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Supplementary Note 1: Evaluation of scattering impact on calibration curves in different scattering
media

To study the impact of scattering on the calibration curve, a glass microscope slide with uniformly
distributed cy5.5 dye was submerged in the Intralipid solution with concentrations of 0% (deionized water,
non-scattering case), 0.5%, 1.0%, 1.5%, and 2.0%. These concentrations of Intralipid were chosen based
on the fact that 1.5% Intralipid was commonly used to mimic the optical properties of biological tissue
given a similar reduced scattering coefficient'?. To build the calibration curve in scattering media, the
fluorescence slide was shifted along z axis with a motorized stage starting from the zero-point relative to
the microscope objective. The space between the zero-point and fluorescence slide was filled with the
Intralipid solution. To create a flat Intralipid layer with a certain thickness, cover slips (85-115 um thickness,
CGO00C2, Thorlabs, USA) were positioned and cascaded on both sides of the slide. The in-between cavity
was filled with Intralipid solution with the given concentration and covered with an additional cover slip
on the top. By cascading one additional cover slip on both sides, the thickness of Intralipid layer was
increased by ~105 um (mean value of randomly picked 20 cover slips), eventually resulting in an adjustable
scattering distance from 0 to 525 um with a step of 105 pm. For each Intralipid concentration, an image
stack was collected to build the look-up table between the astigmatic point spread function (PSF) and the

depth using four parameters including long-axis length w,, short-axis length w,,, difference between both
—wy

axes Wy — w,,, and ellipticity as defined in this work (supplementary Fig. 3a). With the increase of

Wy

Wxtwy
depth, the excitation power was increased following the exponential equation I = Iy/exp(—2u;d) to
compensate the fluorescence attenuation coming from the absorption and scattering of Intralipid where I,
is the illumination power in the non-scattering case; i, is the total attenuation coefficient of Intralipid
solution with given concentration at 660 nm wavelength; d is the scattering distance. The coefficient of 2
here is to take both the excitation and emission light path attenuation into consideration assuming the stokes
shift between the excitation and emission wavelength of fluorophores is negligible. Although the



illumination power was compensated, the signal-to-noise ratio (SNR) still decreased with the increase of
Intralipid concentration due to the strong background consisting of the scattered photons (supplementary
Fig. 3b). To evaluate the robustness of the calibration curve in different scattering cases, coefficient of
determination (R?) was calculated between calibration curve in scattering cases and non-scattering. The
averaged R? values from 156 illumination spots were shown in supplementary Fig. 3c. With the increase
of Intralipid concentration, calibration curves based on all the selected parameters were featured with a
decreased R2. In 0.5% and 1.0% Intralipid cases, difference between both axes and ellipticity had higher
R? values (close to 1) than long-axis length and short-axis length methods. In the 1.5% and 2.0% Intralipid
cases, ellipticity-defined calibration curve showed significantly higher R? compared to another three
methods, confirming the superiority of using ellipticity to build the calibration curve in scattering media.
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Supplementary Figure 1. 3D performance characterized by imaging sparsely distributed
fluorescence beads in the UV-curing glue placed at different depth. (a) widefield image of fluorescence
beads. (b) Estimated depth versus axial displacement of six beads selected from the center and edge in the
field of view (FOV).
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Supplementary Figure 2. Reconstructed SL image with different recording durations. (a-c)
Corresponding SL image reconstructed from widefield image stack collected for 9, 27, and 100 s,
respectively. (d) Fraction change of localized pixels versus recording time using the final localized image
generated at 210 s as the reference. Polynomial fitting curve indicated that the fraction of localization pixels
approached 80% at ~100 s.
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Supplementary Figure 3. Evaluation of scattering impact on calibration curves in different scattering
media. (a) Calibration curves built with four different strategies (long-axis length, short-axis length,
difference between both axes, and ellipticity) as a function of sample depth inside 0%, 0.5%, 1.0%, 1.5%,
and 2.0% concentration (v/v) Intralipid solution, respectively. (b) Representative images of PSF at different
Intralipid concentrations. (c) R? calculated between calibration curves in scattering cases and non-
scattering case. Mean and standard deviation values were calculated from 156 illumination spots within the
FOV.
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Supplementary Figure 4. Quantification of vessel parameters (i.e., fill fraction, number of vessel
branches) using automatic vessel segmentation and analysis algorithm. The workflow could be
simplified into three steps: (1) pre-processing to enhance the image contrast using image-guided and Frangi
filter; (2) image binarization based on Otsu’s algorithm; (3) vessel centerline computation through the
morphological thinning algorithm followed by recognizing branch points based on the number of non-zero
neighborhood pixels. The same algorithm and setting were used to quantify three region of interest (ROI)
pairs selected from both the contralateral and ipsilateral side in the mouse brain post ischemia stroke.
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