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Ontologies – How can we use them?

▪ Ontologies consist of a network of 
information with logical relations

▪ Interconnect (meta) data

▪ Different data types readable for humans

▪ Aim: Machine- and human-readable (meta) data

▪ Information in triplets

Unified data formats through ontologies and standardized metadata schemes

???

Person
Field of 

research
researches on 

Subject Object

FAIR data principles: Findable, Accessible, Interoperable, Reusable
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Ontologies – Why should you use them?

▪ Describe existing knowledge

▪ Derive knowledge based on 
described knowledge

▪ Annotate data

▪ Query data

▪ Normalize data

▪ Interconnect data

Gain new insights from your data!

[1] https://www.poolparty.biz/poolparty-7-0-release

[1]

https://www.poolparty.biz/poolparty-7-0-release
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Ontologies – A simple example

▪ Ontologies consist of

▪ Classes (hierarchically structured by „is a“ relation)

▪ Relations between classes

▪ Individuals representing real existing elements

▪ Rules which are always true, like 
„Catalytic reactions need one or more catalyst“

▪ Reasoning enhances the data 

▪ „The reaction in reactor X148A uses iron catalysts“

➢ Inference yields: „The reaction in reactor X148A is a Haber-Bosch reaction
which in turn is a catalytic reaction and uses iron catalyst as catalyst.“

Catalytic

reaction

Reaction

Catalyst

Iron catalyst

is a

is a

Substance

is a

Reaction in 

reactor X148A

Haber Bosch 

reaction

is a
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Map of Ontologies and
Semantic Artefacts

See also: nfdi4cat.org/ontology-collection/
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Many Ontologies present, but not sufficient to
describe catalysis research
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Overall workflow of NFDI4Cat – TA1

Shared 
vocabularies

✓ Existing ontologies gathered

✓ Clustered by topics of catalysis research

▪ Term collection using MS-Excel templates

▪ Workflow for automating SKOS generation

➢Ontologies for catalysis research

➢ Extended by concepts of community
Extended 
Ontologies

Existing 
Ontologies

See also: nfdi4cat.org/ontology-collection/
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The way to ontologies

▪ Many steps with domain and IT knowledge needed

▪ Intermediate goal: Setup catalysis research specific SKOS

Intermediate deliverable
SKOS = Simple Knowledge Organization System
May be contributed Linked Open Vocabularies graph.

metadata standards

data

knowledge graphs

[1] adapted from https://th.fhi-berlin.mpg.de/meetings/fairdi2020/index.php?n=Meeting.PosterDetails&poster_id=18
[2] SKOS-Reference, W3C, https://www.w3.org/TR/2009/REC-skos-reference-20090818/, accessed 20.06.2022

[1], [2]

https://th.fhi-berlin.mpg.de/meetings/fairdi2020/index.php?n=Meeting.PosterDetails&poster_id=18
https://www.w3.org/TR/2009/REC-skos-reference-20090818/
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List
level

Ontology 
level

Thesaurus 
level

Terms from
domain
experts

Formalizing as 
SKOS 

hierarchy

Testing of
concepts on 

use cases

Adding
relations and 
constraints

Generalization
and unification

of terms

Formalizing as
ontology

(OWL)

Ontology
(draft)

Usable
ontology

From List to Ontology Level

[1] Menke, Behr et al., Development of an Ontology for Biocatalysis, Chem.Ing.Techn., 2022, submitted

[1] 
▪ General 

workflow

▪ Recursive
process

▪ Formalizing
using SKOS-
hierarchies of
classes as
intermediate 
goal
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Concepts Classes Subclasses Properties

Process

Cultivation

Protein Purification

Enzyme Assay

Bacteria Strain

Cultivation Condition

Cultivation medium

Shaking speed

Temperature

Duration

…

… … …

[1] Menke, Behr et al., Development of an Ontology for Biocatalysis, Chem.Ing.Techn., 2022, submitted

[1] 

List Development – Example on Biocatalysis
▪ Starting with 

collection of different 
processes as concepts

▪ Different process
steps as classes

▪ Concepts related to
classes gathered as
subclasses

▪ Each subclass
contains set of
properties
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Current workflow – Taxonomy generation

▪ Gathering concepts important to knowledge domains and processes
in concept tables (easy access for domain experts)

➢ SKOS-files (Taxonomies) on different domains as 1st milestone
Column name Description

Preferred Label Best name for a concept

Alternate Labels Other names for a concept

Definition The definition of the
concept

Children Subclasses of this concept

Related Other related concepts, 
that are not subclasses
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Shared vocabulary: Concept tables

▪ Gather important concepts in tables

▪ Convert vocabulary to machine-readable taxonomy-files

➢Description of processes with
shared vocabularies

➢Description 
of data with
shared
vocabularies

Preferred Label Alternate Labels Definition Children

Biologic Catalysis
bio catalyst preparation, 
protein purification, bio 

catalyst application

Bio Catalyst Preparation

The Catalyst Preparation is 
a process that is intended 
to synthesize a catalyst 
from several components.

cultivation, induction, cell
harvesting, cell disruption, 

gel filtration, protein
concentration, 
transformation

Expression Strain 
preparation

Strain preparation

Expression host
expression host, organism, 
microorganism, bacteria, 

yeast

... ... ... ...

SKOS-
converter

Concept-table

Documentation

Taxonomy as 
.ttl-file

Dendrogram

[1] Menke, Behr et al., Development of an Ontology for Biocatalysis, Chem.Ing.Techn., 2022, submitted

[1]
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Possible process conditions
of all processes

Process specific set of
conditions

Class Hierarchy – Example on Biocatalysis

[1] Menke, Behr et al., Development of an Ontology for Biocatalysis, Chem.Ing.Techn., 2022, submitted

[1]
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Proposed Workflow on Ontologies4Cat

Scientific 
theses, 
Papers, 
Books, 

Reports, …

Ontology analysis
Meta data and 
research data

processing

NLP methods
(Natural Language 

Processing)

Ontology population
+

Knowledge graphs

AI-based tool 
for concept 

enrichment of 
ontologies

Ontology
database(s)

Extended 
ontologies

PDFs

Concept lists

Standards,
Meta data files, 

Actual data

(Meta) Datasets
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Wrap up

▪ Full potential of data only possible with linked data

▪ Ontologies needed for catalysis domain

▪ Shared vocabularies (concept lists) are first step for ontology 
development

▪ Further steps are necessary on

➢ Concepts relevant for catalysis research + applications

➢ Data and metadata for annotation + UseCases

➢ Already applied data standards of research
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/linkedin.com/company/nfdi4catinfo@nfdi4cat.org

Would you like to exchange ideas or become a part of the community? 

@NFDI4Cat http://www.nfdi4cat.org/

Dr. Sara Espinoza 
Phone +49-69-7564-354
Email sara.espinoza@dechema.de

Thank you for your attention!

Alexander Behr, Norbert Kockmann
JCDL – 23.06.2022

https://www.linkedin.com/company/nfdi4cat
mailto:info@nfdi4cat.org
http://www.nfdi4cat.org/

