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Session Start End Topic

Session 1 09:00 09:30 Workflow managers and Nextflow architecture

Exercises 1 09:30 09:50 Intro pipeline

Session 2 09:50 10:15 Channels, modules, parameters and variables

10:15 10:30 Break

Exercises 2 10:30 11:30 Hello Pipeline

Session 3 11:30 12:00 Operators, executors, software management and profiles

12:00 13:00 Lunch break

Exercises 3 13:00 13:45 RNA-seq pipeline

Session 4 13:45 14:15 Conditionals, scripts à la carte, report

Exercises 4 14:15 15:00 Metagenomics pipeline

15:00 15:15 Break

Exercises 5 15:15 16:30 Wrap your pipeline or genomics pipeline or genomics pipeline

Session 5 16:30 16:45 nf-core

Q&A 16:45 17:00 Wrap-up

Course schedule



This presentation

Learning outcomes
Context
Why Nextflow? (and not others)
Language generalities
Dataflow paradigm
Processes
Workflows



Learning outcomes
Recognize the benefits of wrapping your routine
analysis with a workflow orchestrator.

Learn how to modularize their pipelines to
enhance the control execution.

Develop your own pipelines wrapped with
Nextflow.

Run your pipelines in different environments.



Reproducibility crisis?



Reproducibility in computational biology and bioinformatics

Schloss (2018)

Peng (2011)



Reproducibility in computational biology and bioinformatics

Problems

In computational biology and bioinformatics, reproducibility implicitly means the ability to
obtain identical outputs from the same code, data, and software environment
(Ziemann et al. 2023).

Output = Algorithm (Code) + Data + Parameters

Versioning.
Data availability.
Environment.
Parameters setting.
Hidden manipulation steps.
Random seeds.
...

Ziemann et al. (2023)

Solutions



Reproducibility in computational biology and bioinformatics



What is Nextflow?

Domain Specific Language (currently DSL2)
Dataflow programming model
Parallel and scalable execution
Reproducible
Portable
Workflow Graph Construction (DAG)

Features



It’s not the only option

Wratten et al. (2021)



Feature Nextflow Snakemake

Language Groovy-based DSL Python-based syntax

Ease of Use Steep learning curve Easier for Python users

Parallel Execution Excellent (dataflow model) Good (dependency graph)

Scalability High (supports cloud, HPC, containers) Moderate (limited native cloud support)

Containerization Supports Docker, Singularity, Conda Supports Docker, Singularity, Conda

Cloud Support Built-in AWS, Google Cloud, Azure Needs additional tools for cloud usage

Reproducibility Strong (workflow versioning) Strong (containerized environments)

Pipeline Registry nf-core (90+ pipelines) Snakemake Catalog

vs

Source: Tasrie IT Services

https://nf-co.re/
https://snakemake.github.io/snakemake-workflow-catalog/
https://tasrieit.com/blog/nextflow-vs-snakemake-comprehensive-comparison-of-workflow-management


Nextflow’s execution abstraction: Write once, run anywhere

Source: Seqera

https://training.nextflow.io/2.2.1/basic_training/intro/#execution-abstraction


Real pipeline

Wratten et al. (2021)
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Main advantages

Asynchronous channels.
There is no communication among data.
Parallelism becomes an inherent property.
Processes run in isolation.

Dataflow paradigm: The output from one process is the
input for the following



The basic unit: process

Process

output → What the process is generating.
script → What the process is executing.
Where is the input?

Command

Definitions



Dataflow paradigm: The output from one process is the
input for the following

Output qualifiers

val → Any variable value (string, float, etc.)
path → Any file (fasta, bam, vcf, etc.) or directory
stdout → Command line output
tuple → A combination of the others.
...

Input qualifiers
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Dataflow paradigm: The output from one process is the
input for the following

Important

Multiple inputs/outputs
Use of wildcards
Dynamic file naming (variable expansion)
Optional: emit (eases file handling)

If a subsequent process is taking the
output of this process, how the input would
look like? 

Question



Real process
Set of reads

Command
Report

In other words:

Input Process Output



What’s happening under the hood?
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Executing the process(es): workflow

Process

Definitions
main → Processes being executed.

Workflow



Executing the process(es): workflow

Workflow Important

Definitions

Order of execution
Input/output must match
What you want to publish or produce as
output of the workflow

publish → The files or values to be placed
in the output.
output → Where the files are going to be
stored.



Executing the process(es): workflow

Workflow Important

Definitions

Order of execution
Input/output must match
What you want to publish or produce as
output of the workflow

publish → The files or values to be placed
in the output.
output → Where the files are going to be
stored.

Start of the workflow

Following process

Output from the
previous process.
It’s a channel!

Which files will be
published

Directory to place
each output



It’s your time!

cd /workspaces/nextflow-training
git fetch origin
git reset --hard origin/main

Please, before start working,
update the directory on GitHub
Codespaces:
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