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Predict the evolution ?

Understand the pathology ?

Prevention strategies ?
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ICAN cohort: 34 univ. hospitals / 3000 subjects

. 3.000 ToF MRIs
600 whole genomes (analysis in progress)

Predict the evolution ?
Understand the pathology ?

Prevention strategies ?
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Workflows to enhance trust in scientific

results :

Tensor

— (scalability)

— abstraction (methods sharing)

— traceability (provenance)
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- pditommaso / awesome-pipeline

A curated list of awesome pipeline toolkits inspired by Awesome Sysadmin

#awesome-list #workflow

© 228 commits P 1branch © O releases 42 42 contributors
oranch: master~ | Now pul equest Createnew e | Uploadfles | Findfle | Glone o download ~
8 patommaso Update REAOVE md Lates commit67eeséa 25 days ag0

B) CONTRIBUTING.md

ontributing 4 years ago

B) README.md Update README.md 25 days ago

EE README.md

Awesome Pipeline

A curated list of awesome pipeline toolkits inspired by Awesome Sysadmin

Pipeline frameworks & libraries

ActionChain - A workflow system for simple linear success/failure workflows
Adage - Small package to describe workflows that are not completely known at definition time.

Airflow - Python-based workflow system created by AirBnb.

Anduril - Component-based workflow framework for scientific data analysis.

Antha - High-level language for biology.

Bds - Scripting language for data pipelines.

BioMake - GNU-Make-like utilty for managing builds and complex workflows.

BioQueue - Explicit framework with web monitoring and resource estimation.

Bistro - Library to build and execute typed scientific workflows.

Bpipe - Tool for running and managing bioinformatics pipelines.

Briefly - Python Meta-programming Library for Job Flow Control.

Cluster Flow - Command-line tool which uses common cluster managers to run bioinformatics pipelines.

Clusterjob - Automated reproducibility, and hassle-free submission of computational jobs to clusters.

Compss - Programming model for distributed infrastructures.

Conan? - Light-weight workflow management application.

Consecution - A Python pipeline abstraction inspired by Apache Storm topologies.

Cosmos - Python library for massively parallel workflows.

Cromwell - Workflow Management System geared towards scientific workflows from the Broad Institute.

Cuneiform - Advanced functional workflow language and framework, implemented in Erlang

Dagobah - Simple DAG-based job scheduler in Python.

Dagr - A scala based DSL and framework for writing and executing bioinformatics pipelines as Directed Acyclic GRaphs.
Dask - Dask is a flexible parallel computing library for analytics.

Dockerflow - Workflow runner that uses Dataflow to run a series of tasks in Docker.

Doit - Task management & automation tool.

Drake - Robust DSL akin to Make, implemented in Clojure.

Drake R package - Reproducibility and high-performance computing with an easy R-focused interface. Unrelated to
Factual's Drake.

Dray - An engine for managing the execution of container-based workflows.

Fission Workflows - A fast, lightweight workflow engine for serverless/Faas functions.


https://github.com/pditommaso/awesome-pipeline

Interpreting bioinformatics analysis results 7
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« Which alignment algorithm was used when predicting this
pathogenic score 7 »

« A new version of a reference genome Is avallable, which genome
was used when predicting these phenotypes 7 »

Need for an overall tracking of provenance over multiple

workflows |



Provenance in Computer Science

« Provenance information describes the origins and the history of data

in its life cycle. »

« Today, data is often made available on the Internet with no
centralized control over its integrity: data is constantly being created,
copied, moved around, and combined indiscriminately. Because

information sources (or different parts of a single large source) may
vary widely in terms of quality, 1t 1s essential to provide

and other iInformation which can
whether query C»

James Cheney, Laura Chiticariu, and Wang-Chiew Tan. 2009. Provenance in Databases: Why, How, and Where. Found. Trends databases 1, 4 (April 2009),
379-474. DOIl=http://dx.doi.org/10.1561/1900000006
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20 years of provenance ...

Foundations and Trends® in

Databases

Vol. 1, No. 4 (2007) 379-474 n’w
© 2009 J. Cheney, L. Chiticariu and W.-C. Tan

DOI: 10.1561,/1900000006 the essence of knowledge

Provenance in Databases:
Why, How, and Where

James Cheney!, Laura Chiticariu?

and Wang-Chiew Tan®

I University of Edinburgh, UK, jcheney@inf.ed.ac.uk

2 IBM Almaden Research Center, San Jose, CA, USA,
chiti@almaden.ibm.com

3 University of California, Santa Cruz, CA, USA, wctan@cs.ucsc.edu

Abstract

Different notions of provenance for database queries have been pro-
posed and studied in the past few years. In this article, we detail three
main notions of database provenance, some of their applications, and
compare and contrast amongst them. Specifically, we review why, how,
and where provenance, describe the relationships among these notions
of provenance, and describe some of their applications in confidence
computation, view maintenance and update, debugging, and annota-
tion propagation.

Which DB tuples
contribute to a query
result 7 Which operators

PROV-O: The PROV Ontology
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W3C Recommendation 30 April 2013

This version:
http://www.w3.0rg/TR/2013/REC-prov-0-20130430/
Latest published version:
http://www.w3.org/TR/prov-o/
Implementation report:
http://www.w3.0rg/TR/2013/NOTE-prov-implementations-20130430/
Previous version:
http://www.w3.0rg/TR/2013/PR-prov-0-20130312/
Editors:
Timothy Lebo, Rensselaer Polytechnic Institute, USA
Satya Sahoo, Case Western Reserve University, USA
Deborah McGuinness, Rensselaer Polytechnic Institute, USA
Contributors:
(In alphabetical order)
Khalid Belhajjame, University of Manchester, UK
James Cheney, University of Edinburgh, UK
David Corsar, University of Aberdeen, UK
Daniel Garijo, Ontology Engineering Group, Universidad Politécnica de
Stian Soiland-Reyes, University of Manchester, UK
Stephan Zednik, Rensselaer Polytechnic Institute, USA
Jun Zhao, University of Oxford, UK

A standardized lightweight,
extensible model to represent
Provenance on the Web.



Data / Algorithms / Researchers
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PROV extensions

nature > scientific data > articles > article

Open Access | Published: 06 December 2016

Sharing brain mapping statistical results with the
neuroimaging data model

Camille Maumet &, Tibor Auer, Alexander Bowring, Gang_Chen, Samir Das, Guillaume Flandin, Satrajit

Ghosh, Tristan Glatard, Krzysztof J. Gorgolewski, Karl G. Helmer, Mark Jenkinson, David B. Keator, B.

Nolan Nichols, Jean-Baptiste Poline, Richard Reynolds, Vanessa Sochat, Jessica Turner & Thomas E.

Research | Open Access | Published: 31 January 2022
Structure-based knowledge acquisition from

Nichols

Scientific Data 3, Article number: 160102 (2016) \ Cite this article

5277 Accesses | 30 Citations | 42 Altmetric | Metrics

https://doi.org/10.1038/sdata.2016.102

Max Schroder &, Susanne Staehlke, Paul Groth, J. Barbara Nebe, Sascha Spors & Frank Kriiger

Journal of Biomedical Semantics 13, Article number: 4 (2022) | Cite this article

4265 Accesses | 6 Citations | 9 Altmetric | Metrics

https://doi.org/10.1186/s13326-021-00257-x

&
A

electronic lab notebooks for research data provenance
documentation

Research | Open Access | Published: 06 January 2022

End-to-End provenance representation for the
understandability and reproducibility of scientific
experiments using a semantic approach

Sheeba Samuel & & Birgitta Konig-Ries

Journal of Biomedical Semantics 13, Article number: 1 (2022) | Cite this article

3475 Accesses | 3 Citations | 8 Altmetric | Metrics

https://doi.org/10.1186/s13326-021-00253-1

TaPP 2021

ACCEPTED PAPERS

‘ Astronomical Pipeline Provenance: A Use Case
Evaluation

Authors:

Michael A. C. Johnson, Institute of Data Science (DLR) and Max Planck Institute for Radio Astronomy; Marcus Paradies and Marta Dembska,
Institute of Data Science (DLR); Kristen Lackeos, Hans-Rainer Klockner, and David J. Champion, Max Planck Institute for Radio Astronomy;
Sirko Schindler, Institute of Data Science (DLR)

https://doi.org/10.48550/arXiv.2109.10759

Home > Provenance and Annotation of Data and Processes > Conference paper

Towards a Provenance Management System for
Astronomical Observatories

Mathieu Servillat &, Frangois Bonnarel, Catherine Boisson, Mireille Louys, Jose Enrigue Ruiz & Michéle

Sanguillon

Conference paper | First Online: 09 July 2021

515 Accesses |1 Citations | 8 Altmetric

Part of the Lecture Notes in Computer Science book series (LNISA,volume 12839)

https://doi.org/10.1007/978-3-030-80960-7 20


https://doi.org/10.1038/sdata.2016.102
https://doi.org/10.1186/s13326-021-00257-x
https://doi.org/10.48550/arXiv.2109.10759
https://doi.org/10.1007/978-3-030-80960-7_20
https://doi.org/10.1186/s13326-021-00253-1

Many expectations ...

Comparability, transparency, confidence +

> researchers and organisations

~ |dentifying critical data / software resources
assoclated to scientific results

» |ldentifying possible bias when reusing / sharing
pre-trained models
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s PROV enough for reuse 7

a prov:Bundle, prov:Entity;
prov:wasAttributedTo <#galaxy2prov>;
prov:generatedAtTime "2016-04-14T18:18:37.000409"""xsd:dateTime;

<#72486b583fel52£0>
a prov:Activity ;
prov:wasAssociatedWith <#catl> ;

prov:startedAtTime "2015-12-15T12:54:50.749845"""xsd:dateTime;
nrawveandaddA+Tima "2NT1R_12_1R8M12«RK5«K7 NT1A70Q0"*" *vadeAat+aTimas.

f
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Sie W g?tznophamgxylprod gale. galaxylgalaxy flles/galaxy datasets/001/dataset_1:
§¥{_§ 8 /galaxy/prod galg)gl/galaxy/gaIaxy-flles/galaXV-datasets/OO
/galaxy/prod-galaxy/galaxy/galaxy-files/galaxy-datas

f g ~ Cufflinks orOti\iddrens
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Annotated bioinformatics tools catalog

Ontology terms
(EDAM) to "tag"

> topic
» Input data
> processing

» output data

eli ir

17386 tools

JAS PAR (biotools:jaspar)

http://jaspar.genereg.net/

Transcription factors and regulatory sites>  Gene regulation »

Mature  CC-BY-NC-40  Freeofcharge  Open access

Web API Web application Database portal Python
The high-quality transcription factor binding profile database.
Transcription factor name » -
Transcription factor identifier » —
Taxon» -
Family name » -
Species name » —
UniProt ID » —
Text > -
DNA sequence »
(FASTA») -
JASPAR profile ID » -
Credits & Support

Albin Sandelin
Primary contact ' &4 albin at binf.ku.dk = Link>»

Boris Lenhard
Primary contact ' &4 b.lenhard at imperial.ac.uk | Link>

Wyett erman
Primary contact ' &4 wyeth at cmmt.ubc.ca | Link»

Anthony Mathelier
Primary contact | B4 anthony.mathelier at ncmm.uio.no
Link> | ORCID»

Publication details

OPENEBENCH
Genomics»>  Human biology>  Plantbiology>  Model organisms »
Smeé
JASPAR profile ID »
Database search » - ( JASPAR format », JSON > , Textual format», CSV>»,
TSV>, YAML» )
Transcription factor binding site prediction » g JASPAR profile ID »
Documentation Downloads

http://jaspar.genereg.net/docs/

http://jaspar.genereg.net/fag/

ar.genereg.net/api/vi/docs/

o

Primal
DOI: 10.1093/nar/gkx1126

JASPAR 2018: Update of the

Khan A. Fornes O. Stig

ani A Gheoreghe ~ctro-Mondragon | A Van Der | ee R
ani A. Gheorghe M. Castro-Mondragon |.A. Van Der Lee R

open-access database of transcription factor binding profiles and its web framework

Downloads page »

Links

https://twitter.com/jaspar_db
Social media 2]

https://bitbucket.org/CBGR/jaspar/src/master/

Repository

Bessy A. Cheneby |. Kulkarni S.R. Tan G. Baranasic D. Arenillas D.|. Sandelin A. Vandepoe

12



Approach

= == an o —-\\
| I\ - -
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' Workflow | /
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| \
| l [ P Provenance
- e e = S - - a = .
1 - minng “Which was

queries

the reference
genome used

Provenance
capture and

\ \ Bio.Tools
A_ L linking graph araph to produce
. Workflow | S this VCF file ?”
| enactment |
S Knowledge Graph A new tool is
| Machine Human .
\ oriented oriented available,
\ which raw
b data data data should |

S~ p Raw data

summaries summaries

reprocess ?”

Methods and tools
graph pattern matching, inference rules, SPARQL, Python, Jupyter notebooks

A. Gaignard, H. Skaf-Molli, K. Belhajjame Findable and reusable workflow data products: A genomic workflow case study. Semantic Web Journal 11 (5), 751-763
https://doi.org/10.3233/SW-200374



https://doi.org/10.3233/SW-200374

Machine-Human readable experiment summaries

https://github.com/albangaignard /fresh-toolbox

14


https://github.com/albangaignard/fresh-toolbox

Machine-Human readable experiment summaries

[...]
:head {

_:npl a np:Nanopublication .
:npl np:hasAssertion :assertion .
_:npl np:hasProvenance :provenance .
_:npl np:hasPublicationInfo :pubInfo .

}

rassertion {
<http://snakemake-provenance/Samples/Samplel/
BAM/Samplel.merged.bai> rdfs:seeAlso
<http://edamontology.org/operation_3197> .
<http://snakemake-provenance/VCF/hapcaller.

indel.recal.filter.vcf.gz> rdfs:seeAlso
<http://edamontology.org/operation_3695> .

-]

1. It's possible to automatically
annotate produced data with
ontology terms

https://github.com/albangaignard /fresh-toolbox

14


https://github.com/albangaignard/fresh-toolbox

Machine-Human readable experiment summaries

Sequence alignment Read mapping

Samples/Sample 1/BAM/Samplel .ﬁnal.bamT

Formatting

Variant calling )

[...]
:head {
_:npl a np:Nanopublication .
_:npl np:hasAssertion :assertion .
_:npl np:hasProvenance :provenance .
_:npl np:hasPublicationInfo :pubInfo .
}

rassertion {
<http://snakemake-provenance/Samples/Samplel/
BAM/Samplel .merged.bai> rdfs:seeAlso
<http://edamontology.org/operation_3197> .
<http://snakemake-provenance/VCF/hapcaller.

indel.recal.filter.vcf.gz> rdfs:seeAlso
<http://edamontology.org/operation_3695> .

-]

1. It's possible to automatically
annotate produced data with
ontology terms

https://github.com/albangaignard /fresh-toolbox

Sequence merging

Sequence feature detection

SNP annotation al alignment )

The file Samples/Samplel/BAM/Samplel.realign.bai results from
tool gatk2_indel_realigner-IP which Locally align two or more molecular

sequences.

Indel detection

It was produced in the context of Rare Coding Variants in ANGPTL6 Are
Associated with Familial Forms of Intracranial Aneurysm

2. It's possible to automatically display the typical
bioinformatics tasks data originate from

3. It's possible to document data with text
leveraging ontology definitions (EDAM)

14


https://github.com/albangaignard/fresh-toolbox

Wrap-up
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Take-home message & perspectives

» PROV = consensual model to represent

and share provenance on the web

> # communities/tools — PROV

Future works

PEPR Santé-Numérique
(ShareFAIR, NeuroVasc)

FRANCE

heterogeneity

» Computational

— fine-grained capture (hardware 7 OS ?)
— Information overload for humans

» FAIR

. R1.2 criteria poorly validated!

. domain-specific annotations
— sclentific context ? DMPs 7?7

1 FAIR-Checker: supporting digital resource findability and reuse with Knowledge Graphs and Semantic Web standards. J Biomed Semant 14, 7 (2023). https://doi.org/10.1186/
$13326-023-00289-5

16
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