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using Nextflow

Nextflow Pipeline Case Study: Sarek
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bioinformatics at NG|
1) Primary QC of flowcells

e Did the flowcell/lane get enough reads?
e |s the average quality of all reads acceptable?
= % of reads above Phred Q30

= PhiX error rate below 2 %

Lane 1

Total yield (Mb): 60 687 Total clusters: 518 689047 % bases>Q30: 850 Mean Quality Score: 36.13 % perfect barcode

Lane 2

Total yield (Mb): &6 546 Total clusters: 668 769 456 % bases > Q30: 8254 Mean Quality Score: 33.31
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2) Demultiplexing

e Did all samples get enough reads
e Are there excessive amounts of undetermined reads?

e Are there valid indexes within the undetermined reads

Project Name

E Xample 23 M1 P12345 101 19 875 396 936 437

default Lindetermined 4 334 14 352127

Show Undetermined

Total AGGCAGAA
mismatches

Index Count
TGTCTCTT 354 880 2.47%
AGCAGAAA 331080 2.31% 4

278 900 1.94%

GGCAGAAA 276 320 193%



bioinformatics at NG|
2) Demultiplexing

NextSeq, NovaSeq 6000 (v1.5 reagent) ‘ NovaSeq 6000 (v1.0 reagent), MiSeq

i5 Bases for Sample Sheet i5 Bases for Sample Sheet
index N i7 Bases in i7 Bases for Sample I5 Bases in NovaSeq 6000 with v1.0 reagent  iSeq, NovaSeq 6000 with v1.5 reagent kits, MiniSeq,
ndexName  adapter Sheet Adapter Kits, MiSeq, HiSeq 2000/2500, NextSeq 500/550, HiSeq 3000/4000/X, NextSeq 2000
NextSeq 2000 (Sample Sheetv2) (Sample Sheet v1)
UDPOOD1 §

UDP0002
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3) QC reports by sample

FastQ Screen: Mapped Reads

e Quality on sample level
= % of reads above Phred Q30

« Contamination report (Fastg-screen)
= Mapping against most common species

o Summary of QC report in MultiQC

ouse Arabidops Dmelanogaster
culosis @ Multiple Genomes i
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4) “‘Best Practice” Analysis

Analysis to control for library preparation issues
Specific to library preparation type

First steps of data analysis for the data type
NG| cannot do project specific analysis

Use of nextflow pipelines under nf-core
Results are summarized using MultiQC

nexciflow T MultieC


https://www.nf-co.re/
https://www.nextflow.io/

bioinformatics at NGl
5) Generation of project reports

e Will contain:
» General QC stats for the flowcell and each
sample
= [nformation on
o Library prep
o Seqguencing setup
o Accreditation status and deviations



bioinformatics at NG
6) Deliveries

- For sensitive data - (Currently) only for non-sensitive data
- Hosted by Uppmax - hosted by ScilifeLab Data Centre

- Requires a SNIC account - Email with access link sent to user
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What is a pipeline?

Analysis Workflow Analysis Pipeline
Requirements Platform-specific
fastQC! Salmon!

Pipeline code

Execution

Step 1: quality control |:_J

fastQC

|

Step 2: index creation

Salmon
Salmon

Step 3: quantification

Salmon
Salmon A

l:‘ Input data Ij Qutput data D Software, versions, parameters ! Fixed version, local compute environment

10.1038/s41592-021-01254-9
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https://doi.org/10.1038/s41592-021-01254-9

What is a workflow manager?

Analysis Workflow

Transcript expression quantification

Reference Grechas
sequence Ensembl 91

Step 1: quality control

fastQC

Step 2: index creation

Salmon v.
Salmon

|

Step 3: gquantification

Salmon 0
Salmon A

Qutput 2

Analysis Pipeline

Requirements Platform-specific

fastQC! Salmon!

Pipeline code

Execution
L

Re-entrance Local
checkpoints

Step 1

|

T

I:I Input data D Qutput data D Software, versions, parameters

Workflow Manager

Requirements Platform-independant

Workflow manager
Portability

Pipeline code

Execution
L [ 48

Re-entrance  Local HPC Cloud

checkpoints Ii
|

" Containerized
sleps

Scalability

Automatic resource
- management

Re-entrancy Data provenance

Fixed version, local compute environment

10.1038/s41592-021-01254-9
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https://doi.org/10.1038/s41592-021-01254-9

Some available workflow managers

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 @00 000 208 ( 11} ( 1 ]e
KNIME Graphical @e® 000 Q00 000 (-1 1] 000
Nextflow DSL @00 000 000 000 000 eeo
Snakemake DSL @00 e 000 (-2 1 000 89®
GenPipes DSL [ 1 J) 000 [ 1 J) 000 000 000
bPipe DSL 000 000 [ | 1®) 000 000 @00
Pachyderm DSL 000 11 @00 000 (-1 1] 000
SciPipe Library 000 (71 1] Q00 000 L 1 o) 000
Luigi Library 000 (.11 ] @00 000 L ] o] Q00O

Cromwell + Execution + workflow @QO 000 000 000 000 000
WDL specification

cwltool + CWL Execution + workflow @QOO (1 le} 900 Q00 o009 000
specification

Toil + CWL/ Execution + workflow @QO 000 @00 000 000 000
WDL/Python specification

Please refer to Supplementary Table 1 for details. This information is based on online documentation and manuscripts and may not be reflective of the current state of the projects. Scores for Galaxy

are based on the graphical user interface. *Ease of use: graphical interface with execution environment (score of 3), programming interface with in-built execution environment (score of 2), separated
development and execution environment (score of 1). *Expressiveness: based on an existing programming language (3) or a new language or restricted vocabulary (2), primary interaction with graphical
user interface (1). “Portability: integration with three or more container and package manager platforms (3), two platforms are supported (2), one platform is supported (1). “Scalability: considers cloud
support, scheduler and orchestration tool integration, and executor support. Please refer to Supplementary Table 1. *Learning resources: official tutorials, forums, and events (3), tutorials and forums (2),
tutorials or forums (1). 'Pipelines initiatives: community and curated (3), community or curated (2), not community or curated (1).

10.1038/s41592-021-01254-9
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https://www.nf-co.re/

Reproducibility is central

Let's try thic wonderful
method on our data !

File format j\—rj
Readibility < Metadata

)

Parameter option

Availability

s References

10.1093/gigascience/giy077
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https://academic.oup.com/view-large/figure/118918033/giy077fig1.jpg
https://doi.org/10.1093/gigascience/giy077

What is nf-core?

A community effort to collect a curated set of
analysis pipelines built using Nextflow.



What is Nextflow?

o Workflow manager
= Data driven language
= Portable
o executable on multiple platforms
» Shareable and reproducible
o With containers or virtual
environments

19


https://www.nextflow.io/

Data driven language

The execution graph depends on the input data,

and is calculated on the go

In snakemake it's the other way around

The execution graph depends on the final |

and is calculated before launch

arget,



Portability

www.nextflow.io/docs/latest/executor.html

e = Sun Grid Engine, SLURM, PBS/Torque...
& AWS Batch, Kubernetes, Google Life
Sclences
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https://www.nextflow.io/docs/latest/executor.html

Reproducibility

docker e

C



https://docs.conda.io/
https://www.docker.com/
https://sylabs.io/singularity/

What is nf-core: community

The nf-core pipelines and community is driven by many individuals, listed below. This list updates automatically.

Want to see who's working on what? See the contributor leaderboard on the Statistics page.
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What is nf-core: for users

A community effort to collect a curated set of Nextflow pipelines

A A
Stable releases Packaged software

Documentation Portable pipelines

Continuous integration aws Cloud ready
Q®

Ewels, P. A, Peltzer, A., et al. (2020). Nature Biotechnology, 38(3), 276—278.




What is nf-core: for developers

N

Develop with the community Cooperate, don’t duplicate
Join slack, communicate and One pipeline per analysis type,

contribute together to 3 contribute by adding new tools,

pipeline new features...

25



What does nf-core provide

e Pipelines: ready-made pipelines [n=68]

e Docs @: Guidelines, tutorials, videos

o Subworkflows @: multi-tool wrappers [n=31]
e Modules @: single-tool wrappers [n=797]

o Configs @: shared infrastructure configs

o Test datasets @: test data for ,.

e Tools @: linting, template + automation for ,.

@ provided for the larger community



Pipeline requirements

@ nf-co.re/docs/contributing/adding_pipelines

e Nexttlow basec
e Common structure

o Stable release tags

e MIT license

e Software bundled for reproducibility
e Continuous Integration testing

e l[agom

27


https://nf-co.re/docs/contributing/adding_pipelines

Sarek

@ nf-co.re/sarek

e Based on GATK Best Practices

e Alignment, Variant Calling, Annotation
e SNPs Indels, SVs, CNV, MSI...
e Germline, Somatic or Tumor only

28


https://nf-co.re/sarek

nf-



https://nf-co.re/tools/

A companion tool
@ https://nf-co.re/tools

launch - with interactive prompts
download - for offline use

lint - check code against guidelines
modules - List, update, lint, create...
subworkflows - List, update, lint, create...

30


https://nf-co.re/tools
https://nf-co.re/tools#launch-a-pipeline
https://nf-co.re/tools#downloading-pipelines-for-offline-use
https://nf-co.re/tools#linting-a-workflow
https://nf-co.re/tools/#modules
https://nf-co.re/tools/#subworkflows

Configurations

All pipelines come with a default sensible
configuration for a reqular sized HPC

(Including UPPMAX)



Configurations

O github.com/nf-core/configs allows shared
configurations between pipelines for a specific

HPC
* CPUS, time and memory requirements
e scheduler
e queues

e environments
e path to common references files
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https://github.com/nf-core/configs/

L] Training and other events
@ https://nf-co.re/events

@ nf-co.re/events/2023/training-march-2023
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https://nf-co.re/events
https://nf-co.re/events/2020/hackathon-francis-crick-2020
https://nf-co.re/events/2023/training-march-2023

Need help?

Website: https://nf-co.re

Chat: https://nf-co.re/join =k

¥y M GIe

https://nf-co.re/

Chan
Zuckerberg
Initiative



https://nf-co.re/
https://nf-co.re/join
https://www.twitter.com/nf_core
https://mstdn.science/@nf_core
https://github.com/nf-core
https://www.youtube.com/c/nf-core
https://nf-co.re/
https://openmoji.org/

