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Federatedservice delivery

Research data management & knowledge sharing
| Reproducible analytics & infrastructure I
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Complementary science, Technical synergy




°®.. Data-Intensive & Computational Science
access to large volumes of data from multiple sources and compute
Exploratory Confirmatory
Sources Sensors Observations Synthesis analysis analysis
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Scale up from Scale out prep, Trust transparent Widen user base
laptop to HPC integration and and validated to democratise
& cloud analysis (incl. Al) methods/results analysis

Figure: Steve Kelling et al , Data-intensive Science: A New Paradigm for Biodiversity Studies, BioScience, 59(7) 2009,
https://doi.org/10.1525/bi0.2009.59.7.12
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¢@ Pipelines: Data Preparation, Processing, Prediction
\/ariants: Parameter Sweeps & Pipeline Versioning

Create model

Test model

Run external test (10-fold cross
validation)

Project model

[figure: Matthias Obst]

Variants, Sweeps

Sensor and sample
collection

Share &
publish
results
Data assembly
preparation,
refinement,
harmonisation
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AR
Process

Preserve data,
analysis and

history Data processing

NLP, text mining, LLMs

Analytical pipelines, digital twin modelling,
statistical analysis, ensemble comparisons,
visualisation, secure sensitive data analysis




e @@L Computational Workflows

Volume 75, October 2017, Pages 216-227 =

ERGA-BGE Genome Report ANNOT analyses

i
D File with URLs ] xy

B PROVECT

ERGA

EUROPEAN REFERENCE GENOME ATLAS

Editorial [ b ] # tEmerGFF3 D x

Scientific workflows: Past, present and future —

output (text)

Malcolm Atkinson ® &, Sandra Gesing ke &, Johan Montagnat “&, lan Taylor b

iho:;: G AN
THAT'S THE WAY

# B:Create B x >
text file

#18:Collapse © % >
Collection

£ Collection of files to
collapse into single dataset

E) selection 1> Characters to

A 13: AGAT D x 3

https://dc i
p f/ W E F LUW k.. .lnsen . e
1 3 AR
[ Ry outfile {ixt Q-J @ output (gff3.gz » Annotation file s 1e .
St | B euimetd); 4 E P _‘:’n s Ja ¥ Biodiversity
Computational pipelines turn raw data into reproducible scientific knowledge. sy st . S L - ) Reference genome - = gspgprglcs
Abstt Taylor Reiter ®, Phillip distribution_plots_wis €
2 E.K. Joslint ®2, Charles M DR Al TV
Thi g N. Tessa Pierce-Ward* # Z Enter D x 2 # %downloads @ x > (input)
1S 8 i ISEMBL i
t g EDepartment of Population Health: S e e File with URLs ‘ distribution_plots_woi €
: s H , USA and ZDepartment of
intensi Blc=cic vsa output (text) ! O drioads el O ‘&?o ,
i L - npu’
*Cc de dds N.Te Pi -Ward,
repres¢ Do, CA 95615, 0. £ mal mptercsuedts
1Co-equal contributions. D @ stats_output (bet) )
system — + annotstats._ta |
. ﬁ Abstr:
Slgnl ( As the scale of biological data generatic
fortili analysis. Researchers commonly need t
ertilis incremental development as experimer o
| Produce hundreds to thousands of inte: # 7 Create text X > / 1: Collapse £ Annotation file
workflow systems that internally mana 4 5
as WM are reshaping the landscape of biologic file Collection [ = annotation (gff, gif)
‘ scale. Adoption of these tools can facili

) Collection of files to
collapse into single dataset

£ selection 1> Characters to
insert

lacking, Here, we provide a series of str:
management to streamline large-scale
sequencing data analysis, but the princ

Annotation file

D @ ouiput (fasta.gz)
+ genome_asm

0O =outfile (tx) %) Reference genome

sequence_output

# x:BUSCO © x
Lineage

nature methods

Sequences to analyse

output (text) o € Lineage

O @ busco_sum (txt)
+ busco_summary_txt |

[ = busco._table (tabular)

Reproducible, scalable, and shareable anal ey

pipelines with bioinformatics workflow ma e . i

NCBI taxonomy ID OMAmer

Laura Wratten®', Andreas Wilm? and Jonathan Goke ®'= output ftext) Taxonomic Identifier
[ @ omark_detail_sum (txt) €

Nature 573, 149-150 (2019) = B ERGA-BGE Genome Report ANNOT analyses™ = |
https://doi.org/10.1038/d41586-019-02619-2




*®. What is a computational workflow?

Multi-step processes

Precise description linking computational steps

User apps & portals

with data and control flow, interoperating
heterogeneous codes

handle data and processing dependencies, Tool 'él

Tool

User-ware

Tool

execution and reporting

operate across heterogeneous data and
computational infrastructures

batch <-> human in the loop
tool chains <-> job orchestration

Suter et al A terminology for scientific workflow systems, FGCS, 174, 2026,
https://doi.org/10.1016/j.future.2025.107974. https://doi.org/10.48550/arXiv.2506.07838

workflows

v

Under-ware



https://doi.org/10.1016/j.future.2025.107974
https://doi.org/10.48550/arXiv.2506.07838
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Cultural Ecosystem Services modelling
Mapping habitats for resilient crop wild relatives
Invasive Alien Species modelling

Input data

processing

Environmen tal land-use data Biodiversily data and
combined with recreator environmental data
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TAXONOMY: IDENTIFYING THE UNITS OF DIVERSITY IN LIFE

biodiversity loss through genomics research

TUE Speaker: Robert Waterhouse * Project Oral Communication

JuL % The Biodiversity Genomics Europe (BGE) Project: Europe’s drive to reverse

Q@ 15:30- 15:45 UTC+3 @ Amphitheatre

BIODIVERSITY OBSERVATORY: SMART SYSTEMS FOR A LIVING PLANET — REVOLUTIONISING
BIODIVERSITY MONITORING WITH AUTOMATION

J;L & BioDT’s biodiversity digital twin prototypes: examples from species distribution

models to population dynamics

Speaker: Gabriela Zuguim < Oral Communication

WED

©Q 12:00- 12:10 UTC+3 Q@ Amphitheatre
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WorkFlow Specification 1
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Figure: https://doi.org/10.1038/s41597-025-04451-9

Share & Reuse
Description of Method to do

ERGA-BGE Genome Report ANNOT analyses

& LEmerGFF3 @ x >

# 8:downloads [©@
ENSEMBL link

output (text)

€ File with URLs

[ = downicads (input)

/& B: Create
text file

# 16: Collapse
Collection

D selection 1> Characters to
insert

© Coliection of files to
collapse into single dataset

A 13: AGAT

O =outfile (txt) ] @ output (gft3.gz) £ Annotation file

+ genome_annot gf3 |

£) Reference genome

distribution_plots_wis
O=o
{input)

# 2:Enter o ox > # 9: downloads |

genome ENSEMBL link
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(input)

[0 = downloads (input)

O @ stats_output (txt)

+ annot_stats_bet

Annotation file

# Tt Collapse
Collection

& 7:Createtext @ X
file
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P Coilection of files to

§ selection 1> Characters to
insert

collapse into single dataset

o put (fasta.gz)
+ genome_asm

Annotation file

O =outfile ()

genome

t
D@[s;:::]nce_oulpu
# 3:BUSCO | +

Lineage B Sequences to analyse

output {text) Lineage

0 @ busco_sum (txt)
+ busco_summary. txt |

0 Rbusco._table (tabular)

3 Protein sequences
\ © Input isoform file
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& 4:Select o

OMArk database

output (text)
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output (text)
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Share and Reuse
Description of Method done

Run .

Outputs

Workﬂow

Workflow Run 1 ‘/.\}/‘
o

Actual set up, execution and results
Where and how run
By whom and why
Immutable analysis record

597-025-04451-9



https://doi.org/10.1038/s41597-025-04451-9

BEeS

os Ecosystem of Workflow Management Systems

hitpaiwww.scienceclarnfied.com/Di-EllEcosysterm.html

Each species has its own
strengths and weaknesses,,
dependencies and
iInterdependencies, niches and
habitats

Ecosystem resilience

* Adapt to change in tech/need
» Migrate between systems
PP s  Maintenance

Sedimeant
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Species of Workflow Management Systems

Scripting Executable Workflow Workflow hosting
environments Notebooks Management Systems & services (WIaa$)
execution platforms
Ly 5 .A. Keplerss«, Apache
GSTUdIO ‘ Q [upyter KNIME 223550 (& SCIFION Awﬁgw g —3 Ga Iaxy
o« o v EUROPE
P g LANGUAGE C I C .. 7=, ? QIST_

RAPID MINER o
e 3¢ nextFlow

separate recipe from platform

DIY Built in

Automation: reproducibility, logging provenance, documentation ...
Heterogeneity: codes, dependency and containerisation handling ...
Logic Scalability: compute infra, portability, optimisation, data transfer ... Heavy
. Execution: secure processing, changes in infrastructure, error handling ... liftin
versatility 9
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. Species of Workflow Management Systems

Scripting Executable Workflow

Workflow hosting
environments Notebooks

Management Systems & services (Wlaa$S)
execution platforms

.. ; ol CNivE  Neplerd Apache
®StUd|O 1 Jupyter KNIME gy
| —

& scon PRAITTIOW g —) Galaxy
2 > § e . vica’ ;ﬁ@ s cUROPE
@ RAPID|MINER R

JCnextflow

separate recipe from platform

DIY ﬁ Built in

One-off analysis &

Pre-cooked workflows using
prototyping

my data, my models, my config.
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axy-E.tools for STOC

= Galaxy

PROJECT

2 Filter species
I

. Community v
Temporal trend indicator 3

= caioxy / ccology [ R | I I - o e a2 N R ) DR
oo Py

STOC Filter species with rare and low abundances

v

Estimate temporal
population evolution

= Galaxy / Ecology . II II e oo [Re S B o B 2 | l III II
Tools « (& )
— o || =wtons

stimat temparal papuaion evolein by s GaaryVerson 010

Species - population

Tempara rend et ing

-]

L)

STOC Estimate species population evolution

" STOC Temporal population trend indicator

Entry point to pre-prepared tools, datasets,
compute, secure processing

For production quality FAIR data processing

il

https://usegalaxy.org/

Biodiversity indicators
computations using
Galaxy for Ecology

B MailMNHN @ Congés ® Chat BBEES

Analyse de donnérs  Workflow

Create a plot from GLM data a5 temporal trend (Galaxy Version 0.0.2)

Fan
e oos o frfa
\ Input glm results file
GIS Data Handling =
B @ D 19 GLM - Resubts from your population analysis on data 18 and data 3
Animal Detection on Acoustic

Recordings . Data table used for glm

Climate Analysis

Species abundance

O © DO 22 Transpose on data 19

.
Compute GLM on population data _+

Compute a GLM of your choice on_#+ g :
i o Email notification
*
Compute GLM on communijty data Yes | No
Compute a GLM of your cjfiice on

community data

Send an email notifis

»
Calculate presencgfabsance table
calculate presend absence table
from chservation data
K

Calculatescommunity metrics

o unity metrics from :
What it does

https://github.com/galaxyecology

(108




CHECK. ITOUT—T MADE A | | 15 Im A GiaNT HOUSE OF cARDS T... MIGHT NOT GE.
FULLY AUTOMATED DATA BUILT FROM RANDOM SCRIPTS ~
PIPELINE THAT COLLECTS THAT WILL ALL COMPLETELY f T GUESS THATS SOMETH
AND PROCESSES ALL THE | | COULAPSE THE MOMENT ANY JHOOPS, JUST
INFORMATION \JE NEED. INPUT DOES ANYTHING \JEIRD? COLLAPSED. HANG

TRETT| & | RIR

https://xkcd.com/2054/
the workflow maker to the workflow system
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Epistemic Executable Software
Objects Instruments

| =l &
‘;: (/ i T

Recipe of what to do Labour saving productivity
Transparent record of what was done Reproducibility & validated
Trusted and Validated Method Democratisation: variants, access to
Share and cite know-how know-how, computational gateway

Measures of use




Variants

Epistemics Executables

repurpose

descriptions adapt download/port on-

of process recode premise/cloud/HPC
versioned

forked hosted service

portal/app

Not everything shared is to be reused
encourage sharing




Associated with this (published) result?
Does the job | need doing?

Could be the basis of one | need?

Is recommended by my community?

ACCESS

Public or private?

In a Git repository?

Can | runitin my infrastructure?

Can | access it in its hosted infrastructure?
ls it portable?

INTEROPERATE

What language is it written in?

Can | adapt it to use my code/tool?
Can | rewrite in another language?
Does it make data that is FAIR?
What codes does it use?

s it a variant of another workflow?

(RE)USE

Does it still work? What version is it?

s it well enough described | could use it
with my data and parameters?

Do | know the error bounds?

Can | benchmark? Are the steps working?
|s there example/test data?

Can | scale it?
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(GI A ) n onsistent with its immense significance. The software should be cited in the references and
CIEN@ZZ Eunknown the date of access should be used) and identifier (a persistent identifier like a DOI or a

URL to where the software exists). Computational workflows should also be registered in workflowhub.eu and the
DOIs cited in the relevant places in the manuscript. If an article exists that describes the software, it should be cited as

an additional reference, as well as citing the software itself.

Policy statement o ation
This policy sets out UK Research and Innovation’s (UKRI) expectations for sharing and
managing research data and other research-relevant digital objects, including metadata,

algorithms, software, code and workflows.




EBi_stemic
Objects of
Scholarship

Executable
Instruments for
Sustainability

Peer review workflow and compare results
Assign credit to creators and contributors
Build citation graphs

Should be reused + infrastructure support

Have discernable impact
Which WfMS should be sustained




e®>"~ FAIR (not necessarily open) Computational Workflows

scientific data Epistemic Objects
The FAIR Guiding Principles for scientific data workflows

management and stewardship 2016 ‘ scientific data 2025 Ncommunity

Applying the FAIR Principles to computational

scientific data Software Instruments workflows

Introducing the FAIR Principles for research https://doi.org/10.1038/541597-025-04451-9
software 2022

Metadata

Persistent |dentifiers

Registration / Search

_icensing More than a READ.ME in a Github
Access Good Practice -> Quality
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“8"" Workflow Registry

‘GWOI’kﬂOWHUb Q Browse ~ ©@about~ @Help~ Register Login
=. ERGA HiC Collapsed Scaffolding+QC YaHS ©View on Gittub || g Downkoad RO-Crate || A Run on Gel
V2311 (WF4)
B overview i Files = Related items
Nork WT"’”G"M © Creators and S
kflow t rward evi { ed) to he QC nator
(gf: qury). & Diego
dddddddddddd
ERG
Submitter
& Dieg
Discussion Channel
https://
discussions
License
MIT License
Activity

‘workflows/702?version=1
ERGA HiC name:ASSEMBLY+QC

——

WorkflowHub
https://workflowhub.org

1200+ Workflows
332 Teams
26 Workflow languages

Any workflow system
Any discipline

Any time in lifecycle
Linked to your git repo

Gustafsson, O.J.R., Wilkinson, S.R., Bacall, F. et al. WorkflowHub: a registry for computational workflows.

Sci Data 12, 837 (2025). https://doi.org/10.1038/s41597-025-04786-3
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Cite workflows in methods section of genome
reports/papers,.and credit workflow developers
ERGA-BGE Workflow Collection

GENOME REPORT

ERGA-BGE Reference Genome of the Striped Field

Mouse (Apodemus agrarius), a Widespread and
Abundant Species in Central and Eastern Europe

dpWorkflowHub  QBrowse ~  + Create ~ Search here... Search %

»= Genome Assembly Workflows for ERGA-
Franc JanZekovi¢!, Elena Buzan’®, Aja Boné&ina®’, Nuria Escudero*, Rosa BGE genomes
Ferndndez*, Astrid Bohne®, Rita Monteiro’, Laura Aguilera®’, Marta Gut®’,
Francisco CAmara Ferreira®’, Fernando Cruz®’, Jéssica Gémez-Garrido®’, Tyler

S. Alioto®’, Leanne Haggerty®, Fergal Martin®, Diego De Panis™'"*

Overview = Related items

Pipelines used by the genomes assembly teams part of the Biodiversity Genomics Europe project

https://biodiversitygenomics.eu/

The genome was assembled using the CNAG
CLAWS pipeline (Gomez-Garrido, 2024).

Briefly, reads were preprocessed for quality and
length using Trim Galore v0.6.7 and Filtlong
v0.2.1, and initial contigs were assembled using

Summary analysis oi-' the released assembly was
performed using the ERGA-BGE Genome

Report ASM Galaxy workflow (De Panis,

2024b), incorporating tools such as BUSCO
v53.5, Merqury v1.3, and others (see reference for

SEEK ID: https://workflowhub.eu/collections/26

Items

\’ Swedish Earth Biogenome Project Genome Assembly Workflow

. I\
the full list of tools). Added 8 manths ago

g CLAWS (CNAG's long-read assembly workflow in Snakemake)
W' _ . ided 8 months ago

NextDenovo v2.5.0, followed by polishing of

De Panis, D. (2024a). ERGA-BGE Genome Report ANNOT analyses. WorkflowHub.
https://doi.org/10 48546/ WORKFLOWHUB WORKFLOW.1096.1

De Panis, D. (2024b). ERGA-BGE Genome Report ASM analyses (one-asm WGS [llumina PE + HiC).
WorkflowHub. https://doi.org/10 48546/ WORKFLOWHUB WORKFLOW.1103 2

Gomez-Garrido, J. (2024). CLAWS (CNAG s long-read assembly workflow in Snakemake).
WorkflowHub. https://doi.org/10 48546/ WORKFLOWHUB WORKFLOW 567 .2

ﬁ GALOP - Genome Assembly using Long reads Pipeline
- Added 6 months ago

https://workflowhub.eu/collections/26

[Tom Brown] gRG

EUROPEAN REFERENCE GENOME ATLAS ﬂ/m\ 10, ..

A
AW\

V¥ Biodiversity
M. Genomics

https://doi.org/10.3897/arphapreprints.e154773 ng Europe



https://doi.org/10.3897/arphapreprints.e154773
https://workflowhub.eu/collections/26
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) snakemake

afyWorkflowHub  QBowse~  #Create~  Search here

€RGA ERGA Assembly Snakemake HiFi & HiC
Pipelines

EOverview  i=Related items

SEEK ID: https://workflowhub.eu/collections/21

Items

GitHub \\/M Language-agnostic

GHC caffoldin gpp\

W cided about 1 y

g Purge retained haplotypes using Purge-Dups
W) jcided about 1 year ago

f: HIC contact map generation
" . Added about 1 year ago

= Galaxy

EUROPE

afsWorkflowHub  QBowse-  +Create~  Search here

€RGA ERGA Assembly Galaxy HiFi & HiC
Pipelines (Hifiasm-solo + Purge_Dups + YaHS)

Eloverview  iZRelated items

Collection of de-novo genome assembly workflows written for implementation in Galaxy

Input data should be PacBio HiFi reads and lllumina 3-dimensional Chromatin Confirmation Capture (HIC) reads

Executing all workflows will output a scaffolded primary assembliy and alternate contigs, with the complete QC analyses

Please run the workflows in order: WFO (there are two, one for HiFi and one for lllumina HiC), WF1, WF2, WF3, WF4

SEEK ID: https://workflowhub.eu/collections/27

Items

GitHub

=" ERGA DataQC HiFi v2409 (WF0)
Ad

ERGA DataQC lllumina v2409 (WF0)
’’’’’ Added 8 months ago

ERGA Profiing HiFi v2409 (WF1)
Addeds a0

=" ERGA HiFi-only Assembly+QC Hifiasm v2409 (WF2)
66666 Added 8 months ago

ERGA HIFi PriAlt Purge+QC v2409 (WF3)
d 8 months ag

= ERGAHIC Pri Scaffolding+QC YaHS v2501 (WF4)

Added 8 months ago

pipelines for generation of
high-quality genome
assemblies and annotations

Collected from and developed
with the community of
researchers developing and
implementing workflows for
assembly and annotation of
reference genomes

Training and capacity building

s (Collect workflows and best practices from the
Reference Genome Community of Practice

Search here...

dypWorkflowHub  Qerowse -  + Greate ~

€RGA ERGA

Overview  IE Related items

Related items

People (8) MRCELCIZMN Organizations (7)  Workflows (25)  Collections (7)

ERGA Assembly

ERGA A collsction of workflows and pipelines developed as part of the ERGA consortium

Space: ERGA
Public web page: https://www.erga-biodiversity.eu/

ERGA Annotation

eRGA A collection of workflows designed to annotate elements of the genome. These include repeat regions, protein-coding genes,

Space: ERGA
Public web page: Not specified

ERGA space in WorkflowHub

[Tom Brown]

dyWorkflowHub

RGA

A EReRe
W\

V Biodiversity
Genomics
M‘:g Europe

EUROPEAN REFERENCE GENOME ATLAS ﬂ/m\
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Reuse existing datasets, curated workflows and the
Galaxy workflow infrastructure: launch automatically via

WorkflowHub, collect metrics

difpWorkflowHub  QBrowse -+ Create - Search here...

=. ERGA HiFi-only Assembly+QC Hifiasm
V2409 (WF2) Version 1

[Eoverview  @iFiles I Related items

Workflow Type: Galaxy

The workflow takes a trimmed HiFi reads collection, and max coverage depth (calculated from WF1) to run Hifiasm in HiFi solo mode. It produces a PrijAlt assembly, and runs
all the QC analysis (gfastats, BUSCO, and Mergury).

ERGA HiFi-only Assembly+QC Hifiasm v2489 (WF2) = >

SEEK ID: https://workflowhub.eu/workflows/1162?version=1

DOI: 10.48546/workflowhub.workflow.1162.1d

¢)Viewon GitHub ~ [ZRequest Contact ~ [gUnsubscribe  {&} Download RO-Crate

() - = Run on Galaxy
@ Add to collection ~ & Add new = Actions

out ~ @ Help ~ @ My ltems & Tom Brown ~

@ Creators and Submitter

Creator

& Diego De Panis
Additional credit
ERGA

Submitter

& Diego De Panis

Discussion Channel
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“®~ Aservice ecosystem for FAIR: share & reuse
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*®. 1.FAIR -> Flexible metadata frameworks
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&7 Policy:
make it required

Incentives:

Infrastructure: make it rewarding

make it possible
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make it easy make it normative
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