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Abstract Fluorescence microscope has always been the main method in biomedical researches due to its advantages
such as less damage to samples, specific labeling, and being suitable for in vivo imaging. However, the defects of
optical system itself, the optical inhomogeneity of biological samples, and the change in the refractive index at the
interface between the sample and the microscope’ s immersion medium have caused aberrations and reduced the
imaging contrast and imaging resolution. Adaptive optics (AO) technology uses active optical components such as
deformable mirrors and spatial light modulators to correct distorted wavefronts (aberrations), eliminate dynamic
wavefront errors, and restore diffraction-limited performance. In recent years, many researchers have combined AO
system with fluorescence microscope to correct the aberration caused by sample inhomogeneity and improve the
imaging quality. In this paper, the basic principle of the AO technology is introduced, the applications of AO
technology in fluorescence microscopic imaging in recent years are reviewed, and its future development trend is
prospected.
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Fig. 2 AO wide-field microscope system and comparison of wide-field images before and after AO correction®! . (a) Schematic of

AO wide-field microscope system based on SHWS, fluorescent beads, and DM; (b) wide-field images of green fluorescent

beads before and after AO correction
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Fig. 3 Conjugate AO wide-field microscope system and comparison of images before and after AO correction. (a) Schematic

of PAW-based conjugate AO wide-field microscope system™" ;

1. (b) fluorescence images of aberrated fluorescently-

labeled mouse kidney section without and with conjugate AO correction"*"
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Fig. 4 AOSIM system and comparison of images before and after AO correction™* .

!, (a) Schematic of woofer-tweeter

AOSIM system; (b) wide field and SIM images of GFP-labeled aCC/RP2 motoneurons of a Drosophila embryo

before and after AO correction
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Fig. 5 Schematics of two AO single molecule location microscope systems. (a) Schematic of AO-PALM system based on
WEFS and DMP ; (b) schematic of wavefront sensorless feedback AO single molecule switch microscope based on
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Fig. 6 Aberration correction of microtubules by AO-STORM system based on search algorithm. (a) Aberration correction

using GA-based AO-STORM system on microtubules of hepG2 cell®” ; (b) aberration correction using PSO-based
AO-STORM system on microtubules of Hela cell*”!
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Fig. 7 AO confocal microscope system and comparison of images before and after AO correction™? . (a) Schematic of AO

confocal fluorescence microscope based on SHWS, fluorescent beads, and DM; (b) confocal fluorescence images

through 100 pm thick mouse brain tissue before and after AO correction
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