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1. Executive Summary

This deliverable (D.5.2) allows clinical researchers to access and reuse existing data from public omics
databases, to integrate these data with their own data and to enable access to a suite of bioinformatics
tools, via the Galaxy workflow platform, for advanced cancer biomarker discovery and for patient
stratification.

This deliverable (D5.2) provides FAIR data access from GA4GH public genomics data resources (e.g.
European Genome Archive (EGA) using the GA4GH htsget protocol directly into Galaxy. We developed
an online tutorial to explain our workflow in detail, which is associated with the Galaxy Training
Network (GTN). This study shows it is feasible to adopt end-to-end (i.e. data to results) scalable FAIR
analysis of clinical data, and ultimately for any future analysis on data available at the EGA. Additionally
we have developed a unified resource, Cancer Galaxy, as a landing page for Cancer related workflows
and tools® which includes tools implemented/developed by CINECA and other bioinformatics groups
from the EU and worldwide.

2. Project objectives

The main objective of WP5 within the CINECA project is to develop federated clinical applications that
leverage services developed in the CINECA project. Data discovery provided by WP1,2,3 to identify
relevant cohorts for further retrieval and analysis using the FAIR Cancer Galaxy platform.

This report outlines the outcome from Task 5.2: FAIR data analysis for cancer biomarker discovery ,
deliverable 5.2 (D5.2) which aimed to utilise federated data (T5.1) from the Catalog of FAIR data (T1.2)
available via the interactive query portals developed in T1.4. Secure access to these data will be
managed with the ELIXIR AAl service delivered in T2.3.

Within CINECA the completion of D5.2 has contributed to the following objectives:
a) To Develop a GAAGH compliant service to access and retrieve omic data which supports FAIR
data principles
b) To implement a suite of tools for multimodal cancer analysis (Cancer Galaxy)

L https://cancer.usegalaxy.eu/
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T5.1 Analytics for biobanks T5.3.1 Diagnostic services T5.4 Treatment recommendation

T5.2 Biomarker T5.3.2/75.3.3
Pathogenicity estimation

discovery services

Query expansion services (WP1)

Data search (WP3)

Data exploration (WP3)

Data access
(#1 #2 #3)

Data processing
and visualization
(#4)

Data visualization . . Scoring service to assess pathogenicity
) Variant calling .
for biobanks scales of variants

Decision support
(#5)

Cancer Galaxy FAIR CHUB Care planning

Interoperability of the services developed by WPS5.

3. Detailed report on the deliverable

3.1 Background

A biomarker is a measured indicator of normal biological processes, pathogenic processes or responses
to an exposure, including therapeutic interventions and can be derived from molecular, histologic,
radiographic, or physiologic characteristics. Since the purpose of a biomarker is to aid in the early
diagnosis of disease as well as risk prediction, and to be useful, it should influence clinical decision-
making while minimizing harm and expense, and ideally lead to decreases in the number of cancer-
related deaths.

In CINECA we have focused on genomic or transcriptomic features which will serve as biomarkers in
both genetic disease progression or in T5.2 for cancer progression and patient stratification. However,
experimental replication for validation is essential to provide robust biomarkers that can progress from
preclinical into clinical utility. Replication studies by researchers not involved with the original study
require access to both the data and the methodology used in the original discovery study which is
known to be low; for example in The Reproducibility Project: Cancer Biology only managed to replicate
5 of 17 highly cited articles, in Science and Nature the success was 57 to 67%.

Ensuring data are findable, accessible, interoperable, and reusable (FAIR) will allow researchers to
efficiently leverage the wealth of genomic and clinical data currently generated in heterogeneous
formats and by diverse organisations around the world. Within and beyond CINECA, large genomic
repositories (e.g. EGA; Freeberg et al. 2022) are important sources for secure storage and access of
these international multi-omic resources. The GA4GH consortium has developed the BEACON
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technology? to deliver universal, standardised FAIR and GDPR controlled access to these large
repositories. The BEACON service returns a summarised view of the underlying

genomic data whilst GAAGH-compliant HTSGET protocol provides a service to access the underlying
genomic content for those researchers granted authorised access from the relevant Data Access
Committee (DAC).

supporting requests over genomic ranges. PyEGA3, a python tool, implements the HTSGET protocol
as a service is available for the EGA3 for securely streaming genomic data (Keller, et al. 2019).

Access to methodology for reproducing scientific studies can be achieved using code repositories such
as GitHub, but the researcher is then responsible to replicate the dependencies of both the
programming environment and the associated packages or libraries. To alleviate this challenge there
are several workflow applications (e.g. Nextflow, Galaxy) whereby Galaxy is a FAIR and user-friendly
web-based data analysis platform. It aims to make bioinformatics more accessible for non-
bioinformaticians by reducing the technical burden of installing tools, managing resources, and
running analyses by way of the command line. Instead, users interact with web-based forms to
configure and run their analyses. Galaxy is open source, and can be set up and run on private
infrastructure, or users can make use of one of many public (and free) Galaxy servers. Furthermore,
the Galaxy training network®* (GTN) hosts a large repository of training materials covering a wide range
of scientific data analysis use cases, where scientists can use self-paced training materials for learning
new techniques and analysis tools.

Federated workflows used to analyse these data are part of existing Galaxy services for cancer
genomics and include fusion gene detection (Teles Alves, et al 2015, Hiltemann, et al 2015,
Albuquerque, et al 2017). To include all possible tools and existing workflows to analyse cancer omics
data we have implemented Cancer Galaxy>, a service at usegalaxy.eu. This service will provide clinical
research scientists with a secure electronic notebook of their bioinformatics analysis with complete
provenance for the data, the methods and the parameters. In summary Cancer Galaxy is a unique
application for FAIR data analysis used by researchers involved with clinical and translational research
projects.

3.2 Description of Work

This deliverable (D5.2) is outlined in three categories, (i) data import (3.2.1), (ii) data analysis (3.2.2)
with various tools and workflows and (iii) data sharing via beacons (3.2.3)

3.2.1 Data import: Galaxy EGA HTSget Download client

The European Genome-Phenome Archive (EGA) (https://ega-archive.org/, Freeberg et al. 2022) offers
a variety of secure data access and download services based on GA4GH standards (Figure 1). The EGA
supports the HTSget protocol (Kelleher et al, 2019), which was designed to allow secure, efficient and
reliable access to sequencing read and variation data.

2 https://elixir-europe.org/internal-projects/commissioned-services/beacon-network-service
3 https://github.com/EGA-archive/ega-download-client

4 https://training.galaxyproject.org

5 https://cancer.usegalaxy.eu/
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——

Genomic data EGA Services : Client environment

—_—
Authentication /
authorisation

- -

Control messages

Figure 1: EGA data access infrastructure. FUSE: Filesystem in Userspace. AAl: Authentication and Authorization
Infrastructure. OpenIDC: OpenlD Connect, an open standard and decentralised authentication protocol. Clients
may be implemented to connect to this infrastructure. Our Galaxy clients utilise PyEGA which supports AAl and
the HTSget protocol.

As part of our federated biomarker discovery service, we have implemented a download client in
Galaxy (source code®, Galaxy tool shed’) that can securely connect to the EGA data server and

download authorised datasets directly from the EGA into Galaxy’s computational environment. This
tool was submitted to Galaxy’s Intergalactic Utilities Commission (IUC); all tools submitted here
undergo a strict peer review process to ensure adherence to the latest best coding practices, security
standards, and FAIR principles.

Users must separately obtain authorization to datasets via the relevant Data Access Committee, but
once obtained, Galaxy will take care of user authentication behind the scenes. In the pilot version of
the tool, EGA credentials must be manually connected to the Galaxy user’s account via a one-time
operation in the user preferences menu, but in future releases of Galaxy, when a user is logged in with

6 https://github.com/galaxyproject/tools-iuc/tree/main/tools/pyega3
7

https://toolshed.g2.bx.psu.edu/repository/view_repository?id=47eef4cb4009abed&changeset_revision=95647
58e8638
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CINECA

an AAl-connected account, this step can be omitted and Galaxy will automatically determine data
authorization based on the GA4GH passport and visa authentication framework (Figure 2).
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Figure 2: The GA4GH passport and visa implementation and how it interacts with ELIXIR AAl. Galaxy allows
logging via ELIXIR AAl, and this can be leveraged to provide EGA data access and authorization credentials in the
Galaxy download client automatically.
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The Galaxy download client allows several operations; it can list the full set of datasets the user is
currently authorised for in EGA, it can list the files present in each of these datasets, it can download
selected files in their entirety and place them in the user’s Galaxy analysis environment, and lastly it
also supports specifying genomic ranges to fetch when the full datasets are not required. This saves
valuable processing time and storage space. The user interface (Figure 3) is a simple form requesting
the required information from the user (e.g. operation type, dataset IDs and optionally a genomic
range). Galaxy automatically stores the full provenance (parameter settings, software versions, input
datasets) for any analysis performed.

/ EGA Download Client (Galaxy Version 4.0.5+galaxy2) w & v

Tool Parameters
What would you like to do?
Download multiple files (based on a file with IDs) -

Table with IDs to download *

D 0 D 28: Pedigree - X =}

A tabular file where one column contains the set of file IDs. This will output a collection. Please select files that are all the same format (e.g. all BAM or all VCF).

Column containing the file IDs *
Column: 1 v

File Identifiers starting with 'EGAF'. For example: EGAFO8001753735
Request a specific Genomic range? (will be applied to ALL requested files) =

Reference Sequence Name - optiona

For example ‘chrT, 1, or 'chrX. If unspecified, all data is returned. (--reference-name)

Start Position - optiona

0-based, inclusive. Only used if a reference sequence name was specified (--start)

End Position - optiona

0-based, exclusive. Only used if a reference sequence name was specified (--end)

Output the log file?
@ ) No

Figure 3: The EGA download client interface in Galaxy.

3.2.1.1 Use case: Trio Analysis for RD-Connect synthetic dataset Beyond the 1 Million Genomes
(synB1MG)

The synthetic data (synB1MG) represent the genomes from six sets parent-offspring trios from the
Beyond 1 Million Genomes (B1MG) project® that have been spiked to include the causal rare variant
for each of the pathologies. Our implementation of the PyEGA3 tool allows users to filter datasets,
available on the EGA, based on their metadata and scale up analysis. We have implemented a Galaxy
workflow for trio analysis on parent-offspring trios BIMG. Moreover, we added the clin.iobio tool® for
variant analysis (Ward, et al. 2022), including trio analysis with the complete workflow, including data
retrieval with PyEGA3, implemented within Galaxy and available from WorkflowHub for

8 https://blmg-project.eu
% https://clin.iobio.io/
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discoverability®®. Pathogenic variant detection is achieved with either GEMINI [Integrative Exploration
of Genetic Variation and Genome Annotations] (Paila et al, 2013) or using clini.iobio. An example of
the output generated using clin.iobio for the breast cancer proband Case5, from which the causative
variant is BRCA1, can be observed in Figures 4 and 5.
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Figure 4. Quality control figures created by clin.iobio. Here a) shows a visual representation of the family pedigree, b) shows
the distribution of coverage across different regions, and c) shows the variant type distribution.
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Figure 5. Overview of clin.iobio results for the spiked-in variant for use case #5. The figure shows statistics on quality of the
variant, phenotype associations, pathogenicity, population frequency, inheritance, and conservation.

10 https://workflowhub.eu/workflows/363
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The results of this workflow using either GEMINI or clini.iobio to identify the causal variants in the
probands of the synB1MG datasets demonstrate that clin.iobio correctly identifies the variants whilst

GEMINI suffers from too many false positive results (Table 1).

Disease Pattern | GEMINI | Clin.iobio
. . Autosomal Dominant
Case 1 Congenital myasthenic syndrome De Novo 0 1
Case 2 Macular dystrophy Autosomal Dominant 77 1
Autosomal Recessive
Case 3 Muscular dystrophy Compound Heterozygous 0 2
Case 4 Mitochondrial disorder Autosomal Recessive Homozygous Consanguineous 26 1
Case 5 Breast cancer Autosomal Dominant 142 1
Case 6 Congenital myasthenic syndrome Autosomal Dominant De Novo 0 1

Table 1: causative variants identified using the TrioAnalysis workflow with either GEMINI or clin.iobio used for the proband
variant selection.

This workflow is accompanied by a comprehensive tutorial'!, submitted to the Galaxy training
network'? (GTN), entitled Trio Analysis using Synthetic Datasets from RD-Connect GPAP (Figure 6). This
tutorial provides a step-by-step guide through the process of obtaining data access to EGA datasets,

connecting Galaxy with EGA user credentials, and using the download client to import datasets directly
from EGA to the Galaxy analysis environment. The tutorial continues with a downstream analysis of
the data, performing a trio analysis on a Beyond 1 Million Genomes (B1MG) breast cancer dataset from
the RD-Connect GPAP (Genome-Phenome Analysis Platform) project. This tutorial was developed as
part of the CINECA end-to-end federated analysis learning pathway*3. The full workflow of this use-
case is available both from the GTN, as well as from the ELIXIR workflow hub®*.

1 https://training.galaxyproject.org/training-material/topics/variant-analysis/tutorials/trio-

analysis/tutorial.html

12 https://training.galaxyproject.org/

3 https://www.ebi.ac.uk/training/materials/cineca-federated-data-analysis/introduction/
¥ https://workflowhub.eu/

Page 10 of 17

This project has received funding from the European Union’s Horizon 2020
Research and Innovation Programme under grant agreement No. 825775,



D5.2 Universal FAIR Data Compliant Federated Biomarker Discovery Service

0 Variant Analysis

0B Languages ~

® Help ~

¢ Extras ~

Q, Search Tutorials

CINECA

Trio Analysis using Synthetic Datasets from RD-Connect GPAP

AUThOfSHﬁ Jasper Ouwerkerk) (j Wolfgang Maier) (E Helena Rasche> i g Saskia Hiltemann)

@ Questions:
« How do you import data from the EGA?
« How to download files with HTSGET in Galaxy?
* How do you pre-process VCFs?
« How do you identify causative variants?
© Objectives:
« Requesting DAC access and importing data from the EGA.
« Pre-process VCFs using regular expressions.

« Use annotations and phenotype information to find the causative variant(s).

@ Requirements:
« Introduction to Galaxy Analyses
« Sequence analysis
Quality Control: & slides - & hands-on
Mapping: & slides - & hands-on
X Time estimation: 2 hours
[ supporting Materials:
[ Datasets «§ Workflows & Available on these Galaxies ~
) Last modification: Mar 27, 2023

86 License: Tutorial Content is licensed under Creative Commons Attribution 4.8 International License The GTN Framework is licensed under MIT

Figure 6: Screenshot of the tutorial demonstrating the HTSget EGA download client and downstream data

analysis. This tutorial is one of the modules in the CINECA end-to-end federated data analysis learning pathway.

3.2.2 Data analysis: tools for biomarker discovery in Galaxy

Galaxy offers many tools and workflows for biomarker discovery. We have collected these resources

in a single view on the European Galaxy server®®. This view filters the Galaxy tool panel to those tools

relevant to Cancer analysis and biomarker discovery, as well as providing a dedicated home page listing

relevant resources such as tools, workflows and tutorials. This Galaxy environment can be accessed via

https://cancer.usegalaxy.eu (Figure 7).

= Galaxy Galaxy / Cancer Europe 4 Workflow Visualize SharedData~ Help~ LoginorRegister & M
Tools & <
search tools v ox Py Welcome to the Cancer Galaxy Workbench!
B The Cancer Galaxy workbench is a comprehensive set of analysis tools and consolidated workflows that to enable reproducible analysis of
2 Upload Data Vags’ cancer multiomics data. The current implementation comprises more than ## bioinformatics tools including those form existing Galaxy workbenches
. (e.g. singlecell.workbench, HCA galaxy) that are utiized in cancer research for biomarker discovery and patient stratification. We have implemented and included a
Get Data comprehensive suite of tools for somatic variant detection (e.g. SNV, CNV and SV) and dedicated workflows to reproduce state-of-the art cancer analysis
Send Data This service is a joint project between different groups from the Erasmus Medical Center, the Open University, OHSU, and the University of Freiburg. The server is part if the European

Galaxy server and is maintained by the RNA Biocinformatics Center (RBC) as part of de.NBI and ELIXIR.

Collection Operations

GENERAL TEXT TOOLS Content
Text Manipulation 1. Get started
2. Training and Workshops
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FASTA/FASTQ Want to learn more about cancer analysis in Galaxy? Look for a fraining event near you, or check out some of the GTN tutorials that cover the topic. For example:
Quality Control GTN Topic Tutorial
SAM/BAM
Ep\genetlcs Identification of the bu\dmg sites of the ESUOQSH receptor
BED
- Genome Annotation CRISPR screen analysis

https://cancer.usegalaxy.eu

Figure 7: Screenshot of Cancer Galaxy workbench.

15 https://usegalaxy.eu

Training and Workshops
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3.2.2.1 Use case: Fusion gene detection

Fusion genes are a genetic mutation caused by structural rearrangement of the genome resulting in
the read-through in-frame combination of two previously distinct genes into one (Lei et al. 2016).
Fusion genes are essential biomarkers for cancer since they contribute to around 20% of human cancer
morbidity (Mitelman et al. 2007). Galaxy has implemented two state-of-the-art fusion gene detection
tools: STAR-Fusion (Haas et al. 2019), which uses only RNA-Seq data, and Arriba (Uhrig et al. 2021),
which can use both Whole Genome Sequencing (WGS) and RNA-Seq data. Arriba improves the
detection of fusion gene detection by calling structural variants, large genomic mutations, from WGS
data. We have implemented the Arriba tool in Galaxy by exposing the best practices parameters in the
upstream sequence alignment tool STAR (Dobin et al. 2013). In addition, STAR-Fusion and Arriba are
implemented in a Galaxy workflow to compare the output of both tools and to simplify fusion gene
calling using the best practices. The workflow has been run on RNA-Seq (SRR2532336)'® and WGS
(SRR892296)” data of the HCC1395 breast cancer cell line. This workflow produces multiple outputs,
namely the detected fusion genes (Figure 8) and plots comparing the fusion gene detection tools
(Figure 9) using only RNA-Seq (STAR and Arriba) or a combination of WGS and RNA-Seq data
(arriba_sv).
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E — 3
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Figure 8: The fusion gene visualisations generated by Arriba. It shows a) the fusion gene location and read
coverage, b) the fused genes and their associated exons, c) a plot of all the fusion genes across all
chromosomes and their types coded in colour, d) the retained protein domains in both genes, and e) the
supporting read counts for each breakpoint and discordant mates.

16 https://www.ncbi.nlm.nih.gov/sra/?term=SRR2532336
7 https://www.ncbi.nlm.nih.gov/sra/?term=SRR892296
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Figure 9: The fusion gene visualisations generated by the workflow. It shows a) a table with the locations of all
the detected fusion genes per tool and combinations of them, b) a table with the top 10 detected fusions genes
across the tools, c) an upset plot showing the shared and uniquely detected fusion genes per tool.

3.2.3 Data sharing: Beacon Integration in Galaxy

For this section of the deliverable, we had planned to integrate beacons into Galaxy. This has been
completed by the larger Galaxy community?*.

This work allows users to turn their genomic variants (VCF file) into a Beacon in a user-friendly manner.
Users must configure the Beacon in Galaxy, provide the variant data to the dedicated Beacon analysis
history, and opt-in to the Beacon being made accessible. Subsequently, this Beacon can be queried like
any other Beacons (Figure 10).

To enable this Beacon integration, the administrator of the Galaxy server has to enable it on the server
side. To this end, we have developed a tutorial for Galaxy admins on how to configure Galaxy to
support this Beacon integration. We are testing this tutorial in an in-person Galaxy administrators
workshop in Ghent on April 17-21, 2023.

18 https://galaxyproject.org/news/2023-01-beacon-integration/
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Manage Beacon

The Global Alliance for Genomics & Health Beacon Project enables safe sharing of human genetic variants.

Galaxy lets you use the Beacon protocol to share genetic variants directly from your analysis with the
scientific community in the following anonymous way:

For participating users, we will merge variant lists to be shared into a single Beacon dataset per reference
genome and make that dataset accessible through a Beacon server.

If someone queries the server for a specific variant that is in our Beacon dataset, the server will reply with
“Yes, we have seen such a variant”.

The user that issued the query then has the possibility to contact a Galaxy server admin who can link the
variant call in question to particular Galaxy users. If you are among the users that shared the variant, the

admin will, in turn, contact you and ask if you want to contact the user that initiated the query to negotiate
further information exchange or data access.

Beacon sharing is enabled for your profile

You can share data by copying VCF or VCF.bgzip files to a history called Beacon Export %.

The Beacon database is rebuilt periodically. Therefore, changes do not go into effect immediately. If you
disable beacon sharing or remove a dataset from the beacon history, the corresponding variants will
disappear from the beacon dataset during the next rebuild.

History with 1 datasets Swiitch to History
Datasets must fulfill the following conditions in order to be processed

must be VCF or VCF.bgzip format

must have a human reference assigned to it (e.g. hgl9)

must define at least one sample in a dedicated genotype column

must contain the info field AC, with the total number of alternate alleles in called genotypes

Figure 10: Integration of a Beacon inside Galaxy. A user query (top left) and a response from the Galaxy beacon
in JSON format (top right). Setting up a beacon is a matter of configuring the Beacon settings in the Galaxy
interface (bottom) and providing the source VCF file in a Galaxy history.
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3.2.4. Future steps and Beyond CINECA

We are currently submitting a publication, “FAIR Data Retrieval for Sensitive Clinical Analysis in Galaxy”
by Ouwerkerk et al. 2023 in which the content from section 3.2.1 has been drafted ready for
submission to Gigascience in April 2023. All products and applications (Table 2) that were generated
in the CINECA project that relate to Task 5.2 and D5.2 will be maintained by Erasmus MC for the
foreseeable future.

Application  Federated Analysis link Information link Repository link Used in
Name

htsget-Galaxy  https://www.ebi.ac.uk/trai https://training.galaxyproject. = https://github.com/Erasm RD-connect synthetic data
ning/materials/cineca- org/training- usMC-Bioinformatics B1IMG

federated-data-analysis/5- | material/topics/variant-

federated-data-analysis/ analysis/tutorials/trio-

analysis/tutorial.html

Cancer Galaxy https://cancer.usegalaxy.eu/ Ongoing multi-omics data
analysis use cases

Table 2: Application and services that have been delivered as part of D5.2.

This work has been included as outreach for other EU and global projects where federated FAIR CLOUD
services would be invaluable for cancer research and for clinical decision support. These include
presentations for:
1. GA4GH connect®® entitled “CINECA WP5: Federated FAIR data biomarker discovery in cancer
using GA4GH standard”.
2. EOSC4Cancer? entitled “Federated clinical applications in the cancer area at CINECA”.

19 https://broadinstitute.swoogo.com/gadghaprilconnect23/

20 https://eosc4cancer.eu/
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5. Abbreviations

AAI - Authentication and authorization infrastructure
EGA - European Genome-Phenome Archive

GTN - Galaxy Training Network

SV - Structural Variation/Variant

VCF - Variant Calling Format

WGS - Whole Genome Sequencing

6. Delivery and schedule

The delivery is delayed by 6 months due to the effect of the covid pandemic
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7. Adjustments made

No adjustments to the deliverable were made or required just the time to complete was extended

8. Appendices

Appendix 1
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