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Polar Marine Science 
in the Genomics Era 

λ Genomics Era highlights 
- Global Ocean Survey 
- Moore Foundation Marine Microbes 
- Joint Genome Institute 
- Earth Microbiome Project 

λ Comparative Genomics projects 
- genome modeling: birth, death, and the pangenome 
- hima: database of cold-active microbe genomes 
- ddmp: database of cold-active microbe phenotypic traits 
- SRB: sulfur isotope fractionation 

λ Upcoming Projects 
- Compatible Solutes 



λ Global Ocean Survey 



The 2003 Global Ocean Survey: 
 The Genomics Era in marine science is born 



Craig Venter is on a boat! 



But Charles Darwin beat him to it. 



Sorcerer II 
2003-2010 

Beagle 
1831-1836 



Metagenomics: GOS oceanic diversity 

Rusch et al. (2007) 



λ Moore Foundation 



metagenome assembly, Iverson 2012 

182 bacterial 
strains 



686 eukaryotic 
transcriptomes 



Gilbert 2008  

Metatranscriptomics 



λ JGI/IMG 



Genome Sequencing Explosion 

October 2013 
11006 Bacteria 
384 Archaea 
193 Eukarya 
in JGI/IMG 



Streamlining in 1424 genomes 

~1000 bp/gene 
 

short intergenic regions 
 
 



Largest bacterium 
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Smallest bacterium 

Sorangium 
cellulosum  
(14000kb) 

Tremblaya princeps (140kb) 



Organelles overlap endosymbionts 

Sorangium 
cellulosum  
(14000kb) 

chloroplasts, mitochondria 
 

Tremblaya princeps (140kb) 



Smallest free-living bacterium 

Sorangium 
cellulosum  
(14000kb) 

Pelagibacter ubique (1300kb) 

chloroplasts, mitochondria 
 

Tremblaya princeps (140kb) 



Minimization of intergenic spacer lengths 

Giovannoni et al. 2005 



Minimization of nutrient requirements 
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Grzymski & Dussaq (2012) 



Collins and Higgs (2011) 

Gene family size distributions show that 
gene deletion is biased over duplication 



Largest archaeon 
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Smallest eukaryote 
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Largest virus 
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Largest virus (Oct 2013) 

Sorangium 
cellulosum  
(14000kb) 

Methanosarcina  
acetivorans  
(4800kb) 

Nanoarchaeum equitans (490kb) 

Saccharomyces 
cerevisiae 
(12000kb) 

Pandoravirus (2500kb) 

Pelagibacter ubique (1300kb) 

chloroplasts, mitochondria 
 

Tremblaya princeps (140kb) 

Mimivirus (1200kb) 



Smallest biological entity 

Sorangium 
cellulosum  
(14000kb) 

Methanosarcina  
acetivorans  
(4800kb) 

Nanoarchaeum equitans (490kb) 

Saccharomyces 
cerevisiae 
(12000kb) 

Mimivirus (1200kb) 

Pelagibacter ubique (1300kb) 

Spiegelman's 
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chloroplasts, mitochondria 
 

Tremblaya princeps (140kb) 

Pandoravirus (2500kb) 



Largest plasmid 

Sorangium 
cellulosum  
(14000kb) 

Saccharomyces 
cerevisiae 
(12000kb) 

Methanosarcina  
acetivorans  
(4800kb) 

megaplasmid pSCL4 (1800kb) 

Pelagibacter ubique (1300kb) 

Mimivirus (1200kb) 

Nanoarchaeum equitans (490kb) 

                  plasmids, phage, etc. 
 

Spiegelman's 
Monster (218bp) 

chloroplasts, mitochondria 
 

Tremblaya princeps (140kb) 



λ Genome Modeling 



Collins and Higgs (2012) 

Bacterial Pangenome 

λ sequence many isolates of the same species/ strain/ ecotype/ whatever 

λ compare them to find out what has changed 



Core and Pangenomes 

Collins and Higgs (2012) 



Core and Pangenomes 

Collins and Higgs (2012) 



λ hima/ddmp 



hima v1 
genomes 

(2011) 



hima v2 
genomes 

(2013) 

λ http://reric.org/work/hima 



Which Microbes Grow At Low Temperature? 















ddmp: a digital database of microbial phenotypes 

λ 100 data tables 
λ 450 taxa 
λ 1000 traits 
λ 22,000 entries 

λ <10% of the total 

λ http://reric.org/work/ddmp 



ddmp: species 



ddmp: traits 



Bergey's, etc.        ddmp 



hima v1 genomes 
with phenotypes 



hima with metagenome samples 
−15 to +15ºC 



Marine Viromes 
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The genome of Colwellia psychrerythraea 34H 

Red = high G+C; Blue = low G+C 
Δ= integrase; square = transposase 



GC content amelioration 

distance to mean  
line estimates time 
since introduction 
of foreign gene 



Psychrophiles 



Thermophiles 



Sulfate Reducers 



Cyanobacteria 





λ SRB 



Sulfur Isotope Fractionation 
by sulfate reducing bacteria 



Genome sequencing of  
sulfate reducing bacteria 

high Ɛ 

low Ɛ 



Directed Evolution Experiment 



genome re-sequencing Line 1 Line 2 Line 3 Line 4 Line 5 Line 6 

Directed Evolution Experiment 



λ Upcoming Projects 



Daneborg 2014 

Svalbard? 

Barrow 2014 

Cambridge 
Bay 2014 

Nuuk 2014 

Chukchi 2015? 
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Compatible solute degradation pathway 
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λ Thanks! 

λ Jody Deming, Evan Firth & Nuuk team 
λ Rolf Gradinger, Hajo Eicken & sea ice course 
λ Boz Wing, Andre Pellerin & McGill team 
λ Jeff Bowman 
λ Paul Higgs 
λ Funding from NSF OPP, UAF 


