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Background and introduction

PhD in epigenetics 2008-12 
University of Cambridge

Illumina Genome Analyzer IIx

Dawn of NGS: 
Big data came to biology

1 × 35bp 
22M reads / run 
Introduction to bioinformatics



Background and introduction
Postdoc in bioinformatics 
Babraham Institute, Cambridge

Got the bug for building 
open-source software

Wrote my own workflow tool 
Started writing data-vis scripts



Background and introduction

Moved to Sweden in 2014 
Joined NGI at SciLifeLab

Started building software to 
handle the scale of data



Background and introduction
Started building software to 
handle the scale of data

Wrote and released MultiQC 
Adopted Nextflow, started nf-core



the modern biotech stack

Background and introduction
Joined Seqera in 2022 as 
employee #21

Set up the community team, 
now product manager for OSS*

workflow management reporting and analytics cloud native file-system container provisioning
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Big data keeps getting bigger
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Big data keeps getting bigger
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Big data keeps getting bigger
En

tr
ie

s

0

62,500

125,000

187,500

250,000

1977/11 1985/04 1991/07 1998/01 2004/07 2010/10 2017/01 2023/04

PDB 
Database Size

ht
tp

s:
//w

w
w

.k
an

eh
is

a.
jp

/e
n/

db
_g

ro
w

th
.h

tm
l



Big data keeps getting bigger
Reproducible analysis of 
genomics data at scale

~1 Tbp sequencing per day in 2023   (from the Stockholm site only)
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Big data keeps getting bigger
Reproducible analysis of 
genomics data at scale

~1 Tbp sequencing per day in 2023   (from the Stockholm site only)



Big data keeps getting bigger
Reproducible analysis of 
any kind of data at scale

Processes

Channels

Workflows



Big data keeps getting bigger
Reproducible analysis of 
any kind of data at scale

Parallelisation

Reentrancy

Reusability

(resume partial runs)



Big data keeps getting bigger
Reproducible analysis of 
any kind of data at scale

Compute platforms



Big data keeps getting bigger
Reproducible analysis of 
any kind of data at scale Compute platforms

Storage and data



Big data keeps getting bigger
Reproducible analysis of 
any kind of data at scale

Compute platforms

Storage and data

Container technologies / SCM

Singularity

Scalable

Portable

Reproducible
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Artificial Intelligence
ML + AI arXiv 

papers per month
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Artificial Intelligence
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Artificial Intelligence
nextflow-io/nf-gpt

def query = ''' 
        Extract information about a person from In 1968, amidst the fading echoes of Independence Day,  
        a child named John arrived under the calm evening sky. This newborn, bearing the surname Doe,  
        marked the start of a new journey. 
        ''' 

def response = gptPromptForData(query, schema: [firstName: 'string', lastName: 'string', birthDate: 'date (YYYY-MM-DD)']) 

println "First name: ${response[0].firstName}" 
println "Last name: ${response[0].lastName}" 
println "Birth date: ${response[0].birthDate}"



Artificial Intelligence

The error message `command not found` with an exit status of 127 typically indicates that the command (in this case, 
`fastqc`) is not found in the system's PATH. This means the system does not know where to locate the `fastqc` 
executable to run it. 

This is likely because you have not specified a container or environment profile with the `-profile` option when running 
the pipeline. This is essential as it ensures that all the required tools, such as `fastqc`, are available and correctly 
configured in a reproducible manner. 

The best way to fix this is by specifying a profile that suits your system's capabilities. Commonly used profiles include 
`docker`, `singularity`, `podman`, or `conda`. Using one of these profiles ensures that the necessary software 
environments are set up automatically, avoiding the need to manually manage dependencies and PATH configurations. 

For example, if you have Docker installed, you can modify your command like this: 

nextflow run nf-core/rnaseq ---input mysamples.csv ---outdir ./results -profile docker

Future: Explanation of errors?



Big data + AI results are only 
useful if they can be 
understood and trusted
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Human-
readable 

report
Bioinformatics 

log outputs

Understanding and trust



Understanding and trust

Visualises metrics across many 
tools and many samples



Understanding and trust

Visualises metrics across many 
tools and many samples

Collects software versions 
automatically



Understanding and trust

Five Safes

RO-Crate



Understanding and trust
nextflow-io/nf-prov

Automatically generate standards-compliant 
provenance reports

RO-Crate

Automatically find contributors and link to 
GitHub and ORCiD
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On the importance of being open

0.45

0.23
per day

per day



On the importance of being open
Reproducible analysis of 
genomics data at scale

Founded the nf-core community - 
by removing institutional branding

Now 9000 community members on 
Slack and still growing fast



On the importance of being open

Plus ~1000 pipelines 
built using the nf-core template on GitHub
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On the importance of being open

Serve



On the importance of being open

Domain experts are more 
important than ever

New for nf-core: 
Special interest groups
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Inter-disciplinary collaboration 
can yield incredible results



Future challenges



Future challenges

Accessible to anyone

Powerful at any scale

Suitable for any use case
Intuitive and easy to use for people from 
any background.

Can be run on your laptop or scaled to a 
production cluster with millions of 
samples.

Generalist interface that can be used 
with any data type.

(choose two?)



Future challenges

Accessible to anyone

Powerful at any scale

Suitable for any use case



Future challenges

Generally useful

Maintainable

Specific
Useful for the majority of people running 
with this type of data / analysis.

Clean code base without excessive logic 
or parameter space.

Analysis that can be applied to a 
specific research question.

The "final mile" 
of analysis



Future challenges

Generally useful

Maintainable

Specific Modularity of components

Chaining of workflows

Importing and extending workflows



Future challenges

Generally useful

Maintainable

Specific

"Custom content"

Use as library / use within notebooks



Future challenges

Generally useful

Maintainable

Specific

Data Studios - eg. Notebooks, but any container:
interactive environments for downstream analysis 



Future challenges

Lossy storage

Heterogenous data

Green computingWhat can we afford to throw away?

Mixing and matching data types for 
new science

Justifying the cost of your data centre

How much is 
enough?



Future challenges

Lossy storage

Heterogenous data

Green computing

nextflow-io / nf-co2footprint
green-algorithms.org

Loïc Lannelongue, Sabrina Krakau
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Conclusion

Work in the open

Join initiatives

Build for the future

Find your next collaborator online!

Don't assume you need to DIY

A tool is for life, not just for Christmas

Phil Ewels, PhD 
Product Manager for Open Source 

phil.ewels@seqera.io
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