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Research:



Petabase-scale viral discovery
Rayan Chikhi, on behalf of the Serratus team

We analysed all available RNA sequencing data
and discovered 10x more viruses species than 
previously known, including coronaviruses.

Nature, 2022

https://serratus.io/

https://serratus.io/


Viral surveillance in the age of pandemics

We’re here

Source: 
https://www.science.org/doi/1
0.1126/sciadv.abl4183

Would be nice to contain viruses 
there

https://www.science.org/doi/10.1126/sciadv.abl4183
https://www.science.org/doi/10.1126/sciadv.abl4183


SARS-CoV-2 circulate(s|d) among animals



Enter sequencing efforts

Tara Oceans, Salazar et al. (2019)Nextstrain

https://www.nature.com/articles/d41586-021-01069-w

https://www.nature.com/articles/d41586-021-01069-w




Growth of the Sequence Read Archive

30 petabases
( 30 million of gigabases)



Data crypt

All the raw reads sleep 
there, undisturbed



All RNA-seqs (2008-2020)
5 million samples, 10.2 Petabases 



Downloading all
RNA-seq samples:

Guesstimate:

● How many years would it take to download 10 petabases (i.e. 
10,000,000,000 MB) at 1 MB/sec? 

Hint: ~30,000,000 seconds in a year



years at 1 MB/s

Downloading all
RNA-seq samples:



Serratus: a cloud analysis of all RNA-seqs



Serratus: two analyses

1) Nucleotide alignments

all RNAseqs vs all RNA viral genomes

> Discovered new coronaviruses

2) Protein (translated) alignments

all RNAseqs vs a universal RNA virus gene

> Discovered 130,000 new RNA virus species



All RNA-seqs

55,715 CoV+ 
samples

Serratus download & 
align (bowtie2) to all 

viral reference 
genomes

Analysis 1:



Serratus architecture

- Aggressively cost-optimized

- Native access to SRA on S3

- Dynamic scaling up to  ~22,250s vCPU

- Open Source: GPLv3



Serratus performance & costs

1 million NGS libraries / day
$0.005 / library



Geography of SRA samples



All RNA-seqs

aligned reads
(.bam files)

Serratus download & 
sensitive align 
(DIAMOND2)

to all known versions of 
RNA virus universal gene

Analysis 2:



Analysis 2, search database: 15,060 known RNA viruses RdRP gene

(Babaian & Edgar, 2021. bioRxiv)

● RNA Virus “Palmprint”

● Species threshold: 

90% amino-acid id



Assembly of all viral RdRPs (Analysis 2)

“Micro-assembly” of all RdRp-matching reads within each sample

● SPAdes assembler & GNU parallel
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"petabase scale" on Google, www.serratus.io



Slides credit: A. Babaian







Metagenome & metavirome assembly

SPAdes assembler

rnaSPAdes 

coronaSPAdes

Reconstruct all the genomes

Analysis 1:

Reconstruct only CoV genome(s)

Usually:

Analysis 2:

Reconstruct only RdRP genes

Computationnally 
intensive

Computationnally 
intensive

Computationnally 
easy(/ier) :)



(screenshot: P. Barbera)

Peak:
~28,000 vCPUs

AWS Batch framework for large-scale assembly



But, for all-RdRp assembly (Analysis 2)..

With a single “bigger” instance (c6a.48xlarge, 192 cores)



What’s next?

● DNA viruses

● Lower homology detection with known RdRPs 
○ Replacing Bowtie 2 / Diamond by …?

● A global index of the SRA
○ nearly feasible with k-mers already
○ would only support exact search

105 viral species known, 108 left to discover



Summary:

● 132,260 novel RNA virus species
● 1 new group of CoV-like segmented virus
● hyper-compressed (300-500 nt) Zetaviruses

53 novel deltaviruses (cancer), 
252 huge phages, ..

All our data is accessible:
https://github.com/ababaian/serratus/wiki/Access-Data-Release

7 TB of alignments and assemblies

https://github.com/ababaian/serratus/wiki/Access-Data-Release


More details:

https://www.nature.com/article
s/s41586-021-04332-2

https://github.com/ababaian/serratus/

Chat with us on Slack:

https://join.slack.com/t/hackseq-rna/sh
ared_invite/zt-ewlzh9qf-SiNkxvvTJflcut

FN0h5jIQ

https://www.nature.com/articles/s41586-021-04332-2
https://www.nature.com/articles/s41586-021-04332-2
https://github.com/ababaian/serratus/
https://join.slack.com/t/hackseq-rna/shared_invite/zt-ewlzh9qf-SiNkxvvTJflcutFN0h5jIQ
https://join.slack.com/t/hackseq-rna/shared_invite/zt-ewlzh9qf-SiNkxvvTJflcutFN0h5jIQ
https://join.slack.com/t/hackseq-rna/shared_invite/zt-ewlzh9qf-SiNkxvvTJflcutFN0h5jIQ




We never met IRL







Summary

● Lots of genomics data
● Many great analyses could be made
● Cloud helps at the largest scale



Credits

Some of the people who initiate these “small-group but large-scale” analyses: 

C. Titus Brown, Ben Langmead, Artem Babaian, Rob Finn, Adam 
Phillippy, Andre Kahles, Zamin Iqbal, Carl Kingsford, Rob Patro, Christina 
Boucher, Pierre Peterlongo, Olivier Jaillon, Dominique Lavenier, Antoine 
Limasset, Camille Marchet, Daniel Gautheret, Thérèse Commes, and 
many others I forget to mention
Additional credits: 

k-mer people
Slides advise: Michel Attafeu, Sophie Shaw, Na, Cami, Karin, M, Malfoy



Genomes & 
metagenomes 

assembly

Algorithms and 
data structures

on k-mers

Pangenomics
Sequence 

search in very 
large datasets

@ Institut Pasteur





Bonus slides



Part 1.5: 
“Spill the beans! 
Where is this 
magical bigger data 
you speak of?”



GenBank

Type: assemblies
Size: 1.2 TB (April 2022)
Diversity: high

Particularity: all sequences are annotated

https://0-www-ncbi-nlm-nih-gov.brum.beds.ac.uk/genbank/release/current/


NCBI
WGS

Type: assemblies
Size: 16 TB (April 2022)
Diversity: high

Difference with GenBank: sequences are not 
necessarily annotated

https://0-www-ncbi-nlm-nih-gov.brum.beds.ac.uk/genbank/release/current/


NCBI 
SRA



What is STAT good for?

● Say you have a model organism
○ Search for all sequencing data containing that organism
○ Find host-associations
○ Find co-occurrences with other species

● Say you have a set of samples
○ Determine set of species in them
○ Find other similar samples

● etc..



NCBI STAT

A taxonomic index of all sequencing data

"we have processed more than 27.9 Peta 
base pairs from runs"



Blackwell, .., Iqbal’s 661k bacterial genomes collection

Type: assemblies
Size: 2.5 TB
Diversity: medium
dBG? yes





Many others (often metagenomic)

MGNify: a database of assemblies of metagenome studies
from ENA searchable by metadata


