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MDEmic: a metadata annotation tool to 
facilitate management of FAIR image data in the 
bioimaging community
To the Editor — Although today the 
majority of scientific data, including 
microscopy and imaging data, are available 
in digital format, a real benefit from easy 
sharing and reuse of digital data according 
to the FAIR (findability, accessibility, 
interoperability and reusability) principles1 
exists only if data are understandable and 

unambiguously interpretable. Collecting 
and maintaining the relevant metadata is 
key to ensuring that data are reliable and 
reusable and can be found and accessed 
by the scientific community. Imaging 
data are usually extremely rich data files, 
as they report on various parameters in a 
multidimensional space and are acquired 

with complex microscopy instruments. The 
metadata or data models are very diverse 
due to the wide range of, for example, 
modalities, scales, experimental setups and 
file formats. Therefore, the appropriate 
use of suitable standardized metadata and 
data models is a challenge2,3. Accordingly, 
flexible tools for capturing a complete 
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Fig. 1 | oMero.importer with integrated Mdemic as oMero.mde. In OMErO.importer, the MDEmic tool is integrated as an intermediate step for the 
selection of data for import and for the import itself. Metadata can then be added, which is transferred to the repository together with the image data (a); or 
the annotations can be exported in different formats in this step (B). MDEmic can be customized via a configuration file and loads the specifications from this 
file dynamically when the OMErO.importer is started (1, 2, 3). All technical metadata of the images marked in the previous step of data selection are read out 
by bio-Format (4) and provided as values in MDEmic.
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set of metadata are in great demand 
by researchers applying microscopy 
techniques. Moreover, it is important for 
imaging core facilities to be able to provide 
different standards with one tool and still be 
flexible enough to accommodate dynamic 
developments in methodology and analysis 
techniques. Many tools fail to strike this 
balance and therefore oscillate between 
using rigid data models and free text input 
without semantic context. Similarly, the 
integration and referencing of existing 
metadata is often lacking.

Our tool, MDEmic (MetaData Editor 
for microscopy; Supplementary Fig. 1), 
provides an easy and comfortable way to 
edit the metadata of microscopic imaging 
data and at the same time offers high 
flexibility in terms of the adjustment of 
metadatasets and their data models. As the 
standardization process in regard to the 
metadata of microscopic experiments is in 
full swing, MDEmic offers high flexibility 
for following this process. This is achieved 
through the dynamic configurability of both 
the queried and the integrated metadata 
and predefined values. The underlying 
data model can be extended sequentially 
by integrating these specified objects. The 
additional integration of ontology databases 
increases the interpretability of the data in 
general and ensures the discipline-specific 
integration of imaging data. MDEmic reads 
the technical metadata stored in the image 
file using Bio-Formats3, a software library 
for reading proprietary microscopy image 
(meta)data, and presents this metadata in 
the form of the OME (Open Microscopy 
Environment) Data Model4–6. Visualizing 
this model as input forms allows the 
researcher to adjust or correct the technical 
metadata. In addition, based on the default 
in a configuration file associated with 
MDEmic, input forms for further metadata 
can be generated dynamically, integrating or 
extending the OME Data Model for technical 
metadata. The specification of metadata can 
include (i) type and category of metadata, 
(ii) fixed terms as selectable input values 
loading from subclasses by specification of 
ontology class identifiers and (iii) a defined 
structure for how to relate to other metadata 
categories. For all metadata, different sets 
of predefinitions can be integrated via 
the configuration file and selected by the 
user according to the respective scientific 
application or image technology. For 
example, fully described components of the 
existing microscope can be added or replaced 
by the user in the metadata collection. 
MDEmic is part of the standard installation 
package of the image database OMERO7 
and is integrated in the OMERO.importer as 
OMERO.mde (Fig. 1). The OMERO.importer 

can be used independent from a local 
OMERO instance by referring to a public 
OMERO instance such as the Image Data 
Repository, IDR8,9. All metadata descriptions 
created in OMERO.mde can be saved and 
reloaded by the user for later reuse and 
adaptation or be exported to different textual 
formats. This functionality allows the output 
to be easily integrated with other needs. For 
example, this increases interoperability with 
other research data management tools to 
support integration with other data types or 
preparation of image data for publication or 
upload to public repositories10, such as the 
Image Data Resource (IDR; Supplementary 
Figs. 5 and 6).

In the following we describe a use 
case scenario that illustrates the direct 
benefits of MDEmic and OMERO.mde 
for researchers, wherein image data from 
samples treated with various membrane 
dyes are made available in a “Membrane 
Dye Database“ hosted in the institutional 
OMERO instance and shared between 
the members of a collaborative research 
center. Here, we utilized the OMERO.
mde extension for customized metadata 
annotation (Supplementary Figs. 2–4). For 
this purpose we have defined a metadata 
object called “Membrane Dye” in OMERO.
mde. This object is available with different 
sub-objects describing the membrane dyes 
in more detail, such as “Effects On Sample” 
and “Internalization” of the dye. This object 
is provided together with the technical 
description and essential OME Data Model 
objects as input forms. All input forms are 
summarized in the setup “Membrane Dye 
Database.” This adjustment for the specific 
object “Membrane Dye” can be done by 
editing of the configuration file of OMERO.
mde performed, for example, by a data 
steward of the CRC or a scientist of the 
imaging core facility.

Tools such as MDEmic, which 
significantly improve the interoperability of 
bioimaging data with other data types and 
within discipline-specific data management 
environments, are poised to have a high 
impact on the acceptance of FAIR research 
data management.
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Further information on research design is 
available in the Nature Research Reporting 
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Code availability
All code is accessible at Github (https://
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fully open-source code link is listed in 
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