Supplementary Information
Enhancing image resolution of confocal fluorescence microscopy with deep learning
Boyi Huang,1,# Jia Li,1,# Bowen Yao,1 Zhigang Yang,1 Edmund Y. Lam,2 Jia Zhang,1,* Wei Yan,1,* Junle Qu1,*
1. Key Laboratory of Optoelectronic Devices and Systems of Ministry of Education and Guangdong Province, College of Physics and Optoelectronic Engineering, Shenzhen University, Shenzhen 518060, China
2. Department of Electrical and Electronic Engineering, University of Hong Kong, Pokfulam, Hong Kong SAR, China 
# Equal contributors
* Corresponding authors: julyzhang2021@163.com; weiyan@szu.edu.cn; jlqu@szu.edu.cn

Supplementary methods
Loss function. For the loss function of the generative model, we aim to minimize

		 (S1)















where the width and height of the images are denoted by  and , respectively.  and represent the mean and standard deviation of the images, respectively, and  is the covariance of  and . To prevent the denominator from becoming zero, both  and  are very small constants. , and  are parameters for the tradeoff between corresponding terms, and , and  are selected empirically to achieve the best performance in our experiments. 
The loss function of the discriminative model  is formulated as

	 	(S2)


Image acquisition. The fluorescent nano-beads labelled with ATTO 647N (GATTA-Beads R, 23 nm, ATTO 647N, Qattaquant, Germany) are a standard sample purchased from Qattaquant. It has an emission maximum at  and the wavelength of the excitation laser beam is .



For nuclear images of the fixed cells experiments, a sample of human Nup153 proteins of the fixed HeLa cells are stained with a secondary antibody of Abberior STAR RED (). For the fixed cells experiments, tubulin of U2OS cells is labelled with the monoclonal primary antibody anti-alpha Tubulin (ab 7291, Abcam) and secondary antibody Goat-anti-mouse Alexa Flour 488 (ab 150113, Abcam). It has an emission maximum at  and the wavelength of the excitation laser beam is , and the spectral receiving range of the detector is set at 500-550 nm. A depletion beam of 592 nm is applied for capturing the STED images. For dual-color imaging of the fixed cell, Channel TRITC (excitation at 561 nm, and emission  at 570-620 nm) and Channel Cy5 (excitation at 640 nm, and emission  at 663-738 nm) of the Nikon confocal microscope is used, and phalloidene 594 is used to label Actin and STAR RER is used to label Tubulin of U2OS cell.
For images of live-cell experiments captured with the Nikon confocal microscope, tubulin of U2OS cells is labelled with Tubulin GreenTM (TGTM, KTC4100, Abbkin). For images of live-cell experiments captured with the Leica SP8 STED model, tubulin of U2OS cells is labelled with TubuliteTM Red (Cell NavigatorTM Live Cell Tubulin Staining Kit, Cat No. 23170 AAT Bioquest). 




For the Nikon A1R MP+ confocal microscope, it is excited with a laser beam at 488 nm, and the spectral receiving range of the detector is set at 500-550 nm. In the experiments,  objective lens ( oil, Nikon) is selected for imaging. For the Leica TCS SP8 STED confocal microscopy,  STED special objective lens (APO oil, Leica Microsystems) is selected for imaging. The emission signal is captured with hybrid photodetector (HyD SMD, Leica Microsystems), and a depletion beam of 775 nm is applied when capturing the STED images. 
SUPPLEMENTARY FIGURES
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Figure S1. A typical plot of the loss functions of the generative and discriminative models during TCAN training. 
[image: C:\Users\thinkapd\Desktop\manuscripts\5eLight\图2补充.png]
Figure S2. Comparison of the network output images by the model trained with different training data. (a) The first column of images is diffraction-limited confocal microscopy images of the microtubules used as input to the network. (b) The second column of images is the super-resolved network inference images by a model trained with SIM images. (c) The third column of images is the super-resolved network inference images by a model trained with the deconvolution of the STED images. (d) The fourth column of images is the STED images of the same field of view. The blue box regions are shown below at a magnified scale. (e-g) Statistical comparison of confocal images, network output images and STED images in terms of MSE, SNR and resolution. Tukey box-and-whisker plots with outliers displayed as diamonds are shown. Experiments are repeated with 30 images, achieving similar results. Scale bars in the second row, third row and fourth row are 0.5 μm, 3 μm and 0.75 μm, respectively.
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Figure S3. Super-resolution imaging of large FOV of confocal images captured with the Nikon A1R MP+ microscope using TCAN. (a, d) Diffraction-limited confocal microscopy images of the microtubules are used as input to the network. (b, e) The Super-resolved network inference images before downsampling the input images to match the pixel size of the training data. (c, f) The super-resolved network inference images after downsampling the input images to match the pixel sizes of the training data. Scale bar in (c) is 20 μm, and scale bar in (f) is 10 μm.
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