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Summary: iQPALM stands for image-based quantitatively counting photo-activated localization microscopy (PALM). This MatLab program is a PALM based analysis method not only to achieve the super-resolution imaging but further quantitatively estimate the number of proteins inside a cell. The most important feature of iQPALM is that for spots persistently appear over multiple frames will be counted once, which means iQPALM counts the spot as a protein only when the spot is photo-bleached. By photo-bleaching all the protein one by one inside the cell in time, quantitatively protein counting can be achieved. 
Section 6 in the supporting information of the above Nature Commun paper details the algorithm of iqPALM.
The major framework of iQPALM for post data analysis is summarized as follows:
1. Construct the z calibration curve
2. Obtain the average drift correction curve and localization precision.
3. Locate cell position and boundary
4. Identify the 3D locations of drift-corrected proteins, compare locations of cells and proteins, and quantitatively counts the number of protein inside the cell
5. Filter the data with x, y, Errx, and Erry filters to finalize the protein location data and number of proteins inside the cell
6. Construct the image histogram with final protein locations

In more detail,
1. Construct the z calibration curve
In order to access the 3D localizations of proteins, astigmatism was introduced to obtain the z information by inserting a cylindrical lens in the detection path. Here, 100/200 nm Au core/ silica shell nanoparticles were used as a point light source and the calibration image stacks were acquired at 20 nm z intervals with the help of a piezo translational stage. Finding spatial information of spots involve the following steps:
i. Find out the local maximum pixels inside a specified area (typically a 13 by 13 box) over the image area. 
ii. Mark all pixels above the intensity threshold that is defined as mean value plus 4 standard deviations of the entire image.
iii. 2D Gaussian fit the spot candidates to obtain centroid position, full-width at half-maximum (FWHM) in both x and y directions, intensity, and background of each spot.
Once the spatial information is obtained, in principle, the width and height of point spread function (PSF) of the Au nanoparticle should change as a function of z position. Plotting out the difference between of width and height of the PSF versus z position generates the z calibration curve. iQPALM allows users to manually pick up the spots for constructing the z calibration curve. Once the calibration spots were chosen, iQPALM will find the spatial information of spots as described above at each z position then generate a PSF width minus height versus z plot. A 4th order polynomial fit to the data will be performed and finally generate the z calibration curve for later 3D localization usage.
2. Obtain the average drift correction curve and localization precision 
The drift correction curve is acquired by registering the PSF centroid drift of bright position markers relative to the first frame for each picked spot over the image stack. The average drift correction curve is then generated by averaging these individual curves of 2 or more position markers. iQPALM then drift corrects each marker with an average drift correction curve and plot out the overlay localization positions of each marker over the image stack. This overlaid localization position distribution will be fit with 2D Gaussian by iQPALM and obtain the 3D localization precession.    
3. Locate all cell position and boundary
To estimate the number of proteins inside each cell, cell position and boundary have to be determined. Here we use a bright field transmission micrograph as a starting point to find out the spatial information of each cell. By properly adjusting the threshold of the image, it is very easy to define the cell boundary. iQPALM further removed unwanted small spots and cells attached to the image boundary with size and boundary filter. Finally, the iQPALM generated cell masks by dilating the boundaries of cells by 2-3 pixels to ensure the cell mask can cover the whole cell satisfactorily.  
Ideally, once the cell masks were generated from the transmission image, it allows us to overlap the cell masks right on top of the corresponding fluorescence images. However, due to the slight change of optical path, for example, change of incident angle of illumination light source, a constant shift between the cell mask and the corresponding fluorescent image has been observed. This constant spatial drift was corrected by overlay point objects, typically an Au nanoparticle, appeared both on transmission and fluorescence images.

4. Identify the 3D locations of drift-corrected proteins, compare locations of cells and proteins, and quantitatively counts the number of protein inside the cell.
This procedure first compares the locations of cells and protein candidates, if spots are within the cell boundary, iQPALM will continue to the quantitative counting step. Otherwise, the spot candidates will be discarded. In the quantitative counting step, iQPALM counts a fluorescent spot as a protein only when the spot is photo-bleached. The general strategy to determine a photo-bleached spot involved the following steps: 
i. Create four empty image matrixes named as xyz_current, xyz_next, xyz_counted, and xyz_repeated.
ii. Load the image of interest, locate spots inside cell boundary, obtain spot candidates centroids with 2D Gaussian fit, interpolate the z position, and drift correct the xyz positions with z and drift correction curve respectively and register them into xyz_current matrix.
iii. Repeat step ii for the consecutive image of interest and register the positions into xyz_next.
iv. Compare the positions in the xyz_current and xyz_next. For spots appear in both xyz_current and xyz_next, register them into xyz_repeated otherwise register into xyz_counted.
v. Replace xyz_current with xyz_next and repeat steps ii-iv through the whole image stack. 

5. [bookmark: _GoBack]Filter the data with x, y, Errx, and Erry filters to finalize the protein location data and number of proteins inside the cell.
Further x, y, Errx, and Erry filter were applied for the spots in xyz_counted and xyz_repeated to remove unreasonably small and poorly localized spots as described in our previous work1. Spots in xyz_counted were then grouped into each cell mask (generated in procedure 2) and obtain the number of proteins inside each cell.

6. Construct the image histogram with final protein locations.
With coordinates in xyz_counted, a super-resolution image histogram is then reconstructed.
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