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Abstract. With increasing numbers of human omics data, there is an urgent need for adequate
resources for data sharing while also standardizing and harmonizing data processing. As part
of the National Research Data Infrastructure (NFDI), the German Human Genome-Phenome
Archive (GHGA) strives to connect the data from German researchers and their institutions to
the international landscape of genome research. To achieve this, GHGA partners up with in-
ternational activities such as the federated European Genome-Phenome Archive (EGA) [1]
and the recently funded European Genomic Data Infrastructure (GDI) project to enable partic-
ipation in international studies while ensuring at the same time the proper protection of the
sensitive patient data included in GHGA.
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1. Aims of GHGA and the need for international data sharing

To create a versatile and secure data infrastructure for genomics research, GHGA strives to
provide (i) the necessary secure IT-infrastructure for Germany, (ii) an ethico-legal framework
to handle omics data in a data-protection-compliant but open and FAIR [2] manner, (iii) har-
monized metadata schemas, and (iv) standardized workflows to process the incoming omics
data uniformly.

Genomic data is increasingly important in healthcare, allowing for clinical omics profil-
ing of patients and enabling precision medicine, with tailored treatments having optimized ef-
ficiency for particular groups of patients. However, with many causal genetic alterations being
typically very rare in given populations, successful knowledge generation in genome research
critically depends on the availability of large cohorts of well curated reference datasets [3]. To
exploit this potential it is therefore critical to share data at large scale, integrating data from
different countries and their populations, incorporating diversity to the aggregated data set. To
enable this, challenges bot on the technical side, caused by the need to manage and analyze
the amounts of genomic data being collected, but also on the legal side, introduced by the
inherent need for protection of individual’s genome data, need to be met in a globally coordi-
nated effort.
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2. Federated Infrastructure to enable international science

Different projects are implementing federated infrastructures across national and continental
scales in order to facilitate access to genomics and health data. The European Genome-Phe-
nome Archive (EGA), run by the EMBL-EBI in the UK and the CRG in Spain, is one of the main
repositories for genomics and health data started in 2008 [1]. There is ongoing work to expand
EGA into a federated data infrastructure, the Federated EGA. In this model, countries will im-
plement their own nodes following interoperability standards that will allow for sensitive data
under controlled access to be stored in the national Federated EGA nodes. This avoids the
need for further legal regulations and the exchange of person-related data with other nodes
or the Central EGA (which corresponds to the original EGA). Similarly, the European Genomic
Data Infrastructure (GDI) project is implementing a federated data infrastructure to allow ac-
cess to genomics and health data across Europe. GDI will additionally allow for omics analysis
workflows to be executed in the federated infrastructure. Jointly funded by the European Com-
mission and the EU member states, GDI is an outcome of the Beyond 1 Million Genomes
(B1MG) project and the 1+Million Genomes (1+MG) [4] initiative.

Positioned as the German national node both within the Federated EGA and the new
GDI project, GHGA will enable German research projects to not only connect to those large
scale international activities but also to contribute to the shaping of new standards and infra-
structures for advancing research across Europe.

3. Global efforts to support genome research

Beyond these European activities, the Global Alliance for Genomics and Health (GA4GH) [5]
provides many of the standards through which interoperability can be achieved in federated
infrastructures. Consequently, both GHGA and its European partner projects include GA4GH
developments into their mode of operation.

Data discovery is a key component of federated data infrastructures, and Beacon [6] is
an example of data discovery protocol that enables researchers to search for and discover
genomic and phenotypic data across different repositories and platforms without the need to
expose sensitive information on individuals publicly. The Phenopackets [7] standard can be
used for sharing phenotype and disease information along with associated data, such as ge-
nomics, diagnostics, and treatments. GA4GH Authentication and Authorization Infrastructure
(AAl) and Passport standards [8] allow researchers to access data and resources across dif-
ferent platforms using a single set of credentials. The Data Use Ontology (DUO) [9] is used to
annotate data sets with restrictions about their usage, standardizing the process of data access
and use. Crypt4GH [10] provides a protocol for securely storing and sharing genomic data
using public-key cryptography. GHGA closely follows and uses many of these standards to
achieve interoperability for sharing genomics and health data within Germany and in Federated
EGA and GDI. The GHGA Metadata Catalog was recently launched and consists of a public
frontend for the discovery of study data from German research institutions, enabling the search
of non-personal metadata. It aims to create a resource to collect information on human omics
datasets available from German institutions for secondary research under controlled access
conditions. The first data sets discoverable are 62 whole exomes, whole genomes and RNA
sequencing data sets of 1310 patients suffering from 20 different rare cancer types from the
NCT, DKFZ, and DKTK MASTER program. In the upcoming GHGA Archive, omics data will
be stored and made available to other researchers after approval by the Data Access Com-
mittee of the data set controller.

GHGA is aiming to be more than an archive and consequently also contributes to the
development and standardization of bioinformatics workflows for data analysis, benchmarking,
statistical analysis, and visualizations . Here we are working with the global nf-core [11] com-
munity and also integrate GA4GH standards, such as the Workflow Execution Service (WES)
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and Tool Execution Service (TES) to also enable the application of the FAIR principles [12] in
workflow development.

By delivering a national IT infrastructure for data sharing and analysis, an ethico-legal
framework, metadata schemas, and standardized and reproducible workflows, GHGA will en-
able cross-project analysis and promote new collaborations and research projects in the inter-
national context of genome research. This will also be of high importance for new national
projects such as e.g. the upcoming genomDE project within Germany.
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