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Most of the world’s bioimage data is not

FAIR and is not ready to be shared

Most of the world'’s

bioimaging data lacks a THAT'S A SMALL o
clear path to being FAIR Avallable FAIR
and potentially shared biOimage data

... hidden treasure

Lost/Misplaced/Fragmented

*Poorly annotated

Insufficient metadata

*Poorly managed

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



Bioimages: complex data and metadata

Single wavelength 3D stack Multiple wavelength 20 frames

Diversity in imaging . 5DImages

applications/modalities

3D, multi-color,
movies, or any

combination

Wells in a Plate

Multiplexed

Complex Acquisitions

Sample volume Wet volume

Image tile
mage (Feld)

Zplane

Moore and Kunis, 2024; https://doi.org/10.5281
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Microscopy Core Facilities

Full-service core-facilities

» Digital pathology
(brightfield and
fluorescence slide
scans)

« Spatial omics

« Multiplexed FISH/RNA
Scope

Researchers using microscopes at
core-facilities and in individual labs

« Widefield microscopy

« Confocal microscopy

» Super-resolution
MIiCcroscopy

 Live-cell imaging

Multiple production sites

Diverse samples +
experimental conditions

Thousands of diverse
microscopes with multiple
parts

Multiple modalities

>150 file formats

1B, PB, ...

Multiple analysis software

Need to integrate with other
data-types



Biolmage Metadata

All information that is
needed to interpret,
evaluate the quality
reproduce and share
MICroscopy iImages

- Sample preparation

- Image Acquisition
- Hardware configuration
- Acquisition setting
- Quality Control

- Image data processing
and analysis

© Thao Do (Allen Institute, Seattle, WA, USA)
Nature Methods FOCUS issue on Reporting and Reproducibility in Microscopy:

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



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

Fragmentation is the enemy

Sample preparation

o Notebooks (Paper or
ELN)

o Excel sheets

o Word docs etc.

.

e Logfiles

e Proprietary Image files

e OME-TIFF (via
BioFormats)

e Microscope hardware

descriptions

Personal notes during

acquisition

OME-TIFF

Analysis and
Visualization
Metadata

Log files
Personal notes
Script/Workflow/Pipe
line code

Often not reported

Step 1 Step 2 Step 3
Component 1 ‘ Component 2 ‘ Component 3

(@O



Where is bioimage metadata?

Material and
Methods

Instrument Calibration/
QC metrics

Name
ProcessingDate
AlgorithmName
ROIM_X

Segmentation

Journal

Scientific publication
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Biolmage Repositories

PIDs can help
maintain links
between
different
essential
information




Persistent Hardware Descriptors help
data FAIR

makinc

Linked PIDs for

 Instrument instance

« Instrument model

« Hardware
configuration



Labs and Core Facilities have different overlapping

needs for the Instrument Data Management
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Mission: Engaging bioimaging scientists across North
America by creating an inclusive and supportive
community to share, advance and succeed together.

.' _-' Events and Newsletter each month!
.

>2000 MEMBERS

8 Working Groups: Builders, Communications, Corporate

Partners, Diversity, Equity & Inclusion, Early Career, Image

Informatics, Quality Control & Data Management, Training &
Education

www.BiolmagingNorthAmerica.org/join
& contact@bioimagingna.org y @BioimagingNA




Quality Control & Data Management Working Group

Caterina Strambio De a rown . Adan Guerrero
Castilli b = Boa 0

Judith Lacoste
Member

MIA Cellavie Inc

Alex Corbett 7 athalie Gaudreault Glyn Nelson T Roland Nitschke
Member ( Member Member

Newcastle University

| ADDRESSING
« Quantitative assessment and calibration of THE
] ELEIDHLAMT
microscope performance, | THE ROOM

« Rigorous record-keeping of data generation and
processing conditions

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




BINA belongs to a network of international ,

organizations spanning the globe
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QUAREP-LiMI: industry and academia to promote | W

quality, reproducibility and sharing-value /
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Image Acquisition Metadata

Image Acquisition Image Data

Sample preparation analysis

v /N
&=

Experimental &
Sample metadata

Mk R Microscopy Metadata [ -- { - pooo- oot !

, Provenance Quality Control E
: Micro_s_cop_e Hardware Image Acquisition Optical Calibration o
. + Specifications: Settings « Resolution characterization nl o o
: » Microscope modality and < Acquisition settings » Chromatic registration 5
5 configuration  Arrangement of parts | - lllumination uniformity :
: + Hardware components E
: Image Structure Intensity Calibration e — I
* Pixel size * lllumination power Mechanical ca||brat|on :
: * Number of pixels, . s . :
: focal planes, channels IIIum!nat!on wavg!ength Repeatab'lll’g( :
: and timepoints * [llumination stability * Reproducibility :
E * Dimension order - Detector performance e« Stability (settling time) !




Community standards: Microscopy Metadata

Specifications to expand the OME-data model

Comment Towards community-driven metadata standards for light microscopy: tiered i )
3 Dec 2021 specifications extending the OME model = = ..
Nature Methods Rigorous record-keeping and quality control are required to ensure the quality, reproducibility and value of imaging = : g

data. The 4DN Initiative and BINA here propose light Microscopy Metadata Specifications that extend the OME Data =g : X

Model, scale with experimental intent and complexity, and make it possible for scientists to create comprehensive . .~/>

records of imaging experiments. s R

Mathias Hammer, Maximiliaan Huisman ... Caterina Strambio-De-Castillia

4 N
Sample preparation Image Dgta
analysis
’ é 4 »
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Experimental & . i
Sample metadata : !
""""""""""""""""""""""" 1 Microscopy Metadata [~ o --mrrizm-rarrmzamsmamemmmessoeoay
i Provenance e Quality Control
i Microscope Hardware  Image Acquisition Optical Calibration I
5 Specifications: Settings * Resolution characterization nl o :
- - . * Microscope modality and  * Acquisition settings » Chromatic registration ;
BIOIma i configuration * Arrangement of parts | « lllumination uniformity £ 5 ;
. * Hardware components i
- : £ Image Structure Intensity Calibration ) = ]
No America et Pelsize - lumination power  Mechanical calibration |
* Numbper of pixels, o i i . ili .
SCal planes,pchannels |||um!nat!on wavg!ength Repeatabllllt.)f : L .
and timepoints * lllumination stability « Reproducibility : = I I
* Dimension order « Detector performance  « Stability (settling time)

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


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

Community standards: Microscopy Metadata

Specifications to expand the OME-data model

Comment Towards community-driven metadata standards for light microscopy: tiered i
3 Dec 2021 specifications extending the OME model = a._. ¥
Nature Methods Rigorous record-keeping and quality control are required to ensure the quality, reproducibility and value of imaging = : § g{_

data. The 4DN Initiative and BINA here propose light Microscopy Metadata Specifications that extend the OME Data = : B

Model, scale with experimental intent and complexity, and make it possible for scientists to create comprehensive m]/b

s e

records of imaging experiments.

Mathias Hammer, Maximiliaan Huisman ... Caterina Strambio-De-Castillia
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Hammer et al. (2021) Nat Methods; ®
https://doi.org/10.1038/s41592-021-01327-9



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

Community tools: Micro-Meta App can be used to

capture NBO-Q Image Acquisition metadata

Brief Communication Micro-Meta App: an interactive tool for collecting microscopy metadata based on
Open Access community specifications

3 Dec 2021 Micro-Meta App is an intuitive, highly interoperable, open-source software tool designed to facilitate the extraction
Nature Methods and collection of relevant microscopy metadata as specified by recent community guidelines.

Alessandro Rigano, Shannon Ehmsen ... Caterina Strambio-De-Castillia

a Lao META APP Msiomons eusoiss

Microscope scope Stand

w | Objective
- Manufacturer
- Correction

- Magnification

Camera
-Manufacturer | 0 —TNONEEEEEEEE |\ ST
- Gain
-ReadNoise | Qe T
- PixelSize s

} Biolmaging 4

FilterSet
- Manufacturer
- Emission

- Dichroic

- Excitation

North America




Community standards: Microscopy Metadata
Specifications to expand the OME-data model

Subclass of:

XYZ: Objective

Subclass of:
lens

NBOB: Stage Subclass of:

NBOB:

Equivelent o SISyl Subclass of: NBOB: Sample
\\ device NBOB: positioning _ bt
‘\\ Stage insert o) A
4DN-BINAOME OME: Lught source

Calibration and NBOB: Optical

- aperture ‘Subclass of:
performance OME: Objective Ji§
extensnon . > @

NBOC: Intensnty NBOB Lens Sibelaas of o
calibration tool OME Detector Sicess L

\ Subclass of:
NBOC: Light NBOB: Tube '}

lens
sensor °ME core 17 ) BOB: Relay
- A lens
1 ~
|
1
1
1

~ . Subclass of:

Subclass of:
NBOB: Camera®

NBOB: Point Subclass of:
detector

4DN-BINA OME
Basic extension

4DN-BINA OME
Advanced and confocal
extension




IS5 Subclass of:

XYZ: Objective Subclass of:
lens

QUAREP-LiMi

Now the official host and
responsible party!

4DN-BINA OME
Advanced and confocal
extension




NBO-Q Light Microscopy Metadata Model

o NBO-Q
° H OSted an d Mmal ﬂta N ed by Home / Working Groups / WG 7 - Metadata / NBO-Q

QUAREP-LiMi
NBO-Q

. Covers hardware
. . . Harmonize the description of light
con ﬂ g ura t ION y IMa g e microscopy hardware, acquisition settings,

and quality-control metrics in order to

a Cq U |S |t|O n Settl n g S a n d enhance image quality, reproducibility, and

to fulfill the FAIR (Findable, Accessible,

q ua | |ty cont rOl meta d ata Interoperable, and Reusable) data

principles.

. Revision process codified by
Best Practices document

Purpose Deliverables
° I_a rg e CO m m u n ity Of | m a g i n g » Promote the harmonized generation and pre-publication ¢ A flexible and adaptable qommunity-agreed
. . . management of image datasets from the ground up. vocabulary to describe microscopy hardware,
« Facilitate the deposition of microscopy datasets to image acquisition settings, and their
SC I e n t I StS) m I C rOSCO py public image data repositories (e.g., Biolmage Archive, associated quality control measurements.
OME-Image Data Resource, RIKEN SSBD, Brain Image
ex pe rtS’ Mmanu fa Ct U re rs an d lL:ib"j‘I‘_:‘/t’ e;‘:-t)- e — « A metadata model to structure the vocabulary
« Facilitate data reuse and the extraction of quantitative :
Sta n d a rd S O rg a n I Za t I O n S information from image data using advanced bioimage AN PrgAmEgitHe Tt
analysis techniques, including Al/ML. . . .
Sta ke h O | d e rS ¢ Define the light-microscopy implementation of the Image ¢ Aset of machine-actionable representations of

the metadata model leveraging the latest
Linked Data technology.

@ @ Biological Images (REMBI) guidelines.
@c‘mx; https://quarep.org/working-groups/wg-7-metadata/

Acquisition module of the Recommended Metadata for




Governance gives QUAREP a path forward towards

NBO-Q v3.0 in partnership with key stakeholders

The making of microscope camera standards

Cameras are a crucial part of microscopes and are also built into many kinds of instruments. To make their output
comparable takes standards.

Vivien Marx

he academics and company

scientists in the group Quality

Assessment and Reproducibility for
Instruments & Images in Light Microscopy
(QUAREP-LiMi) are developing standards
for microscopy camera output.

As in other areas of standards
develop working with p
is crucial; “after all they are the expert of
the hardware they are producing,” says
Caterina Strambio-de-Castillia, a researcher
at the University of Massachusetts
Medical School’s Program in Molecular
Medicine and a Chan Zuckerberg Imaging
Scientist, who spearheads this effort within
QUAREP-LiMi. A separate story in this
issue of Nature Methods about emerging
standards in microscopy can be found in
this issue.
Part of the work in developing standards

for cameras in microscopy and imaging
is about creating common definitions as
a public resource. “The QUAREP-ers are
moving on all that quite well,” says Jason Cameras are a crucial part of microscopes and imaging systems. Agreeing on standards to provide defined
Swedlow of the University of Dundee, who descriptions for aspects such as gain or readout speed is tricky. Credit: W. Bulgar/Science Photo Library

technology feature M) Check for updates

Imaging standards to ease reproducibility and
the everyday

Imaging and microscopy technology advances in leaps and bounds. To address accumulated pain points,
academics and companies are making headway on standards.

Vivien Marx

ith a view to transparency and
reproducibility in microscopy,
scientists are hammering out

standards to address, for instance, the
surprises of fluctuating illumination power,
the jungle of file formats, the mysteries

of missing metadata and the diversity of
camera outputs. A second story in this
issue of Nature Methods focused on camera
standards can be found here.

“We need standards,” says Roland
Nitschke of the University of Freiburg.
Developing standards in imaging is a noble
deed that can make some eyes glaze over
even beyond the glaze arising from long
hours at the microscope. Those who feel they
lack the time to pitch in on standards might
be glad to hear that some not-so-distant
develop stand to help mi Py users
pull out their hair a bit less. Here’s a peek at
how some emerging standards could address
real-world pain points.

Standards development is not a task for

Emerging standards in microscopy are being set up to address many pain points in the field.
Credit: TEK Image/Science Photo Library

January - August 2022. 10+ focused
feedback sessions to build consensus

Completed first parsing of camera
hardware specifications and image
acquisition settings!

Due SOON: Revision of
4DN-BINA-OME-QUAREP Camera

Metadata model + VOcabulary

Camera
Manufacturer: Xyz
Catalog Nr: 0000
Mount: C-mount
FrameRate: 20 fps
ReadOutRate: 30 MHz

@O

EVIDENT
OLYMPUS

W@

MICROSYSTEMS
pco |

Nikon

Scientifica

INSTRUMENTS

A0 TELEDYNE
PHOTOMETRICS

HAMAMATSU

PHOTON IS OUR BUSINESS




WG2 & WG7 joint endeavor
Focus groups to review. model
alements and attributes
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WG2 & WG7 joint endeavor
Outcome NBO-Q 2025 version

Instrument

MapAnnotation

OME Core vs. NBO Basic Extension vs. NBOQ
DETECTIONSYSTEM Hardware Specifications

- Peaktuantumifficieney
WindowPresently/n]
PeakWavelenath

onseCurve

SpectralRe
[Filw; Sub-Elem

e
DetectionSystem-APE
(was Detector)
- 1D

- N,
~ AnnotationRef

- DynamicRange

ManufacturerSpecs
(extension base)

~Reand
Manufacturer

IProduddN ame
CPoduct Number
»CatalogNumber
“SeriaiNumber

- SensorPixe Wi

orPixe v

L SensorAmagvidih X
SensorArraytlzight ¥
InitialNumberofHatPixels]less than 10,

ess than 15 cx

MaxBItDepth
ElectronConversionFacior

Median ReadOutNoise {and /o)
RootMeansquare ReadOutNoise
ManutacturerOtfser
StabilizedManufacturerOfsetly; N)

[C-mount, D-SLR adapter, SIR adapte’)
, C5-Mount, F-Mount]

DarkCurrentTemperature(Temperature at which DO
vas measured)
- DarrCurreniMoas ure[Avurage, Median, BM3)
- Backliluminationly/n]
- MaxAvailanleP xelWel Capacity
— Maximumiullf ameRate
UmitedByCamaraMemory[Y/N]
ConnectlonTypelFrameGrabber: FireWire; USE3,
Cameralink, et?]

MaximalFullFrameate
LimitedByCamarzbemony /)
- ConnectionType|( rameGeab

A

- MaximumReacautaate

- SinningMin Xldefault = 11

- SinningMin_Y|default = 1}
Wax X

Bnning

inningMin_Y

| coating | Multianode
ISignalProcessing B 1545 Muidanodechanncive

| Res ponseTime
| DezdTime
| RadianScnsitivity.

MapAnnotation [Sub-Clement]

o
VendorNzme
AmnotationRel

(e.9., spad cameras)

Type(Conventional, EMCCD)
CCDArchicecturelFrame Transfer,
nerine Transfer, Progressive Scan
Transterkeg sterwellCapacity(all £CD)
GainRegistarvialiCapacity(only EMLCD)
Vertiea € lackSpee

CollectionEtticiency

MullianvdeArranyement
HeadOr

| Avalanche
| PINJunction

OK Compression
BlgEndian
Lenaht

(chocse cne)

- ColorMsthod(Viulti-Chip, Multil ayer,
FilterMask, Frism, ete.777]

- FilterMaskType [RGS ,
ComplementaryColor, etz

- NrOfChips,

- DiffarentTypes|¥/N]

Inzens fierTyaelElcctron -
Sombardment (£8),
Electron Multiplication (EM),
MicroChannelPlate. Other)

ColorMethod[Multi-Chis, Multilayer,
FilterMask, Prism, et 772]
- MiterMaskType [RGB,
ComplementaryColor, &te.77]

NrOfChips,
- DifferentTypeslY/N]

- IntansifierTypelelectron
Bombardment (E8),

Elzctran Multiplication (£4).
McroChannelPate, Other]

fal
£
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g
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- PhotocatodeMatersal [GalllumArsenide,
520, e1c.77]
- PhotocatodeDiameter (13 men. 25 mm)
- NOTAmplificationStages
- OpticalReadaat [Phosphoseren.

o€ ElectromagneticReadout]
- PhsphoType[P46, PA3]
- imageTransferlfibercotical taper,
wlay optic]
- shortestlaring Time

- PhotocatoceMaterial (GalliumArsenice,
520, e1c.77)

ProtocatoceDIameatr(18 mm, 25 mm)
- NeOTAm i italionStages
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ImageTransfer{fberoptical taper,
relay optic]
- Shortes tGatingTime

MapAnnotation
1D

[0}
Namespace VendorName
Annctator (Experimente AnnolationRel

L)
T -

A g, lon for the annotation

Tolain-lext multi-line stimg] Settings

o AnnotationRef (exten5|n‘. 1)

15 (Annotation )

1D (DetetectoriD)
2nal0g Gain (was Gain)

His 4}

OME Core vs. NBO Basic Extension vs. NBOQ
DETECTIONSYSTEM Acquisition Settings

OperatingTemperature

- UsedOperatonzlMode
= ActualPixe WellCapecily
- ActualFrameRate

Voltage

PhatonCounting

This is a Entity-Relationship (ER) representation of the Core of the OME Data Mode! (grey boxes) alongside t
extension (blue/red hoxes). The ER diagram models information about a real-waorld situation by using three
1) ENTITIES (boxes) correspond ta NOUNS = the items we want to collect information about.

2) RELATIONSHIPS (lines) correspond to VERBS = actions/states/occurrences that connect Entities with each
) ATTRIBUTES (fields within boxes) correspond to ADJECTIVES = they describe the actual information (in ou

he BASIC 4DN-BINA-OME
types of made! elements

other
r case metadata) that

we want to racord about each Entity. For questicns or comments please contact: caterina.strambio@umassmed.edu




Core Marketplace + RRID: supporting the
nersistent identification of core-facilities
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Core Marketplace + RRID: supporting the
nersistent identification of core-facilities
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PIDs form a cornerstone of research

PIDs link instruments
hardware descriptors with
data and other research
output

l:l

Core facility
inventories/website

&

@ GREl ¥ DRYAD ~ .qn? ‘
[ A7 (1-2 years)

Coroqezy |

Dataverse O%

Image data

phatplus

Biolmage repositories Budgeting/Funding

/Inventory
Q (AN
Calibration/ Scientific Experimental
QC metrics publication protocols

Metadata is Scattered

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

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

What Are Persistent Identifiers (PIDs)?

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

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

Why PIDs Are Essential

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

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



Deliverable - Micro-Meta Platform Workflow

and Architecture

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

Register |,
Register facility PIDINST E ;
and model RRID por_onpend
e
==CoRE @ RRID T (@ DataCite
Micro-Meta Platform Micro-Meta Platform Publication
Frontend PID services API calls Cloud @
& / 4 =FiDs Micro-Meta Platform search engine
Hardware m @ m -— + PubMed
~ Descriptor . 4 - Hardware : m 4 =PiDs PDF PIDs
= ® “Descriptor : = T EXPLORE
3 n /Z’o\ : —Query for—» C p m
\./’ M : == “ PIDs —
= anage Publish [ _ CITE
<  Data Capture, inspect and Obtain PID g nﬁﬁ
- pture, inspect an ain PIDs <
O Production manage hardware (RRID/PIDINST/PHD-ID) el = W ANNOTATE
= configuration files il —
2 3 4
o — =
E =] Web Application 7 Web Application
isgesar?
9 e = PID - LLM Foundry-
- O A <L) oundry
n = publioation . o Services Integration Backend S
> = metadata services
W o
E Imaging scientists, core-facility staff and instrument Research scientists, core-facility staff,

manufacturers industry partners, funders, publishers



Intellectual Merits - How this Work Advances

Science

Instrument Merit Area Imaging-PHD Contribution
v Democratizing Scientific | Makes detailed, standardized instrument metadata openly available
Infrastructure via persistent identifiers. Enables smaller labs and under-resourced
Metadata institutions to build on others' hardware setups.
Persistent Ensuring Long-Term PHDs improve instrument lifecycle tracking and quality assurance,
ID Research Quality supporting replicability and reducing hidden sources of error.
o Enabling Workforce Empowers core facility staff and early-career researchers with tools
Publication Development and training for metadata best practices.
Catalyzing New Harmonized metadata enables data pooling and cross-study
Reuse Discovery reanalysis, accelerating multi-institutional discoveries.

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



Broader Impacts - Empowering Researchers,

Core Facilities, and Industry Partners

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 | Integrate their tools with standardized APls, enhancing
Partners interoperability and adoption

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

PID recommendations

1. Flexible PID (1. Register )
recommendations: based on gk Fa‘i‘"ty .
the requirements of d.iffer.e.nt use s Register 2
cases and different scientific | Model RRID

domains

eed
instance
PID?

2. Capability of assigning
PID in different tiers. For

examp I c. 3. Register
1. Core Facilities Instance PID

2. Instrument Model/Type

3. Instrument Instance

4. Descriptor (Hardware
Configuration /
Settings / Parameters)

eed
Descriptor
PID?

4. Register

Descriptor PID

3. PID concatenation

4. PID connection



FAIR Facilities and Instruments:

PID recommendations

1. Flexible PID
recommendations: based on

the requirements of different use 1. Facility PID
cases and different scientific '
domains

2. Model PID

2. Capability of assigning
PID in different tiers. For 3. Instance PID

example:

1. Core Facilities

2. Instrument Model/Type
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4. Descriptor (Hardware
Configuration /
Settings / Parameters)
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FAIR Facilities and Instruments:

PID recommendations

The Africa
a

1. Flexible PID PO%

recom mendations: based On HOME ABOUT US ABOUTDCIDTM RESOURCES | NES DOWNLOADS CONTACT US
the requirements of different use
cases and different scientific
domains

2. Capability of assigning
PID in different tiers to:

1. Facilities

2. Instrument Model/Type
3. Instrument Instance
4

Descriptor (Hardware :

riptor Welcome to the DOCiD™
Configuration /

Set'u ngs / I:)a fam ete rs) Bridging technology and tradition in Africa, we focus on indigenous knowledge and digital

patent containers to preserve cultural heritage and foster innovation.

3. PID concatenation
Get Started >

4. PID connection https://africapidalliance.org/
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Image Metadata is key for producing
high-quality FAIR data

Sample preparation

Analysis and
Visualization
Metadata

https://Mwww.nature.com/collections/djiciihhjh ) ‘@ @ |




WG2 & WG7 joint endeavor
Starting point NBO 2021 published
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