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Abstract

Abstract Integrating high-dimensional omics data with curated knowledge from publicly available databases
provides crucial biological context to unlock systems biology analyses and interpret complex biological mecha-
nisms. pyBioDataFuse is an open-source Python package designed to facilitate interoperability and integration
complexities in omics workflows by querying for curated knowledge for genes and compounds across several
databases, and wrangling the results in a harmonized format used to create of context-specific knowledge graphs
(KGs). Moreover, pyBioDataFuse supports graph-based analyses with plugins for Neo4j and Cytoscape. However,
there is an ever-growing set of resources that can be plugged into pyBioDataFuse via annotators, and the support
of the downstream conversion of the generated property graphs into Resource Description Framework (RDF)
graphs has been a pending task. We have addressed these issues by developing new annotators and a BioDataFuse
Ontology and RDF module that allow to convert the resulting KGs into an RDF graph. The package supports
the automated generation of Shape Expressions (ShEx) and Shapes Constraint Language (SHACL) shape graphs
specific to the generated graph to support its validation and documentation. The ontology expands on existing
resources to accurately represent the variety of scores, biological entities, processes and functions captured in a
BioDataFuse graph. Altogether, we propose pyBioDataFuse as a FAIR tool for knowledge graph development and
analysis.

Keywords
Keywords Biomedical Knowledge Graph, RDF, Context-Specific Knowledge Graph, Data Wrangling, Graph
Analysis, Python

1. Introduction

BioDataFuse is a tool aiming to simplify the process of building a context-specific knowledge graph
for datasets containing gene or compound rows. With pyBioDatafuse (the core Python package)
providing most of the functionalities, the user has control over graph creation by selecting which
kinds of annotations or curated knowledge and from which source to query for, and the results are
automatically converted into a property graph, using NetworkX; or an RDF graph, leveraging the rdflib
Python library.

While earlier iterations of BioDataFuse focused on prop- erty graph creation and on its integration
with tools like Cytoscape and Neo4j, they lacked support for RDF graph conversion of the queried
(meta)data. This limitation restricted interoperability and adoption in workflows relying on semantic
web standards [1].

2. Annotated resources

BioDataFuse connects data from a range of curated resources to build knowledge graphs tailored to
specific research needs. These resources can be grouped by the type of information they provide and
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the biological entities they describe:

+ Identifier mapping and harmonization: BridgeDb Webservice [2].

« Gene expression data: queried on Bgee [3, 4], which provides detailed gene expression data on
specific tissues and species to support comparative studies.

« Disease links: links between genes and compounds with disease or other phenotype data are
queried on DisGeNET [5] (gene-disease associations) and Open Targets [6] (disease-compound
relationships). AOP- Wiki RDF [7] is used to link adverse outcomes and key events tied to genes
and compounds, aiding toxicology and risk analysis.

« Pathway data are queried on MINERVA [8], WikiPathways [9], and Reactome [10] (the last one
via Open-Targets), which provide molecular interaction networks and curated pathways. Gene
Ontology annotations [11], accessed through Open Targets, add information about biological
processes, molecular functions, and cellular compartments.

+ Molecular interactions are queried on Open Targets for linking genes and compounds, and
PubChem assays for compound-protein interactions [12]. MolMeDB [13] focuses on membrane
transporter interactions with compounds, and StringDB [14] offers data on protein-protein
interactions.

The different annotators and SPARQL queries used to query databases are available on GitHub at
pyBioDataFuse/annotators.

3. RDF Schema and Shapes

The complete content of the tables combining query results can be exported in RDF. The RDF schema
for BioDataFuse graphs reflects the data types listed above and uses classes and predicates in the
BioDataFuse ontology to provide the semantic layer for BioDataFuse data. Although there is just one
overarching schema for the RDF version of the graphs, each BioDataFuse RDF graph contains nodes
only for the specific entities involved in the queried databases. This is reflected in the generated shape
graphs.

The package uses shexer [15] to generate the ShEx [16] and SHACL [17] shapes that can be used to
document, validate and describe the resulting graph. The shape graphs are generated automatically
from triples frequencies, but since they are stored as rdflib Conjunctive Graphs they can be fine-tuned
at any point during workflows.

4. Future work

pyBioDataFuse is actively being developed on GitHub, and the latest version 1.0.0 is available on PyPL
Future development will focus on enhancing the annotator template, enabling the semi-automated
generation of new annotators. Recent advancements highlight the use of VoID headers and shape
extraction tools such as VoID generation, RDF-Config, SheXer, and others, for efficiently generating
APIs, SPARQL queries, and other interfaces to access SPARQL data. BioDataFuse plans to incorporate
these methods to facilitate the semi-automated creation of annotator templates.
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