
Biogeochemical insights from 
marine algal genomes
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What influences the distribution and evolution of 
microbes in the ocean?

Availability of nutrients (+ light for autotrophes) in the context of 
physical constrains (e.g. T) and biological interactions 



The principal forces of evolution in prokaryotes and their 
effects on archaeal and bacterial genomes

Koonin, E. V. et al. Nucl. Acids Res. 2008 36:6688- 6719; doi:10.1093/nar/gkn668

= 659 genomes of bacteria



Common and rare genes in selected archaeal 
and bacterial genomes

Koonin, E. V. et al. Nucl. Acids Res. 2008 36:6688- 6719; doi:10.1093/nar/gkn668
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Is the distribution of phytoplankton functional groups also
influenced by the availability of nutrients?

Jan. April

July October

Red = diatoms; green = cynaobacteria; blue = picoplankton; yellow = large phytoplankton 

Cermeno et al. 2008, Follows et al. 2007



What about insights from algal genomes?
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(number of genes)

Hs
(23k)

Mock T., unpublished
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Endosymbiontic gene transfer (vertical)
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Phylogeny of zeaxanthin epoxidase (ZEP)



Horizontal gene transfer (HGT)
(diatoms)

P. tricornutum (587)
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Conserved Diatom Genes Involved in Nitrogen Metabolism
that are of Probable Bacterial Origin and are 
Missing in other Photosynthetic Eukaryotes
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Y (Yes, present), N (No, not present) in T. pseudonana (Tp) or P. tricornutum (Pt)

Bowler et al. 2008, Nature, published ahead of print
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Horizontal gene transfer (HGT)
(prasionphytes)

Derelle E et al. PNAS 2006;103:11647-11652



Derelle E et al. PNAS 2006;103:11647-11652



How can we link genomic information to the environment?
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unpublishedunpublished

Reads 212,301 
(New Roche grant: 3Gb!)

Reads 119,152

Reads 136,993
Puget Sound

Equatorial Pacific

Weddell Sea, Southern Ocean

Global eukaryotic metatranscriptome of upper ocean



Taxonomic affiliations for sequences from Puget Sound (MEGAN)

Unpublished (Andrew Toseland et al.)



Red = Southern Ocean
Blue = Equatorial Pacific
Green = Puget Sound

Unpublished (Andrew Toseland et al.)
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73% of T. pseudonana-like 
environmental sequences had a 
match to the transcriptome

Unpublished (Andrew Toseland et al.)
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Limitations



Ribosomal_L23eN 

Acyl-CoA_dh_1 

Ribosomal_L23 

Ribosomal_L44 

Ceramidase_alk
PsbU

Identification of protein function (Pfam data bank)

Unpublished (Andrew Toseland et al.)



Temperature at time of sampling was 13� C (12th August, sunny day)

Moore et al. L&O, 2008

Why?



Conclusions

Sequencing many more algal genomes
from different environments and different taxa

Transcriptome analysis under environmentally important
conditions

Metatranscriptome sequencing (monitoring)

What drives genome evolution of algae
in an environmental context?


