
Open image data at scale
From molecules to organisms

Matthew Hartley
Team Leader, BioImage Archive, EMBL-EBI

OME Community Meeting, May 2024



Uh-oh…

“Deposit data in a 
trusted repository 
and provide open 
access to it.”

…we can expect that most data supporting 
published results will eventually need to be open



Across a very diverse domain!



The BioImage Archive @ EMBL-EBI

• Reproducibility of results
• Reference imaging datasets
• Reuse of images for new discovery

BioImage Archive

A deposition database for biological 
images from any modality to support:



A deposition database

On publication

Training

Methods 
development New discovery

Added-value data 
resources, e.g:

• Knowledgebases
• Data portals
• Data reprocessors

EMBL-EBI
databases



The BioImage Archive May 2024

Expecting:

1 submission / day
later 2024

Entry 1000
mid 2025

imaging
modalities42

submissions
per month20

accessions628

AI related
submissions15%
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Data resources at EMBL-EBI



EMBL-EBI in 2022

794
members 

of staff

107
million requests 

to our data 
resource 

websites on an 
average day

from

41
million unique 
IP addresses

390
petabytes 

of raw data 
storage

193
journal 

papers and 
preprints 
published

471,000
unique IP 
addresses 

accessed our 
online training

978
participants in 

Industry Programme 
knowledge-exchange 

workshops
3700
people 

participated in 
our 27 public 
engagement 

events

197
active grants

158
collaborative 
grants with 

researchers in 
53 countries 

from 753 
institutes



Images and resources across and between scales

Comprehensively annotated 
reference data



Deposition databases for images and annotations…

Images Annotations

..across all the scales of life

(segmentations, particle stacks etc…)

Imaging 
scientists

Research
biologists

Computer 
vision

researchers



Growth in available datasets



REMBI: Recommended Metadata for Biological Images



Anatomy of a submission



Recent & active development

• AI – data standards, 
deposition of 
annotations

• In-browser visualisation
• Spatial transcriptomics, 

and other multimodal 
approaches

S-BIAD886: Cell shape analysis of zebrafish lateral line neuromasts



Standards for AI data







In-browser visualisation



Visualisation in 3D

S-BIAD606: The sea spider Pycnogonum
litorale overturns the paradigm of the absence 
of axial regeneration in molting animals

Conversion to a common format, 
OME-Zarr enables multiple alternative 
visualisation tools

ITK/VTK viewer, Matt McCormick, Kitware



Imaging
scientists

AI experts
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annotations

Raw
images

molecules organelles cells tissues organisms

Data 
integrators

Derived 
knowledge and 
biological links

Scientific community

Research 
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Image data ecosystem

Why: continual enhancement of scientific value



Looking forward – open data & scaling

1
submission / day

2024

10
submissions / day

2027 (?)



Future – data use & storage cost

Fast

Capacious

General
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 d
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Amount of use

CapacityCost

Data access is a long-tailed 
distribution

Storage has cost/capacity 
trade-offs



Data integration, correlative and multimodal data



Data integration –complex projects

Samples

Sequencing

In-situ imaging Delayed imaging

Chemical 
profiling



AI – challenges and opportunities

Data for model training
(towards foundation models)

AI for data enhancement

AI supported helpdesk

AI for labelling, search, 
curation



Moving forward: from files to well described images

Well labelled data
(in boxes!)

Data packed in 
boxes

Selective 
presentation

Beautiful, usable 
image data



SearchVisualisation

APIs Metadata

Data access
Deposition
(images + 

annotations)

Data storage / 
movement

Data in Data out

Underlying infrastructure

User facing

Supporting

IT infrastructure

Building a repository…



Visualisation

APIs Metadata

Data access

Components of image data resources

“Next generation” 
metadata



How we’re using OME-NGFF

NGFF

NGFF

curation / 
annotation

PFF

NGFF

curation / 
annotation

format
conversion

Other metadata Other metadata

Other metadata Other metadata

Direct deposition Conversion



Building an API towards…

{
”@context": 

"https://raw.githubusercontent.com/BioImage-Archive/bia-
integrator/main/api/src/models/jsonld/1.0/StudyContext.js
onld",
"uuid": "00000000-0000-0000-0006-09b5d587b158",
"version": 3,
"title": "Microscopy data for 'RPA shields inherited 

DNA lesions for post-mitotic DNA synthesis’”,
"description": "Single-stranded DNA during DNA 

replication and repair in S/G2 needs protection by 
replication protein A (RPA). In this study we reveal that 
RPA also shields inherited single-stranded DNA in G1, 
representing replication remnants from the previous cell 
cycle, to allow for post-mitotic DNA synthesis.",
"organism": "Homo sapiens (human)",
"release_date": "2021-05-31",
"accession_id": "S-BIAD106",
"imaging_type": "fluorescence microscopy",
"file_references_count": 19558,
"images_count": 19306

}

% curl -k -s https://45.88.81.209:8080/v1/studies/00000000-0000-0000-0006-09b5d587b158



…extensible metadata



Future – global integration (or: what about 10 to 100?)



● Global coordination among diverse 
imaging resources & communities

● Concerted development of 
Ontologies and Metadata models 

● Adoption of outputs by global image 
data resources

● Interoperable solutions for 
microscopy and pre-clinical data 

● Community recommendations FAIR 
image data management 

FoundingGIDE: Founding a Global Image Data Ecosystem

Laying strong foundation of an ecosystem for image data exchange based on global 
coordination of technical developments among data infrastructures and communities



Thanks!

Teresa ZuluetaKola BabalolaLiviu Anita Aybuke Yoldas

Craig Russell

François Sherwood



EMBL-EBI’s data resource survey

• Support EMBL-EBI 
resources with 10 
minutes work!

• https://www.surveymonke
y.com/r/HJKYKTT?chann
el=[website]


