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Abstract
Microorganisms (microbes) are incredibly diverse,

spanning all major divisions of life, and represent the
greatest fraction of known species. A vast amount of
knowledge about microbes is available in the literature,
across experimental datasets, and in established data
resources. While the genomic and biochemical pathway
data about microbes is well-structured and annotated
using standard ontologies, broader information about
microbes and their ecological traits is not. We created
the KG-Microbe
(github.com/Knowledge-Graph-Hub/kg-microbe)
resource in order to extract and integrate diverse
knowledge about microbes from a variety of structured
and unstructured sources. Initially, we are harmonizing
and linking prokaryotic data for phenotypic traits,
taxonomy, functions, chemicals, and environment
descriptors, to construct a knowledge graph with over
266,000 entities linked by 432,000 relations. The effort
is supported by a knowledge graph construction
platform (KG-Hub) for rapid development of
knowledge graphs using available data, knowledge
modeling principles, and software tools. KG-Microbe
is a microbe-centric Knowledge Graph (KG) to support
tasks such as querying and graph link prediction in
many use cases including microbiology, biomedicine,
and the environment. KG-Microbe fulfills a need for
standardized and linked microbial data, allowing the
broader community to contribute, query, and enrich
analyses and algorithms.
Keywords: knowledge graph, microbiology, ontology,
graph learning, data standardization, data science,
semantic technology

Main
Not only are microbes the most abundant and

diverse life forms, but they are also found in the
greatest range of environments and possess the largest
metabolic and functional potential which is just
beginning to be harnessed for biomedicine and
biomanufacturing. A vast amount of knowledge about
microbes is available in the literature, across
experimental datasets, and in established data
resources. While the genomic and biochemical pathway
data about microbes is well-structured and annotated

using standard ontologies, broader information about
microbes and their ecological traits is not.

We draw inspiration from the biomedical domain
which has a rich set of ontologies, controlled
vocabularies, and data schemas, which have been
deployed in multiple biomedical knowledge resources.
Examples include data schemas such as OMOP (Voss
et al. 2015), MeSH (Agarwal and Searls 2009), and the
Biolink Model (Mungall et al 2021a), collections of
ontologies such as the OBO Foundry (Smith et al.
2007) and the NCBO Bioportal (Whetzel et al. 2011),
and a growing ecosystem of graph and Natural
Language Processing (NLP) tools. These resources
have helped drive the standardization and
interoperability of information across research
domains. This set of concepts and tools provides a path
to useful semantic harmonization of knowledge in other
domains.

The KG-Microbe knowledge graph (KG) resource
was created to support extraction and integration of
diverse knowledge about microbes. Initially, our focus
has been on harmonizing and linking prokaryotic data
for phenotypic traits, taxonomy, functions, chemicals,
and environment descriptors. Based on this information
we constructed a knowledge graph, which in its current
release (9/2/21) contains over 266,000 entities linked
by 432,000 relations, classified into 9 and 31 Biolink
Model entity and relation categories, respectively. The
KG-Microbe knowledge graph effort is supported by a
knowledge graph construction platform, KG-Hub
(Mungall et al 2021b), designed for rapid development
and deployment of knowledge graphs using available
data, common knowledge modeling principles, and
software tools. One key concept for KG-Hub is to
connect unstructured data into broader knowledge
using links to structured data such as ontologies.

KG-Microbe
(github.com/Knowledge-Graph-Hub/kg-microbe) is a
microbe-centric Knowledge Graph (KG) to support
tasks such as querying and graph link prediction in a
variety of use cases including microbiology,
biomedicine, and the environment. We use Named
Entity Recognition (NER) and Natural Language
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Processing (NLP) tools to identify, annotate, and
normalize terms found in raw data. The harmonized
data contained in the KG-Microbe knowledge graph
provides rich and standardized labeling for building,
training, and evaluating machine learning models. The
resulting KG-Microbe graph is able to answer
questions like which microbes are enriched in soil
environments. It can also be used to train models for
various microbial trait predictions and it can report
enriched features for a given set of taxa or taxa
features. We demonstrate example applications of
KG-Microbe with predictive models for microbial
shape and metabolism using embeddings (Figure 1)
from graph learning. Many other types of link
predictions are possible based on the available
KG-Microbe entity and relation categories, allowing
predictions for data, which is difficult to obtain without
resource intensive field and laboratory experiments
such as metabolic characterization or cell imaging.
KG-Microbe fulfills a need for standardized and linked
microbial data, allowing the broader community to
contribute as well as enrich analyses and algorithms.

Figure 1: Visualization of tSNE (Maaten and Hinton 2008)
dimensionality reduction of KG-Microbe graph node (A) and
edge (B) embeddings, respectively. Each point corresponds to
a node or edge and is colored by Biolink Model categories for
edge and node types. Graph embeddings were generated with
the embiggen package (Cappelletti et al. 2021), using the
SkipGram method.
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