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A mature and tested (TRL-9) distributed compute network with demonstrated usage
across at least 12 European partners.

6 national Galaxy instances operational and proven by the scientific community with more than 100,000 users.

Science Gateway with a custom set of tools and workflows for the Biodiversity/Climate, Materials Science and
Astrophysics community.

EOSC-catalogued FAIR data and workflows that can be found, consumed, created and published (RO-Crate) by
users of the EuroScienceGateway, demonstrated for each of the 3 domain-specific use-cases.



What is Galaxy!




Galaxy Workflow  Visualize ~Shared Data ¥

Material Science
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Multi-user environment (77,000 - 2023/10) @0e@"
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Caching of reference data
Caching of jobs
Multi-tiered scheduling (workflows, “users” (limits), jobs) — EuroScienceGateway

3,000 tools (Assembly, Jupyter, Alphafold, ...) - a system of systems - a VRE of VREs
~2,000,000 container runs a month
2.5 TB uploads per day

Open Infrastructure
https://github.com/usegalaxy-eu



https://github.com/usegalaxy-eu

Users login via LDAP, AD, PAM, CAS, OpenlD, ORCID, LS-LOGIN
Findability / Interoperability

b

N,
g,
l ig
| R l

B
: -

A o oo 2\

A Global Alliance
for Genomics & Health

A

% oPENAP!

Lo «:17+ LS LOGIN




Users interacting with the a) web frontend or b) a RESTful API
Galaxy is a ASGl application
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workflows
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Users interacting with the a) web frontend or b) a RESTful API

Galaxy is an ASGI application
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Common theme: It's actually a bit more complicated ;)

Galaxy Europe 7 Operational
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Galaxy as large scale compute infrastructure

e Jobs can be submitted to “destinations”
e All common and not so common DRMs
e dependency resolution

/] docker ., ONDA SIL":m
- o ﬁ H'IEQQQU kubernetes
‘s) RMAA

Distributed Resource Management
Application APl — www.drmaa.org
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Running on all resources
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Galaxy as large scale compute infrastructure

= useGalaiy Y. ¥
e Bridgingto all resources at onces with Pulsar
e ARCand DIRAC integration in the works
o

Meta-Scheduler — EuroScienceGateway

D @ aws o

openstack@ kubernetes v’ Google Cloud
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Things that | left out ... time and so ...

e Uploads and any kind of 10 is hard
Otus  BhRabbitO @ CELERY

e Monitoring is essential - it helps with user support, it helps your DevOPS, it helps
everyone even your funders ;) https://stats.galaxyproject.eu

@ telegraf € influxdb 16 Grafana



https://stats.galaxyproject.eu

Things that | left out ... time and so ...

STORAGE and DATA
Distributed storage
Local storage

User owned storage

RODS.

Amazon S3

History Preferred Object Store

User Preference Defined Default

High Performance Storage

@OE Iz

Second Tier Storage

HO®® LI

Experimental Scratch

hHOB®®Oas

SURFS
@PLPOEI228

Selecting this will reset Galaxy to default
behaviors configured by your Galaxy
administrator. Select a preferred object
store for new datasets. This is should be
thought of as a preferred object store
because depending the job and
workflow configuration execution
configuration of this Galaxy instance - a
different object store may be selected.
After a dataset is created, click on the
info icon in the history panel to view
information about where it is stored. If it
is not stored in the correct place,
contact your Galaxy adminstrator for
more information.




Open Infrastructure
https://github.com/usegalaxy-eu
https://eurosciencegateway.eu
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Open Infrastructure
https://github.com/usegalaxy-eu
https://eurosciencegateway.eu
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6 national Galaxy instances
12 compute sites as part of the decentralised Pulsar network

Smart meta-scheduler (optimize for performance, carbon footprint, cost ...)
Integrate with ARC and DIRAC

BYOC - spin up your own Pulsar, ARC endpoint in your academic or commercial
cloud - let Galaxy use it

BYOD - user based object stores (you have an S3 bucket from your University, put it
into Galaxy)



usegalaxy.* community expanding
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ACCOUNT CLEANING IMPORT ARTEFACTS

vStorage dashboard to manage v Histories (own, shared by others) Y'UniProt vucsc VINSDC
quota v Workflows from the WorkflowHub YInterMine genome (ENA)
vBulk (permanent) delete JOMERO browser vPDB
¥ Quota temporarily extendable ¥ OmicsDI v NCBI v 3rd-party
v Multiple quota per object v Copernicus datasets databases
storage (WIP) 3
E
vData libraries V¥ Deferred
SHARE ARTEFACTS Plan VBYOD (Dropbox...)  data from
vOn-demand remote
v Datasets i
JHistories reference data locations
v Workflows &
¥Visualizations &«
v GA4GH Beacon (WIP) = v Connectto v Rich API for
VDRS server TmT sequencing  integration
° — Ga Ia SE facilities  with LIMS
OpenAlIRE "= SHAREABILITY
BROJECT Ji?gcsé'acﬂi;?gsed -— Y DATA TRANSFORMATION
v One user PI’ESQ!’VE coo / v Data transformation tools
v Agroup of users : ¥ Quality Control
v Public v Data cleaning
Y Annotation
¥Interactive Tools (OpenRefine,
EXPORT EXPORT TO RStudio, Jupyter Notebook)
ARTEFACTS REMOTE SOURCES IMPORT WORKFLOWS
vY'Workflows YETP YW
i 2,900 DOMAIN-SPECIFIC TOOLS s
Y History v Dropbox v Dockstore
vDatasets ¥ S3 Bucket v Genomics ¥ Material science v GA4GH TRS API
vAWS v Cancer research v Metabolomics
FORMATS v GDrive v Computational v Microbiome METADATA BANALING
VArchive file v Nextcloud chemistry vMachine Learning ¥ Provenance tracking
vBioCompute Object ¥WebDav v Climate science v Plant Biology Y Automatic metadata
VRO-Crate (WIP) ¥ Google Cloud v Ecology v Proteomics enrichment

Storage ¥ Imaging v Single-cell omics v Bulk (meta)data manipulation



isualize SharedData~ Help~ User~ M & 58 Using 32%
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Communities sharing one coherent framework

E>E0 AL
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BY-COVID

AU . . . ) )
5§13 Infectious Diseases Toolkit Main  About  Contribute
[T — N SRR
DATA ACCESS DATA ANALYSIS DATA DEPOSITION & VISUALISATION
Mai Showcase
4 CRG? VIRAL BEACON i

A WorkflowHub oo L
National data sources | e Z D
¢ l /‘> i Pathogen characterisation v

onitory, FTP Socioeconomic data v
— BAM op
- Galaxy > o —p I [\l Human biomolecular data v
PROJECT FASTA G B Search  Type here...
enome browser .
Human clinical and health data v
NAS '\
X 4 ” An automated SARS-CoV-2 genome surveillance
O T [ Showcase system built around Galaxy
NOTEBOOK

An automated SARS-CoV-2 An automated, modular system for large-scale FAIR analysis

A gEnome surveillance system of SARS-CoV-2 sequencing data analysis powered by the
. h built around Galaxy Galaxy platform.
National resources v
- Pull Request o : -
DATA STEWARD Affiliations: -

Tools and resources list

Training resources list


https://www.infectious-diseases-toolkit.org/showcase/covid19-galaxy

mneosc Biodiversity and the BGE project

BGE, VGP, ERGA @

Project Highlight:

The Vertebrate Genomes Project in Galaxy

VERTEBRATE
GENOMES
. PROJECT

Lepidosauria

Reptilia

A PROJECT OF THE G10K CONSORTIUM

Amphibia Anura

Generating near error-free genome assemblies for
more than 70,000 vertebrate species!

15| 06 | 2023 by Bjorn Griining 24



mneosc Even more diversity

even more sharing, more empowering

e Build a coherent analysis platform for all
researchers

e More citizen science projects

e Outreach is hard - and we are not outreach
experts

e How do we scale user-support to 100k users?

15| 06 | 2023 by Bjorn Griining
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&D e O S C EOSC+ THE ASSOCIATION + NEWS & EVENTS + EOSC FOCUS FORUM CONTACT

Stronger together: FAIR-EASE and EuroScienceGateway
join forces

06 February 2023

Two Horizon Europe projects directed toward the development and deployment of the European Open Science Cloud
(EOSC)—FAIR-EASE and EuroScienceGateway (ESG)—have agreed to closely cooperate over the next three years in order
to extend the open source Galaxy platform for FAIR data analysis to a broader group of scientific user communities.

CHEOSC | EuroScienceGateway

‘ The cooperation will include shared compute resources, joint workshops, and a merging of tools and workflows from

cneosc | FAIR-EASE P nence st prre ! o P I . .

A  wsgactia Ean Scance & s FAIR-EASE to be run via the distributed computing network being developed by the ESG project. The aim is to evaluate if
FAIR-EASE's Earth Analytical Lab (EAL) can be based on the ESG.

“Synchronising the work of ESG and FAIR-EASE is good news for the users of EOSC,” said Bjorn Griining, project
coordinator of ESG. “We believe that if ESG and FAIR-EASE combine our efforts we can achieve more for our users and
utilise European resources more effectively. This is a way of working that the European Commission and the EOSC
Association have been encouraging among the EOSC-related projects.”



Galaxy asaVRE

Galaxy can and is deployed as VRE for single user

Galaxy is a system of systems
We offer 3000 "VRE" (we call it tools) on the European Galaxy instance
m Dataimporter, Data exporter
m Traditional HPC tools
m Text Processing tools
m Jupyter Notebooks, RStudio

Galaxy can schedule all kinds of "VRE" (like Jupyter)



Galaxy Europe
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Interactive tools
Complete freedom! Dynamic outputs,
no rules, less scale

28



Galaxy Europe

>

Tools

search tools

Get Data

Send Data

Collection Operations
GENERAL TEXT TOOLS

Text Manipulation

Filter and Sort

Join, Subtract and Group
GENOMIC FILE MANIPULATION
Convert Formats
FASTA/FASTQ

FASTQ Quality Control
Quality Control
SAM/BAM

BED

O - &y -
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~ Addins ~
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Showing 1 to 14 of 13,082 entries, 10 total columns (filtered from 53,940 total entries)
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Start Jobs
Users ~ Galaxy
Access

Interactive Tools are just tools that start
containers.

Galaxy knows how to direct user requests
to cluster where the tools are running

‘jupyter
N’
o




More technical

(A)

(B)

(C)

(D)

Jupyterlab
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Tensorflow | |ONNX | [Remote training
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4 y =iy 4
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|
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Interactive tools in COVID-19
variant calling analys
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‘Samples shared across >= 100 Samples (N=167)

Published Workflows

Govid19.galaxyproject x| | Se3rch name, annotation, owner, and tag: - Q

Advanced Search
Name

COVID-19: variation analysis on
WGS SE data

COVID-19: variation analysis on
ARTIC PE data

‘

COVID-19: variation analysis on
WGS PE data

«

COVID-19: consensus
construction

COVID-19: variat lysis of

Annotation

Call variants from WGS (non-ampliconic) single-end reads.

Call variants from ampliconic paired-end reads.

Call variants from WGS (non-ampliconic) paired-end reads.

Build a consensus sequence from a list of variants. Hard-mask regions with
low coverage and sites with called, but filtered variants. Note: Sites with.

ARTIC ONT data

COVID-19: variation analysis
reporting

A Galaxy that replaces the ARTIC minion shell command

Generate variant reports for the output of SARS-CoV-2 variation analysis
workflows.

Owner
wolfgang-

maier

wolfgang-
maier

wolfgang-
maier

wolfgang-
maier

wolfgang-
maier

wolfgang-
maier

‘Community Rating Community Tags

‘
e

covid19.galaxyproject.org

covid19.galaxyproject.org

¥

Workflow: COVID-19: variation analysis reporting

Number of Clusters

B

The number of clusters that your samples should get grouped into in the Variant Frequency Plot.

gene products translat

(s} No taby

Tabular file with two cg
6U280_gp06) and the
Variation data to repor
|5 m | Novef
Acollection of VCF dat
specificfilter options. §

AF Filter

005

minimal allele-frequen¢
DP Filter

P

minimal depth of covet

DP_ALT Filter

1year ago



Climate analysis on usegalaxy.eu

E o /cimeiclll B R ) R e = BRI RRIN § ) B8
Tools £

listory A

(COVID-19 Research!

search tools [x] I search datasets. 00
T v o _ . Unnamed history
Collection Operations Gl
‘GENERAL TEXT TOOLS Welcome to the climate science community -
Text Manipulation L) x'“:"‘:_ﬂ'm“ﬁ":
Filter and Sort an external source
Join, Subtract and Group
Convert Formats
Graph/Display Data access, ion,
(GIS Data Handling
Climate Analysis he s of tooisis malnained by Annelt
Interactive tools Content
WORKELOWS. 1. Welcome o he cimaie science communly
- e

4. Avallable tools
1. Interactive tools
2. Climate Analysis
3. GIS data handing
5. Machine Leaming Workbench
6. Acknowledgments.
7. Citation

Get started

o returning Take a g

Training
« Galaxy 101 fo averyone
« Gimate Galaxy Training

Galaxy
(Batutatal, 2017),
Available tools
Interactive tools
« Panoply netCDF viewsr
« JupyterLab for mosphere / Land / Cimat
4 nat
. 3 ot o Project (CMIP),
Climate Analysis
Tool Description Roforence
cds_essential_variabilty y
shyftjongitudes st
poy_maps Visuslization on a geograprical map wih psypiot

mean_per_zone

climate.usegalaxy.eu

Interactive tools for climate

e
Jupyter

Jupyter lab for ocean / atmosphere / land /
climate python ecosystem

Panoply netCDF Data Viewer

34


https://climate.usegalaxy.eu/

6 PANG=O

Jjupyter

Jupyter lab for ocean / atmosphere / land /

climate python ecosystem U S e C a S e S

Development of climate models
6 Co-design for new Galaxy tool
development

PANG=0 . . . .
. . A community platform for Big Data geoscience D a ta a n a l_yS I S a n d VI S u a ll Z a tl 0 n

jupyter i
e’

COMMUNITY EARTH SYSTEM MODEL
CESM ©®

Functionally Assembled Terrestrial Ecosystem Simulator
(FATES) with Galaxy Climate JupyterLab
By: @ Anne Fouilloux

(o)

&l ESMValTool

Earth System Model Evaluation Tool
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Pano

Panoply netCDF Data Viewer

ply netCDF viewer

File Edit View History Bookmarks Plot Window Help

Create Piot
Datasets

v Eecv_1979.nc

& latitude:

< time
% valid_time

 Catalogs

File Edit View History Bookmarks Plot Window Help

Combine Piot  ope,/ Piot \(_Amay1

e

Remove Remove Al Hide info

_ Bookmar} 2 metre temperature

<=
2 metre temperature ()
< »
D T T ]
| Aray(s) | scale | Map \ Overlay | Comours | Vectors | Labels
Scale Range: Min: 2235663, Max.:| 3090183/ Cemterono || FttoData | Units: [K
[] Amays fittodata ] Scal is logarithmic Scaling Factor: 10

— e
Bar Width: [ 60/=%, Outlier Shape: Triangle | v |, FillColor: [+ |

Divisions, Major: |57, Minor:
Tick Label Format: Size:
camontocaon:

Scale Label: @ Default () Other: [SCALE CAPTION

Show: |All variables -

coorainates = “number ume step surtace latitude longitude valid_time";
_ChunkSizes = 4, 241, 480; / int

Use cases

Data visualization
Image saving
Time series video creation

‘) Galaxy Trainin

Visualize Climate data with Panoply netCDF viewer

By: @ Anne Fouilloux

® Questions
« How to start Panoply interactive environment in Galaxy?
« How to inspect netCDF data?
« How to make a plot with Panoply?
* Where to save your plots in Panoply?
« How to customize plots in Panoply?
« How to generate animation in Panoply?
© Objectives
« Learn to use Panoply in Galaxy to visuallize netCDF geo-referenced data
« Learn how Panoply plots are exported to Galaxy 3 6




Inside a complete analysis

Biodiversity and environmental
data collection

'

Selection / Filtering

!

Analysis via modelling
R Shiny Wallace

Data visualisation

Cartography + visualisation
R Shiny GeoExplorer

Data cleaning

Data cleaning
OpenRefine
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An accessible infrastructure for artificial intelligence using a Docker-based
JupyterlLab in Galaxy

Image segmentation of COVID-19
CT scans

] Prediction of 3D structures
of proteins
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When offline limitation (RAM, dataset size, etc)

Seurat

39



Project Partners

. ’ UNIVERSITA
DIGLI STUDY
' V B Université FIRENZE Science and UNIVERSITAT s
I de Paris B0 P Ceancl t BARCELONA

R {1 1171 S—

ULAKBIM

| -

AG H stitute Razisaale & Fisica Maclears

AGH Unrvinsity of SCiwce
And TECHNOLOGY

@ cesnet @z o P

SEOVAR ACARIMY 0F SCHENes

Cordo Aaciona’ o8 Apeconsuiscin

Consiglio Nazionale
delle Ricerche




