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Real-Time Assistance for Live-Cell STED Microscopy
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Introduction
 

Methods : Task-Assisted GAN (TA-GAN) and TA-CycleGAN
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Results

[1] Yang, W., et al. (2019). Deep learning for single image super-resolution: A brief review. [2] Lavoie-Cardinal, F., et al. (2020). Neuronal activity remodels the F-actin based submembrane lattice in dendrites but not axons of hippocampal neurons.
[3] Wiesner, T., et al. (2020). Activity-dependent remodeling of synaptic protein organization revealed by high throughput analysis of STED nanoscopy images.

Generative Adversarial Network Assisted Super-Resolution Microscopy
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a, Image acquisition workflow integrating the TA-GAN for resolution enhancement in living neurons. b, Time-lapse imaging of F-actin nanostructures in living neurons using the TA-GAN-assisted acquisition 
workflow. The first row shows confocal acquisitions in the central ROI, the second row shows corresponding generated STED images. c, Normalized fluorescence intensity after 15 confocal acquisitions over the 
full FOV (red, N=45 regions) with their associated synthetic STED signal (purple, N=45 regions) in comparison to acquisitions using the STED modality (orange, N=42 regions). Scale bars: 1 µm.

a, Modality selection method. b, The Dice coefficient (DC) computed between the segmentation masks of F-actin fibers 
in the synthetic and the last real STED images. c, The proportion of fibers on the dendrite on either the real STED 
(orange) or the synthetic STED (purple). d, Live-cell imaging of dendritic F-actin before (initial), during (frames 0-15) 
and after (final) application of a 0Mg2+/Gly/Ca2+ solution. 

a, Modality selection method. b, The Confidence Score (CS) computed from the variability between the segmentation 
maps of 10 generated STED images. c, The proportion of fibers on the dendrite on either the real STED (orange) or the 
synthetic STED (purple). d, Live-cell imaging of dendritic F-actin before (initial), during (frames 0-15) and after (final) 
application of a 0Mg2+/Gly/Ca2+ solution. Pixels predicted to belong to the same class (fibers or not fibers) in ≤80% of 
the TA-GAN predictions are defined as high-confidence pixels (blue), and low-confidence otherwise (red).

Automatic modality selection (confocal or STED) based on the F-actin remodelling: a STED image is 
acquired if the segmentation maps for dendritic F-actin fibers changed since the last acquired STED.

Automatic modality selection (confocal or STED) based on the variability between the generated STED 
images: a STED image is acquired if the variability is high (low confidence).
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Full paper (preprint version) : Bouchard, C., Wiesner, T., Deschênes, A., Gagné, C. & Lavoie-Cardinal, F.. (2022). Resolution Enhancement 
with a Task-Assisted GAN to Guide Optical Nanoscopy Image Analysis and Acquisition. bioRxiv. (Scan the QR Code next to the title!)
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Generative adversarial networks (GANs) are used thoroughly for single-
image super-resolution for natural images.

Our TA-GAN model is trained using a complementary task network, 
resulting in the accurate decoding and translation of the biological 
structures. 

TA-GAN partially replaces super-resolution microscopy acquisitions, enables
the creation of domain-adapted labeled datasets, and assists microscopy 
users through automatic modality (confocal/STED) and region selection. 

ROC Curves for the segmentation 
of live-cell STED images
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