
We’re going to 
need some clues…
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The “smoking gun.”
hESC mitochondria exhibit signature 
changes in size or activity (oxid-
ative phosphorylation) during 
differentiation.1
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Research Question

Q: Can the differentiation status of a 
human embryonic stem cell (hESC) be 
determined reliably and automatically?

Parallel Feature Extraction

Affine-robust features were extracted from binarized BF (blue) and 2PM (red) images 

hESCcell body. mitochondria.
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Preliminary Results

Has this hESC
differentiated

?

10-15 cells sufficient 
for training set

ÅHigh-throughput cell culturing for clinical therapies.

ÅImage-based registration: no need to lyseϧ ǎǘŀƛƴ ŎŜƭƭǎΧ

ÅBasis for automated, unsupervised computer dissectors

2 microscopies: Bright field (BF) for cell body extraction, 2-Photon (2PM) for mitochondria 

Differentiation status (label set) determined post-hoc via SSEA-4 on location-keyed images.

Linear discriminant analysis (LDA) preferred to principal components analysis (PCA): want to 
perform a supervised analysis via classification error, not maximum variance.

47-D dataset transformed 
to 2-D set via LDA.
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Zernike Polynomials

Differentiated Cells         Undifferentiated Cells

Early-passage HESI-1 (NIH: ES01) cells cultured on mouse feeder cells in various media.
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