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Biological and Biomedical data analysis

Public sources Tools — Scripts
Distributed Distributed EI?(F.
Heterogeneous Network Heterogeneous
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Studies on reproducibility - Reproducibility Crisis...

Nekrutenko & Taylor - Nature Genetics (2012)
50 papers 2011 using the Burrows-Wheeler Aligner
31/50 (62%) provide no information
no version of the tool + no parameters + no genomic ref
sequence
7/50 (14%) provide all the necessary details

Alsheikh-Ali et al, PLoS one (2011)

10 papers in the top-50 IF journals = 500 papers

149 (30%) were not subject to any data availability policy

(0% data available)

Of the remaining 351 papers
208 papers (59%) did not adhere to the data availability instructions
143 make a statement of willingness to share
47 papers (9%) deposited full primary raw data online

- Computational reproducibility



Studies on reproducibility - Reproducibility Crisis...

Must try harder

Beror paosie IS THERE A REPRODUCIBILITY CRISIS?

Nekrutenko & Taylor - Nature Genetics (2012)
50 papers 2011 using the Burrows-Wheeler Aligner
31/50 (62%) provide no information

7% 52%

- ey i 3 Don'tknow  Yes, a significant crisis

no version of the tool + no parameters + no genomic ref Fo S
sequence
. . Retractions 180
7/50 (14%) provide all the necessary details On the Rise
A study of the PubMed
database found that the
. . number of arficles retractsd HAVE YOU FAILED TO REPRODUCE
Alsheikh-Ali et aI, PLoS one (2011) from scientific journals AN EXPERIMENT?
X A increased substantially Most scientists have experienced failure to reproduce results
10 papers in the top-50 IF journals = 500 papers between 2000 and 2009, R R B
149 (30%) were not subject to any data availability policy B Fraud or 110 %
. fabrication -
(0% data ava_nlta\ble) 16 total 3t
Of the remaining 351 papers B Scientific (oo
208 papers (59%) did not adhere to the data availability instructions mistake Physs snd
143 make a statement of willingness to share othe
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Current solutions to computational reproductibility

Scientific Workflow Management Systems

“Data analysis pipeline ”
Data flow driven

WEF specification
connected processors
steps of the analysis

WF execution

data consumed/produced
Provenance modules
Scheduling ...

--Galaxy

» snakemake

nexciflow

Specification Steps
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Current solutions to computational reproductibility

Scientific Workflow Management Systems
“Data analysis pipeline ”
Data flow driven --Galaxy

WEF specification
connected processors
steps of the analysis

» snakemake

nexciflow
WF execution

data consumed/produced
Provenance modules
Scheduling ...

WF environment T

Bins/Lib:
everything needed to run Libraries, dependencies... DockerEngine
Coupling WF with Docker/AppTainer

Operating System
BioContainer

Infrastructure

O8O




Levels of computational reproducibility

From identical output to the same scientific results

Repeat ]
Red ‘ text Replicate
edo - exact same contex L :

, , , , Variation allowed in the workflows
Same workflow, execution setting, repeat replicate execution setting environment
environment same same Similar output

) experiment experiment ]
Identical output same lab - different lab Aim = robustness
Aim = proof for reviewers © salme different
experiment experiment
different set up some of same
reproduce reuse
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Levels of computational reproducibility

From identical output to the same scientific results

Repeat
Redo - exact same context
Same workflow, execution setting, |repeat replicate
environment same same
) experiment experiment
Identical output same lab - different lab
Aim = proof for reviewers © Selle different
experiment experiment
different set up some of same
reproduce reuse
Reproduce e A S S,

Same scientific result
But the means used may be changed
Different workflows, execution setting, environment

Different output but in accordance with the result

= No Reuse without Repeat!

Replicate

Variation allowed in the workflows
execution setting environment
Similar output

Aim = robustness

Reuse
Adapt to new needs
Possibly different scientific result
Reuse in part existing workflows

- Cumulative science
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Reproducibility Networks

RR&

F R. FR Reproducible
Research network

French Reproducibility
Network born in 2023
270+ colleagues

Next Scientific Days in Lyon
April 3-4th

https://www.recherche-
reproductible.fr/index-en

I
MINISTERE
DE UENSEIGNEMENT
SUPERIEUR
ET DE LA RECHERCHE

Liberté
Epalitt
Frateruite.

Global Networks

Outside the UK? Find a Reproducibility Network in your area

See full Global Networks Statement

Global Reproducibility Networks

A Reproducibility Network (RN) is a national, peer-led
consortium of researchers that aims to promote and ensure
rigorous research practices by establishing appropriate
training activities, designing and evaluating research
improvement efforts, disseminating best practice and working
with stakeholders to coordinate efforts across the sector. RNs
aim for broad disciplinary representation and an intensive
interdisciplinary dialogue (e.g., with funding agencies,
publishers, learned societies and other sectoral organisations,
as well as researchers from all disciplines and across all career
stages).

To reach as many researchers as possible, and to operate as
efficiently as possible, we are keen to support other countries
interested in creating similar networks. If you are interested in
setting up a national RN, or finding out who in your country is
working towards this, please email: contact@ukrn.org.
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Reuse status - 2010

1,700 Taverna workflows
10 242 processors (analysis steps)

200 Centralized in myExperiment
ko authors
workflows Re-use rates have a Zipf-like distribution
times used
100
The top ten authors published 62% of all
0 workflows
0

Distinct processors veret 1DATAIA



Reuse status - 2023

2,443 workflows Nextflow & Snakemake
15 540 processors (analysis steps)
Distributed in github

nf-core: repro of carefully checked Nextflow processors

=e= non nf-core

Marine Djaffardjy u-; *

Still low reuse

| s . s, The top ten authors published only

Higher reuse (black box) of
mh processors in nf-core '_f
) h]?" ? (B

LA B |
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Number of workflows
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ShareFAIR

ShareFAIR : Sharing reliable workflows to transform datasets )
into gold standards: Application to Neuro-Vascular Pathologies Institut Pasteur

[ ]
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Objectives (1/3)

Define an interoperable framework for the design, annotation, E D
and sharing of reproducible and reuseable workflows % |

Design a language to query workflows, and their executions | 'y

Capture provenance (executions) in an optimized manner -

Execution traces ?
Develop a FAIRification method for datasets provenance of =
produced data LY |

Guide workflow developers in discovering and comparing workflows

D ro

:de
Produced _

Produced
- . datasets




Objectives (2/3)

Complete standards for uniformly annotating workflows in
terms of analysis tools and input/output datasets to produce
FAIR datasets

Annotated data
ED Identification of a set of existing standards for annotating protocols, I / set1
-

AM workflows, and datasets: EDAM, EDAM-Biolmaging, MONDO, DUO, etc.

- «—— Annotated tool 1

< |dentification of overlaps, varying levels of precision, and missin -
EOSC-Life PS, ying P ’ & e Annotated tool 2
concepts —- w

«®

nsa_trees2 msa_replicates2

li . . .
=" Construction of annotation guides

Development of a Knowledge base

svsiesé DATAIR 16



Objectives (3/3)

Augment the set of workflows by extracting them from text
(litterature) and large datasets from communauties

Genome for were using our Nextflow assembly pipeline |

Develop NLP models to extract workflow e -
description from the scientific literature

nature

Explore content ¥ About the journal ¥  Publish with us v Subscribe

‘ nature > articles > article

Article | Published: 20 May 2020

Extract protocols and workflows from large shared variabilityin the analysis of asingle neuroimaging
. . dataset by many teams
datasets in neuroimagery

17
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Exploiting the 3 forms of the workflow

Code: GitHub - data science



Exploiting the 3 forms of the workflow

Code: GitHub - data science
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RNAflow: An Effective and Simple RNA-Seq Differential Gene
Expression Pipeline Using Nextflow

by Marle Latarotu ! and Martin Holzer 2*
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Published: 10 Decomber 2020

(This articie belangs to the Special i
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Abstract

RNA-Seq enables the identification and quantification of RNA molacules, often with the aim of ¢

od gones (DEG:

Although RNA-Seq evolved into a s

rd tochnique, thare is no un

o data’s computational analysis. On top of that. previous studi

proved the Ireproducibility of RNA-Seq
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studies Haro, we p

ont & portable,
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of common pitfalls, such as

RNA removal and low abundance gene fitering Apart from various visualizations for the DEG r

am pathway analysis for common spacies
g qRT-PCR data

correlation of the logarithmized gene expression fold change
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Wao evaluated

the DEG datection functionallty while us

nce and observed a very high

Koywords: RNA-Soq. workflow, Nextflow pipeline. differential gene exprossion analysis

1. Introduction

More than a decade ago, the possibiity 1o

wence the wanscriptome (RNA-Seq) of any given spacles, starting

from small bacteria, such as Helicobacter pylon (1], opaned up completely new ways to an jon and
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ary computational steps 10 perform an RNA-Seq-based DEG study s st time.

consuming and prone 10 amors, which ltimately leads to results that are difficult to reproduce (3]

Text: scientific papers



Exploiting the 3 forms of the workflow
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BioFlow-Insight
B S

Aim
Provide an overview of the
main step of a workflow

Coherent with the code...

>{nexflow

George
Marchment




BioFlow-Insight
B S

Aim Functionalities

main step of a workflow . .
& Generates visual graphs at different

Coherent with the code... simplification levels depicting the workflow's
structure
>{nexiflow Detects errors in the workflow code
\ Open source: command line or web service

https://bioflow-insight.pasteur.cloud/ ENAEES

LACE

George
Marchment



https://bioflow-insight.pasteur.cloud/

the workflow

Choose relevant modules

Each composite module is constructed around one relevant module

M2 M8
________________________ Annotation R Format
' Checking | annotations ‘ i
Ms The composite module
- alignmont " takes the meaning of
. Spiit M3 M4 a the relevant module
Run | Format Build 1
(D Sonterkc |~ aignment || aignment |~ yia e it contains
M6 r
[__________________________________________I\_/_I_]:Q ________________ .| Functional
data

M9

(D m1




Grouping may be error-prone!

Grouping should preserve the relationships between relevant modules

M3
Modify
| alignment
| M1
l Split ;
Format Build -
@ ” GenB.ank alignment Phylo tree @
: entries
I M11 me
_________________________________________________________________ Functional M9
data
The annotation Monica’s view

checking module does
not need input from
the run alignment
module!




Z00M*UserViews in NextFlow Workflows

Formalization of the set of properties to be preserved
Property 1: Given Gw and R € N relevant modules, U is well-formed iff every
composite module in U contains at most one element of R.
Property 2: A user view U preserves dataflow iff every edge in Gw that
induces an edge on an nr-path from C(r) to C(r’) in U(Gw) lies on an nr-path r
tor'in Gw.
Property 3: A user view U is complete w.r.t dataflow iff for every edge e on an
nr-path from r to r’ in Gw that induces an edge e’ in U(Gw), e’ lies on an nr-
path from C(r) to C(r').

Theorem ZOOM is a polynomial-time which preserves Properties 1- 3 and
produces a minimal user view

Implementation of ZOOM

New! Rewritting the workflow code to implement user views



Exploiting the 3 forms of the workflow

GitHub - data science

Channgl fromFilcPairs. _——

TS

“PREARE_VCEFIE

=

NOME_SAMTOOLS

penome_-

"

ndex

PREPARE VCF_FOR_ASE

I~

»

fpenome

S— b S
“__ASE_KNOWNSNPS

Graph: workflow structure

| foce |
RNAflow: An Effective and Simple RNA-Seq Differential Gene
Expression Pipeline Using Nextflow

by Marie Latarotu 1 & @ and Martin Holzer 2*

1 RNA Bioinformatics and High- Throughput Analysis, Friedrich Schiller University Jona, Leutragraben 1, 07743

Jona, Germany

2 Mothodology and Re

rch Infrastructure, MF 1 Blolaformatics, Robert Kach Instiute, Nordufer 20, 13353 Berlin

Gormany

* Author 1o whom

wspondonce should ba addressed

Genes 2020, 11(12), 1487, Mtps:/idol.org/10.3390/genes 11121487

Submission recelved: 25 October 2020 / Revised: 4 Decomber 2020 / Accepted: 7 December 2020 |
Published: 10 Decomber 2020

(This articie balongs to the Special Issua Algorithms and Workflows in RNA Biolnformatics)

Abstract

RNA-Seq enables the identification and quantification of RNA molacul

often with the aim of detecting differentially

oxpressed genes (DEGs) Although RNA-Seq evolved into a stan
for the

rd tochnique, thare is no universal gold standard

o data’s computational analysis. On top of that. previous studi

proved the ireproducit
lo Nextflow RNA-Seq pipal

ity of RNA-Seq
 DEGs, w

studies. Here, we present a portable,

to d

ich

assures a high level of reproducibility. The plpelin

of common ptf
o fitering. Apart from v ual

RNA removal and |

abundance ge

ations for the DEG results, we
nd M

am pathway analysis for common species
9 QRT-PCR data
sion fold changes

2. We evaluated

on functionality while us

orving as a refarence and observed a very high

correlation of the logarithmized gene exp

Koywords: RNA-Soq. workflow, Nextllow pipeline. difforer

ol gone exprossion analysis

1. Introduction

More than a decade ago, the possibiity 1o sequence the

scriptome (RNA-Saq) of any given spacles, starting

such as Holicobacter pylori 1), opaned up complotely new ways 1o analyze gene exprossion and

arting from short

o insights Into regulatory mechanis

on an incredibly large

singlo-end reads and fe
da wencing quallty [2) A standard and widaly
processing of RNA-Seq data 10 Iidentily dif
[

ow have access 1o continuously gro

ing and large ranscriptomic

high

tributed computational task comprises the

Mlally expr

foatures, mainly genes (DEGs), botween v

ing

conditions, such as differor

ol vs. I

types of ¢ d samples. Although baing fraquently performed
ary computational steps 10 perform an RNA-Seq-based DEG stud

consuming and prone 10 ermors, which ultimately laads to results that are dificultto reproduce [3)

nowadays. setting up the ne

s 81l time.

Text: scientific papers



Entity extraction from scientific papers

Low-resource extraction task
Bioinformatics workflows underrepresented in NLP
No Corpus available

Several strategies tested

Schema of entities representing
key entities related to workflow

Annotated corpus of 52 full papers describing
Snakemake and Nextflow workflows
7 annotators - Inter annot. Agreement (0.70)

E
Genome assemblies for genotyping were constructed using our Nextflow assembly pipeline ( https:/github.com/np-core/np-assembly),
........
IDA (Bescription™ @J{—
2025 which first rand reads to a of 200x coverage with rasusa v0.3.0 (Hall 2022) and

O )

filtered Q > 7 with minimum read length of 100 bp using nanoq v0.8.0 (Steinig ar{d Coin 2022).

DDDDDDDD v
que!

{Version)
v0.20.1 (Chen et al. 2018) was used to trim adapter and low-quality lllumina sequences.

feoum) "
Fastp

Core | WorkflowName Environment
Data File ProgramminglLanguage Container
Database
Environment ManagementSystem
. Lab
Library/Package Hardware
Biolnfo
Context
General Additional Version  Parameter
information
ormatio Description ~ Biblio

Neuronal approach biLSTM-CRF
Nlistruct python lib
SciBert & BioBert

Fl-score ~0.70 all entities
(0.77 on Tools)

Accepted at IDA 2025

o

Clémence Sebe



Wrap up - Next steps
B

Lack of reproducibility hurts cumulative science
We are still living the reproducibility crisis
Several technical solutions exist to help redo/reexecute

Challenges lie at the reuse level: repurposing workflow analyses, adaptating to own
needs

ShareFAIR ambitions to provide a proof-of-concept of workflow sharing by providing
a reuse platform

RRa
Current work on FRe[ o

Coupling workflow code & workflow papers (NLP-code) April 3-4 2025
Abstracting workflow graph structures (code-graph) Lyon

30
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