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https://en.wikipedia.org/wiki/Lab_notebook

How do experimental biologists ensure reproducibility?

n Materials and methods section in 
publications.

n Lab notebook
n Annotated protocols published in specialized 

journals.
q Methods in Molecular Biology
q Nature Protocols

n A structured resource for protocols 
http://www.bio-protocol.org/
q Example: [Bio101] A General EMSA 

(Gel-shift) Protocol (http://www.bio-
protocol.org/e24).

n Standard lab equipment (tools).
n Standard lab environment (infrastructure).
n Sharing mutant strains (Morgan, ~ 1915).
n Genetic strains libraries (Nikolai Vavilov).

2https://en.wikipedia.org/wiki/Thomas_Hunt_Morganhttps://en.wikipedia.org/wiki/Nikolai_Vavilov



Reproducing experiments - in practice

n What if you cannot reproduce an 
experimental technique?

n Try, fail, retry, re-fail, re-re-try, cry, …
n Check your reactants.
n Check your strains.
n Check anything you can think of.
n Search help in your neighborhood.
n Contact the authors of the method.

q Sometimes they can provide some 
forgotten detail in the method.

n Ask to spend some weeks/months in the 
lab which developed or which masters the 
technique.

n Search another method.
n Search another research project.
n Stop experimental biology and become a 

bioinformatician, with the hope that 
computer procedures ensure 
reproducibility.
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Reproducibility of bioinformatics results

n In contrast with biological experiments, which may require personal touch and 
skills, bioinformatics analyses are fully performed by computers.

n An example: Next Generation Sequencing Analysis
q Any publication involving NGS data implies for the raw sequences (short reads) to be 

available in specialized databases.
• Short Read Archive (SRA): http://www.ebi.ac.uk/ena
• European Nucleotide Archive (ENA): https://www.ncbi.nlm.nih.gov/sra

n In principle, any bioinformatics analysis should thus be 100% reproducible. 
n Is this the case?
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How many NGS published results can be reproduced from the 
raw sequences?

n Anyone has a clue? Probably not much.
n Why?

q Mobility of active people (PhD, postdocs).
q Bad practices are socially encouraged (publish or perish, not time to document).

5



Some requirements and ingredients

n Code availability, portability, usability, evolvability, tractability. 
q Kleenex scripts vs bioinformatics tools. 

n Backward compatibility or traceback capability
q Run the analysis with the tools available when paper was published

n No hand-treatment of the Figures and tables. 
q Use notebooks (e.g. iPython, Sweave, Rmd, …)
q Link the manuscript to the results. Ideally, all values in the manuscript should be 

injected from the analsis itself (Sweave, Rmd, …).
n Separation between data, scripts and results. Brave test at the end of the project 

(just before submission): rm –rf results, make all
q Should regenerate everything from the 
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Development of bioinformatics tools
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My standpoint

n Developing bioinformatics tools since 1997.
n Regulatory Sequence Analysis Tools (RSAT): http://rsat.eu/
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Accessibility

n Multiple ways to use the tools
q 6 servers world-wide
q Download the tar archive and install locally
q Download a VirtualBox Virtual Machine.
q Use a Virtual Machine on the cloud of the Institut Français de Bioinformatique (IFB).
q In progress: run a Docker container. 
q Remote queries via SOAP/WSDL Web services.

n Each access mode has advantages and disadvantages

n Demo
q Instantiate a VM on the IFB cloud.

• https://cloud.france-bioinformatique.fr/cloud/instance/
q Run the DEMO of some tools
q Start peak-motifs demo (should be finished before my talk ends).
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Regulatory Sequence Analysis Tools (RSAT) 2011/
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Peak-motifs: discovering motifs in full-sized peak-sets

11

Drawing

Gene utilities
Sequence retrieval

Control sites

Motif utilities

Sequence handling

Figures

Genes Sequences

Purged sequences

Genomic sequences

Random sequences

User-entered sequences

Features

Motifs

retrieve-seq

Predicted sites

Oligos/dyads

Feature map drawing

feature-map

random-genes

get-orthologs

convert-matrix

User-entered motifs

random-seq

purge-sequence

convert-sequence

Matrices

Assembled oligos/dyads

pattern-assembly

gene-info

convert-features
User-entered features

Statistics
Score distributions

matrix-distrib

XY plot

XYgraph

Background models

Bernoulli models

Markov models

convert-background-model

User-entered bg models

User-entered gene names

Random gene list

Multi-genome gene list

Single-genome gene list

OperonsInfer-operons

Predicted CRERs

retrieve-ensembl-seq

Pattern matching
dna-pattern

matrix-scan

matrix-scan-quick

Motif discovery
oligo-analysis

dyad-analysis

position-analysis

local-word-analysis

oligo-diff

info-gibbs

compare-matrices

permute-matrix

random-motifs

random-genome-fragments

random-sites

implant-sites

seq-proba

Sequence probabilities

matrix-quality

Legend

Result

Program

User input

footprint-discovery

Random sites



Tool documentation

n Selected recent publications with NGS analysis tools, evaluations, protocols and applications
n Thomas-Chollier,M., Herrmann,C., Defrance,M., Sand,O., Thieffry,D. and van Helden,J. (2012) RSAT peak-motifs: motif analysis in full-size ChIP-

seq datasets. Nucleic Acids Res, 40, e31–e31.
n Thomas-Chollier,M., Darbo,E., Herrmann,C., Defrance,M., Thieffry,D. and van Helden,J. (2012) A complete workflow for the analysis of full-size 

ChIP-seq (and similar) data sets using peak-motifs. Nature Protocols, 7, 1551–1568.
n Medina-Rivera,A., Defrance,M., Sand,O., Herrmann,C., Castro-Mondragon,J.A., Delerce,J., Jaeger,S., Blanchet,C., Vincens,P., Caron,C., et al.

(2015) RSAT 2015: Regulatory Sequence Analysis Tools. Nucleic Acids Res, 43, W50–6.
n Castro-Mondragon,J.A., Rioualen,C., Contreras-Moreira,B. and van Helden,J. (2016) RSAT::Plants: Motif Discovery in ChIP-Seq Peaks of Plant 

Genomes. Methods Mol Biol, 1482, 297–322.
n Cayrou,C., Ballester,B., Peiffer,I., Fenouil,R., Coulombe,P., Andrau,J.-C., van Helden,J. and Méchali,M. (2015) The chromatin environment shapes 

DNA replication origin organization and defines origin classes. Genome Res, 25, 1873–1885.

n Each tool has a Web help page.
n Option –help for the command line use.
n Tutorials on the Web.
n Published description of methods/tools with 

their evaluation (e.g. NAR article about 
peak-motifs).

n Publication about the software suite as a 
whole (NAR Web software issue 2003, 
2008, 2011, 2015).

n Published protocols (Nature Protocols, 
MiMB).
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Published protocols
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More and more protocols

n Thomas-Chollier,M., Darbo,E., Herrmann,C., Defrance,M., Thieffry,D. and van Helden,J. (2012) A complete workflow for the analysis of full-size 
ChIP-seq (and similar) data sets using peak-motifs. Nature Protocols, 7, 1551–1568.

n Protocols are 
documented
q Study cases
q Critical steps
q Caution notes
q Troubleshooting
q Illustrations of 

expected results
q Interpretation of the 

results
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Back to the past !

n Versioning systems
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A workflow to study gene regulation
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By Claire Rioualen & Jacques van Helden



Installing (or not) and running workflows

n Code and doc available at github
q https://github.com/rioualen/gene-regulation/

n Environment
q Install on your own computer.
q Install a local VirtualBox virtual machine.
q Use existing VM on the cloud of the Institut Français de Bioinformatique (IFB cloud).
q Run as a Docker container.

n Tutorials
q Demonstrator: mini-example with ChIP-seq from the budding yeast Saccharomyces 

cerevisiae. 
q Takes 10 minutes to run on a 2-CPU VM at the IFB cloud.

n Documentation
q Installation tutorials.
q Documentation of the snakemake libraries.
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Using gene-regualtion at the IFB cloud

n Full tutorial at
q https://github.com/rioualen/gene-regulation/blob/master/doc/gene-

regulation_tutorials/gene-regulation_with_IFB_cloud.Rmd
q Create a virtual disk to ensure persistence of your data.
q Instantiate a virtual machine and mount the virtual disk.
q Run the workflow.

n Live demo: run the brave test: rm -rf results; snakemake all (+ some parameters)
q ## This address is only valid today, for me (my current instance)
q ssh -A -p 22 root@192.54.201.196
q cd ~/mydisk/GSE20870-analysis/ 
q rm -rf results
q date > start_date.txt ## not actually required
q snakemake -p -s gene-regulation/scripts/snakefiles/workflows/factor_workflow.py --

configfile gene-regulation/examples/GSE20870/GSE20870.yml
q date > end_date.txt

n Before the end of this talk, the results should be re-generated (~10’ processing). 
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Snakemake features

n Usual snakemake users write one script per workflows. 
n Rules and targets (make inheritance).
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Developing recyclable, modular rules for snakemake

n Claire Rioualen and myself developed a set of modular rules. 
n Each rule describes one operation (use of a tool for one particular task).
n Rules can be combined à la carte by inclusion in a workflow.
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Gene-regulation demonstrator

n A very small example of analysis: a small ChIP-seq
experiment from the yeast Saccharomyces cerevisiae 
(GEO GSE20870).

n Create a Virtual Disk and VM instance on the IFB cloud
n Run the workflow

q Download unaligned reads (172Mb for 2 samples).
q Download  and index reference genome.
q Read mapping (bowtie2 + subread-align).
q Peak calling
q Motif analysis (RSAT peak-motifs via Web services).

21

https://github.com/rioualen/gene-regulation/blob/master/doc/gene-regulation_tutorials/gene-regulation_with_IFB_cloud.Rmd100%
[=========================================================================================================
=============================================================>] 96,275,406  1.03MB/s   in 56s    

2016-10-25 11:32:39 (1.63 MB/s) - '/root/mydisk/GSE20870-analysis/data/GSM521935/SRR051930.sra' saved 
[96275406]

root@vm0165:~# cd  ~/mydisk/GSE20870-analysis/
root@vm0165:~/mydisk/GSE20870-analysis# ln -s ~/gene-regulation-2.0 gene-regulation
root@vm0165:~/mydisk/GSE20870-analysis# snakemake -p -s gene-
regulation/scripts/snakefiles/workflows/factor_workflow.py --configfile gene-
regulation/examples/GSE20870/GSE20870.yml
Provided cores: 1
Rules claiming more threads will be scaled down.
Job counts:
 count jobs
 1 all
 1 annotation_download
 4 bam_by_pos
 4 bam_stats
 4 bam_to_bed
 8 bedtools_intersect
 8 bedtools_window
 1 bowtie2_index
 2 bowtie2_se
 2 dot_graph
 4 dot_to_image
 4 fastqc
 4 genome_coverage_bedgraph
 1 genome_download
 1 get_chrom_sizes
 4 gzip_one_file
 2 homer
 2 macs14
 2 macs2
 4 sam_to_bam
 2 sickle_se
 2 spp
 2 sra_to_fastq
 1 subread_index
 2 subread_se
 72
rule genome_download:
 output: genome/sacCer2/sacCer2.fa
 log: genome/sacCer2/sacCer2.fa.log
 benchmark: genome/sacCer2/sacCer2.fa_benchmark.json

(cd genome/sacCer2/
wget ftp://ftp.ensemblgenomes.org/pub/fungi/release-
30/fasta/saccharomyces_cerevisiae/dna/Saccharomyces_cerevisiae.R64-1-1.30.dna.genome.fa.gz
filename=$(basename ftp://ftp.ensemblgenomes.org/pub/fungi/release-
30/fasta/saccharomyces_cerevisiae/dna/Saccharomyces_cerevisiae.R64-1-1.30.dna.genome.fa.gz)
echo $filename
gunzip $filename
fastaname=$(basename $filename .${filename##*.})
mv $fastaname sacCer2.fa) &> genome/sacCer2/sacCer2.fa.log

1 of 72 steps (1%) done
rule sra_to_fastq:
 input: data/
 output: results/samples/GSM521934/GSM521934.fastq
 log: results/samples/GSM521934/GSM521934_sra-conversion.log
 benchmark: results/samples/GSM521934/GSM521934_sra-conversion_benchmark.json
 wildcards: sample=GSM521934, results=results/samples

(echo "SHELL: $SHELL"
samples=GSM521934
for sam in ${samples[@]}
do
    mkdir -p results/samples/$sam
    echo "Reading $sam directory data/$sam..."
    files=(data/$sam/*)
    if [ ${#files[@]} -gt 1 ]
    then



Snakemake log

n Colored log indicating if 
everything goes fine.
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q20.log
4 of 72 steps (6%) done
rule sickle_se:
 input: results/samples/GSM521934/GSM521934.fastq
 output: results/samples/GSM521934/GSM521934_sickle-se-q20.fastq
 log: results/samples/GSM521934/GSM521934_sickle-se-q20.log
 benchmark: results/samples/GSM521934/GSM521934_sickle-se-q20_benchmark.json
 wildcards: reads=results/samples/GSM521934/GSM521934
sickle se --fastq-file results/samples/GSM521934/GSM521934.fastq --qual-type sanger --output-file 
results/samples/GSM521934/GSM521934_sickle-se-q20.fastq &> results/samples/GSM521934/GSM521934_sickle-se-
q20.log
5 of 72 steps (7%) done
rule subread_index:
 input: genome/sacCer2/sacCer2.fa
 output: genome/sacCer2/subread/sacCer2.fa
 log: genome/sacCer2/subread/sacCer2.fa.log
 benchmark: genome/sacCer2/subread/sacCer2.fa_benchmark.json

(mkdir -p genome/sacCer2/subread/
cp genome/sacCer2/sacCer2.fa genome/sacCer2/subread/
subread-buildindex -o genome/sacCer2/subread/sacCer2  genome/sacCer2/subread/sacCer2.fa) &> 
genome/sacCer2/subread/sacCer2.fa.log

6 of 72 steps (8%) done
rule bowtie2_index:
 input: genome/sacCer2/sacCer2.fa
 output: genome/sacCer2/bowtie2/sacCer2.fa
 log: genome/sacCer2/bowtie2/sacCer2.fa.log
 benchmark: genome/sacCer2/bowtie2/sacCer2.fa_benchmark.json

mkdir -p genome/sacCer2/bowtie2/
cp genome/sacCer2/sacCer2.fa genome/sacCer2/bowtie2/
#cd genome/sacCer2/bowtie2/
bowtie2-build  genome/sacCer2/bowtie2/sacCer2.fa  genome/sacCer2/bowtie2/sacCer2.fa &> 
genome/sacCer2/bowtie2/sacCer2.fa.log

7 of 72 steps (10%) done
rule bowtie2_se:
 input: genome/sacCer2/bowtie2/sacCer2.fa, results/samples/GSM521935/GSM521935_sickle-se-q20.fastq
 output: results/samples/GSM521935/GSM521935_sickle-se-q20_bowtie2.sam
 log: results/samples/GSM521935/GSM521935_sickle-se-q20_bowtie2_se.log
 benchmark: results/samples/GSM521935/GSM521935_sickle-se-q20_bowtie2_se_benchmark.json
 wildcards: reads=results/samples/GSM521935/GSM521935_sickle-se-q20
bowtie2 -x genome/sacCer2/bowtie2/sacCer2.fa -U results/samples/GSM521935/GSM521935_sickle-se-q20.fastq -S 
results/samples/GSM521935/GSM521935_sickle-se-q20_bowtie2.sam --threads 10 --phred33 -N 1 2> 
results/samples/GSM521935/GSM521935_sickle-se-q20_bowtie2_se.log
8 of 72 steps (11%) done
rule subread_se:
 input: genome/sacCer2/subread/sacCer2.fa, results/samples/GSM521935/GSM521935_sickle-se-q20.fastq
 output: results/samples/GSM521935/GSM521935_sickle-se-q20_subread.sam
 log: results/samples/GSM521935/GSM521935_sickle-se-q20_subread_pe.log
 benchmark: results/samples/GSM521935/GSM521935_sickle-se-q20_subread_pe_benchmark.json
 wildcards: reads=results/samples/GSM521935/GSM521935_sickle-se-q20
subread-align -i genome/sacCer2/subread/sacCer2 -r results/samples/GSM521935/GSM521935_sickle-se-q20.fastq 
-t 1 -T 1 -M 3 -o results/samples/GSM521935/GSM521935_sickle-se-q20_subread.sam 2> 
results/samples/GSM521935/GSM521935_sickle-se-q20_subread_pe.log
9 of 72 steps (12%) done
rule subread_se:
 input: genome/sacCer2/subread/sacCer2.fa, results/samples/GSM521934/GSM521934_sickle-se-q20.fastq
 output: results/samples/GSM521934/GSM521934_sickle-se-q20_subread.sam
 log: results/samples/GSM521934/GSM521934_sickle-se-q20_subread_pe.log
 benchmark: results/samples/GSM521934/GSM521934_sickle-se-q20_subread_pe_benchmark.json
 wildcards: reads=results/samples/GSM521934/GSM521934_sickle-se-q20
subread-align -i genome/sacCer2/subread/sacCer2 -r results/samples/GSM521934/GSM521934_sickle-se-q20.fastq 
-t 1 -T 1 -M 3 -o results/samples/GSM521934/GSM521934_sickle-se-q20_subread.sam 2> 
results/samples/GSM521934/GSM521934_sickle-se-q20_subread_pe.log
10 of 72 steps (14%) done
rule bowtie2_se:
 input: genome/sacCer2/bowtie2/sacCer2.fa, results/samples/GSM521934/GSM521934_sickle-se-q20.fastq
 output: results/samples/GSM521934/GSM521934_sickle-se-q20_bowtie2.sam
 log: results/samples/GSM521934/GSM521934_sickle-se-q20_bowtie2_se.log
 benchmark: results/samples/GSM521934/GSM521934_sickle-se-q20_bowtie2_se_benchmark.json
 wildcards: reads=results/samples/GSM521934/GSM521934_sickle-se-q20
bowtie2 -x genome/sacCer2/bowtie2/sacCer2.fa -U results/samples/GSM521934/GSM521934_sickle-se-q20.fastq -S 
results/samples/GSM521934/GSM521934_sickle-se-q20_bowtie2.sam --threads 10 --phred33 -N 1 2> 



Snakemake rule graph - the logics of the workflow

n Snakemake
automatically 
generate the flow 
chart of operations 
from the script 
itself. 
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Snakemake DAG- live report of the state of each result file

n Automatically generated by snakemake.
n The DAG indicates the state of each result file. 

q Dotted border: completed.
q Plain border: to be done. 
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The final result

n The result folder contains all the intermediate files + final results.
n Could be cleaned for the intermediate files (.sam, .fastq, …).
n No problem to run the brave final test before publishing

q rm –rf results; snakemake all

25



Other snakemake features

n Regulating the number of jobs sent to job scheduler (qsub). 
n Managing dependencies between jobs (only sends jobs for which input files are 

present).
n Management of interrupted processes: remove all the files if the job did not 

complete.
n Regenerating the 
n Benchmarking: automated measurement of the time spent in each task for each 

sample. 
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The Century-lasting P-value controversy
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The P-value controversy (selected sample)
1. Leek,J.T. and Peng,R.D. (2015) Statistics: P values are just the tip of the iceberg.

Nature, 520, 612–612.
2. Halsey,L.G., Curran-Everett,D., Vowler,S.L. and Drummond,G.B. (2015) The fickle P 

value generates irreproducible results. Nature Methods, 12, 179–185.
3. Trafimow,D. and Marks,M. (2015) Editorial. 
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4. McIlroy,D. (2014) Seduced by a P-value... Anaesth Intensive Care, 42, 551–554.
5. Annesley,T.M. and Boyd,J.C. (2014) The P value: probable does not mean practical.

Clin Chem, 60, 1021–1023.
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The P-value controversy (continued)
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The P-value controversy (continued)
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Recurrent criticisms

n Misuse of signficance testing.
n Mis-interpretation of the P-value.
n Bayesian inference between “frequentist” interpretation of probabilities.
n Instability of the parameters.
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Conclusions and perspectives
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On-going projects

n Packaging: apt-get install RSAT.
n Docker with modular components: 

bioconda, mulled.
n RSAT access via Galaxy

q Current project: Galaxy calls RSAT Web 
services: Jocelyn Brayet (Institut Curie, 
Paris, France).

q Later perspectives: Galaxy runs RSAT 
docker container.

n Documenting all tools in bio.tools. 
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Snakemake community building (currently starting in France)

n CoBRAS: user community
COmmunauté de Bioinformaticiens Rassemblés Autour de Snakemake
[Community Of Bioinformaticians Regrouped Around Snakemake]

n SnaTaF: Snakemake Task Force: workflow designers and library developers.
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Bio.tools - towards a wall chart of all bioinformatics tools ?

43http://www.expasy.ch/cgi-bin/show_thumbnails.pl



Bio.tools - towards a wall chart of all bioinformatics tools ?

n Each tool is as a reaction
n Each data/result file as a metabolite
n Any workflow should be a sub-graph of the 

whole wall chart.
n Note: the wall chart actually never fits on a 

wall, at least a 2-dimensional wall. 
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https://en.wikipedia.org/wiki/Lab_notebook

How do experimental biologists ensure reproducibility?

n Materials and methods section in 
publications.

n Lab notebook
n Annotated protocols published in specialized 

journals.
q Methods in Molecular Biology
q Nature Protocols

n A structured resource for protocols 
http://www.bio-protocol.org/
q Example: [Bio101] A General EMSA 

(Gel-shift) Protocol (http://www.bio-
protocol.org/e24).

n Standard lab equipment (tools).
n Standard lab environment (infrastructure).
n Sharing mutant strains (Morgan, ~ 1915).
n Genetic strains libraries (Nikolai Vavilov).

45https://en.wikipedia.org/wiki/Thomas_Hunt_Morganhttps://en.wikipedia.org/wiki/Nikolai_Vavilov
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