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OTECT

Reproducibility crisis



An interesting article ...

OPEN @ ACCESS Freely available online ~'PLoS one

The Arthrobacter arilaitensis Re117 Genome Sequence
Reveals Its Genetic Adaptation to the Surface of Cheese

Christophe Monnet™?*, Valentin Loux®, Jean-Frangois Gibrat®, Eric Spinnler'?, Valérie Barbe®, Benoit
Vacherie®, Frederick Gavory*, Edith Gourbeyre®, Patricia Siguier®, Michaél Chandler®, Rayda Elleuch®,
Frangoise Irlinger'2%, Tatiana Vallaeys””
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> Everyone has had this experience

... but a deceptive M&M

collaboration with the user community. Genome comparisons
were performed using Origami, an in-house tool developed for
microbial genome comparison. Orthologs were defined as
reciprocal best hits with an e-value lower than 10™°. Transposases
were excluded from the analysis. Core genes were defined as
orthologs shared between the four Arthrobacter strains. Synteny was
studied using an in-house developed tool, Align, using dynamic
programming to search conserved gene trains allowing gaps and
“mismatches” (homology relation instead of orthology). Circular
representation of the genome was produced using the Circos
software [27].

Monnet (2010)

P.3


https://doi.org/10.1371/journal.pone.0015489

> The data deluge

Paradigm of science More and more data

- B
Science Paradigms

* Thousand years ago:
science was empirical
describing natural phenomena
* Last few hundred years:
theoretical branch l 7

—1000

103
~B600

using models, generalizations 10?
+ Last few decades:
a computational branch
simulating complex phenomena
» Today: data exploration (eScience)
unify theory, experiment, and simulation

— Data captured by instruments
or generated by simulator

— Processed by software
— Information/knowledge stored in computer

— Scientist analyzes database/files
using data management and statistics
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https://www.microsoft.com/en-us/research/publication/fourth-paradigm-data-intensive-scientific-discovery/
https://doi.org/10.1051/ocl/2014038

> The ravages of time ...

Information Content of Data and Metadata

/Tlme of publication

¢ Specific details about problems with individual items or
specific dates of collection are lost relatively rapidly

General details about data collection are lost

/ through time

Accident may
destroy data and
documentation

Retirement or career change
makes access by scientists
to "mental storage" difficult
or unlikely

Death of investigator
and subsequent loss
/ of remaining records
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MISSING DATA

As research articles age, the odds of their raw data being extant
drop dramatically.

Data extant (assuming author responded)

5 10 15 20
Age of paper (years)

Gibney (2013)

P.5


https://doi.org/10.1890/1051-0761(1997)007%5b0330:nmftes%5d2.0.co;2
https://www.nature.com/articles/nature.2013.14416

> Reproducibility ?

IS THERE A REPRODUCIBILITY CRISIS?

7% 52%
Don’t know Yes, a significant crisis
3% l |
No, there is no : i

crisis —

1,976

researchers
surveyed

38% ——
Yes, a slight
crisis
enature
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HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

Most scientists have experienced failure to reproduce results.

® Someone else’s & My own

0 20 40 60 80 100%

HAVE YOU EVER TRIED TO PUBLISH
A REPRODUCTION ATTEMPT?

nly a small proportion of respondents tried to publish
replication attempts, many had their papers accepted.

® Published @ Failed to publish

sucess R
= Y 7y

rsccrcss IR
[

Number of respondents from each discipline:
Biology 703, Chemistry 106, Earth and environmental 95,
Medicine 203, Physics and engineering 236, Other 233 crature

Baker (2016)

Estimating the reproducibility of
psychological science
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https://doi.org/10.1126/science.aac4716
https://doi.org/10.1038/533452a

Also with bioinfo

* Given the complexity of microarray-
based gene expression studies, guidelines
encourage transparent design and public
data availability. [...]

* Here we evaluated the replication of data
analyses in 18 articles on microarray-
based gene expression profiling
published in Nature Genetics in 2005—-
2006.

e One table or figure from each article was
independently evaluated by two teams of
analysts.

* We reproduced two analyses in principle
and six partially or with some
discrepancies; ten could not be
reproduced. [...]
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Can reproduce in principle

Can reproduce with some

R \

Can reproduce
from processed data
with some discrepancies

ftware not available

Can reproduce partially with some
discrepancies

P.7

loannidis (2009)



https://doi.org/10.1038/ng.295

> Cost of not having FAIR research data

Following this approach, we
found that the annual cost of not
having FAIR research data costs
the European economy at least
€10.2bn every year.
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Likely cost of not having FAIR research data

Minimum true cost of noth

aving FAIR research data

52.39%
~€16.9bn

Indicator #5
0.24%

Indicator #4
0.04%

Indicator #1: Time spent Indicator #2: Cost of storage

® Indicator #3: Licence costs ® Indicator #4: Research retraction

® [ndicator #5: Research duplication Impact on innovation

Figure 5: Cost breakdown

PwC UE Services (2018)

p.8


https://doi.org/10.2777/02999
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THIS IS FINE.

KC Green (2013)

P.9


https://gunshowcomic.com/648

UNESCO Recommandations

According to the UNESCO
Recommendation, open science is a set
of principles and practices that aim to
make scientific research from all fields -
accessible to everyone for the benefit of S
scientists and society as a whole. The -

Open

knowledge

Recommendation aims to ensure not scientific

only that scientific knowledge s
accessible but also that the production

of that knowledge itself is inclusive, el open
equitable and sustainable. Knowndge ——

. . . e systems
By promoting science that is more Y
accessible, inclusive and transparent, . ) o

open science furthers the right of = e
e\éeryone to dsharg in sc:ent/f/gl S
advancement and its benefits, as state 8 o

in Article 27.1 of the Universal |
Declaration of Human Rights.
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https://doi.org/10.54677/MNMH8546

> Loi Pour une République Numérique 2016

e Le premier volet concerne la circulation
des données et du savoir. Il comprend
des mesures sur l'ouverture des données
publiques, la création d'un service public
de la donnée. Il introduit la notion de
données  d'intérét  général,  pour
optimiser l'utilisation des données aux
fins d'intérét général. Une partie est
egalement dédiée au développement de
I'economie du savoir, avec la possibilité
pour les chercheurs de publier librement
leurs articles scientifiques dans un délai
de six a douze mois. Le Sénat a voté en .
faveur de la facilitation de l'ouverture et = 4
de la réutilisation des données des N9
gdministrgltions ainsi dque des décisions © gouyernement.ir . .

es juridictions administratives et : :
judiciajires. La diffusion de ces données « Aussi ouvert que possible,
sera circonscrite aux données dont la aussi fermé que nécessaire »
publication  présente  un  intérét
économique,  social, sanitaire  ou
environnemental.
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https://www.legifrance.gouv.fr/loda/id/JORFTEXT000033202746

> Plans Nationaux pour la Science Ouverte

En

MINISTERE

DE LENSEIGNEMENT
SUPERIEUR,

DE LA RECHERCHE
ET DE L'INNOVATION

Deuxiéme Plan national
pour la science
ouverte

GENERALISER
LA SCIENCE OUVERTE
EN FRANCE 2021-2024

INRAZ

Workflows, reproducibility and best practice
2024-10-14 / WF4BF / M. Hennion & C. Midoux

Mettre en ccuvre
I'obligation de diffusion
des données de recherch«
financées sur fonds
publics

Créer Recherche Data
Gouy, la plateforme
nationale fédérée

des données

de la recherche

Promouvoir I'adoption
d’une politique de
données sur I'ensemble

du cycle des données

de la recherche, pour

les rendre faciles a trouver,
accessibles, interopérables
et réutilisables (FAIR)

Ouvrir la Science (2021)

p. 12


https://www.ouvrirlascience.fr/deuxieme-plan-national-pour-la-science-ouverte/

Basic concepts of
reproducibility
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> Open Data 5%

% Open License o
% machine REadable : N
* Open Format OL RE OF URI | %
% Uniform Resource ldentifier T q
% Linked Data <3
' LRDF_
™ . 299
—| 6] RoF -
' o J
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https://5stardata.info/fr/
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= LE CYCLE DE VIE DES DONNEES

Un outil pour améliorer la gestion / la mise en qualité [ louverture des données

Produire des données Faciles  Respecter le droit des Ouvrir ses données
@ trouver, Accessibles, personnes pour les autant que possible,
interopérables  Données & Caractére  les fermer autant que

ot Réutilisables (FAIR)

~

un Plan de
nnées
X = f
éthiques, juridiques e propriété
it des e

S Données & Caractére Personnel
P ey T Le

Etre acteur de la
science ouverte

Utilisateur

Producteur de données
al la re

ir sutant que

le Plan de Gest =

rendre accessibles

Se questionner L Lister ['e
réutilisation d . données
notamme es par le pro
Réf donné
pertinentes a préserver

Structurer et organiser les jeux
de ¢ e réserver
&L nees
Si Données & Caractére Personnel
ELE rlas d

cur

Batifol V., Burnel L, Cardona A., Johany F. 2 ycle de vie des données - un outil pour am:
la mise en qualite et 'ouverture des donnees « Reseau CGualinous & Mission RGPD, departement ACT - INRAE.

Personnel (DCP) nécessaire

0 aliser une
méthodologie et/ou
protocole de recherche

Collecter ot réutiliser

Vérifier, valider, curer et organiser

Compléter les métadonnées

Stocker et échanger le
Né sécurisée

produire des résultats e

Tracer fMérentes étapes danalyse

Compléter Lles métadonnées
SiDonnée: nnel &t
modifli slement

pas de valeur juricique
supprimables
| Données A Caractére Personnel,
conservation ¢ t
nyrisatic

A
NOUS > .

Qualinous (2024)

p. 15


https://dx.doi.org/10.15454/hsc3-b796



https://doi.org/10.5281/ZENODO.3233853

>

IEdable
Jo,

/ \coessible

Y

|nteroperable

Sy

-‘.m

eusable

K

FAR DATA TRinCIPLES

FAIR IRL "

HoW DO ‘(OU 1
oFeN A X2Q FUE? - /HF"C

&, / fj
(P
SN Z_j b e /—’—/“ |
* Findable (for humans and computers) FNIARLE SRR JTRopeenvs ™ peucARls

* Persistent Identifier (DOl with zenodo or other)

* Metadata describing the analysis and the tools (README)

* Aversioned script (git)

* Available on a forge (GitHub, GitLab) or archive (Software Heritage)

* Accessible
* License and access rights
* Standard communications protocol
* Metadata accessible

Interoperable
e Controlled vocabulary, onthology and linked metadata

» Tools work together (snakemake or nextflow) in a controlled environment (conda or docker) locally or on a
server (cloud or cluster)

* Open and documented formats

* Reusable
* Protocol can be replayed identically (Jupyter and Quarto) in a virtual environment

* Atanytime: Cl/CD (GitHub actions or GitLab workflow)
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> Workflow for Open and Reproducible Science

N
HPC
[ iy v processedJ
data
—— shakemake
T :
GitHub [—1— Python & Bash Eé—l
—— RMarkdown >
v
figures &
conclusions
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https://towardsdatascience.com/my-workflow-for-open-and-reproducible-science-as-an-academic-researcher-in-biomedicine-b41eaabcd420

dataset dataset

NN N AN N A
NN N NN N\
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scalability

.
-

dataset dataset dataset dataset dataset (datasetl
o i | | | | |
Bl S N N P NN
Bl Tugt T KT B B N T
@)
e

|
.

Workflow management:

formalize, document and execute
INRAZ data analyses
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@ @ B Flve pillars of reproducible computational research I I"
Continuous validation
Human intervention, Excel
SC Pklfplt e d and mouse forbidden !! % b i n d e r
wor ows

kubernetes
AGPIN -
Free as in Freedom

)

lLitel'a{e 3
P:ogrammmg}

.T';.

Documentation

Code verSJom

)( NEeXL I: I ow " control & "} Persistent ' . S
. persistent  data sharing M ‘
P ' sharing

q s n a ke m G ke The Journal of Open Source Software

-— —1] Read
the
Docs

" .
<\V
>

End-to-end automated process
LN
RS
L\ AV~ Software

o ’\/- ENA

V Herltage e ’
e w )5 a _
v GitLab GitHub ‘A docker Mamba




Five pillars of reproducible computational research

Key Points

-2 Irreproducibility of bioinformatics studies remains a significant and still-relevant problem.
- We present the five pillars framework, a set of best practices that enable extremely reproducible workflows.
- Widespread adoption of these principles will enhance research reliability and will speed translation of basic research to tangible benefits.
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https://doi.org/10.1093/bib/bbad375

