permanently cold, 
and cold-adapted microorganisms capable of growth at 
temperatures well below freezing have been found in 
cryoenvironments globally. It is now well established that 
permafrost—ground that remains at or below 0°C for at least two 
consecutive years—can host viable and active communities of 
microorganisms. The permafrost soils of the high elevation 
McMurdo Dry Valleys are the most cold, desiccating and 
oligotrophic on Earth; where the continuous aridity and cold results 
in the formation of dry permafrost overlaying ice-cemented 
permafrost, a rare condition that likely only occurs in this region. 
Little is known about the permafrost microbial communities in the 
high elevation Dry Valleys other than microorganisms are present.  

 University Valley is a high elevation Dry Valley (1700 
MASL), and is one of the coldest and driest locations in Antarctica 
(mean annual temperature ~ -25ºC; no degree days above freezing). 
The objective of this study was to examine the microbial diversity, 
activity and functional ecology of microbial communities in two 
distinct habitats in University Valley: permafrost soils, and the 
sandstone rock which form the valley walls.  

We found total microbial biomass in University Valley 
permafrost was extremely low (103 cells/g), and microbial activity 
under ambient conditions was undetectable. Only 6 isolates were 
cultured after 2 years of effort using multiple medias and 
enrichment strategies. Surprisingly, given the low biomass and 
undetectable activity, University Valley permafrost soil had high 
microbial diversity, as determined by 454 pyrosequencing of 
bacteria, archaea, and fungi. Metagenomic sequencing of University 
Valley permafrost found there was a low diversity of stress 
response genes, and instead soils were enriched in genes involved 
with dormancy and sporulation. Our results contrast with reports on 
lower elevation Dry Valleys and Arctic permafrost, suggesting that 
the combination of severe cold, aridity, and oligotrophy is severely 
constraining microbial survival, and that active microbial life is 
potentially nonexistent.  Intriguingly, genome sequencing of the 
sole bacterial isolate capable of subzero growth isolated from 
University Valley soils revealed the presence of genes associated 



with adaptation to cold and oligotrophy, as well as genome wide 
amino acid substitutions thought to confer crucial increased protein 
flexibility at low temperatures. 

In comparison to the soils, the sandstone rock in University 
Valley contained cryptoendolithic (‘hidden within rock’) 
microorganisms with a simple but functional community structure 
which included photoautotrophic algae, and heterotrophic fungi and 
bacteria. The cryptoendolithic microorganisms were capable of 
metabolic activity at in situ temperatures, and possessed a diverse 
suite of stress response and nutrient cycling genes to fix carbon 
under the fluctuating conditions the sandstone rock would 
experience during the summer months. Pyrosequencing of two 
cryptoendolithic communities found that these communities share 
few OTUs in common with the surface soils in University Valley. 
The source of the diversity seen in University Valley soils is thus 
likely a mixture of cryptoendoliths and wind deposited cells.  

This thesis outlines a natural setting in the high elevation 
Antarctic Dry Valleys, which is pushing the boundaries of 
terrestrial life on Earth. The permafrost soils of University Valley 
are not sterile, but are uninhabitable, and are selecting for dormancy 
and sporulation rather than for activity and growth. In contrast, the 
more clement conditions provided by the porous sandstone rock 
structure has fostered a thriving cryptoendolithic microbial 
community living within the same valley.  These results are relevant 
to understanding the limits of life on Earth, as well as the possibility 
of life on other cold, terrestrial planetary bodies such as Mars.  
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