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Abstract The low temporal resolution of stochastic optical reconstruction microscopy (STORM) limits its ability to
observe dynamic events in live cells. Further, the post-processing analysis and reconstruction algorithms have an
important effect on super-resolution images. In this study, we report a new noise-correction principal component
analysis method for single-molecule localization microscopy against fluorescent spot overlapping and excessive
background noise in a single frame of images owing to high-density labeling and high camera-sampling frequency.
The proposed method can improve the positioning accuracy of existing localization methods by pre-processing the
raw images acquired by the single molecule localization microscopy before reconstruction. In addition, this method
can accurately distinguish the overlapping molecules. Therefore, it is suitable for samples exhibiting a high
fluorophore density. Thus, the proposed method improves the temporal resolution of super-resolution imaging,
providing a powerful technical support for the STORM imaging of live cells.
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Fig. 2 Image denoising simulation. (a) Original image; (b) image with background noise and shot noise; (c¢) denoised

image obtained by 1-3 principal components;

(d) denoised image obtained by 1-6 principal components;

(e) denoised image obtained by 1-9 principal components; (f) normalized intensity curves corresponding to dotted

lines in Fig.2(a)—(e); (g) PSNR and SSIM curves for denoised images with different principal component numbers;

(h) CEVR for denoised images with different principal component numbers
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Fig. 4 Photo scintillation images before and after NC-PCA algorithm processing. (a) Original flashing image; (b) denoised

image obtained by NC-PCA processing with 1-6 principal components; (c¢) denoised image obtained by NC-PCA

processing with 1—3 principal components
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(¢) magnified view of Fig.5(a) with the data reconstruction using 200 frame, scale bar: 0.5 pm
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Fig. 8 Noise reduction effect of outer mitochondrial membrane. (a) Wide-field image of outer mitochondrial membrane;

(b) image obtained by CSSTORM reconstruction; (c¢) image obtained by CSSTORM reconstruction after NC-PCA

noise reduction and K-factor pretreatment; (d) magnified image of the rectangle area in Fig. 8 (¢) obtained by

CSSTORM reconstruction;

(e) magnified image of the rectangle area in Fig. 8 (¢) obtained by CSSTORM

reconstruction after NC-PCA noise reduction and K-factor pretreatment; (f) Gaussian fit distribution of normalized

strength at cross section of solid line in Fig. 8 (d); (g) Gaussian fit distribution of normalized strength at cross

section of solid line in Fig.8(e). Scale bar of Fig.8(a)~(c): 2 pm, scale bar of Fig.8(d) and Fig.8(e): 500 nm
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