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• US National Measurement Laboratory.

• Non-regulatory agency partnering with academia, regulatory agencies and industry to support 
measurement science needs.

• Focus on measurement “infrastructure”- protocol development tools, reference material, reference 
data, applied statistics, and new measurement technologies.

• Participate in Standards Development Organizations (i.e. ISO TC276 Biotechnology, ASTM F04 TEMPS, 
CLSI, USP), and interlaboratory comparison studies.

Trust in measurements is critical for economic, scientific 
and manufacturing progress



Data sharing > Confidence in measurements  > Knowledge transfer 

Sharing Data Allows:

Greater confidence in results

Combination and re-analysis of 
rich datasets

Development and testing of 
theoretical models

Comparing results from different 
experimental systems to test 
generalizability

Discovering what experimental 
parameters are responsible for 
differences in experimental results

For data to be maximally reusable 
requires data qualification:

Sufficiently  granular experimental / 
analytical details

Reporting of uncertainties or other 
indications of quality

Benchmark data from reference materials 
and datasets



• Dedicated long-term funding mechanisms for data 
and computational resources and infrastructure. 

• Standards. 

• Biodata Catalog. Data/ metadata/ PIDs.

• Security. 

• Workforce. 

• Strategically Targeted Areas for Rapid 
Transformation (STARTs)

• Coordination of intergovernmental investments, 
efforts, and resources.

USG interagency WG on Data for the Bioeconomy: Recommendations



New Opportunities for Optical Microscopy

Easier to generate image data:
• Ability to acquire large datasets in an efficient 

manner

• Faster/more efficient processing of big datasets, 
including efficient development of AI/ML pipelines 
to speed up development of training algorithms

• High quality images which are reproducible Benchmarking and reference 
materials 

Automated microscope technology is 
commonplace 

GPU workstations are affordable and 
training data generation can be 
automated

Using computational processing, 
automated methods can provide large 
scale, quantitative metrics for 
evaluation ….

BUT only if benchmarking tools are 
used and sufficient metadata are 
available.



What metadata to report?



What metadata to report?

Sources of variability:
Microscopy 
instrumentation………
Analytical 
pipeline………………………
Biological 
components……………….

And how those variables are mitigated:
Benchmarking microscope performance

Testing analytical and computational parameters

QC of materials and assays; control of experimental details

Imaging 
modality

Optical 
components

Light 
exposure

Performance
Benchmarks



What metadata to report?

Sources of variability:
Microscopy 
instrumentation………
Analytical 
pipeline………………………
Biological 
components……………….

And how those variables are mitigated:
Benchmarking microscope performance

Testing analytical and computational parameters

QC of materials and assays; control of experimental details

Biological 
sample 

Genetic 
modifications

Biological 
Characterization

Culture 
conditions

perturbants Indicators/ 
assays

source

Genetic ID

Metabolic state

Storage conditions

Etc, etc



What metadata to report?

Sources of variability:
Microscopy 
instrumentation………
Analytical 
pipeline………………………
Biological 
components……………….

And how those variables are mitigated:
Benchmarking microscope performance

Testing analytical and computational parameters

QC of materials and assays; control of experimental details

Image 
preprocessing

AI 
parameters

Training 
data

Models/
computation

Post 
processing

Validation 
/testing



Models trained with 
H2B-EGFB WTC11 
(Allen Institute for Cell 
Science / Coriell)

• Evaluate pipeline performance 
(imaging + analysis):

• Is classical automated 
segmentation equivalent to 
ground truth?

• Effect of some model and 
processing parameters.

• Reproducibility with replicate 
data.

• Generalizability wrt cell lines, 
microscopes. 

• Sensitivity to cell density/cell 
number. 

High-volume, label-free imaging for quantifying single-cell dynamics 
in iPSC colonies

PLOS ONE | 
https://doi.org/10.1371/jo
urnal.pone.0298446



Motivation for single cell imaging: Correlated dynamics of transcription factor expression

Each cell will report on the rate of 
fluctuations in expression of different genes, 
and their covariances are a measure of their 
causative relationship.

 

 

Hubbard et al J Phys Chem 2013; Hubbard et al PLoS 2020

?

?

?

Theory is based on the Boltzmann H theorem; ties the steady state 
population distribution to a low relative free energy state

The results of this analysis:
• Kinetic and thermodynamic metrics indicate the relative 

stability of each microstate in the landscape.
• Prediction of time for cells to move between microstates.
• Identifies and quantifies causal relationships between genes.
• Allows identification of the most important network 

contributors.
• Allows quantification of the relative thermodynamic cost 

associated with maintaining the homeostatic network.



How good is auto-segmentation? Is it ground truth?

Many regions show high 
concordance between the 
manually annotated, GFP 
labeled, and inferred nuclei. 

The GFP fluorescence-based 
automated image analysis 
tends to merge nuclear 
objects compared to the 
manual annotations and the 
AI-based analysis of the 
phase contrast images. 

Comparison of inferenced objects with 
auto-segmented or manually segmented objects.

Some areas are more 
ambiguous than others

Scale bars = 10mm. 



Other model parameters explored:
(What evaluation should be expected/reported?)



Availability of data:  doi:10.18434/mds2-2960

Excel file 
• Lists each final image dataset designation and the 

figure(s) where those data appear. 
• Note phase + fluorescence (and radiant exposure) or 

only phase
• Note if that dataset is used for training.
• Initial/compressed data file size (87/34GB). 
• Cell count, detected mitoses count.

• We post only the experimental data used in Figures. 
• The image process operations being done on these 

images : select best focal plane, normalize phase images, 
and stitch multiple FOV. 

https://doi.org/10.18434/mds2-2960


• How much to report re models and processing 
parameters.

• How much data to make available? 

• How to best report the evaluation of the image 
analysis model?

• How to improve the capture and reuse of 
experimental metadata terms?

Outstanding questions

Future????    New technologies for metadata capture and retrieval?

• Use of LLMs to identify relevant metadata terms/ definitions.
• RAGs or other methods for retrieving terms from a database.
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