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Course schedule

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 a 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




This presentation

e | earning outcomes

e Context

e Why Nextflow? (and not others
e Language generalities

e Dataflow paradigm

e Processes

e Workflows




Learning outcomes

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

e | earn how to modularize their pipelines to
enhance the control execution.

e Develop your own pipelines wrapped with
Nextflow.

e Run your pipelines in different environments.




Reproducibility crisis?

PERSPECTIVE

The Economics of Reproducibility in
Preclinical Research

Leonard P. Freedman'*, lain M. Cockburn?, Timothy S. Simcoe??

1 Global Biological Standards Institute, Washington, D.C., United States of America, 2 Boston University
School of Management, Boston, Massachusetts, United States of America, 3 Council of Economic Advisers,

Washington, D.C., United States of America

Categories of Preclinical Irreproducibility

US$56.4B
, USS$28.2B
Irreproducible
e (50%)
Study
Design
(27.6% of total)
Data Analysis

and Reporting
(25.5% of total)

US$28.2B

Reproducible (50%)
Laboratory
Protocols

(10.8% of total)
/

Estimated US Annual Preclinical
Research Spend

molecular
@ systemsl

OPEN
ACCESS

bio|ogy

Commentary

Reproducibility in systems
biology modelling

Krishna Tiwari*?, Sarubini Kananathan®, Matthew G Roberts®, Johannes P Meyer",
Mohammad Umer Sharif Shohan?, Ashley Xavier', Matthieu Maire*, Ahmad Zyoud?, Jinghao Men?,
Szeyi Ng*, Tung V N Nguyen®, Mihai Glont*, Henning Hermjakob™®" & Rahuman S Malik-Sheriff""

A B
180 —37%
Are models o 135
51% directly B 30
reproducible ? 49% —Pp
(n =455) * 45 9%
3%
@ Yes @ No 0

Models could not be directly reproduced (n = 222)

B Models could not be reproduced
[ Reproduced with empirical correction
Reproduced with author support

P
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Reproducibility in computational biology and bioinformatics

TABLE 1 Simple grid-based system for defining concepts that can be used to describe
the validity of a result?

Methods Same experimental system Different experimental system
Same methods Reproducibility Replicability Schloss (201 8)
Different methods Robustness Generalizability
9This is a generalization of the approach used by Whitaker (9), who used it to describe computational
analyses.
Reproducibility Spectrum
Publication +
PUb:::(r:}?;mn Code Lied e repllziggtion
Coue and data exectiagt Peng (201 1 )
code and data

Not reproducible Gold standard




Reproducibility in computational biology and bioinformatics

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

Problems Solutions

Five pillars of reproducible computational research

Versioning.
Data availability. Continuous validation
Environment.

Parameters setting.

Hidden manipulation steps.
Random seeds.

Y End-to-end automated process

enonmert e Ziemann et al. (2023)

=)
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Reproducibility in computational biology and bioinformatics

T —— OPEN @ ACCESS Freely available online @PLOS | Sotooy e
o IntrOdUCIng the FAIR PI"II’]CIP'ES for Ten Simple Rules for Reproducible Computational
arTicLe | research software Research

PERSPECTIVE PERSPECTIVE
Good enough practices in scientific computing \ { Reproducible Research in

Greg Wilson'**, Jennifer Bryan®*, Karen Cranston®®, Justin Kitzes**, Lex Nederbragt®®, com pUtatl Onal Sc ience

Tracy K. Teal“ Roger D. Peng

'

>Cnexcaflow




What is Nextflow?

Correspondence Published: 11 April 2017

Nextflow enables reproducible computational
workflows

Paolo Di Tommaso, Maria Chatzou, Evan W Floden, Pablo Prieto Barja, Emilio Palumbo &

Cedric Notredame &

Features

e Domain Specific Language (currently DSL2)
e Dataflow programming model

e Parallel and scalable execution

e Reproducible

e Portable

e Workflow Graph Construction (DAG)




It’s not the only option

Table 1| Overview of workflow managers for bioinformatics (top, editable version; bottom, image version)

Tool Class Ease of Expressiveness® Portability* Scalability? Learning Pipeline
use? resources*® initiatives’
Galaxy Graphical 000 [ lel®) o009 000 000 L 1 1@
KNIME Graphical 000 [ leole)] 000 000 000 [ 1 ]®)]
Nextflow DSL L ] @) 000 000 000 000 000
Snakemake DSL L ] @) 000 000 000 000 000
GenPipes DSL [ 1 ]@)] 00 000 L 1 ]@)] 000 000
bPipe DSL 000 000 000 000 00 @O0
Pachyderm DSL [ 1 @] 00 @00 L 1 ]@)] 000 Q00O
SciPipe Library L ] 1o 00 000 000 00 000
Luigi Library L 1 ]@)] 000 @O0 00 00 000
Cromwell + Execution + workflow @QQO T ]@) 000 000 L 1 1@ [ 1 ]®
WDL specification
cwltool + CWL  Execution + workflow @QO 1 l@ 000 00O 000 L 1 1@
specification
Toil + CWL/ Execution + workflow @QO 000 (1)@ 200 000 . 1 1@

WDL/Python specification

Wratten et al. (2021)




vs

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

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

nexxflow pipeline

Define software
Orchestrate tasks with dependencies Built-in version
dataflow programming via containers control with Git

PR oR Ve

Git GitHub

Write code
in any language

nextflowruntime  *
aws D A\ Azure
; Task orchestration . aooan i ’--‘ _,;;-;”‘*

and execution \ = G HICondeF
{Platfurm 'S

\4 PBS Works

ey kubernetes



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

Wratten et al. (2021)

a Analysis workflow

Transcript expression quantification

Grch38
Ensembl 91

Reference
sequence

Fastq

|

Step 1: quality control

|

Step 2: index creation

Salmon )

|

Step 3: quantification

«— fastQC v.0.11.9

Salmon v.1.3.0
-i

Salmon v.1.3.0

Salmon ) 1 -1 A
|

Output 1 QOutput 2

Transcript

QG report expression
Input data Output data

Real pipeline

b Traditional pipeline

Requirements Platform-specific

( fastQC! ) (Salmon!j}

( Pipeline code )

Execution

-

Re-entrance Local

checkpoints

O Input data

Step 1

Step 2

Step 3

h k4

Output 1 Output 2

Software, versions, parameters

c Workflow manager

Requirements Platform-independent

( Workflow manager ;}

~——»  Portability

( Pipeline code )

Execution

] W 4

——

Scalability

: Automatic resource
E—* management

checkpoints L
u Input data
.:"bontainerized -.
: steps '
! Step 1 Step 2 :
: Step 3 :
' : Exer.:.utic}n
¥ u Qutput 1 Qutput 2 report

Re-entrancy

| Fixed version, local compute environment

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

Main advantages

Process

r R

task

/ o
/
/

task

/7
7/
’ a [:
/
ya -4 - =
\ \
\
\

y -=

task

Asynchronous channels.

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

G

Process

r

// k
// (
L\ ) ._>-—__
N\ \
N\
\
k

tas
S

N\
\ ta
\

-

task
%"‘
/7
/
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e} o o
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The basic unit: process

Process

Com mand process hello world {
output:

path 'hello.txt’
script:

$ echo "Hello world!" > hello.txt

echo "Hello world!™ » hello.txt

Definitions

output - What the process is generating.

script — What the process is executing.
Where is the input?
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Dataflow paradigm: The output from one process is the
input for the following

Output qualifiers Input qualifiers

9

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

Output qualifiers Output qualifiers

val — Any variable value (string, float, etc.) val — Any variable value (string, float, etc.)

path — Any file (fasta, bam, vcf, etc.) or directory path — Any file (fasta, bam, vcf, etc.) or directory
stdout ~ Command line output » stdout ~ Command line output

tuple — A combination of the others. tuple - A combination of the others.
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Dataflow paradigm: The output from one process is the
input for the following

process MULTIQC ({ Important

input: Multiple inputs/outputs
path '*' Use of wildcards
val output_name Dynamic file naming (variable expansion)

output: Optional: emit (eases file handling)

path "${output_name}.html", emit: report
path "${output_name} data", emit: data

Question

script:
If a subsequent process is taking the

multigc . -n ${output_name}.html output of this process, how the input would
e look like?
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Set of reads

Real process

Command o
File Help
goud pEridd_Fhar
8 ket CQualty scores across al bases (lhumina >v1.3 encoding)
Per base sequence quality ™ — ===
i TETETETETETE
@ Per sequence quality scores :0 FICIEI (L IIIII
@ Per base sequence content |20 a2 HAC WU
: 26 e H
) Per base GC content 24 LI
" 1) Per sequsnce GC content |22 r R T
) 20 T
@ Per base N content 18
@ Sequence Length Distribubon| 16
f Caqu pica to 1 i [ i
$ fastqc -o fastqc *.fastq.gz oo il
@ Kmer 2 |
&
4
2
1 1 1
Pogition in read (bp)

In other words: )( N eXJI: I: I oW

Input - Process - Output




What’s happening under the hood?

process FASTQC { Process

K
input: task
path reads S
[ -

Channel

output: / task
- - % - - L / as
path "* fastgc.zap™, emit: zip K a
path "* fastgeé. html"”, emit: himl BO data 2 > datay ) data x >L\\""">--{ output y }->
M task

script: N
tastqgc reads 4)
T IE e &




Executing the process(es): workflow

Process Workflow

workflow {

process hello world {
output:
path "hello.txt’

script: » malin:
”' hello world()

echo "Hello world!™ » hello.txt

Definitions

main — Processes being executed.




Executing the process(es): workflow

Workflow

workflow {

main:
sayHello(greeting ch)
convertToUpper(sayHello.out)

publish:
first_output = sayHello.out

uppercased = convertToUpper.out

}

output {
first_output {
path 'hello_workflow’
mode 'copy’

}

uppercased {
path 'hello_workflow’
mode 'copy’

}

Important

Order of execution

Input/output must match

What you want to publish or produce as
output of the workflow

Definitions

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
workflow { Order Of exeCUtion
. Input/output must match
Start of the workflow D SRR Gl What you want to publish or produce as
convertToUpper(sayHello.out)
publish:
first_output = sayHello.out
Output from the uppercased = convertToUpper.out
}
previous process.
It’s a channel! output { o
First_output { Definitions
path 'hello_workflow’

published } publish — The files or values to be placed

uppercased {

path 'hello_workflow’ in the OUtPUt.

output - Where the files are going to be
stored.

mode 'copy’

Directory to place
each output




It’s your time!

@ '3:3?"5@
;3';:. . o2 4‘?5 b
~§m,r j‘-ﬂ

3;:;" g SIBk;
s’*!"

°z.‘;
. Lo
Ok

cd /workspaces/nextflow-training

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

git fetch origin
git reset --hard origin/main
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