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Tara Ocean Foundation → scientific expeditions with the aim to:

● study marine biodiversity 
● observe and anticipate the impacts of climate change and pollution

Tara Oceans expeditions



● Unicellular organisms
● Form massive annual springs 
● Responsible for about half of photosynthesis in 

the global oceans
● Generate about 20 to 50 percent of the oxygen 

produced on the planet each year

To understand their functional adaptations to 
environmental changes is crucial

Diatoms - a class of Plankton
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From UNIGENEs to Functions

● Genes clustered into UNIGENEs

● Mapped to Pfam domains

● Pfams grouped into Functional Categories



From UNIGENEs to Functions

~ 40’000 ~ 5’000 ~ 50



● 77 sampling stations worldwide → uniform sampling
● DNA and RNA from ocean water samples
● Genomes and transcriptomes reconstructed from DNA/RNA sequences
● ∼ 40,000 UNIGENEs (clustered gene sequences) identified

Tara Oceans Project – Datasets Overview



Datasets format



Datasets format



● Null Model
● Community Detection & Clustering
● PCA analysis

Different approaches to answer the same question



Null Model and Simulations



Null Model and Simulations

PFAM 1

PFAM 2

PFAM M

STATIONS



Occurrence analysis
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Clusters and Temperature
Clusters → 3 bio-geographical regions 



Deviating Pfams are concentrated in metaT but not in metaG
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● Null Model
● Community Detection & Clustering
● PCA analysis

Different approaches to answer the same question



PCA analysis



PCA analysis



PCA analysis



STATION 1

STATION 1

What is 𝜶?

PCA analysis
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PCA analysis reveals preferential trajectories from metaG to metaT



General functional categories → expected to be expressed everywhere



Energy and Photosynthesis related functional categories



Conclusions

● Distinct biogeographic clusters reveal functional structure
● Fine-scale unigenes/PFAMs patterns show environmental selection 
● Localized functional traits suggest ecological specialization
● MetaG and MetaT divergence captures acclimation trajectories



Thank you for your attention!







Functional categories redundancy across clusters


