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Preamble

Bioinformatic pipelines
are generally based on a
combination of several
third-party tools.
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https://blog.color.com/building-a-high-quality-reliable-and-efficient-bioinformatics-pipeline-aa4a01e182ba
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Virtualization

containers
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Virtualization

A Virtual Machine is the simulation of a computer system that reproduces its actual use

Abstract all the characteristics of the system and simulate another system to have a transportable

environment and thus reproducible from one machine to another.
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Containerization

The advantages of containers:

- Easyto setup and use

@

FROM ubuntu:16.04

RUN apt-get update && \
apt-get install samtools

- Access to isolated and controlled environments

- Ease of searching and sharing Docker containers

. SINGULARITYHUB
O GltHUb dockerhub




Containerization

Operating mode

- Recipe / dockerFile (@ )

FROM ubuntu:16.04

RUN apt-get update && \
apt-get install samtools

- Construction of the image (container)

$ singularity build ... recipe

$ docker build ... dockerfile

- Running the tool in the container

$ singularity exec ... samtools.simg samtools index foo.bam

$ docker exec ... samtools container samtools index foo.bam



Containerization

Security

Portability

Container activation

Deployment

Root escalation

RUN
apt-get
install
tool

IC
\SJ d?ke'r

Build Exec Q
> container " o

Docker

User running docker commands need to be in
special docker group to gain elevated system
access

Docker Hub

Docker daemon running on each host

Single package install.
Daemon service with root priviledge

container starts with priviledged access

Singularity

No change in security paradigm.
User run singularity image/app without
special privileges.

Single image file. Can import docker
images.

Image file. No daemon process.

root to install singularity
Single .rpm/.deb per host.
No scheduler modification needed.

To obtain root in singularity container, it
must have been started as root



Containerization & HPC
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Containerization & HPC
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Sharing

DockerHub : https://hub.docker.com

biocontainers/samtools 3, Pulls 100K+

By biocontainers * Updated 4 months ago

Tools for manipulating next-generation sequencing data

Container
Overview Tags Dockerfile Builds
Dockerfile Source Repository
O Github
HEBIRRGEHOGIIRS BASE TMAGE JHEaH e BioContainers/containers
FROM biocontainers/biocontainers:latest
RERBRBRRBHRABRRRIY METADATA BERRBRRHBHRRRBHRRIRIRS Docker Pull Command

LABEL base.image="biocontainers:latest”
LABEL version="2"

LABEL software="Santools" docker pull biocontainers/samtools
LABEL software.version="1.3.1"

LABEL about.summary="Tools for manipulating next-generation sequencing data"
LABEL about.home="https://github.com/samtools/samtools”

LABEL about.documentation="https://github.com/samtools/samtools"

LABEL license="https://github.com/samtools/samtools”

LABEL about.tags="Genomics"

BRBBBERARRBRRRRERT MAINTAINER BRBuR i anis
MAINTAINER Saulo Alves Aflitos <sauloal@gmail.com>

RUN conda install samtools=1.3.1
WORKDIR /data/

CMD ["samtools"]


https://hub.docker.com/

Sharing

SingularityHub : https:/singularity-hub.org

SINGULARITYHUB Collections « About User Guide

gbicsoftware/gbic-singularity-samtools

QBIC singularity container for samtools

| SUPPLEMENTARY ~ USAGE |

Builds commIT

uri Recipe
gbicsoftware/qgbic-singularity-samtools:v1.7 Singularity.v1.7 [+
gbicsoftware/qbic-singularity-samtools:latest Singularity.latest [+
gbicsoftware/qgbic-singularity-samtools:v1.6 Singularity.v1.6 [+ 3

Get Help

Q

COMPLETE @

COMPLETE

COMPLETE &

Y
=4
w

Tag (Branch)

v1.7 (master)

latest (master)

v1.6 (master)



https://singularity-hub.org/

Sharing

SingularityHub : https:/singularity-hub.org

- - o _— P o Bootstrap:docker
SINGULARITYHUB wollections ~ ADOL SE€ lIGE oCLT From:alpine:3.7

%post

/bin/sh build.sh

cd /build

SAMTOOLS VERSION=1.7
qbicsoftware/qbic_Singularity_samtools wget https://github.com/samtools/samtools/releases/downld

tar jxf samtools-$SAMTOOLS VERSION.tar.bz2

cd samtools-$SAMTOOLS VERSION

make
make install prefix=/usr

SUPPLEMENTARY «~ USAGE %files
#Installation of Samtools
build.sh

Builds %environment
SAMTOOLS VERSION=1.7

uri Recipe %labels
Maintainer alexander.peltzer@uni-tuebingen.de

v1.7 Singularity.v1.7 [+ (master)

gbicsoftware/gbic-singularity-samto

gbicsoftware/gbic-singularity-samtools:latest Singularity.latest O

v1.6 (master)

Singularity.v1.6 O



https://singularity-hub.org/

Containerization & HPC

singularity
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Containerization & HPC : Pipelines

singularity
BWA I
(1 T
GATK a8 I ’-:l]ﬂ_llll il
_ . ided — ] Dmai | [
slurm T |

| s—
| ee—
—,
7,
[ ——)
—
E
o
2
~
o
a
a
3
a
3
al
a
m
=
[
{:1
—,
—]
—
—
—,
—,
E/

CEmT
VEP (]
CEmmT
CE—
CEmET
CEET
I

Noeuds de calcul Stockage central




Containerization & HPC : Pipelines

NextFlow
nexcflow
BWA // Input
input_channel = Channel.fromFilePairs(params.reads)
# Align
process alignment {
[]. HHHHH" container /path/to/containers/BWA.simg
input:
val (sample), file(fql), file(fq2) from input_channel
GATK output:
val (sample), file(bam) into bam_files_channel
script:
bwa mem ref.fa fql fqgq2 > ${sample}.bam
}
[] H”H"ﬂ" // Call variants
process variant_calling {
container /path/to/containers/GATK.simg
VEP
input:
val (sample), file(bam) from bam_files_channel
output:
val (sample), file(vcf) into vcf_files_channel
. ”””H"H script:
GATK -T HaplotypeCaller -R ref.fa -I ${sample}.bam -o ${sample}.vcf

// Annotate VAriants
7% oo




Nextflow

- Parallelization management : dataflow programming model
- Resource Management (RAM, CPU)

- Easy to use with a cluster (slurm, aws, google cloud, ...)

- Easy to use with containers

- Automatic error/logs management : traceability !

- Groovy language

Nextflow Report

nexccflow

Nextflow Report

Tasks

alocated
memory
(bytas)

8580034502

6402050944

6432050944

6442450944

8442050944

6442250044

Search:

Tis table shows information about each task In the workfiow. Use the search box on the right to filter rows for specific values. Clicking headers will

vmam

5272605378

17860850

4083619712

2089171988

4088632000

4031012864

51318

53241

3665

5048

4183

2843

sort the table by that value and scrolling side to side il reveal more columns.
Resource Usage
Show 25 4 entries
These plots give an overview of the distribution of resource usage for each process.
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nf-core

nf-core *

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

Nextflow.
VIEW
PIPELINES
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nf-core

Search keywords

nf-core/mhcquant w2

mass-spectrometry peptides

Identify and quantify peptides from mass spectrometry raw data

Version 1.2.2 | Published 23 hours ago

nf-core/methylseq v %21

bisulfite-sequencing dna-methylation methyl-seq

Methylation (Bisulfite-Sequencing) analysis pipeline using Bismark or bwa-
meth + MethylDackel

Published 4 weeks ago

nf-core/rnaseq v %73

rma rna-seq

RNA sequencing analysis pipeline using STAR or HISAT2, with gene counts
and quality control

Published 2 months ago

nf-core/deepvariant v v 12

deep-variant dna google variant-calling

Google's DeepVariant variant caller as a Nextflow pipeline

Published 2 months ago

S el Released @ Under development EE) Y& Alphabetical | Status | Stars l

nf-core/eager v o

adna ancientdna pathogen-genomics population-genetics

A fully reproducible and state of the art ancient DNA analysis pipeline.

Published 3 weeks ago

nf-core/ampliseq %19

16s amplicon-sequencing docker singularity

16S rRNA amplicon sequencing analysis workflow using QIIME2

Version 1.0.0 | Published 2 months ago

nf-core/hlatyping v AR

dna hla hla-typing immunology optitype personalized-medicine rna

Precision HLA typing from next-generation sequencing data

Version 1.1.2 | Published 2 months ago

nf-core/smrnaseq 4

small-rna smrna-seq

Analysis pipeline for small-RNA sequencing data.

No releases yet



Sources

https://hub.docker.com

https://bicinfo-fr.net/virtualisez-plus-de-reproductibilite

https://sinqularity-hub.org

https://tin6150.qithub.io/psa/blogger_container _hpc.html

https://nf-co.re/
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