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Preamble
Bioinformatic pipelines 
are generally based on a 
combination of several 
third-party tools.

https://blog.color.com/building-a-high-quality-reliable-and-efficient-bioinformatics-pipeline-aa4a01e182ba
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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.

ConteneursMachines virtuelles



Containerization

The advantages of containers:

- Easy to set up and use

- Access to isolated and controlled environments

- Ease of searching and sharing Docker containers

FROM ubuntu:16.04

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



Containerization

Operating mode

- Recipe / dockerFile

- Construction of the image (container)

- Running the tool in the container

FROM ubuntu:16.04

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

$ singularity build … recipe
$ docker build … dockerfile

$ singularity exec … samtools.simg  samtools index foo.bam
$ docker exec … samtools_container  samtools index foo.bam



Containerization

RUN 
apt-get 
install 
tool
...

container
Build Exec

Docker Singularity

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

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

Portability Docker Hub Single image file. Can import docker 
images. 

Container activation Docker daemon running on each host Image file. No daemon process.

Deployment Single package install. 
Daemon service with root priviledge

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

Root escalation container starts with priviledged access To obtain root in singularity container, it 
must have been started as root 
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Sharing
DockerHub : https://hub.docker.com
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Containerization & HPC : Pipelines
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// Input

input_channel = Channel.fromFilePairs(params.reads)

# Align

process alignment {

  container /path/to/containers/BWA.simg

   input:

       val (sample), file(fq1), file(fq2)  from  input_channel

   output:

       val (sample), file(bam)             into  bam_files_channel

   script:

       bwa  mem  ref.fa   fq1  fq2   > ${sample}.bam

}

// Call variants

process variant_calling {

  container /path/to/containers/GATK.simg

   input:

       val (sample), file(bam)   from   bam_files_channel

   output:

       val (sample), file(vcf)   into   vcf_files_channel

   script:

       GATK -T HaplotypeCaller   -R ref.fa   -I ${sample}.bam   -o ${sample}.vcf

}

// Annotate VAriants

/* ...



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

- ...
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Sources

● https://hub.docker.com

● https://bioinfo-fr.net/virtualisez-plus-de-reproductibilite

● https://singularity-hub.org

● https://tin6150.github.io/psg/blogger_container_hpc.html

● https://nf-co.re/

https://hub.docker.com/
https://bioinfo-fr.net/virtualisez-plus-de-reproductibilite
https://singularity-hub.org/
https://tin6150.github.io/psg/blogger_container_hpc.html
https://nf-co.re/

