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The German Human Genome Phenome Archive (GHGA) is a national infrastructure that promotes the secure
storage, exchange, and management of access-controlled human omics data. To facilitate user-friendly and
comprehensive data submissions, we developed the GHGA metadata model. The standardized model aims at
maximizing the amount of collected metadata on the submitter side, enabling reusable submissions of differ-
ent types of -omics data into GHGA. This metadata model is embedded in a robust ethico-legal framework
addressing sensitive data and can satisfy the heterogeneous needs of submitters while maintaining FAIR prin-
ciples, interoperability with European Genome Archive (EGA) and facilitating streamlined user journeys.

The GHGA metadata schema models a bottom-up experimental approach from sample collection via omics
experiment procedure to bioinformatic analysis. The model allows capturing information about submitter-
specified datasets, access restrictions, and inherent studies. To appropriately model this approach, the schema
consists of classes that comprise both research and administrative metadata. The research metadata resembles
the skeleton of the metadata model, based on the central EGA (cEGA) model, which are: Experiment, Analysis,
Sample and Individual. Other classes such as Experiment Method and Analysis Method capture specifications
that are tailored to perform different experiment or analysis types based on the submission type. Further-
more, the metadata model controls submitted Files through three different classes, namely Research Data File,
Process Data File, and Supporting File. These file types differ with regard to the information they contain. A
Research Data File holds the raw data that is the basis for further processing and analyses, which will result
in a Process Data File. A Supporting File can be submitted for Experiment Method, Analysis Method and
the Individual and may contain additional (un-) structured details, such as protocols or phenopackets. The
administrative metadata captures information related to governance, access controls, and data use policies
(Data Access Committee, Data Access Policy, Study, Publication).

The GHGA metadata schema is equipped to enable metadata exchange between GHGA and central EGA, as
well as between GHGA and NFDI4Health, a partner consortium in the national research data infrastructure
project, and the model project genome sequencing (MV GenomSeq, §64e SGB V). Information about the type
of data collected, the methodology used, the purpose, and the governing entities are required for GHGA func-
tionality. Details regarding downstream analysis are only required when submitting processed files. Classes
in the metadata schema are further explained using properties, such as ‘sex’or ‘phenotypic feature for Individ-
ual or ‘instrument model’and ‘library type’for Experiment Method. These properties can either be restricted,
recommended, or optional, highlighting their importance in FAIRifying omics metadata. Further, we make
use of community-accepted ontologies to control the content of submitted properties, promoting the signif-
icance of standardizing metadata collections and limiting the number of free-text fields in our model to an
absolute minimum.

To summarize, we have developed the GHGA metadata model to be an openly accessible resource with an easy-
to-use and streamlined data submission process. The model is designed to be FAIR, flexible, and interoperable
to address diverse community needs, while maintaining data subject anonymity.
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