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Minimum standarts for bioinformatic command line tools

Always print something if no parameters are supplied
Always have a “-h” or “--help” switch
Have a “-v” or “--version” switch
Use stderr for messages and errors
Validate your parameters
Don’t hardcode any paths
Don’t pollute the command-line namespace
Don’t distribute bare JAR files
Check that your dependencies are installed
Be strict if you are a Perl tragic like me

http://thegenomefactory.blogspot.com.es/2013/08/minimum-standards-for-bioinformatics.html

Bioinformatic standards – first try
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Life sciences research is, by nature, borderline chaotic. Scientists tend to work in 
small, isolated, and focused groups, collaborating only loosely with others. The 
process of testing and refining (or discarding) hypotheses leads to a multitude of 
elaborate experiments—each of which differs, using a unique mix of techniques, 
technologies, and analyses. Research mechanisms constantly change; researchers 
are continually introducing new technologies and refining older technologies. 
Experimental results can lead to myriad conclusions, some of which are contradictory 
and others of which are ignored. This constantly shifting landscape means that 
scientific discovery can sometimes be perceived as a manic foraging exercise rather 
than a rational, hypothesis-driven process. One of the most confusing elements of 
science is that this jumble of experiments leads to the development of ideas that 
directly advance our understanding of living systems. That is, the system works, and 
works well.

..in science!

Chaos in science - but it works
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Bioinformatics is largely driven by singular projects

most analysis are hardly reused
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semantic 
standards

data standards

clinical genomics bioinformatics

Data and (semantic) standards 
in clinical genomics / bioinformatics - second try
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controlled vocabularydata standards

clinical diagnosis 
utilizing genomics

bioinformatics

Data and (semantic) standards 
in clinical genomics / bioinformatics

semantic standards

clinical genomics
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data standards

bioinformatics

translational bioinformatics

controlled vocabulary

clinical diagnosis 
utilizing genomics

Data and (semantic) standards 
in clinical genomics / bioinformatics
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Translational bioinformatics
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I found   ?/%^!?    ! What to do?

bench to bedside

Basic science Vs clinical use of genomics 
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I found   ?/%^!?    ! What to do?

bench to bedside

information action

panorama focus

whole genome gene panels

ranked list diagnosis

tomorrow now

Basic science Vs clinical use of genomics 
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Translational bioinformatics 

data

bioinformatics

controlled vocabulary

clinical diagnosis 
utilizing genomics

standards
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Translational bioinformatics 

data

bioinformatics

controlled vocabulary

clinical diagnosis 
utilizing genomics

standardsdocumentation
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data

bioinformatics

controlled vocabulary

clinical diagnosis 
utilizing genomics

standardsdocumentation

...enable reproducibility

Translational bioinformatic 
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needs controlled

input data set (machine, protocol, tissue type, disease type)

software environment (operation system)

software

parameters

documentation

interpretation

Reproducibility
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figure adapted from Kristian Unger PMC3901372

OMICS data types
genomewide? 
or
whole exome?
or
selected gene panel?

conformationSNPs, indels
CNV
rearrangements

abundance
difference
modification
(splicing)

abundance
difference
modification
activity

DNA

RNA

Protein

Metabolite

miRNA
lncRNA

Methylation/
histone modif.

DNA conformation

abundance
difference
activity

abundance
difference

abundance
difference

Binary or 
continuous data values?
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OMICS methods

S

A, S, M

A, S, Z

I, A, M, Z

DNA

RNA

Protein

Metabolite

miRNA
lncRNA

Methylation/
histone modif.

DNA conformation

I, A, M

A, S

A, S, I, M

 I = immuno precipitation
A = microarray
S = sequencing
M = mass spectrometry
Z = specialized assay
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OMICS data formats

S

A, S, M

A, S, Z

I, A, M, Z

DNA

RNA

Protein

Metabolite

miRNA
lncRNA

Methylation/
histone modif.

DNA conformation

I, A, M

A, S

A, S, I, M

 I = immuno precipitation
A = microarray
S = sequencing
M = mass spectrometry
Z = specialized assay

plain text

.csv

.tsv

.bed

.fasta

.fastq

.map

.ped

.json

.xml

.vcf 4.2

.sam

.gtf = .gff “2.5”

.gff 3.0

.owl

.tabix

binary

.bam

.cram

.bcf

.2bit

.bed(plink)

.bigBed

.bigWig

.RObject

.Rdata

.IDAT

.cel

bold = will likely stay for longer

https://software.broadinstitute.org/software/igv/FileFormats

https://genome-euro.ucsc.edu/goldenPath/help/customTrack.html#format
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34 different cancer types - 11,077 samples

Lung Cancer:

Biospecimen: Primary tumor & Blood derived Normal

Techniques: whole Exome sequencing
Genotyping Array Affymetrix SNP 6.0
RNA Seq
miRNA Seq
Methylation Array Illumina 450K

Data: Raw data, BAM/CEL/IDAT
SNPs, somatic mutations, VCF, 1.2Mb 
Somatic CNVs, TXT, 51Kb
Gene Expression values (FPKM), TXT, 

519Kb
miRNA Expression values, TSV, 286Kb
Beta methylation values, TXT, 141Mb

Example: The Cancer Genome Atlas (TCGA)

mailto:mkerick@ipb.csic.es
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Example: The Cancer Genome Atlas (TCGA)
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Example: The Cancer Genome Atlas (TCGA)
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4+3 different autoimmune diseases ~ 2,600 samples

Rheumatoide arthritis:

Biospecimen: whole blood, selected cell populations

Techniques: Genotyping Array Illumina Human Core 360 K
(Expression Array Human HT12v4)
RNA Seq
Methylation Array Illumina 450K
8 color flow cytometry of 8 Antibody panels
Mass-spectrometry of Plasma Metabolites 
Cytokines & Auto-antibodies (Luminex Assay)
Imaging Analysis

Data: Raw data, BAM/IDAT/TXT
SNPs, Bed/Bim/Fam 
Germline CNVs, TXT
Gene Expression values (FPKM),TXT 

TXT
miRNA Expression values, TXT
Beta methylation values, TXT
Metabolomic peaks, TXT
Cytokine levels, TXT
Auto-antibody-levels, TXT
Flow Cytometry, ?

Example: PRECISESADS

mailto:mkerick@ipb.csic.es
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needs controlled

input data set (machine, protocol, tissue type, disease type)

software environment (operation system)

software

parameters

interpretation

documentation

Linux.

Reproducibility
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needs controlled

input data set (machine, protocol, tissue type, disease type)

software environment (operation system)

software
parameters

interpretation

documentation

Reproducibility
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Bioinformatic “standard” Software as found by majority vote

Task/Person Pedro Edu Axel Sven Martin Carlos

QC fastqc,
qualimap

fastqc fastqc, bseqc, 
rseqc

fastqc fastqc fastqc

Sequence 
Trimming

- cut adapt, 
reaper, minion, 
fastqx

flexbar, 
seqtrimnext

trimmomatic, 
superdeduper, 
prinseq

- cut adapt, 
fastqx

Alignment 
DNA

bwa, bowtie2 bwa, bowtie2 bwa bwa, bowtie2 bwa bwa, bowtie2, 
blasr, dazzler

Alignment 
RNA

star tuxedo, star, 
bowtie1, 
miarma-Seq

star, kallisto, 
salmon

hisat2 star tophat, gmap, 
star, blasr

Alignment 
Bisulphite 
DNA

bwa rubio-seq bismark,
bsmap

bismark, 
bsmap

bismark, 
bsmap

bwa-meth, 
bismark

SNP/Indel 
detection

samtools, 
gatk, varscan

samtools, 
bcftools

gatk, freebayes gatk gatk, samtools samtools, 
bcftools

CNV detection - gistic delly bedtools 
coverage, cnver

dnacopy, 
penncnv

-

Expression 
analysis

deseq2, rsem limma, edger, 
deseq2, noiseq

limma, edger, 
deseq2

stringtie, 
ballgown

limma, edger limma, edger, 
deseq2, 
noiseq, sqanti

Methylation 
analysis

rnbeads, minfi wanderer, lumi methylkit qsea, mcall minfi, qsea methylkit, 
bsseq

Gene 
enrichment

genecodis, 
gsea, david

gsea, goseq, 
david, 
ingenuity

gsea, 
clusterprofiler

gsea, david, 
fisher.test

gsea, david, 
ingenuity, 
consensuspath
db

david, 
ingenuity, 
blast2go

Clustering hclust, 
kmeans, som, 
pca, ica

venny, 
dendrogram, 
heatmap2

pca, kmeans, 
random forest

hclust, pca gmm, hclust, 
nmf

dendrogram, 
hclust, 
heatmap2

mailto:mkerick@ipb.csic.es
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Bioinformatic “standard” Software as found by “Expert vote”

Task 
Teams

ga4gh.org

mailto:mkerick@ipb.csic.es
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needs controlled

input data set (machine, protocol, tissue type, disease type)

software environment (operation system)

software

parameters
interpretation

documentation

Reproducibility
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data

result = apple spritzer 

soft
ware

Reproducibility
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data

result = apple spritzer 

soft
ware

data

result = bad pear juice 

soft
ware

Reproducibility
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data parameters 
apple = 1
pear = 0
gas = 1

result = apple spritzer 

soft
ware

data parameters 
apple = 0
pear = 1
gas = 0

result = bad pear juice 

soft
ware

Reproducibility
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data parameters 
apple = 1
pear = 0
gas = 1

result = apple spritzer 

soft
ware

data parameters 
apple = 0
pear = 1
gas = 0

result = bad pear juice 

soft
ware

data parameters 
apple = 1
pear = 0
gas = 1

result = apple cider 

soft
ware

data parameters 
apple = 0
pear = 1
gas = 0

result = pear liqueur

soft
ware

a year passes by ...

Reproducibility
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data parameters 
apple = 1
pear = 0
gas = 1version 1.1

soft
ware

data parameters 
apple = 0
pear = 1
gas = 0version 1.1

soft
ware

data parameters 
apple = 1
pear = 0
gas = 1version 2.0

soft
ware

data parameters 
apple = 0
pear = 1
gas = 0version 2.0

soft
ware

a year passes by ...

result = apple spritzer result = bad pear juice 

result = apple cider result = pear liqueur

Reproducibility
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data parameters 
apple = 1
pear = 0
gas = 1version 1.1

soft
ware

data parameters 
apple = 0
pear = 1
gas = 0version 1.1

soft
ware

data parameters 
apple = 1
pear = 0
gas = 1Version 3.0

error: apple has to be 1 or 0  

soft
ware

three years pass by ...

result = apple spritzer result = bad pear juice 

Reproducibility
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data parameters 
apple = 1
pear = 0
gas = 1version 1.1

soft
ware

data parameters 
apple = 0
pear = 1
gas = 0version 1.1

soft
ware

data parameters 
apple = 1
pear = 0
gas = 1Version 3.0

error: apple has to be 1 or 0  

soft
ware

data parameters 
apple 1
pear 0
gas 1version 3.0

result =  apple cider

soft
ware

three years pass by ...

result = apple spritzer result = bad pear juice 

Reproducibility
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needs controlled

input data set (machine, protocol, tissue type, disease type)

software environment (operation system)

software (version)

parameters

documentation
interpretation

Reproducibility
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my personal documentation:

(commented)Perl code
(commented)R code
(sometimes) README files

Documentation

Cytometry data standards do not capture the full scope of flow cytometry experiments

mailto:mkerick@ipb.csic.es
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Documentation from a data analyst point of view

Sweave, Knitr integrate Rcode with LaTeX
into a “executable” and “readable” pdf

Docker saves your stable version of
tools/pipelines within the changing 
software environment  

mailto:mkerick@ipb.csic.es
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Documentation from a data analyst point of view

Sweave, Knitr, Rcode example
produces a  pdf

a commentary text
to your analysis

the R code producing 
the result below

the result

mailto:mkerick@ipb.csic.es
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Documentation
..integrated with user-defined pipelines

analysis recipes

can be published

mailto:mkerick@ipb.csic.es
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http://www.commonwl.org

Documentation – Workflows

mailto:mkerick@ipb.csic.es
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strategic break

http://www.toggo.de

mailto:mkerick@ipb.csic.es
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Topic

Phylogenetics
Transcriptomics

Format

FASTQ
SMBL

Data

Sequence
Structure

Identifier

Ensembl ID
UniProt ID

Operation

Alignment
SNP detection

EDAM Ontology

EDAM provides a set of concepts with preferred terms and synonyms, definitions, 
and some additional information - organized into an intuitive hierarchy

http://edamontology.org
http://www.ebi.ac.uk/ols/ontologies/edam
http://bioportal.bioontology.org/ontologies/EDAM?p=classes

Documentation – Ontology

mailto:mkerick@ipb.csic.es
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EDAM Ontology structure

Documentation – Ontology

mailto:mkerick@ipb.csic.es
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https://www.ebi.ac.uk/training/online/course/bioinformatics-terrified/minimum-information-standards

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

https://www.ncbi.nlm.nih.gov/geo/info/MIAME.html

Documentation – minimum information standards

mailto:mkerick@ipb.csic.es
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needs controlled

input data set (machine, protocol, tissue type, disease type)

software environment (operation system)

software (version)

parameters

documentation

interpretation

Reproducibility

mailto:mkerick@ipb.csic.es


  

mkerick@ipb.csic.es TMF seminar May 2017

The data interpretation in a clinical context is constantly changing

Interpretation

mailto:mkerick@ipb.csic.es
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I favor a data structure that distinguishes between 
“findings” 
its supporting data
and additional data

“finding” = actionable fact

findings could be grouped by molecular class

findings could be grouped to create meta findings

Interpretation

mailto:mkerick@ipb.csic.es
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“Data is a zen garden”

mailto:mkerick@ipb.csic.es
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Thank you

Questions?
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