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We describe variance-based stochastic super-resolution imaging for live cell imaging with super-
resolution comparable to the best 3D SIM. The method consists of processing multiple images of the 
sample under different illumination conditions. The autocorrelation function of these images is 
controlled. We show that in the case of speckle illumination, where the speckle correlation length 
coincides with the width of the observation point spread function, there is clearly a twofold increase 
in resolution [2]. Using a variance-matching algorithm called AlgoRIM [2-3-4-5-6], the super-resolved 
reconstruction is obtained numerically from the variance of the speckle images and the 
autocorrelation function of the speckles. This method allows the combination of strong optical 
sectioning and super-resolution for biological samples with out-of-focus fluorescence. In addition, the 
method is not affected by optical aberrations on the excitation side, is linear with respect to brightness, 
and is compatible with multi-colour live cell imaging over long time periods [2-3-6-9]. We will show a 
practical implementation from the TIRF configuration [2] to projected RIM imaging of large volumes in 
a single setup [6]. Finally, we will show that the scope of variance-based fluorescence imaging can be 
significantly extended by extending the concept to illumination other than speckle. Live imaging from 
cell culture to tissue will be presented. The methods improve 3D imaging and the reproducibility of 
media content analysis in abnormal conditions such as expansion microscopy or organoids [7], or the 
study of focal adhesion dynamics of human osteoclasts on bone [8]. Finally, the extension of long-term 
imaging allowed us to identify for the first time a novel chromatin domain D that regulates the 
response to DNA double-strand breaks [9].  

[1] Labouesse, S., Idier, J., Allain, M., Giroussens, G., Mangeat, T., & Sentenac, A. (2024). Super-resolution capacity of variance-

based fluorescence microscopies, from Random Illumination Microscopy (RIM) to Super-resolved Optical Fluctuation Imaging 
(SOFI). Physical Review A. 

[2] Mangeat, T., Labouesse, S., Allain, M., Negash, A., Martin, E., Guénolé, A., ... & Sentenac, A. (2021). Super-resolved live-cell 
imaging using Random Illumination Microscopy. Cell Reports Methods, 1(1), 100009. 

[3] Affannoukoué, K., Labouesse, S., Maire, G., Gallais, L., Savatier, J., Allain, M., ... & Sentenac, A. (2023). Super-resolved total 
internal reflection fluorescence microscopy using random illuminations. Optica, 10(8), 1009-1017. 

[4] GIROUSSENS, Guillaume, LABOUESSE, Simon, ALLAIN, Marc, et al. Fast super-resolved reconstructions in fluorescence 
random illumination microscopy (RIM). IEEE Transactions on Computational Imaging, 2024.  

[5] https://github.com/teamRIM/tutoRIM 

[6] Mazzella, L., Mangeat, T., Giroussens, G., Rogez, B., Li, H., Creff, J., ... & LeGoff, L. (2024). Extended-depth of field random 
illumination microscopy, EDF-RIM, provides super-resolved projective imaging. Light: Science & Applications, 13(1), 285. 

[7] Schweizer, N., Haren, L., Dutto, I., Viais, R., Lacasa, C., Merdes, A., & Lüders, J. (2021). Sub-centrosomal mapping identifies 

augmin-γTuRC as part of a centriole-stabilizing scaffold. Nature communications, 12(1), 1-16. 

[8] Portes, M., Mangeat, T., Escalier, N., Raynaud-Messina, B., Thibault, C., Maridonneau-Parini, I., ... & Poincloux, R. (2021). 

Nanoscale architecture and coordination of actin cores within the sealing zone of human osteoclasts. Elife 

[9] ARNOULD, Coline, ROCHER, Vincent, SAUR, Florian, et al. Chromatin compartmentalization regulates the response to DNA 
damage. Nature, 2023, p. 1-10. 

https://github.com/teamRIM/tutoRIM

