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Filter pore sizes Plankton fraction

         p < 0.2 µm 1: Viruses (phages)
0.2 < p < 1.6 µm 2: Bacteria & Giruses
0.8 < p < 5 µm 3: Bacteria & Protists I
   5 < p < 20 µm 4: Protists II

  20 < p < 180 µm 5: Protists III
180 < p < 2000 µm 6: Protists IV

 Sampling strategy
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Environmental genomics

→ what biological functions are present ?

→ which functions are active now ? 

→ Full genome for representative uncultured species

→ which species are present ?



http://tara-oceans.mio.osupytheas.fr/ 



Ocean Gene Atlas =>   Ocean Gene Atlas V2.0 
- Marine metagenomic and metatranscriptomic datasets

	 Tara Oceans Procaryotes and Eukaryotes genes catalogues

8 trillion of read sequences for 228 million genes


Ocean Barcode Atlas 
- Marine metabarcoding datasets

	 500 000 barcode sequences


Ocean Read Atlas 
First indexing method capable of processing terabyte-sized 
genomic sequence in one dataset!

- index of 1,393 metagenome samples of raw sequences 
from virus to mesozooplankton from Tara Oceans


- 36.7TB raw data = one index (4.63TB) 

TOENDB  
- Tara Oceans Ecological Niches

713 Single Cell and  Metagenomes 

Assembled Genomes W
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http://tara-oceans.mio.osupytheas.fr/ 



Ocean Gene Atlas             Ocean barcode Atlas
Metagenomic & Metatranscriptomic datasets Metabarcoding datasets



The Ocean Read Atlas
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Distributed storage    
system Ceph 

Julien Lecubin



The Ocean Gene Atlas v2.0
Metagenomic (MetaG) 

Metatranscriptomic (MetaT)

 

ONE CLICK MARINE GENE BIOGEOGRAPHY

http://tara-oceans.mio.osupytheas.fr/ocean-gene-atlas/


- Search for a gene or protein in the 
different samples (sequence alignment or 
hmm search) 

- Computation of the homologous genes 
abundance in each sample (/ station and / 
filter) 

-  Correlation with environmental 
parameters 

-  Taxonomic assignment of identified 
sequences 

-  Phylogenetic tree of the homologous 
sequences 

Biogeography of homologous sequences 



Vernette et al, 2022. doi: 10.1093/nar/gkac420

API: Application and Programming Interface

https://doi.org/10.1093/nar/gkac420


Diversity analysis of planktonic communities 

The Ocean Barcode Atlas

Public 
    

18S V9  
474,303  OTUs 
1,046 samples 

18S V4 
156,648 OTUs 
1,191 samples 

  
 16S V4  

3,902 OTUs 
60 samples 

ASV 18S V4 
1,011 samples 

ASV 18S V9 
1,069 samples 

miTAGs  
23,987 sequences 

180 samples 

The Ocean Barcode Atlas: a web service to explore the 
biodiversity and biogeography of marine organisms. 
C. Vernette, N. Henry, J. Lecubin, C. de Vargas, P. Hingamp, M. Lescot (2020) 
Molecular Ecology Resources. Link: https://doi.org/10.22541/au.160193452.23998228/v1

http://oba.mio.osupytheas.fr/ocean-atlas/

Metabarcoding datasets

Private 

ASV 16S V4V5 
1,361,502 ASVs 
1,134 samples 

MOOSE 18S V4 
15,743 OTUs 
271 samples

https://doi.org/10.22541/au.160193452.23998228/v1
http://oba.mio.osupytheas.fr/ocean-atlas/
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based query

Submission interface

Interactive interface

Request types

User friendly  web service



Metagenome sequencing (soil, seawater, waste water, air, gut, …)
Data

>read0
ACACGTCAACGGCTACGGCAGACTAACGACTCAGTC
>read1
ACGAGCATCAGGGGACGTATGTTATGCAGTTCCAGG
>read2
GTCAGGCGATCAGGGCATCTACGGGCATCTACAGTT
>read3
ACGTCATGGCATTCAGCAGCTCATGCGGGCGATATT
…
>read1,000,000,000
TTGCATCGCAGGCCAGGCATCATGGCGGCATTTTTT

Raw sequences
• Redundant & fragmented data
• Error-prone (0.1% to 10% error rate)

• Important background noise

• Heterogenous

• Quality and quantity

• Volumes:

• hundreds millions fragments  / experiment
• Millions of experiments

• Archived
53.5 petabytes

doubles: 32 months

P. Perterlongo



ENA (European Nucleotide Archive) contains almost 50 Petabytes of raw data (raw sequences)


         =>    equivalent to 100,000 desktop computer


Query this data with a sequence « ATGAGAAAAGTAGCAATTTACGGAAAAGGC » is  IMPOSSIBLE!


The cumulative total size of the compressed files representing these genomes is 125 Gigabytes. 


That's around 500 thousand times smaller than the 50 Petabytes of raw sequencing data (also compressed). 


            => querying these genomes would take several hundred days.


We know how to query assembled genomes.


But we don't know how to query the raw data 2 by 2. 


=> 2 weeks at TGCC on Tara Oceans datasets


=> so we can extend to 2000 weeks = 38 years of queries on "The Sequence Read Archive"



Words
• No word in DNA
• Split to subsequences of fixed length k 

(called kmers)
 

     (20 < k < 40)

• Thousand billions distinct kmers
• (google indexes millions)

Compare sequences
• Sequence similarity ~ shared kmers count
ACGAGGTACGA	 ACGAGTTACGA
ACGA	 	 ACGA
 CGAG	 	  CGAG
  GAGG	 	   GAGT
   AGGT	 	    AGTT
    GGTA	     	     GTTA
     GTAC	      	      TTAC
      TACG	                 TACG
       ACGA	        ACGA 

• 4 over 8 kmers shared

kmers

P. Perterlongo



Words
• No word in DNA
• Split to subsequences of fixed length k 

(called kmers)
 

     (20 < k < 40)

• Thousand billions distinct kmers
• (google indexes millions)

Query vs Bank
• Sequence similarity ~ shared kmers count
ACGAGGTACGA	 BANK
ACGA	 	
 CGAG	 	
  GAGG	 	
   AGGT	 	
    GGTA	
     GTAC	
      TACG	
       ACGA 
	
• 6 over 8 kmers shared

kmers

P. Perterlongo



Indexing: conceptual view

One read set: 
• Extract & count kmers
• Filter kmers
• Generate a [counting] bloom 

filter

N read sets: 
• Create N [counting] bloom filters
• This is the index

Reads
>read1
ACGAG…ACGTA
>read2
ACGGC…GGACT
…
>read1000000
GGCGA…AGATA

Counted 
kmers

AAAAAC 12
ACCATA 4
AGGTAT 1
…
TCGGAT 5

cBloom
Filters

0  8   3   8
12 0   13  0
4  7   6   0
…  …   …   …
0  24  2   9

Reads
>read1
ACGAG…ACGT
…
>read1000000
GGCGA…AGAT

Reads
>read1
GCGAG…ACGT
…
>read1000000
AGCGA…AGAT

Reads
>read1
CCGAG…ACGT
…
>read1000000
TGCGA…AGAT

Reads
>read1
ACGAG…ACGT
…
>read1000000
GGCGA…AGAT

cBloom
Filter

0
12 
4
… 
0

5

with kmtricks 

P. PerterlongoProbabilistic data structure



Kmindex & Ocean Read Atlas

Input: Tara Oceans Metagenomic

Compressed fastq.gz files:
36.7 TB, 1,393 samples 

Each sample:
Position
Species fraction sizes
Physico-chemical env:

Ph, salinity, T°, … Tara Schooner -  Creative Commons Attribution 3.0

P. Perterlongo



Output: Index & web server
Index size: 4.63TB

Instant Queries
Similarity metric
Correlations with env. Metrics

A web server
https://ocean-read-atlas.mio.osupytheas.fr/

3 days
(TGCC CEA)

Kmindex & Ocean Read Atlas

Input: Tara Oceans Metagenomic

Compressed fastq.gz files:
36.7 TB, 1,393 samples 

Each sample:
Position
Species fraction sizes
Physico-chemical env:

Ph, salinity, T°, …

P. Perterlongo

https://ocean-read-atlas.mio.osupytheas.fr/


T. Lemane

Index construction and read query performance of kmindex on 50 Tara Oceans samples. 



T. Lemane



• Sequence abundance included soon
• Scale   (from TB to PB)
• Reduce (environmental impact)
• Smart   (queries and answers)
• Deploy   (distribute indexes)
• Apply to all sequencing projects 

(environment, health, agronomy)



http://tara-oceans.mio.osupytheas.fr
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