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Evolution
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https://www.ebi.ac.uk/ena/browser/about/statistics



SRA: Open Science at Its Best

"Earth's genetic biodiversity is the shared heritage of all living organisms, and as scientists we are 
responsible for liberating and sharing this heritage with everyone. Freely, and openly."

A. Babaian

“Library of Alexandria” 
for genetics
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Billions dollard data



My objective / obsession 

• Propose a genomic search engine

• Covering the Library of Alexandria for genetics, SRA

🧬🤦  🧬🤦
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From reads to unitigs and contigs
Logan
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A taste of algorithmics 
Assembly, kmers, and de Bruijn Graphs
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• No word in DNA: ….ACGGCGCATCTGGTCGTATGACGAGCAGCT…

• Split to subsequences of fixed length k (called k-mers) 

• Nb words in Oxford English dictionary: ~600,000
• Number distinct 31-mers: 4,611,686,018,427,387,904 

k-mers, why and what. 
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𝑘 = 31



Unitigs & Contigs

Contigs: typical output of genome assembly 

methods

 consensus sequence

 No clear definition

Unitig: simple path in the de Bruijn graph
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Realization: logan
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Logan: Outline

● 50 petabases of reads were downloaded & assembled on AWS cloud

● Reconstructed all contigs and unitigs in the entire SRA 

(27 millions samples) 
○ 0.3 PB of contigs

○ 2 PB of unitigs
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PI: Rayan Chikhi



Search something on Logan data

• Sequence alignment with DIAMOND (--sensitive) 

streaming all of Logan contigs 

•  11 hours on 60k cloud vCPUS (10k$)
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Search engine on logan data: 
Logan-search
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With Téo Lemane



Querying using kmers
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Querying using kmers
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Query sequence

ACGAGGTACGA In bank
ACGA Yes
CGAG Yes
GAGG Yes
AGGT Yes
GGTA Yes
GTAC No
TACG Yes
ACGA Yes

• 7 over 8 kmers shared with a dataset
• 7/8 of the query in the bank



Comparing using kmers? 

Alignments kmers
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Genomic research engine: conceptual view
index
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Atomic question

• Given a queried kmer, in which sets does it exist?

ACGGATC…GACTCAA

Set
42
58
…
1928



Bloom Filter

A bit vector B of fixed size

Add one element: 

B[hash(element)] = 1

Query one element: B[hash(element)]

0: absent

1: present (possibly a False Positive)
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: A bloom filter
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Indexing: conceptual view

One read set: 

• Extract & count kmers

• Filter kmers

• Generate a bloom filter

N read sets: 

• Create N 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

Bloom 

Filters
0  1   1   1
1  0   1   0
1  1   1   0
…  …   …   …
0  1   1   1

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

Bloom 

Filter
0
1 
1
… 
0
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Indexing: conceptual view
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ACGAGGTACGA
ACGA
CGAG
GAGG
AGGT
GGTA
GTAC
TACG
ACGA

Sequence

kmers
Presence of each 

kmer in each 

indexed dataset

Presence of 

ACGAGGTACGA in 

each indexed 

dataset

Bloom 

Filters
0  1   1   1
1  0   1   0
1  1   1   0
…  …   …   …
0  1   1   1



Realization: logan-search
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27 million samples

2 million billions k-mers

Logan
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~50 petabases 

of raw reads (SRA)

2.18 petabytes unitigs

s3://logan-pub/u/

Logan

385 terabytes contigs

s3://logan-pub/c/



Logan + kmindex = Logan Search
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~50 petabases 

of raw reads (SRA)

2.18 petabytes unitigs

s3://logan-pub/u/

Logan

Logan Search

Chikhi, R., Raffestin, B., Korobeynikov, A., Edgar, R. C., & Babaian, A. (2024). 

Logan: Planetary-Scale Genome Assembly Surveys Life's Diversity. 

bioRxiv, 2024-07.

2 centuries cpu time

385 terabytes contigs

s3://logan-pub/c/

27 million samples

2 million billions k-mers



Logan + kmindex = Logan Search
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~50 petabases 

of raw reads (SRA)

2.18 petabytes unitigs

s3://logan-pub/u/

Logan

Logan Search

Chikhi, R., Raffestin, B., Korobeynikov, A., Edgar, R. C., & Babaian, A. (2024). 

Logan: Planetary-Scale Genome Assembly Surveys Life's Diversity. 

bioRxiv, 2024-07.

2 centuries cpu time

109 sub-indexes:

Genomic

Transcript.

MetaG

MetaT

SingleCell

…

×

Human

Mice

Viruses

Mamals     

Bact.

…

385 terabytes contigs

s3://logan-pub/c/

27 million samples

2 million billions k-mers
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Logan-search answer: perform a query
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Logan-search answer: perform a query



Logan-search answer: geographical
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Logan-search answer: exploit metadata
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Anthony Baire, Pierre Marijon, Francesco Andreace and Pierre Peterlongo (2024). 

Back to sequences: Find the origin of k-mers. 

Journal of Open Source Software, 9(101), 7066, https://doi.org/10.21105/joss.07066

Logan-search answer: Align query to contigs or unitigs
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Anthony Baire, Pierre Marijon, Francesco Andreace and Pierre Peterlongo (2024). 

Back to sequences: Find the origin of k-mers. 

Journal of Open Source Software, 9(101), 7066, https://doi.org/10.21105/joss.07066

Logan-search answer: Align query to contigs or unitigs



From logan-search results to blast

logan_blast.sh -s kmviz-b2bce461-ca13…
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From petabytes to insights
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An example of what have we found
(Check the paper for more)



Logan-search uncovers novel biological 

associations of viruses

● Query: HHV-6B transcripts (5 minutes)

● Where: human RNA-seq 

● Found:
○ 13 distinct bioprojects
○ 4 served as positive controls

Focus on biosamples about TIL therapies
 (Tumor Infiltrating Lymphocytes)

● Observation: HHV-6 reactivation in TIL therapies
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Logan-search - evolution
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Logan, work in progress

Today

• Not compressed
• Whole index: 1PB

• Housed by Microsoft Azure
• File system not adapted 

• One query: 1kb max, 5minutes

• Indexes SRA as of Dec 2023. 

• Almost doubled

• LLM Analyze: 
• Based on metadata 

Tomorrow
• Compressed

• Whole compressed  index: 300TB (?)

• Housed by TACC
• Galaxy  

• Hope: instant and bigger queries

• Updated unitigs/contigs and index

• LLM Analyze

• Based on scientific papers

• Interactive
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Alix Regnier
Sebastien Bellenous



Thanks!!! 
Logan-Search: https://logan-search.org/
Logan-Search to Blast: github.com/pierrepeterlongo/blast_logan_search_results

Pierre Peterlongo
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BONUS
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A few technical details about kmindex

construction and structure

• If we have time…
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How to distribute k-mers into partitions?
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How to distribute k-mers into partitions?

ATAACTCGACA  -> ?

𝑘 = 11,𝑚 = 4
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How to distribute k-mers into partitions?

ATAACTCGACA  -> AACT
 TAACTCGACAT  -> ?

𝑘 = 11,𝑚 = 4
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How to distribute k-mers into partitions?

ATAACTCGACA  -> AACT
 TAACTCGACAT  -> AACT
  AACTCGACATA -> AACT
   ACTCGACATAG -> ACAT
    CTCGACATAGT -> ACAT
     TCGACATAGTA -> ACAT
      …

𝑘 = 11,𝑚 = 4
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How to distribute k-mers into partitions?

ATAACTCGACA  -> AACT
 TAACTCGACAT  -> AACT
  AACTCGACATA -> AACT
   ACTCGACATAG -> ACAT
    CTCGACATAGT -> ACAT
     TCGACATAGTA -> ACAT
      …

𝑘 = 11,𝑚 = 4
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Back to sequences: Find the 

origin of k-mers
https://github.com/pierrepeterlongo/back_to_sequences

Baire et al., (2024). Back to sequences: Find the origin of k-mers. Journal of 

Open Source Software, 9(101), 7066, https://doi.org/10.21105/joss.07066
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https://github.com/pierrepeterlongo/back_to_sequences


Find similar sequences

Kmindex enables to know to which dataset 𝐷 my query 𝑄 is similar

“Super, but 𝑄 is similar to which sequences 𝑑! from 𝐷?”

𝑄 =	ACGGATCGCATCA  

>read1
CGGCATCTAGGGGCAT
>read2
TTACGGATGGCATCAC
…
>read100,000,000
GGCATGGCGAGCGGCA

𝐷 𝑄 =	 ACGGATCGCATCA similar to

𝑑! =TTACGGATTGCATCACA

Back to sequences (b2s)
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Back to sequences

• IN:

• A query 𝑄 (seen as a set of kmers)

• A bank 𝐷
• OUT:

• Sequences 𝑑, from the bank similar to the query

• Optionally: 

• Abundance of kmers from 𝑄 in 𝐷
• Mapping positions of kmers from 𝑄 in each 𝑑,
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