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The Missing Link in Bioimage AI? 
Empowering Experimental Scientists to 
Generate and Share FAIR Data

Caterina Strambio-De-Castillia

Except for logos, cited third-party content, or otherwise 
indicated, the content of these slides is shared under the terms 

of the Creative Commons Attribution License (CC-BY 4.0)

Shenzhen Bay Laboratory + SMART
Shenzhen, 3/18/2026



• What: the goal “Bridging the gap 
between quantitative bioimaging and 
bench side scientists”

• What: has happened à community QC 
and metadata standards

• What: in progress à actually bridging 
the gap

Illustration attribution: Yuliya Pauliukevich Eucalyp, Upklyak, Vector Stall

Advancing science and technology 
together by building bridges
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Walking in 
each other 
shoes… and 

helping each 
other!

Why I love being here!



AI has huge potentials in bioimaging

https://doi.org/10.1038/s41379-021-00919-2



AI has huge potential in image-based 
spatial-omics…

https://doi.org/10.1038/s41592-024-02363-x

• Enhancing data analysis

• Facilitating the integration of 
diverse data types

• Enabling 3D reconstruction



AI models can be shared but they 
required standards

https://ai4life.eurobioimaging.eu/ https://ai4life.eurobioimaging.eu/create-your-website-with-blocks/open-calls/use-cases/



Most of the world’s
bioimaging data lacks a
clear path to being 
shared

Bioimaging AI dirty little secret: without Findable Accessible 
Interoperable Reusable (FAIR) data is just fancy math

… Data requirements for AI

AI implementation …

• Restricted access to biological images and 
their metadata inhibits the development of 
robust and generalizable models, 

• This decreases the accuracy and 
performance of AI applications in 
bioimaging

• There are rarely comprehensive metadata 
associated with image data

• The lack of semantic data integration 
means AI can’t assign meaning to 
bioimages.Moore and Kunis, 2024; https://doi.org/10.5281/zenodo.11235513



Ecosystem 
for FAIR 

Image Data

Federated 
Network of Image 
Data Repositories

Generation of 
bioimage data that 
is FAIR from the 

ground-up

Research Data Management and Sharing for 
Images: make it possible and make it easy



Building a Global Ecosystem for FAIR Image 
Data: the vision

Make biological images 
widely accessible and 
reusable by establishing 
a Global Image Data
Ecosystem built on FAIR 
(Findable, Accessible, 
Interoperable, Reusable) 
principles. 

The vision is to build a 
federated network of 
high-quality, publicly 
available FAIR image 
repositories,



Building a Global Ecosystem for FAIR Image 
Data: what is needed



• Research Scientists
• Imaging Scientists
• Core Facilities
• Manufacturers
• Standards Organizations
• Institutions
• Funders

Building a Global Ecosystem for FAIR Image 
Data: stakeholders

Strong Community 
Efforts



Towards a Global Image Data 
Ecosystem

Shuichi Onami, RIKEN
Aastha Mathur, EU-Bioimaging
Josh Moore, German BioImaging
Matthew Hartley, EMBL-EBI



1. Development of data 
exchange and  
integration formats

2. Community 
Development and 
Education

3. Image Metadata 
Standards and Software

4. Persistent Identifiers
5. Development and 

adoption of easy to use 
local RDMS 
cyberinfrastructure

Building a Global Ecosystem for FAIR Image 
Data: my role



https://doi.org/10.1038/nature23884

MULTIPLEXED FISH 
CHROMATIN TRACING

Mateo et al., 
https://doi.org/10.1038/s41586-019-1035-4

PREDICTIVE MODELING/
AND MECHANISMS

FOF-CT Data and Metadata 
Exchange Format

(Mateo et al. 2019) (Nir et al. 2018) (Takei et al. 2021)

Standardizing and Sharing 
value: 4DN use case

https://doi.org/10.1038/nature23884
https://doi.org/10.1038/s41586-019-1035-4
https://doi.org/10.1038/s41586-019-1035-4
https://doi.org/10.1038/s41586-019-1035-4
https://doi.org/10.1038/s41586-019-1035-4
https://doi.org/10.1038/s41586-019-1035-4
https://doi.org/10.1038/s41586-019-1035-4
https://doi.org/10.1038/s41586-019-1035-4
https://paperpile.com/c/Qhc0RD/ohf6
https://paperpile.com/c/Qhc0RD/QjFT
https://paperpile.com/c/Qhc0RD/EWkY


NIH 4D Nucleome Initiative 

● Phase 1: 2015-19
● Phase 2: 2020-25
● 4DN Data Portal 

https://data.4dnucleome.org/
● Dekker et al. Current state 

and future aims of the 4D 
nucleome project. Molecular 
Cell. 
https://doi.org/10.1016/j.molcel.2023.0
6.018

https://data.4dnucleome.org/
https://doi.org/10.1016/j.molcel.2023.06.018
https://doi.org/10.1016/j.molcel.2023.06.018


Imaging Working Group focusing on Data Formats&Standards for 
mutliplexed DNA, RNA, and protein imaging

Figure from Bogdan Bintu’s Lab website: https://b.bintulab.com/research/
Su, J.H., …Bintu, B.* and Zhuang, X*. Cell 2020, 182(6), pp.1641-1659.

Gene name (RNA)

Need to record
3D (x,y,z)
coordinates 
of DNA 
RNA
&
genomic 
information

https://b.bintulab.com/research/


Imagine not having a common fastq files and each of your trainees 
has to deal with the raw images from sequencer:

But instead they have pipelines that give them back nice files, like 
fastq, bam, with sequencing reads or counts.

fastq released over 20 years ago!!!
Can use any shared datasets without having to write/rewrite code.

We need a common data format for imaging DNA&RNA spots in cells! 

Illumina Flow Cell Raw Data 
for one round of sequencing, 
Colors: A,T,C,G incorporation
each spot is a cluster
(from review Lakdawalla...Fan 
Molecular Oncology 2013)



Where to start: multiplexed DNA FISH, FISH Omics Chromatin Tracing

Alistair Boettiger
Lab

Ting Wu 
Lab

Siyuan Wang
Lab 

Long Cai 
Lab

Figure, by Sarah Aumfkolk, adapted from: Spatial and temporal organization of the genome: Current state and future 
aims of the 4D nucleome project, Dekker et al, Mol Cell. 2023 (https://doi.org/10.1016/j.molcel.2023.06.018)

https://doi-org.umassmed.idm.oclc.org/10.1016/j.molcel.2023.06.018


4DN FISH Omics Format for Chromatin 
Tracing: modular architecture



4DN FISH Omics Format for Chromatin 
Tracing: modular architecture



4DN FISH Omics Format for Chromatin 
Tracing: modular architecture

Under revision in 
Nature Methods



4DN FISH Omics Format for Chromatin 
Tracing: modular architecture

From arbitrary XYZ coordinates to a biologically significant 
Nuclear Common Coordinate Framework (CCF)

Nuclear 
CCF



Katy Borner
Indiana U.

Common Coordinate Framework for 
Spatial and Ontological Integration

1500 anatomical structures

Data Resource Center @

Standardizing and Sharing 
value: HuBMAP use case



https://doi.org/10.1038/s41597-023-01993-8 https://www.biorxiv.org/content/10.1101/2024.03.27.587041v1

Standardizing and Sharing 
value: HuBMAP use case

https://doi.org/10.1038/s41597-023-01993-8
https://doi.org/10.1038/s41597-023-01993-8
https://doi.org/10.1038/s41597-023-01993-8
https://doi.org/10.1038/s41597-023-01993-8
https://doi.org/10.1038/s41597-023-01993-8
https://doi.org/10.1038/s41597-023-01993-8
https://doi.org/10.1038/s41597-023-01993-8
https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.biorxiv.org%2Fcontent%2F10.1101%2F2024.03.27.587041v1&data=05%7C02%7CCaterina.Strambio%40umassmed.edu%7Cbb786a91a8f94a7d59ea08dc744de7af%7Cee9155fe2da34378a6c44405faf57b2e%7C0%7C0%7C638513125163109097%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=bS02vhBgCsT0Lw%2BiJuAiVk8SaM8EXn6dhCURAnLQQkY%3D&reserved=0


Katy Borner
Indiana U.
Integrative 
Modeling

Gloria Pryhuber
Rochester 

Medical School
Lung physiology 

and pathology

Standardizing and Sharing 
value: HuBMAP use case

Borner, Buekle, Herr et al., Commun Biol 5: 1369 
(2022) DOI: 10.1038/s42003-022-03644-x
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Development of a Nuclear Common 
Coordinate Framework

FISH-Omics
(multiplexed FISH) 
and other imaging

Single cell and bulk 
genomics data

Cytological mapping data

Computational 
models and 

methods

SPIN Sc/DIP-C models

IGM

…NAD-seq, SPRITE, etc. 

SBS

/SPINACH

OligoSTORM
volumetric tracing

DNA/RNA MERFISH

DNA seqFISH+

……

etc
etc

etc

Imaging

Frank Alber
UCLA



Why do nuclear coordinates matter? 

The nucleus is organized into 
functional compartments. The spatial 
proximity to nuclear compartments 
and nuclear bodies matters.



The nucleus varies largely between cell types, tissues, differentiation state.
in terms of shape, size, internal nuclear compartments.

Why do nuclear coordinates matter? 

How do we compare data across different cell type and conditions?
• We need a systematic way to describe the nuclear topography 
• We should provide reference information about the nuclear topography

Skinner et al. Chromosoma 2017

What are the minimum requirements to quantitatively describe the nuclear landscape?
(e.g., in relation to the nuclear landmarks, compartments)

Susanne 
Rafelski

AICS



4DN Nuclear Common Coordinate 
Framework (CCF)

An underlying common ‘language’ for describing and indexing the data in a spatially explicit and
semantically consistent way to integrate knowledge from diverse data types (i.e., multiplexed FISH and 3C
methods) and sources and build coherent predictive models of 4D Nucleome structure and function

Spot 1 (𝚫1, 𝚫2, 𝚫3, ⍺)

Models from 
genomics data (Hi-C)

The goal is to have a set of recommendations how 
to measure and store nuclear information together 
with locations of loci.



Katy Borner
Indiana U.

Common Coordinate Framework for 
Spatial and Ontological Integration

1500 anatomical structures

Integration of 
4DN FISH Omics

Frank Alber
UCLA

Yin Shen
UCSF

Lacra Bintu
Stanford

Susanne 
Rafelski

AICS

Quan Zhu
UCSD

Bogdan Bintu
UCSD

4DN Integrating and 
Imaging and Omics WG

4DN Imaging 
WG

Benchmarking 
Datasets

CCF integration à from whole tissues 
to  chromatin organization



Common Coordinate Framework for 
Spatial and Ontological Integration

1500 anatomical structures

Integration of 
4DN FISH Omics

Frank Alber
UCLA

Quan Zhu
UCSD

Bogdan Bintu
UCSD

Multimodal 
MERFISH in lungs

CCF in action à from single cells to  
Functional Tissue Units in human lung

Katy Borner
Indiana U.

Integrative 
Modeling

Gloria Pryhuber
Rochester 

Medical School

Lung physiology 
and pathology
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• Multi-dimensional (XYZCT)
• COMPLEX experimental set-ups
• Proprietary file formats/lack of standards
• TB to PB (continue adding zeros…)
• VISUALIZATION is mandatory
• COMPUTING POWER and SPEED necessary for:

• 3D VISUALIZATION
• PROCESSING and ANALYSIS (including AI/ML)

• METADATA is essential

11866 levels of gray

2119 levels of gray

3-colors XYZ image

Kidney, 1.5 
microns

Actin DAPIMembranes

BioImage Data



Bioimages: complex data and metadata

Moore and Kunis, 2024; https://doi.org/10.5281/zenodo.11235513



• Each step produces 
metadata
• Steps are mutually 

related
• Data and metadata 

produced at each step 
affect subsequent steps
• Desired outcomes 
determine how previous 
steps should be 
performed

Imaging experiments contain multiple 
related steps - starting with PLANNING

REMBIfied from https://doi.org/10.1371/journal.pbio.3002167

Study Design

Image
Acquisition

Image
Data

Image 
Analysis

Sample PreparationData
Interpretation



All information that is 
needed to interpret, 
evaluate the quality 
reproduce and share 
microscopy images

Nature Methods FOCUS issue on Reporting and Reproducibility in Microscopy:
https://www.nature.com/collections/djiciihhjh

Image Metadata

© Thao Do (Allen Institute, Seattle, WA, USA)

• Sample preparation
• Image Acquisition

• Hardware configuration
• Acquisition setting
• Quality Control

• Image data processing 
and analysis

https://www.nature.com/collections/djiciihhjh


Mau, Franziska. (2019). 
Sketchnote: Lost Data Map. Zenodo. 

https://doi.org/10.5281/zenodo.4388672

Challenges for the Researchers

In addition…
• Lack of affordable institutional storage and backup solution 
• Lack of data preservation guidance (How long? Who is in charge?)
• Institutional repository not equipped for image data



SAFE, BACKED-UP AND ORGANIZED DATA
Easy-to-Find, Metadata-Rich, Reduced Waste, Provenance 
Tracking

QUALITY & RIGOR
Reliable Data, Supports Study Conclusions, Easier to Analyze

REPRODUCIBILITY
Researchers have sufficient information to repeat 
experiments with same outcome

SHARING VALUE
Public Archives, Increase impact, Accelerate Scientific 
Discovery, Quality Management, Documentation

49

Challenges for the Researchers

Im
age credit: C

laire Brow
n



China is leading the global trend towards 
strong Research Data Management and Sharing 
(RDMS) policies

Ø 2018 - Measures for the Management of Scientific Data (General Office of 
the State Council)

q Scientific data generated through government funded research MUST BE managed, preserved and 
shared

q Data must be Findable Accessible Interoperable and Reusable (FAIR)
q Institutions must establish RDMS systems
q Promotes development of data repositories and standards
q Ensures privacy, intellectual property and security

Ø 2023 – National Strategic Action Plan for the 
Development of Scientific Data

q 20-30 national scientific data centers
q Biotechnology à National Genomic Data Center

q Develop standardized data management and protocols
q Enhance sharing with global partners under secure conditions

Ø Funding Agencies Requirements
q National Science Foundation of China (NSFC) à Required Data Management Plan and Data 

Deposition in recognized repositories as a precondition for funding
q Ministry of Science and Technology (MOST) à Oversees data policies for major national R&D projects

Funding is tied to 
• DMS plan
• Complying with the DMS 

plan.
• Data deposition



ØKEY PRINCIPLES
q Openness by Default: non sensitive data from public funding 

SHOULD be shared

q Data Sovereignty: emphasizes control over data generated in 
China

q Standardization: adoption of data formats and metadata 
standards to ensure interoperability

q Ethics and Privacy: Compliance with laws on personal 
information protection

q Promotion of FAIR principles

China is leading the global trend towards 
strong Research Data Management and Sharing 
(RDMS) policies



ØKEY PRINCIPLES
q Openness by Default: non sensitive data from public funding 

SHOULD be shared

q Data Sovereignty: emphasizes control over data generated in 
China

q Standardization: adoption of data formats and metadata 
standards to ensure interoperability

q Ethics and Privacy: Compliance with laws on personal 
information protection

FAIR Data Principles provide guidance for producing 
machine actionable data and metadata

https://force11.org/info/the-fair-data-principles/ 10.5281/zenodo.1212496
Wilkinson et al., Sci Data 3, 160018 (2016). 
https://doi.org/10.1038/sdata.2016.18
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Where is my 
data?

Who can find 
and use my 

data and 
when?

What does my 
data mean 
and what 

questions can 
it answer?

Can my data 
be used as 

substrate for 
AI/ML driven 

insight?

China is leading the global trend towards 
strong Research Data Management and Sharing 
(RDMS) policies
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Where is my 
data?

Who can find 
and use my 

data and 
when?

What does my 
data mean 
and what 

questions can 
it answer?

Can my data 
be used as 

substrate for 
AI/ML driven 

insight?

Ultimately, this is about 
machine readability and 

automation

China is leading the global trend towards 
strong Research Data Management and Sharing 
(RDMS) policies



Information

Storage + 
Management

Mau, Franziska. (2019). 
Sketchnote: Lost Data Map. Zenodo. 

https://doi.org/10.5281/zenodo.4388672

RDMS à Data organization and 
preservation: a gift to your future self!



Content = Data

Boxes = 
Storage

1. Data must be stored and 
preserved 

• Hardware
• Policies

2. To be useful data must be 
found. Labels are essential for 
organization

• Metadata standards
• Curation

3. Automation is critical for 
efficient scientific progress

• Software Infrastructure + 
tools

RDMS à Data organization and 
preservation: 3 critical elements
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Content = Data

Forklift = Software tools

Shelving = Infrastructure
1. Data must be stored and 
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Information

Storage + 
Management

Mau, Franziska. (2019). 
Sketchnote: Lost Data Map. Zenodo. 

https://doi.org/10.5281/zenodo.4388672

Content = Data

Boxes = 
Storage

Labels = 
Metadata

Forklift = Software tools

Shelving = Infrastructure
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Information

Storage + 
Management

Mau, Franziska. (2019). 
Sketchnote: Lost Data Map. Zenodo. 

https://doi.org/10.5281/zenodo.4388672

Content = Data

Boxes = 
Storage

Labels = 
Metadata

Forklift = Software tools

Shelving = Infrastructure

Complex 
Challenging

Scary
Time-consuming 

Impossible!

RDMS à Data organization and 
preservation: 3 critical elements



Take home: data FAIR-ification cannot 
be done in isolation

Icon attribution: xnimrodx and juicy_fish

Community 
Guidelines, 

Specifications 
and Tools

Local 
expertise



India 
Bioimaging

Standards Organizations
Manufacturers

China 
Bioimaging

Image credit: https://quarep.org

A network of international organizations 
spanning the globe
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India 
Bioimaging

Standards Organizations
Manufacturers

China 
Bioimaging

Image credit: https://quarep.org

A network of international organizations 
spanning the globe

Please 
Join Us!



QUAREP-LiMi: industry and academia to promote 
quality, reproducibility and sharing-value

Summer 2023
525 members

2026
> 700 members

Membership growth Membership composition



BioImaging North America (BINA)

8 Working Groups: Builders, Communications, Corporate 
Partners, Diversity, Equity & Inclusion, Early Career, Image 

Informatics, Quality Control & Data Management, Training & 
Education

www.BioImagingNorthAmerica.org/join

contact@bioimagingna.org @BioimagingNA

Events and Newsletter each month!

Mission: Engaging bioimaging scientists across North 
America by creating an inclusive and supportive 
community to share, advance and succeed together.



Quality Control & Data Management Working Group

● Quantitative assessment and calibration of 
microscope performance,

● Rigorous record-keeping of data generation and 
processing conditions

● Connection of imaging dataset with machine-readable metadata describing its 
“provenance.”



Pop-Up EoE: taking the fear out 
of RDMS

Beth
Cimini

Vanessa
Orr

Nikki
Bialy

Past Events
• Pop-Up EoE, @ BINA 2022 October 2022 
Woods Hole, MA 

•Pop-Up EoE, @ ABRF (Association of 
Biomolecular Resource Facilities) May 2023, 
Boston, MA

•Pop Up EoE at LABIxBINA: BioImaging Across 
the Americas Sep 2023, Morelos, Mexico

https://www.bioimagingnorthamerica.org/events/pop-up-eoe-after-abrf-may-11/
https://www.bioimagingnorthamerica.org/events/pop-up-eoe-after-abrf-may-11/
https://www.bioimagingnorthamerica.org/events/pop-up-eoe-after-abrf-may-11/
https://www.bioimagingnorthamerica.org/events/pop-up-eoe-after-abrf-may-11/
https://www.bioimagingnorthamerica.org/events/pop-up-eoe-after-abrf-may-11/
https://www.bioimagingnorthamerica.org/events/pop-up-eoe-after-abrf-may-11/
https://www.bioimagingnorthamerica.org/events/pop-up-eoe-after-abrf-may-11/
https://www.bioimagingnorthamerica.org/events/labixbina2023/
https://www.bioimagingnorthamerica.org/events/labixbina2023/


BINA RDMS User Group

○ Customization
○ Usability
○ Added value
○ Automation

Judith 
Lacoste

MIA Cellavie 
/ CBI / BINA 
/ QUAREP

Goal for this year: harmonizing the 
use of REMBI metadata collection 
templates 



Community momentum: Nature Methods FOCUS issue 
, Nature Methods Editorials, Guidelines, etc., etc.

https://doi.org/10.1038/s41592-021-01342-w

https://doi.org/10.1038/s41592-021-01342-w
https://doi.org/10.1038/s41592-021-01342-w
https://doi.org/10.1038/s41592-021-01342-w
https://doi.org/10.1038/s41592-021-01342-w
https://doi.org/10.1038/s41592-021-01342-w
https://doi.org/10.1038/s41592-021-01342-w
https://doi.org/10.1038/s41592-021-01342-w


QUAREP - Metadata for cameras – we did not start from 
scratch
Community standards: Best practices for 
fluorescence microscopy methods

76
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QUAREP - Metadata for cameras – we did not start from 
scratch
Community standards: Cloud optimized OME-
Next-Gen File Format (2021) OME-Zarr (2023)

Zarr

Moore et al., 2021 10.1038/s41592-021-01326-w https://bit.ly/citing-om Moore et al., 2023, https://doi.org/10.1007/s00418-023-02209-1

https://doi.org/10.1007/s00418-023-02209-1
https://doi.org/10.1007/s00418-023-02209-1
https://doi.org/10.1007/s00418-023-02209-1
https://doi.org/10.1007/s00418-023-02209-1
https://doi.org/10.1007/s00418-023-02209-1
https://doi.org/10.1007/s00418-023-02209-1
https://doi.org/10.1007/s00418-023-02209-1
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Community-developed checklists for publishing 
images and image analysis



Community-developed recommendations for 
promoting reproducible bioimage analysis



80

Community-developed checklists for 
microscopy methods reporting



https://www.nature.com/collections/djiciihhjh

Image Metadata

Experimental and 
Sample Metadata

Microscopy 
Metadata

Analysis and 
Visualization 

Metadata

Image Metadata is key for producing 
high-quality FAIR data



Where is bioimage metadata?



● Notebooks (Paper or 
ELN)

● Excel sheets
● Word docs etc.

● Log files
● Proprietary Image files
● OME-TIFF (via 

BioFormats)
● Microscope hardware 

descriptions
● Personal notes during 

acquisition

● Log files
● Personal notes
● Script/Workflow/Pipe

line code
● Often not reported

Experimental and 
Sample Metadata

Microscopy 
Metadata

Analysis and 
Visualization 

Metadata

Fragmentation is the enemy



https://www.nature.com/collections/djiciihhjh

Image Metadata standards + RDMS for 
image data are essential to extract 

knowledge and advance science

Experimental and 
Sample Metadata

Microscopy 
Metadata

Analysis and 
Visualization 

Metadata

Image Metadata is key for producing 
high-quality FAIR data



What is FAIR Research Data 
Management and Sharing (RDMS)?

Data Life 
Cycle

https://rdmkit.elixir-europe.org/

• Streamlined annotation, 
organization, integration, 
analysis storage, preservation, 
and sharing of data

• Pre-Publication: Everyday 
Handling of Active Data 
(includes local storage)

• Post-Publication: Long-
term Data Storage, 
Preservation, and Sharing
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Data Organization during research project

Experimental and 
Sample Metadata

Microscopy 
Metadata

Analysis and 
Visualization Metadata

Pre-publication

Benefits data producers
FAIR Data Sharing

Image Data Resources 
= OMERO

(mostly) Image Data Repositories 
= BioImage Archive

Post-publication

Benefits data producers 
+ re-users

}
Pre-publication vs. Post-publication Research 
Data Management and Sharing (RDMS)



Pre-publication vs. Post-publication Research 
Data Management and Sharing (RDMS)
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Data Organization during research project

Experimental and 
Sample Metadata

Microscopy 
Metadata

Analysis and 
Visualization Metadata

Pre-publication

Benefits data producers
FAIR Data Sharing

Image Data Resources 
= OMERO

Post-publication

Benefits data producers 
+ re-users

(mostly) Image Data Repositories 
= BioImage Archive

}
Pre-Publication RDM is the Missing 

Link to extract knowledge from 
FAIR bioimage data

)
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● The REMBI metadata cycle 
follows the bioimage data life 
cycle

● Each REMBI module is used to 
collect metadata for a specific 
step of the data life cycle

● Each REMBI module is also 
used to organize the 
subsequent metadata 
modules 

Recommended Metadata for Biological Images 
(REMBI) helps to keep track of all necessary 
metadata

https://www.ebi.ac.uk/bioimage-archive/rembi-model-reference/



● The REMBI metadata cycle 
follows the bioimage data life 
cycle

● Each REMBI module is used to 
collect metadata for a specific 
step of the data life cycle

● Each REMBI module is also 
used to organize the 
subsequent metadata 
modules 

Recommended Metadata for Biological Images 
(REMBI) helps to keep track of all necessary 
metadata

https://www.ebi.ac.uk/bioimage-archive/rembi-model-reference/

REMBI is a framework to 
bring people together to 
build metadata 
specifications



OME-Data Model
BioFormats

OME-Zarr metadata

3D-MMS, MITI
MIHCSME,
SSBD metadata 
model,
NIH CFDE 
metadata 
model 
(CFDE C2M2), 
Canada BI - UMass

Many more….

Light Microscopy
NBO-Q

Volume 
EM

REMBI as a framework for gathering 
the community



REMBI as a framework for gathering 
the community: governance?

Community

MIHCSME

SSBD metadata model

many more…

Volume EM
community
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Image 
Analysis

Image 
Acquisition

Sample 
Description

REMBI: aligns with the major image 
data life cycle steps

Image 
Data

https://www.nature.com/articles/s41592-021-01166-8 https://www.ebi.ac.uk/bioimage-archive/rembi-model-reference/



Experimental description
• Experiment date
• Experimenter name
• Experimental protocol
• Treatment conditions

Biological origin
• Organism
• Organism part

Sample preparation
• Sectioning
• Fixation
• Permeabilization
• Staining
• Mounting
• Live imaging conditions

Experimental and 
Sample Metadata

Part 1: Experimental and Sample preparation 
Metadata



• Customized based 
on user needs

• Ontology-enriched
• Controlled 

vocabularies

Biosample:

Specimen:

SC:

Study:

Experimental metadata captured using 
REMBI-compatible modular spreadsheets



Exchanging REMBI modules key/value 
pair sets: Experiment 1

Sample 
Preparation

Image
Data

Image 
Analysis

Study Design

Image
Acquisition

Data 
Interpretation

SC:
HT cell 
proliferation 
assay

Biosample:
H. Sapiens
Colon
HT29

Specimen:
Live cells
Treated
Vital staining

Image 
Acquisition:
Widefield 
fluorescence

Image Data:
2-colors

Image 
Analysis:

Segmentation



Sample 
Preparation

Image
Data

Image 
Analysis

Study Design

Image
Acquisition

Data 
Interpretation

SC:
Protein 
translocation 
assay

Biosample:
H. Sapiens
Bone
U2OS

Specimen:
Fixed cells
Treated
IF staining

Image 
Acquisition:
Widefield

Image Data:
2-colors, 

Z-stack

Image 
Analysis:

Segmentation

Exchanging REMBI modules key/value 
pair sets: Experiment 2



Exchanging REMBI modules key/value 
pair sets

• Customized based 
on user needs

• Ontology-enriched
• Controlled 

vocabularies

Judith 
Lacoste

Marteen
Paul

Katy
Wolstencroft



Customized Community-Standards-compatible 
tools to capture experimental metadata

• REMBI 
compatible

• Customized 
based on user-
needs

• Facilitate user-
input with drop-
down lists 
• Examples 

available

Inspired by/modified from Thomas Zobel – Uni Münster - Münster Imaging Network
https://confluence.uni-muenster.de/display/WWUIMW/Adding+Key-Value+Pairs

Image-level METADATA

Study (Project) - METADATA
Study Component (Experiment) -
Sample - Specimen METADATA



Part 2: Image Acquisition Metadata



QUAREP - Metadata for cameras – we did not start from 
scratch

108Hammer et al. (2021) Nat Methods;  
https://doi.org/10.1038/s41592-021-01327-9

Community standards: Light Microscopy (LiMi) 
Metadata to expand the OME model

https://doi.org/10.1038/s41592-021-01327-9
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QUAREP - Metadata for cameras – we did not start from 
scratch

109Hammer et al. (2021) Nat Methods;  
https://doi.org/10.1038/s41592-021-01327-9

Image Acquisition

LiMi-Model
Hardware, Acquisition 

Settings and QC

Community standards: Light Microscopy (LiMi) 
Metadata to expand the OME model

https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9
https://doi.org/10.1038/s41592-021-01327-9


QUAREP - Metadata for cameras – we did not start from 
scratch

110

Community standards: Light Microscopy (LiMi) 
Metadata to expand the OME model



QUAREP - Metadata for cameras – we did not start from 
scratch

111

Responsible for maintenance 
and governance

Community standards: Light Microscopy (LiMi) 
Metadata to expand the OME model
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QUAREP - Metadata for cameras – we did not start from 
scratch

Image 
Acquisition

LiMi-Model

Micro-Meta App: an example of a metadata annotation tool to 
collect light microscopy metadata based on community 
specifications

Alex Rigano



●NIH 4D Nucleome 
●BINA
●Canada BioImaging
●NIH HuBMAP & SenNet
●RIKEN
● Inscoper
●Pending: Brain Image 

Library, others? Data Resource Center @

Who is using LiMi-Model and/or 
Micro-Meta App?



115

QUAREP - Metadata for cameras – we did not start from 
scratch
● QUAREP-LiMi in charge of 

hosting, maintenance and 
governance

● Covers hardware 
configuration, image 
acquisition settings and 
quality control metadata

● Revision process governed by 
clear rules

● Large community of imaging 
scientists, microscopy 
experts, manufacturers and 
standards organizations 
stakeholders

https://quarep.org/working-groups/wg-7-metadata/

Community standards: Light Microscopy (LiMi) 
Metadata to expand the OME model



116

QUAREP - Metadata for cameras – we did not start from 
scratch
Light Microscopy (LiMi) Model Viewer: make it 
easy to understand the model

Anthony 
Asmar
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QUAREP - Metadata for cameras – we did not start from 
scratch
Light Microscopy (LiMi) Model Viewer: make it 
easy to understand the model

Anthony 
Asmar



Ø 20+ focus groups to build 
consensus

Ø Proposal for Change submitted to 
QUAREP-LiMi members

Ø Coming Soon: Revised Camera 
section of the LiMi-Model + glossary

A path forward towards LiMi-Model revision in 
partnership with manufacturers



• Inspect 
structure
• Evaluate fields
•Open 

discussion
Proposal for 

Change

WG2 + WG7 joint endeavor: focus groups to 
review model elements and definitions

• Debrief

• Extract 
consensus

Consensus
• Inspect 

structure
• Evaluate fields
•Open 

discussion
Proposal for 

Change



WG2 + WG7 joint endeavor: revised camera 
model

Britta 
Schroth-Diez

Roland
Nitschke

Mathias
Hammer

Olaf
Selchow

David 
Grunwald

Caterina 
Strambio De 

Castillia

the Camera Model 
revision 
organizing group



WG2 + WG7 joint endeavor: revised camera 
model

✅

✅

✅

✅ ✅

✅

✅

✅

✅
✅

✅

✅
✅

✅

Britta 
Schroth-Diez

Roland
Nitschke

Mathias
Hammer

Olaf
Selchow

David 
Grunwald

Caterina 
Strambio De 

Castillia

the Camera Model 
revision 
organizing group



LiMi-Model revision next steps: OBJECTIVES

QUAREP-LiMi Working Groups 3,4 and 5



LiMi-Model revision next steps: FILTERS

QUAREP-LiMi Working Groups 3,4 and 5



Where is bioimage metadata?

PIDs can help 
maintain links 
between 
different 
essential 
information



Persistent Hardware Descriptors help 
making data FAIR

Linked PIDs for 
• Instrument instance
• Instrument model
• Hardware 

configuration



Core Marketplace + RRID: supporting the 
persistent identification of core-facilities



Core Marketplace + RRID: supporting the 
persistent identification of core-facilities

Rigor, Reproducibility, Ruse
Use-Case in Light Microscopy

Identification of Instrument Instances +
Standardized Hardware, Settings and 

Quality Control Description



NSF CSSI #2513921: Imaging-PHD

James Chambers Judith Lacoste

Next Gen Metadata

Anita Bandrowsky Nate Herzog

David Grunwald

Research Informatics

Josh Moore Damien
Goutte-Gattat

Quality-ControlCore Facility HeadPhysics and Photonics

RRID Core Marketplace

Adrian Zai Koon Wong



Labs and Core Facilities have different overlapping 
needs for the Instrument Data Management

?



PIDs form a cornerstone of research

Metadata is Scattered

● Critical imaging metadata is stored across 
disparate locations (files, devices, 
documents).

● This fragmentation hinders reproducibility, 
reuse, and proper attribution.

What Are Persistent Identifiers (PIDs)?

● Unique, long-lasting digital codes assigned 
to entities like instruments, datasets, and 
people.

● Maintained by trusted authorities and resolve 
to stable landing pages with rich metadata.

Why PIDs Are Essential

● Linking: Connect hardware, datasets, 
publications, and contributors.

● Preservation: Maintain long-term 
accessibility and integrity of research assets.



Capturing, registering, and reusing persistent hardware 
metadata across the research lifecycle.

Deliverable - Micro-Meta Platform Workflow 
and Architecture



Merit Area Imaging-PHD Contribution

Democratizing Scientific 
Infrastructure

Makes detailed, standardized instrument metadata openly available 
via persistent identifiers. Enables smaller labs and under-resourced 
institutions to build on others' hardware setups.

Ensuring Long-Term 
Research Quality

PHDs improve instrument lifecycle tracking and quality assurance, 
supporting replicability and reducing hidden sources of error.

Enabling Workforce 
Development

Empowers core facility staff and early-career researchers with tools 
and training for metadata best practices.

Catalyzing New 
Discovery

Harmonized metadata enables data pooling and cross-study 
reanalysis, accelerating multi-institutional discoveries.

“Our technical design promotes long-term reuse, community adoption, and the 
scalability of reproducible research.”

Instrument

Metadata

Persistent 
ID

Publication

Reuse

Intellectual Merits - How this Work Advances 
Science



Who Benefits How Imaging-PHD Helps
Researchers Gain access to well-documented instrument configurations, 

improving reproducibility and enabling meta-analyses

Educators & Trainees Use PHD-linked metadata for real-world training on instrumentation 
and FAIR practices

Core Facility Staff Receive credit for their contributions via PID linkage and gain tools 
for quality tracking

Under-resourced Institutions Can reuse metadata and design experiments modeled after 
advanced facilities

Software Developers & Industry 
Partners

Integrate their tools with standardized APIs, enhancing 
interoperability and adoption

“Broader impact is embedded in every layer of our platform—tools, people, and community.”

Broader Impacts - Empowering Researchers, 
Core Facilities, and Industry Partners



Light 
Microscopy
metadata



Light 
Microscopy
metadata

2

43

1



Light 
Microscopy
metadata

2

43

1

PID concatenation
Core Facility RRID: SRC_XYZQ

Model RRID:SRC_XYZW

Instance PIDINST:10.1000/XYZ-

Hardware Descriptor PHDID: 10.1000/XYZ



Bringing it all back home!

Icon attribution: xnimrodx and juicy_fish

Community 
Guidelines, 

Specifications 
and Tools

Local 
expertise



Vision: BioImage 
DMS as a service

Make state-of-the-art Bioimage 
DMS accessible to all at scale

Develop FAIR 
metadata 

specifications, 
software tools, and 
cyberinfrastructure

Increase 
awareness and 

expertise among 
research 
scientists

R&
D

SERVICE
ED

U



Education & 
Training:

Scientists at all 
career stages 

Research & Innovation:
Open-source platform 
incorporating state-of-

the-art methods 

Service provision:
Platform deployment and user support

Mission: BioImage 
DMS as a service



OMERO-based pipes at UMass 
Chan and Canada BioImaging

NBO-Q
REMBI

Image data & 

Image credit: Stefely, M., Bialy, N., & 
Strambio-De-Castillia, C. (2024) 

Zenodo. https://doi.org/10.5281/zeno
do.14020675Publishing papers

Publishing papers

https://doi.org/10.5281/zenodo.14020675
https://doi.org/10.5281/zenodo.14020675


¾ Experimenters
¾ Records all the details 

of a project, which 
experiment worked, 
which had an issue

¾ Organize and annotate 
the data with relevant 
metadata

¾ Prepare figures for 
publication

¾ Bioimage analyst
¾ Needs metadata for 

processing
¾ Share results back
¾ Reproducibility and 

traceability of analysis

Image credit: modified from Tom 
Boissonnet

¾ Group leaders
¾ Strategy
¾ Project overview
¾ Visualize image data 

and monitor progress
¾ Long term preservation 

and accessibility of 
image data

Vision: Provide widespread solutions for 
BioImage DMS at the site of data production 



OMERO: glue supporting the full 
bioimage data life cycle

Image credit: 
openmicroscopy.org



OMERO: supports 160 different bioimage 
file formats (including DICOM)

Image credit: Josh Moore 



• OMERO.web is one of the ways to access data in OMERO.server

OMERO for BioImage DMS



Data overview, exploration and 
collaboration 

PI

users/lab 
members



Data overview, exploration and 
collaboration 

image data repository



Data overview, exploration and 
collaboration 



Sample 
Preparation 

Metadata

Microscopy 
Metadata

Automated metadata annotation



OMERO.figure

OMERO.tagsearch

OMERO.iviewer

OMERO: key functions Experimenter

Image credit: modified from Tom Boissonnet



OMERO.iviewer Experimenter



added from
key-value pairs

OMERO.figure Experimenter



OMERO: searching and retrieving on the basis 
of metadata



OMERO analysis BioImage
Analyst



Storing results – ROI & Tables



Image credit: 
openmicroscopy.org

OMERO: high throughput screening



OMERO: histology



OMERO: DICOM



OMERO: DICOM

Also, Gels, Western Blots, etc. 



Cost-sharing 
consortia
(academia + 
businesses + 
government)

Sustainability: from seed funding 
to cost-sharing consortia

Icon attribution: zero_wing, uniconlabs, small.smiles

Institutional 
support

Seed 
funding

examples

Genome 
editing 
consortium



Sustainability: fairOMERO4all
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BINA+QUAREP-LiMi
• Alison North, The Rockefeller University
• Roland Nitschke, Uni Freiburg
• Britta Schroth-Diez, Max Plank, Dresden
• Damir Sudar, Uni Oregon, QIS
• Caroline Miller
• Nikki Bilay + Vanessa Orr, BINA
• BINA Quality Control and Data 

Management WG
• QUAREP-LiMi WG7 – Metadata

THANK YOU!
UMass Med + Canada Bioimaging

Grunwald lab – UMMS-RTI
• David Grunwald
• Mathias Hammer
• Max Huisman
• Farzin Farzam

OME community
• Jason Swedlow, OME
• Josh Moore, OME
• Shuichi Onami, RIKEN

Imaging Scientists Community
• Lisa Cameron, Duke
• Michelle Itano, CZI, UNC
• Paula Montero-Llopis, HMS
• Jennifer Waters, CZI, HMS

4DN Community
• 4DN IWG: Sarah Aufmkolk, Lacra Bintu, Alistair Boettingerr, Steve 

Wang, Ting Wu
• DCIC: Burak Alver, Andrea Cosolo, 
• Shannon Ehmsen, 

Koray Kirli, Rahi Navelkar, Peter Park, 
Andrew Schroder, Serkan Utku Ozturk

Alice 
Kang

Judith 
Lacoste

Thomas 
Stroh

Pina 
Colarusso

Gabriel 
Pelletier

Stephen 
Ogg

Joel 
Ryan

Alex 
Rigano

Claire 
Brown

Alex Kiepas
Alex

Kiepas

HuBMAP Community and Pittsburgh Supercomputing Center 
(PSC)
• Katy Borner, Phil Blood, Chris Csonka, Stephen 
Fisher, Brendan Honick, Ajay Pillai Alex Ropelewski


