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● 2015 projection for 2025: 5 exabytes - 1 zettabyte

● $150 billion in direct sequencing costs (!)
= the cost of building the International Space Station

* Based on # sequencers in the world, https://tinyurl.com/seqcapacity from @albertvilella. Slide idea: G. Rizk

5 EXABYTES*
of sequence data
= 5 billion gigabytes
= 50,000,000 sequenced human genomes

https://tinyurl.com/seqcapacity


Sequence 
Read 
Archive
@ NCBI
DNA and RNA 
sequencing data

~100 petabases
~$5 billion
in direct seq. costs
Fully open



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
(Serratus, Logan)

“Library of Alexandria” 
for genetics



Size (Pbp)

SRA: an unfathomable / unanalyzable pile of data (until recently)

● NCBI GenBank, RefSeq:
○ 1000x smaller than SRA (~terabases)
○ searchable by BLAST

● UK BioBank: summarizable by VCFs
● SRA:

○ no BLAST, no VCF, just sequences and vibes
○ ~5 million human samples, ~7 million metagenomes

Enter k-mer algorithms:

● Represent sequences through their length-k substrings
● Better ways to align / assemble / index sequencing data
● Store each k-mer in O(1) space; quantify RNA-seq in minutes, ..
● Index 100,000’s of bacterial genomes, 1,000’s of metagenomes
● Success stories: Jellyfish, SPAdes, MEGAHIT, Kraken, MetaGraph, ..
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Discovered 130,000 new RNA viral species
First meta-analysis of the entire SRA (RNA-seqs)
Cloud computation, using off-the-shelf sequence aligners
Edgar et al, Nature, 2022

CGSI 2022 talk: Serratus: all public RNA-seqs analyzed for viral discovery
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SRA: an unfathomable / unanalyzable pile of data (until recently)

● NCBI GenBank, RefSeq:
○ 1000x smaller than SRA (~terabases)
○ searchable by BLAST

● UK BioBank: summarizable by VCFs
● SRA:

○ no BLAST, no VCF, just sequences and vibes
○ ~5 million human samples, ~7 million metagenomes

Enter k-mer algorithms:

● Increasingly better ways to align / assemble / index sequences
● Consider exact matches of length k between reads, or versus genome
● Stored k-mers in o(k) space 
● Indexed 100,000’s of bacterial genomes, 1000’s of metagenomes
● Success stories: Jellyfish, SPAdes, MEGAHIT, Kraken, MetaGraph, ..
● Still fell short of handling SRA-scale data



Rich Sutton’s Bitter lesson (2019) on AI

general approaches 
with high 

computational cost
(e.g. AlphaGo)

>

domain-specific 
understanding

(e.g. human-designed strategies) 

general methods 
operating over 

peta-scale raw data

>?

specialized tools built 
around small, 

well-curated datasets

Computational biology 



CGSI 2023 talk: Living in the future of genomics

“Next-gen” bioinformatics 
analyses using cloud 
computation, and ChatGPT

@SRR11606871.1 1 
length=4250
CCGGGATGTGCTTGCC
TTTCGGCACCATGTAG
CTGGATGCCAAAGAAC
ACGGTGCCGTTATCCT
TACCGCTCATGAAGTC
ACGGGGCTGA
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Logan:
The public SRA assembled into 

longer, searchable, compressed sequences
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Logan:

38 million
SRA accessions



6 Days: 2.18 Million concurrent CPUs
~100 tonnes CO2, ~half a one-way transatlantic flight



A resource comparable to Common Crawl

HTML pages, images, PDFs,
JavaScript, etc..

Full historical archive:
>10 petabytes



Logan-Search.org

petabase-scale search 
in minutes 
using k-mers

Query:
Klebsiella AMR



How Logan-Search works

1) Paste a query DNA sequence, 
e.g. ACTAGTAGAGTAGATGAGGACATAGATGAGCACATGATGAGAGACACATTG

2) Search 23 million SRA accessions in minutes

3) Obtain:
● matching SRA accessions and metadata
● geographic / host / biome context
● per-accession BLAST-like alignments

Built by Teo Lemane and 
      Pierre Peterlongo, INRIA Rennes
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Logan-Search results interface



Under the hood of Logan-Search ⚙
Uses a Bloom filter matrix of k-mers Lemane et al 2024

Stored on disk, row-wise, for fast retrieval per k-mer

1.1 petabytes for the Bloom Filters

2.15 quadrillion k-mers inserted



Many algorithmic challenges remain

At Logan scale, we still cannot efficiently:

● Compress Logan unitigs (Rouzé et al 2025, scales up to 1000s of human genomes)
● Increase the contiguity of Logan assemblies (need to redownload the reads)
● Index Logan without spending exorbitant time or space

But.. these are pré-Logan problems:

● GenBank WGS (10x larger than RefSeq) is also unindexed, uncompressed
● (WGS is nearly impossible to download: millions of files on a FTP server)
● Why not start here?



Logan-derived discoveries:
● viruses hiding in plain sight
● plastic-degrading enzymes
● protein universe expansion
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Every sample is a 
metagenome



Petabase-scale search of human viruses
using Serratus

Caleb Lareau et al., Nature 2023 
Sloan-Kettering Cancer Center

129 human viruses screened 
across all public RNA-seqs



From petabase-scale search to 
HHV-6 detected in CAR T cells

Discovery made using Serratus
Caleb Lareau et al., Nature 2023 

HHV-6 expression in large-scale scRNA datasets
A small number of cells are super-expressors of HHV-6

CAR-T datasets



Logan-Search extends HHV-6 
discovery to Tumor-Infiltrating 

Lymphocyte therapy
Discovery made using Logan-search

Caleb Lareau, Sloan-Kettering Cancer Center

HHV-6 searched again in human RNA-seqs,
this time with Logan

HHV-6 detected in TIL infusion products

Presented in the Logan preprint



Could hidden HSV-1 reactivation 
contribute to neurodegeneration?
Recent preprint (Lareau lab, May 1st 2026)

n=1 HSV-1 expression event localized to RORB+ human neurons
Missed by host-only alignment: HSV-1 is absent from the human reference
Gutierrez et al., bioRxiv 2026



Shout out to: SRA-scale papillomavirus discovery 
(Jess Shen et al, April 2026 preprint)

383 novel PV types 
(992 previously known)
New hosts: rhinoceros, voles, grey foxes 



Expanding the Protein Universe

* commercial 



● Extracted ORFs from Logan 
v1.1 contigs with Prodigal

● MMseqs2 clusters 
○ 90% identity
○ 50% identity

● 71M ‘human-associated’
● 3.0B ‘nonhuman-associated’

Soon searchable via embeddings 
(deep homology search) in Galaxy

Analyses by:
Martin Steinegger, SNU, Korea
Joey Lee, SNU, Korea
Roland Faure, Institut Pasteur

Expanding the Protein Universe



Expanding the Protein Universe

* commercial 

Logan is the Training Data for
Next-Generation Biological AI





Logan Protein Search:
    213 Plastic-degrading enzymes
    1 Million in NCBI nr

50+ Million in Logan 



Discovering +50M
  Plastic-Degrading Enzyme Homologs

Random 160 
“PETase-Like”

A Babaian’s group
R Loll-Krippleber



Found Natural and Ultra-Efficient
Plastic-Degrading Enzymes





Obelisks:
● 1 kb circular RNA elements, rod-like structure, 1-2 proteins
● Found in ~50% of human oral microbiomes
● Mostly everything unknown about their biology

Originally discovered by Vanya Zheludev (Stanford) 
in 100-human microbiome project:
→ 1 species

NCBI Pebblescout k-mer search: 
→ 2 species

Serratus:
→ 7,000 species

Zheludev IN, Edgar RC, Lopez-Galiano 
MJ, De la Peña M, Babaian A, Bhatt AS, 
Fire AZ. Viroid-like colonists of human 
microbiomes. Cell (2024)



Logan: > 3x as many Obelisk species 

Translated protein search with Logan-DIAMOND recovers 
substantially more divergent Obelisk homologs than nucleotide 
k-mer search



Tracking AMR genes
across environments
over the last 15 years
human, livestock, marine, 
wastewater, soil, etc..

Mercè M. Nerin, Sanger



What Logan doesn’t replace

Generation of new samples

High-quality assemblies
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