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Raise standards for
preclinical cancer research

C. Gles nnBegle\a lbee\( Elllsp pose how methods, publicatic
entiv ust change if patients are to benefit.

—— crisis

NIH plans to enhance
reproducibility

Francis S. Collins and Lawrence A. Tabak discuss
initiatives that the US National Institutes of Health
is exploring to restore the self-correcting nature of

preclinical research.

growing chorus of concern, from
Ascientists and laypeople, contends
that the complex system for ensuring
the reproducibility of biomedical research
is failing and is in need of restructuring'”.
As leaders of the US National Institutes of
Health (NIH), we share this concern and
here explore some of the significant inter-
ventions that we are planning.
Science has long been regarded as ‘self-
correcting’, given that it is founded on the

shorter term, however, the checks and
balances that once ensured scientific fidelity
have been hobbled. This has compromised
the ability of today’s researchers to reproduce
others’ findings.

Let’s be clear: with rare exceptions, we
have no evidence to suggest that irrepro-
ducibility is about scientific misconduct.
In 2011, the Office of Research Integrity of
the US Department of Health and Human
Services pursued only 12 such cases’.

| e——

T

researchers
surveyed

nd

38%
Yes, a slight

—
—

«In 2012, Amgen researchers made
headlines when they declared that they
had been unable to reproduce the
findings in 47 of 53 'landmark' cancer
papers » (doi:10.1038/nature.2016.19269)
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S. Cohen-Boulakia, K. Belhajjame, O. Collin, J. Chopard, C. Froidevaux, A. Gaignard, K. Hinsen, P. Larmande, Y. Le Bras, F. Lemoine, F. Mareuil, H. Ménager, C. Pradal, C. Blanchet,
Scientific workflows for computational reproducibility in the life sciences: Status, challenges and opportunities, Future Generation Computer Systems, Volume 75, 2017,
https://doi.org/10.1016/j.future.2017.01.012 .
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Scientific workflows to
the rescue....



What is a worktlow ?

« Workflows provide a systematic way of describing the
methods needed and provide the interface between
domain specialists and computing infrastructures. »

« Workflow management systems (\WWMS) perform the
complex analyses on a variety of distributed resources »

Malcolm Atkinson, Sandra Gesing, Johan Montagnat, lan Taylor. Scientific workflows: Past, present and future. Future Generation Computer Systems, Elsevier, 2017,
75, pp.216 - 227. <10.1016/j.future.2017.05.041>
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I pditommaso / awesome-pipeline

A curated list of awesome pipeline toolkits inspired by Awesome Sysadmin

#awesomelist #workllow

® 228 commits. ¥ 1branch © Oreleases 42 42 contributors
Branch: master~ || New pullrequest Createnowfile  Uploadiles  Findle  Clone or download -
itommaso Update READMEmd Latest commit 67ees6a 25 days ago
getcurrentdatabase &l o o s ag
............... E CONTRIBUTING.md Added contributing 4 years ago
READMEmd Update README md 25 days ago

5 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 utility 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.

CO M M U N ITY H U B « 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.
e n So r OW « Consecution - A Python pipeline abstraction inspired by Apache Storm topologies.
« Cosmos - Python library for massively parallel workflows.
C O M M O N « 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.

\/\/ O R K F L O \/\/ « 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.
averna L ANGUAGE e —

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/Faa$ functions.


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

Provenance : a way to
produced & analysed data



Definition: Oxford dictionnary

« The beginning of something's existence; something's origin. »

Definition: 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, it is essential to provide provenance and other
context information which can help end users judge whether query
results are trustworthy. »

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. DOI=http.//
dx.doi.org/10.1561/1900000006
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Representing provenance

PROV-0O: 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.w3.0org/TR/prov-o/
Implementation report:
http://www.w3.0rg/TR/2013/NOTE-prov-implementations-20130430/
Previous version:
http://www.w3.0org/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 Madrid, Spain
Stian Soiland-Reyes, University of Manchester, UK
Stephan Zednik, Rensselaer Polytechnic Institute, USA
Jun Zhao, University of Oxford, UK
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Reasoning with provenance

Constraints of the PROV Data Model
W3C Recommendation 30 April 2013
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This version:
http://www.w3.0org/TR/2013/REC-prov-constraints-20130430/
Latest published version:
http://www.w3.org/T R/prov-constraints/
Test suite:
http://dvcs.w3.org/hg/prov/raw-file/default/testcases/process.html
Implementation report:
http://www.w3.0rg/TR/2013/NOTE-prov-implementations-20130430/
Previous version:
http://www.w3.0rg/TR/2013/PR-prov-constraints-20130312/ (color-coded diff)
Editors:
James Cheney, University of Edinburgh
Paolo Missier, Newcastle University
Luc Moreau, University of Southampton
Author:
Tom De Nies, iMinds - Ghent University

Please refer to the errata for this document, which may include some normative corrections.

The English version of this specification is the only normative version. Non-normative translations may also be available.

Copyright © 2012-2013 w3C® (MIT, ERCIM, Keio, Beihang), All Rights Reserved. W3C liability, trademark and document use rules apply.




5.3 Derivations

Derivations with explicit activity, generation, and usage admit the following inference:

Inference 11 (derivation-generation-use-inference)

In this inference, none of a, gen2 Or use1 can be placeholders -.

IF wasDerivedFrom(_id; e2,el,a,gen2,usel, attrs), | HEN there exists t1 and t2 such that used(use1; a,e1, ti1,[]) and
wasGeneratedBy(gen2; e2,a, t2,[]).
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Inference 15 (influence-inference)

IF wasGeneratedBy(id; e,a, t,attrs) THEN wasInfluencedBy(id; e, a, attrs).

IF used(id; a,e,_ t,attrs) THEN wasInfluencedBy(id; a, e, attrs).

IF wasInformedBy(id; a2,al,attrs) THEN wasInfluencedBy(id; a2, al, attrs).

IF wasStartedBy(id; a2,e, al, t,attrs) THEN wasInfluencedBy(id; a2, e, attrs).

IF wasEndedBy(id; a2,e, al, t,attrs) THEN wasInfluencedBy(id; a2, e, attrs).

IF wasInvalidatedBy(id; e,a, t,attrs) THEN wasInfluencedBy(id; e, a, attrs).

IF wasperivedFrom(id; e2, el, _a, _g, _u, attrs) THEN wasiInfluencedBy(id; e2, el, attrs). Here, _a, g, _uMAY
be placeholders -.

IF wasAttributedTo(id; e,ag,attrs) THEN wasInfluencedBy(id; e, ag, attrs).

IF wasAssociatedwith (id; a,ag, pl,attrs) THEN wasInfluencedBy(id; a, ag, attrs). Here, _pl MAY be a
placeholder -.

10. IF actedOnBehalfOf(id; ag2,agl, a,attrs) THEN wasInfluencedBy(id; ag2, agl, attrs).

NN~

© ©
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based on some input parameters,
THEN this data derives from the input
parameters »

a researcher



Provenance
N multi-site studies ?



Multi-site studies = # workflow engines |
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Provenance 1ssues

« Which alignment algorithm was used when predicting these
effects 7 »

« Anew version of a reference genome is available, which
genome was used when predicting these phenotypes 7 »

Need for an overall tracking of provenance over both
Galaxy and Taverna workflows !



Provenance « heterogeneity »

Galaxy PROV predicates  counts Taverna PROV predicates counts
prov:wasDerivedFrom 118 rdf:type o4
rdf:.type 76 rdfs:label 13
rdfs:label 62 prov:atTfime 8
prov:used 61 wfprov:describedByParameter 6
prov:wasAttributedTo 34 rdfs;:comment 6
prov:wasGeneratedBy 33 prov:hadRole 6
prov.:endedAtTime 26 prov:activity )
prov:startedAtTime 26 dcterms:hasPart 4
prov:wasAssociatedWith 26 prov.agent 4
prov:generatedAtTime 1 prov:endedAtTime 4
prov:hadPlan 4

prov:qualifiedAssociation 4

prov:qualifiedEnd 4

prov:qualifiedStart 4

prov:starfedAtTime 4

o prov:wasAssociatedWith 4

How to reconcile these tavernaprov-content 3
wfprov:usedinput 3

p rovenance tra ces ? wfprov:wasEnactedBy 3
wfprov:wasOutputFrom 3




Approach

2 %3
PROYV interlinking PROV harmonization

Inferred

owl:sameAs PROV

A. Gaignard, K. Belhajjame, H. Skaf-Molli. SHARP: Harmonizing and Bridging Cross-Workflow Provenance. The Semantic Web: ESWC 2017 Satellite Events Portoro?Z,
Slovenia, May 28 - June 1, 2017, Revised Selected Papers, 2017
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Results

Reconciled provenance as an «influence graph »
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https://github.com/albangaignard/sharp-prov-toolbox



https://github.com/albangaignard/sharp-prov-toolbox

Reuse instead of
re-execution ?



S provenance enough for reuse ?

Too fine-grained

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

No domain concepts

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.
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Semantic tool catalogs
A —

bio.tools

gatk_u n ifi Ed_ge n Otype r (biotools:gatk_unified_genotyper)

https://software.broadinstitute.org/gatk/

4.7k 20

OPENEBENCH

Available versions

' Sequencing> \ 'DNA polymorphism > )| Genetic variation >

Mature Open access

Web application  Java ) =&

SNP and indel caller.

Sequence trace »
(BAM>») -

Sequence trace »
(BAM>) -

Sequence alignment »
(FASTA>») -

Sequence variations »
(VCF>») -

Sequence variations »
(VCF») - S -
equence variations »

—
Sequence variations > . (VCF»)
(VCF>) Indel detection » Datas

Sequence variations > Variant calling » (Textual format>)

f—
e Data »

Data» ( Textual format »)

( Textual format» )



Approach
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Methods and tools : graph pattern matching, inference rules, SPARQL, Python, Jupyter
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Results

w w @ ﬂw .Rcad mapping

-
-

> =
Samples/Sample [/BAM/Samplel .ﬁnal.bamj

Genetic variation analysis
Indel detection SNP annotation ‘

The file Samples/Samplel/BAM/Samplel.realign.bai results from

tool gatk2_indel_realigner-IP which Locally align two or more molecular
sequences.

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

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

28


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

Implementation

: JUpyter FRESH-notebook (autosaved) ﬁ

File Edit View Insert Cell Kernel Widgets Help Not Trusted = 4* |Python3 (@)

<>

B+ x @ B 2+ ¥ MRun B C MW Code

3. Human-oriented data summaries

Sentence-based data explanations

Here, the goal is to describe a piece of data with the consensual definition of what does the tool that generates this piece of data.
Technically, this is done with a SPARQL query that combine the provenance information (prov:wasGeneratedBY), the description of the tool
(biotools:has_function), and the domain knowledge on the nature of the processing (obolnOwi:hasDefinition).

In [6]: %%time
query =
SELECT ?d_label ?title ?f def ?st WHERE {
?d rdf:type prov:Entity ;
prov:wasGeneratedBy ?x ;
prov:wasAssociatedWith ?tool ;
rdfs:label ?d_label

?2tool dc:title ?title ;
biotools:has function ?f

?f rdfs:label ?f label ;
oboInOwl:hasDefinition ?f def .

?c rdf:type mp:Claim ;
mp:statement ?st .

}

results = g.query(query)
for r in results :
display(Markdown('The file ' + str(r['d label']) + '
+' **results from tool** ' + str(r['title'])
+ ' **which** ' + str(r['f def'])))
display(Markdown(' **It was produced in the context of** ' + str(r['st']) ))

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

The file VCF/hapcaller.indel.recal.select.vcf.gz results from tool gatk2_variant_select-IP which Identify and map genomic alterations,
including single nucleotide polymorphisms, short indels and structural variants, in a genome sequence.

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

The file VCF/hapcaller.snv.recal.select.vcf.gz.tbi results from tool gatk2_variant_select-IP which Identify and map genomic alterations,
including single nucleotide polymorphisms, short indels and structural variants, in a genome sequence.

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



summary



Take home message & open gquestions

Scientific Workflows — automation, abstraction, provenance

Standards for provenance representation and reasoning

Better handle multi-site studies (ESWC’17 satelite event paper)

Linked experiment reports = contextualized and summarized
provenance (TaPP’16 paper, Semantic Web Journal (in revision))

Distributed data analysis = ?
in provenance graphs?

for workflow results ?
What about trust ?
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