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2 Supplementary Information CellDetail

Appendix A Manual of CellDetail
A.1 General Description of CellDetail

The main aim of CellDetail is to offer users spatial distribution / polarity
quantification possibilities for components within cells (proteins, mRNAs,
epigenetic marks, organelles, ...) of interest. Additional benefits are the mul-
tichannel analysis possibilities as well as the characterization of general cell
and component properties. It is a versatile tool for studying multicomponent
networks.

It is possible to detect cells in single tiff images and tiff z-stacks via threshold-
ing for cell layers and thresholding for cell voxels. Channels can be left out or
included to the user’s liking. The resulting cell vs. background mask can be
exported. Furthermore, montage images of the resulting cell mask multiplied
with protein intensities can be exported. There is the possibility to exclude
cells which have not been detected well, to change cell detection settings for
single cells to improve cell detection, to leave out a channel of a specific cell.
The exported data can be found in .txt and .xls files, the possibility to export
.mat files is included.

The results consist of spatial distribution -/ polarity-related values like the
dipole moment vector P, absolute value of normalized dipole moment P,
normalized distance R,, and normalized charge q,, but as well total voxel
number (being related to the volume of the cell), the maximal and averaged
diameter, the average intensity and total intensity as well as the index of left
out cells as well as the cell detection parameters used to make it possible for
the user to reanalyze a data set pretty quickly with new analysis options with
the same cell detection settings.

If not satisfied with the implemented cell detection, users can refer to self-
made cell masks. CellDetail’s cell detection algorithm identifies one object per
image file and thus is set-up for single cell images. Thus, for using CellDetail
for analyzing images with multiple cells (like e.g. cell layers) the direct import
of multi cell images is not recommended. Instead, the option of importing
pre-made cell masks can be used with single cell objects per file and the same
number of files for both tiff data files and mask files.

A.2 Fast Start

After installation of CellDetail, prepare folders per project that you want to
analyze: One for tiff-images to be analyzed, another one for data and another
one for generated images upon analysis. When pre-made cell masks are used as
input, generate an additional folder for the mask files. When starting CellDe-
tail, the first Tab “Import and Export settings” is shown. If not already
checked, click: “See all parameters at once.” Copy and paste the pathways to
the folders into the according fields (“Pathway to Data Folder” for tiff images,
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“Pathway to save images” for the images generated upon analysis and “Path-
way to save data” for the output data; if pre-made cell detection masks are
used under the “Data set rerun options” setting parameters, check “Prede-
fined mask import option” and paste the pathway to the folder of pre-made
cell detection masks into the field after “Pathway to Mask Folder” field and
choose the word found in every cell detection mask file name, for which “Mask”
is pre-set, by replacing it.) or use the browse function for it by checking the
boxes. As tiff images are used, the word in every file name is chosen to be “.tif
” unless another definition of tiff images being used is wished for. Thus, all files
which have “.tif” in their name within the pathway to data folder are chosen
as input files. Next name the channels of your tiff images in the field “Name
Channels”. As an example: When having the channels in the following order:
channel 1 Cdc42-594, channel 2 Tubulin-488, channel 3 DAPI and channel 4
brightfield, one can write “Cdc42, Tubulin, Dapi, none”. Thus, the channels
will be named accordingly and the brightfield channel will not be analyzed.
The enumeration starts with the first measured channel. It is important to
name every channel, as otherwise the separation in channels will not be appro-
priate. The option which channel shall be taken for cell detection can be used
in tab 1 (in tab 2 a more versatile variant can be used for which several chan-
nels can be taken into account for cell detection).

Write in measurement settings the pixel width x, pixel height y and voxel
depth z in nm. When using images of 14 bit size, you can check 14 bit. For all
bit values however, the import recognizes the bit size of the first image and
takes it. This is important when you want to use the charge normalization
options 1 and 2, which rely on the bit size.

For detection option, check “Confocal” option. This smooths inner holes of cell
detection layers. For analysis options, leave “Take all parameters” and “Cell
detection separated” unchecked (“Take all parameters” calculates cluster-
related parameters taking more computing time, “Cell detection separated”
changes the order of cell detection and analysis to a complete cell detection
before calculating parameters which is advantageous when single cell calcula-
tion time takes long). “Data set rerun options” can be ignored, they only apply
when reanalysis of already analyzed data shall be performed or pre-made cell
detection mask tiffs shall be used. For the latter case, one needs to make sure
that masks and tiffs follow the same order in both folders (extra mask folder
should be made, number of tiff files needs to equal number of mask files, size
of mask file needs to equal size of corresponding tiff file).

In the second tab “Adjust Parameters and Pre-View of cell detection” the
“Parameters for cell detection” are set for a general run-through. (Later in the
third tab, cell detection can be improved per single cell.)

First, the layer thresholding is performed. Usually, the “Basic Parameters”
subtab should be enough for detecting cells of interest. For giving users more
freedom, additional parameters can be varied under the subtab “Additional
Parameters”. For applying thresholding at all, “Apply thresholding” needs
to be checked (below “General Parameters” box). Otherwise, only the whole
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image stack of a channel of a single cell can be looked at. The channels which
shall be used for cell detection can be given freely when checking “Several
channels for cell detection” at the lower base and replacing the input “1,2,3”
with the wished channels. As some channels can appear really bright, the pro-
gram sets the maximum of each channel to be the same. For weighting of
channels for cell detection, one can check “Weighting of channels” and write
in the weighting of each selected channel. For first adjustment, it makes sense
to check both “Apply thresholding” and “Show just layer thresholding”. The
first step of detection is performed: The layer thresholding. Two parameters
can be set in the “Basic Parameters” option: “Minimum number of pixels per
layer for Range filter” and “Maximum number of pixels per layer for Range
filter”. By varying and clicking through the cells (!, one needs to click through
in order to see effect) via the “Back” and “Next” buttons below the image
montage on the right, the new settings are adapted and one can optimize the
values. Nonetheless, via the “Minimum number of images per cell (+/-1)” and
“Maximum number of images per cell (+/-1)” options one can have additional
influence on how many layers are at minimum and at maximum taken. When
the layer thresholding was optimized, next comes “Cell pixel thresholding”
and one unchecks “Show just layer thresholding”. Cell pixel vs. background
thresholding in the chosen layers is mostly performed via “Imbinarize Thresh-
old for Confocal” under general parameters.

As fluorescence light in widefield condition already leads to signal outside of
the cell interior in a nearly uniform manner, one has the option to check
“Advanced” option next to “Parameters for cell detection” and “Take in
account: out of focus” to move layers consistently by a certain value. E.g. when
signal comes already two layers before the cell itself appears, a 2 can be written
for “Reposition of layers along depth: Move found layers by value” parame-
ter. The detected layers will always be moved by 2 layers. Negative values are
allowed as well for repositioning.

When cell detection does not work with the pre-set parameters, one can choose
“Program Run: Visible cell pre-view making?” (option below “Apply thresh-
olding” and “Show just layer thresholding” option at the base). This allows to
observe the cell detection algorithm at work. One can see at first the original
image versus the range filter, afterwards the decision on layer thresholding and
the decision on cell pixel thresholding. Thus, it is possible to conclude which
cell detection step still needs improvement.

For the shown image montage, you can select the channel which shall be shown
(“Number of channel to show”). If you want to have an easy possibility to
rerun analysis on the data set, you should check “Save images inclusive mask
(latter as tif-stack)” as this leads to output masks which can be used for the
rerun functionality in the first tab (be careful when going for rerun in this case
if you selected cells not to be taken into account for analysis due to poor cell
detection, as the cell original image files and mask files need to be removed for
reanalysis then).

Check “Calculate all normalization possibilities”, otherwise you will only
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receive results for the selected normalization possibilities in the dropdown
menu (pre-set: “1) Normalized by maximal diameter” and “1) Charge normal-
ized dependent on shape of cell (bit)”). Check “Cell total intensity normalized
to 17 (cells’ protein amount variability under different conditions shall not have
influence) and if co-localization is an important parameter for your experiment,
check “Pearson correlation coefficient” option. When the general settings are
optimized for your image data, click the “Start run” button. A window appears
showing the stage of analysis. After run-through, the “Feedback to user” field
will show “Runthrough done: Elapsed time is ” and mention the time needed
for performing the run-through. Next you move to the third tab “Results”. On
the left handside the detected cell voxels versus background voxels are shown.
On the right handside a table is given with some of the output values. You
can move through the table and cells via “Back” and “Next”. If cells shall be
removed from analysis data, one can check “Not to take”. This can be undone.
If a cell was not detected well, one can check “Rerun” (right handside, top)
and a “Rerun settings” windows opens with the parameters already seen in
tab 2. The previously general settings can now be adapted for the single cell.
Before the adaption is completed, you can check with a “Preview of Rerun”
click whether cell detection is good. When cell detection is good, the “Rerun
(table values changed)” button needs to be clicked in order to adapt values
with optimized cell detection settings. After moving through cells and check-
ing cell detection, you can export data by clicking “Export Data” button.
The recommendation is to export .mat files as well (check “.mat export”) as
another rerun option for reanalysis is possible with it. The output values are
now saved in the data folder as .xls files, .txt files and .mat files (if option for
it was checked). You obtain the following values:

¢ averaged intensity (value, which is changed when normalization of intensity

is performed (total to 1, average to 1))

“Chargedensitypos”, total positive charge density (a.u./nm?, not per voxel)

dipole moment P

averaged and maximal diameter

normalized charge g, (various options)

normalized dipole moment P,, (various options)

normalized distance between charge centers R,, (various options)

number of pixels/voxels (cell size)

Pearson correlation coefficient table

positive pixel/voxel number

vector RpegM (“RnegRmean”, R, negative charge weighted center, M

middle of cell)

vector RposM (“RposRmean”), R,,s positive charge weighted center

¢ vector RposRneg (“RposRneg”)

¢ total intensity (parameter which is not changed due to normalization of
intensity)

¢ “indexnottaken” (index of cell/s not taken, if cell/s excluded from analysis)
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For exported .mat files, additional information is yielded:

¢ “Names”, names of cell tiff files (cell names in the order of run-through)
¢ “allchannelnames”, channel names

¢ “savingofsettingsofcertaincells” (for rerun option)

¢ “toignore”: index of channel not taken in account (e.g. brightfield)

Caution: After export of data press the button “Next Data Folder” in tab 1
“Import and Export settings” for deleting global variables which could interfere
with the new data set!

A.3 Detailed Description
A.3.1 Tab 1: Import and Export settings

The user is asked for import, export and basic information about data to be
analyzed in tab 1. Roughly seven areas/panels can be drawn:

¢ Panel 1 for “Import” /“Export” settings as well as loading settings of another
run (“Load Settings”) as well as starting over with a new dataset (“Next
Data Folder”, for deletion of global variables).

e Panel 2 for “Channel information” with writing down channel names sepa-
rated by comma and naming channels not being of interest for analysis as
“none”. A pre-step of cell detection can be made by choosing the channel
for cell detection in tab 1. However, in tab 2, several channels can be chosen
together with a weighting. Thus, when several channels shall be used for cell
detection (recommended), this point can be neglected till tab 2.

¢ Panel 3 for “Measurement settings”. The pixel/voxel values are asked for as
well as whether 14 bit was used or not. This is due to ImageJ not being able
to save tiff as 14 bit images, thus allowing the user for correcting mislead
analysis when choosing charge normalization options 1 or 2.

e Panel 4 for “Detection option” of “Confocal” or not. For the “Confocal”
option, steps are performed in order to fill holes within detected cell areas.
For conventional widefield images, “Confocal” option can be an improve-
ment as well. The “Analysis options” are called “Take all parameters” and
“Cell detection separated”. For the option “ Take all parameters” additional
parameters are calculated, like the clusters of positive charge voxels, their
size and position. For the option “Cell detection separated” first the cell
detection is made, before the analysis occurs. If not checked, when starting
the run in tab 2, the analysis is performed right after cell detection of sin-
gle cells leading to a results table in tab 3 giving an overview over essential
parameters (normalized dipole moment, ...).

e Panel 5 for “Data set rerun options” gives facilitation for users wanting to
rerun an already analyzed data set. Users can use the “savingofsettingsofcer-
taincells.mat” file and “indexofcellsnottaken.mat” file, thus reusing previous
cell detection parameters, or use masks belonging to their image data files
of interest.

® Panel 6 for user feedback.
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Fig. A1 a) Overview over tab 1 of GUI CellDetail b) Overview over tab 1 panel 1 Import,
Export and buttons

2 ® Panel 7 for view options of tab 1. Users can see all parameters at once (“See

238 all parameters at once” checked), or panel 1 till panel 5 one after the other
239 (“See all parameters at once” unchecked, with appearing “Back” and “Next”
240 buttons), either via transparency or image panels. By “Back” and “Next”
241 button the user can click through, but it is possible via mouse click on the

22 next panel as well.
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Name channels not to take as none, separate by comma

Septin1, Septin7, Septiné, Tubulin, Septin2

Voxel values of microscope. Bit size is
taken automatically from tiff, but not
for 14 bit (extra button).

Cell detection-related option. For
confocal i.a. more filling of holes is
performed.

Calculating all parameters (needs
more time). Cell detection done
separatedly from analysis (analysis
done when export button pushed).

Fig. A2 a) Overview over tab 1 panel 2 Channel settings b) Overview over tab 1 panel 3
Measurement settings ¢) Overview over tab 1 panel 4 Detection and analysis options

Panel 1
Panel 1 of tab 1 asks for import information. The user needs to give the path
of the Data Folder, in which the images to be analyzed are contained. This
can be done either by copy and pasting the pathway or by checking the search
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Options if already run through data set or have masks (cell pixel 1, background pixel 0)
1) Optional: Pathway to import individual cell detection parameters from previous run-
through (.mat file) (savingofsettingsofcertaincells.mat)
n

2) Optional: Pathway to import predefined masks as tiffs (no need for cell detection,
just directly proceed with run-through for evaluation)
]

Fig. A3 a) Overview over tab 1 panel 5 Rerun settings for reanalysis b) Overview over tab
1 panel 6 Feedback field c) Overview over tab 1 panel 7 View options

button. For CellDetail receiving access to the files in the folder, the user has to
choose a phrase which is contained in the file names of interest (“Same word
in every file”, pre-set: “.tif”). From the import pathway in combination with
the phrase to look for, already the image names and image pathway names are
extracted as well as the cell number.

If single images are used instead of z-stacks, the single layer button needs to
be checked as later in cell detection setting, a layer number of less/equal two
is considered too low and further attempts are made for detecting cells.
Export information needs to be given by choosing folders in which to save
resulting images (“Pathway to save images”) and analysis data (“Pathway to
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save data”. It is recommended not to choose the same pathway as the “Path-
way to Data Folder” (import folder), to be sure that no complications occur
during processing. Again, the checking of the search field at the right side gives
the user the possibility to search for the folder in the system. Another possi-
bility is copy/pasting the pathway of the corresponding folder.
When a data set was analyzed and the user switches to the next data set in a
different folder, the user has to click the button “Next Data Folder”, as cer-
tain global variables need to be deleted to make clean space for the new data
set. This involves variables saving the analysis values relating to polarity as
well as the cells that are ultimately not taken. Images that are saved in the
folder under “Pathway to save images” include - when “Save images inclusive
mask (latter as tif-stack)” in tab 2 panel 6 is checked - the montage of masked
channel images and the tif-stack of the mask.
“Load Settings” can be used for the .txt file made when clicking “Save Set-
tings” button in tab 2. General parameters of cell detection as well as import
pathway, phrase to find in files, export images pathway, export data pathway,
pixel resolution x (nm), pixel resolution y (nm), voxel resolution z (nm), num-
ber of channels, channel(s) to ignore index, channel names, channel taken for
cell detection, number of images, confocal option, normalization option, several
channels for cell detection option as well as used channels for cell detection,
weighting option and weights and time stamp are saved in the import folder
as .txt file.

Panel 2
The user names the channels in tab 1 panel 2. It is important to list all channels,
even the ones not of interest like brightfield channel, as the import makes use
of the channel number. Channels, that shall not be analyzed, should be called
“none”. The channels need to be separated by comma. By filling out this field,
the naming and number of channels, the number of channels of interest as well
as their order is deduced. If a channel is accidently omitted, the wrongdoing
can be seen in tab 2 as channel images are intermixed in the case of stacks
being analyzed.
If cell detection shall be performed using a single channel only, the value of the
channel needs to be placed after the field “Which channel shall be taken for cell
detection?”. If cell detection shall be performed using multiple channels, this
field can be ignored, as it will have no influence on the further cell detection
when opting for multiple channels in tab 2 panel 2.

Panel 3
Panel 3 demands for information on measurement settings. Pixel width, height
and (if in 3D) voxel depth values are asked for. When using 2D images, voxel
depth should be set to 1 as charge density is calculated by dividing through the
voxel volume. The pixel/voxel values provided by the user influence charge den-
sity, the absolute position of middle of volume M, of positive charge weighted
mean position R,,s and of negative charge weighted mean position Rycg,
thus the distance and dipole moment values. The relative values resulting by
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normalization are not changed. When importing tif, the bit number is auto-
matically taken from the GUI. This value is used when opting for options 1
and 2 for charge normalization. As 14 bit is not offered by saving tiff images
via ImageJ, and for holding the options 1 and 2 for charge normalization still
open, the check button for 14 bit was inserted. Other bit values of tiff images
are automatically recognized.

Panel 4

Panel 4 is structured into two main themes: “Detection option” and “Analy-
sis options”. Detection option relates to the cell detection algorithm for which
a difference between confocal (low voxel width/height values) and widefield
(high voxel width/height values) is made for improving cell detection. Low
voxel width/height values make it necessary to take filtering steps in order to
fill in areas in which several cell voxels were not recognized.

When considering widefield images, the “Confocal” option can still be an
improvement and can be used.

The “Analysis options” have two possible options: “Take all parameters”
and “Cell detection separated”. When the “Take all parameters” option is
checked, the positive charges above the mean of positive charges and their
positions are further analyzed by converting voxel positions of the (x,y,z)-
coordinate system into a spherical (¢, 0, r)-coordinate system. It was chosen
to take the positive charges above the mean of positive charges, as for the con-
focal setting the inclusion of all positive charges for further analysis leads to
not only protein voxels being taken in account but as well clear cytoplasm vox-
els and thus, taking the positive charges above the mean of positive charges is
more precise. There exist two clustering methods: 1. Clusters are built based on
histogram counts above average expected count. Their size and angle between
them are analyzed. 2. Clusters out of the positive charge voxels with values
above mean of positive charges are built based on the resulting nearness of pos-
itive charge voxels above mean of positive charges. Information about cluster
size, angle and intensity is saved. When “Cell detection separated” is checked,
the cell detection is at first performed. The analysis follows later when pushing
the export button. This facilitates user interaction with the GUI as calcula-
tion of all parameters can take time and thus single cell detection correction
would become tedious with the waiting times in between.

Panel 5
The “Data set rerun options” are implemented for reanalysis of data, e.g. when
one wants to try out another normalization method. Herefore, one can either
use the parameter “savingofsettingsofcertaincells.mat”, which saves the indi-
vidual cell detection parameters for each cell, and “indexofcellsnottaken.mat”
(both are saved automatically when exporting .mat files). Another option is
to have masks of cell voxels (with value 1) and background voxels (with value
0) corresponding to your tiff-images e.g. via the option “Save images inclusive
mask (latter as tif-stack)” in tab 2 panel 6. The order of masks and tiffs within
their folders must be the same. A check on the number of images and width
and height is performed and acceptance is given as feedback in tab 1 panel 6.
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When using these options, the user does not need to look at cell detection any
more. Thus, there won’t be a result table in tab 3 showing the results. Nonethe-
less, after inserting the necessary information in tab 1, press the “Start run”
button in tab 2 and export afterwards your analysis data in tab 3 (“Export
Data”).
Use the “Cell detection separated” button from tab 1 panel 4 and make a
run-through in tab 2 panel 6 by clicking on “Start run”. After the fast run-
through, go to tab 3, make a check for single cell detection and when accepted
click “Export Data”. After giving a name, the calculation of the parameters
starts and they are saved in the corresponding folders.

Panel 6
Field for giving response to the user.

Panel 7
Dependent on the design chosen, one can either see all parameter fields at
once or in a certain order. For getting to the next parameter fields, one can
either use the “Back” and “Next” button seen in panel 7 or click directly on
the next panel to get visible.

Tab 2: Adjust Parameters and Pre-View of cell detection

Tab 2 shows the parameters for cell detection. Cell detection is performed by
using Otsu’s method on range filtered images for layer selection and on plain
image layers for cell voxel selection. The layer thresholding takes place before
the cell voxel thresholding. Figure A4 shows tab 2 for “Basic Parameters”
and tab 2 for “Additional Parameters” option in the subtabs. It is possible
for the user to change parameters in every step of the general cell detection
algorithm to make the software flexible for all kinds of image data and objects
to be detected. Tab 2 can be visually separated into 6 panels:

e Panel 1 with cell detection parameters. It is in itself separated into layer
thresholding, cell voxel thresholding and general parameters.

¢ Panel 2 with options concerning which channels shall be used for detec-
tion and with which weighting, as well as viewing options: Just to see how
thresholding process looks like, one checks “Program Run: Visible cell pre-
view making?”. The according images appear in a separate windown. If
you just want to look whether the right layers are chosen with no further
processing of thresholding, you check “Show just layer thresholding” and
“Apply thresholding” and see the result in panel 5. When you want to see
the result of all thresholding steps, just check “Apply thresholding” without
further options (“Show just layer thresholding”, “Program Run: Visible cell
pre-view making?”) selected and the result can be seen in panel 5.

® Panel 3 with the button “Save Settings”. This button helps in saving the
general cell detection settings for reuse in other experiments. They are saved
in a .txt file.

® Panel 4 as feedback field. When a cell object can’t be generated due to
settings like maximum number of voxels for each cell etc., a feedback will
go out for the user.
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Fig. A4 a) Overview over tab 2 with basic parameters b) Overview over tab 2 with
advanced parameters (see change in panel 1)

® Panel 5 as resulting image field.

® Panel 6 as a control field for moving through the images and visual
adaptations (e.g. for channel to be visualized,...) and options for analysis
(normalization options, saving options, Pearson correlation coefficient) with
the “Start run” button to start cell detection and/or analysis.
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Panel 1
In panel 1 under subtab “Basic Parameters” the most often changed parameter
fields can be seen. The parameter fields for “Layer thresholding” and “Cell
pixel thresholding” can be approached by checking “Advanced”.
For “Layer thresholding”, the most often changed parameter for optimizing
cell detection is “Minimum number of voxels per layer for Range filter” and
“Maximum number of voxels per layer for Range filter”. As cells are non-
homogenous objects, we make use of a range filter on the original images
which gives out the maximal minus minimal intensity value in a specified
neighborhood (9x9 pixels). For just background images, a low value of the
range filter is expected, while for images with both cell voxels and background
voxels, more variability and thus higher resulting values are expected. After the
range filter, a threshold needs to be defined for separating pixels/voxels into
cell pixels/voxels and background pixels/voxels. The threshold set on defining
pixels/voxels as being cell voxels is made by using Otsu’s threshold method on
the histogram of range filtered images and adding a specified value (“Threshold
addition 1: If global threshold > Threshold frontier 1”7, “Threshold addition 2:
If global threshold < Threshold frontier 17, visible under subtab “Additional
Parameters” under “Layer thresholding” parameters 5 and 6 of the row) to
the threshold calculated by Otsu’s method. Whether “Threshold addition 17
or “Threshold addition 2” is used depends on “Threshold frontier 1” and the
threshold calculated by Otsu’s method being smaller or bigger than “Threshold
frontier 1”.
For “Confocal” (tab 1, “Detection option”) case as well as the widefield case
(tab 1, “Detection option”, unchecked “Confocal”), another comparison with
a threshold takes place in order to get outlier cases for which due to previous
parameter settings, no layers were detected.
The “Confocal” option uses “Select layers differently if mean of voxel number
is bigger than this value: depending on being bigger than mean value rather
than on minimum value and Minimum number of pixels per layer for Range
filter”. This means that when the mean number of voxels selected as cell voxels
per layer (thanks to Otsu’s threshold method with corresponding threshold
addition decisions before) is bigger than the set value (pre-set: “5e+04”) layers
are selected for being cell layers when their number of defined cell voxels is
above the mean value of defined cell voxels per layer.
The not-“Confocal” option (widefield) uses the parameters “Threshold frontier
2” and “Threshold 3: If global threshold > Threshold frontier 2”. It takes a
global threshold calculated by Otsu’s method (calculated on histogram over all
layers, not per layer) and compares it to “Threshold frontier 2”. If the global
threshold is bigger than ‘“Threshold frontier 2”, a new threshold is assigned
for separating pixels/voxels as being cell pixels/voxels (“Threshold 3”, pre-
set “0.15”), otherwise the global threshold is used. Ranges of layers are taken
which show a high enough cell voxel number. If the result is 0 layers and
widefield was chosen (= “Confocal” option in tab 1 was not chosen), another
approach is taken by applying an average filter of neighborhood 9x9 before the
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range filter step. Otsu’s threshold method is performed on the resulting image.
The resulting Otsu threshold is changed by subtraction according to it being
above or below a certain threshold (certain threshold: “Threshold frontier after
no cell detection”, subtraction: “Threshold subtraction from global threshold
after no cell detection”).

If after all these steps no layer could be detected, the feedbackfield shows the
text “No cell detected: Please try other values for setting Structure threshold”.
Afterwards the separation is made between the cases one layer and more than
one layer. If the “Single layer” option in tab 1 panel 1 was not checked,
the longest episode of layers is looked for and repositioning of layers takes
place (parameter found under “Cell pixel thresholding” for the selected option
“Take in account: out of focus”). Further limits of layer number are applied
(“General Parameters” under “Minimum number of images per cell (+/-1)”
and “Maximum number of images per cell (+/-1)”) . Thus, the result of “Layer
thresholding” is a range of selected layers, which go further to “Cell pixel
thresholding”.

The same thresholding steps are made for both single and more layers for
defining cell voxels vs. background voxels (Cell voxel thresholding):

For the widefield case the special handling of the first 2 layers was imple-
mented due to light shining through from other layers while the interior of
the cell was not reached in the layer. It can be activated by checking “Take in
account: out of focus” (parameters taken into account when selected: “Repo-
sition of layers along depth: Move found layers by value”, “Threshold addition
for out of focus light for the first 2 layers”, “Threshold addition to global
threshold for out of focus light”). Herefore, Otsu’s threshold method is used
on all selected layers and single layers. By comparison of single layer Otsu
threshold and global (across all layers) Otsu threshold with added “Threshold
addition to global threshold for out of focus light” (together with the condi-
tion of the layers being below 3 and the option for taking out of focus light
being selected (check of “Take in account: out of focus”)), the decision is made
whether the resulting threshold is single layer Otsu’s derived threshold added
to “Threshold addition for out of focus light for the first 2 layers” (yes, if sin-
gle layer Otsu threshold is bigger than global layer Otsu threshold added to
“Threshold addition to global threshold for out of focus light”). If single layer
Otsu threshold is smaller than global layer Otsu threshold added to “Thresh-
old addition to global threshold for out of focus light” for the first two layers,
another comparison of single Otsu threshold being bigger than “Threshold
frontier 11”7 is made. If it is bigger, then the resulting threshold is single layer
Otsu’s threshold added to “Threshold addition 1: If layer threshold > Thresh-
old frontier I1”. Otherwise, the resulting threshold is equal to single layer Otsu
threshold. The part with Threshold frontier I1 comparison is always used for
layer numbers above 2 and if “Take in account: out of focus” is not checked,
it is used for the layers 1 and 2 as well. The number of cells voxels per layer
is checked against the maximal and minimal allowed pixel/voxel numbers per
layer (“General Parameters” with “Minimum number of pixels in layer” and
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“Maximum number of pixels in layer”). A layer is set to zero if it does not
meet the criteria. If the number of valid layers is below 4, another method is
used for defining cell layers. Dependent on the found valid layers from previous
thresholding, single layer Otsu threshold is used with addition of 0.1 (for valid
number of layers <4) or with addition of “Threshold addition to layer after
absolutely no cell detection” (for valid number of layers == 0). If the resulting
number of cell pixels/voxels is below the minimal number of pixels to detect
for a cell or no valid layer was found, the threshold is set to global Otsu thresh-
old + 0.1 (if valid layer number is below 4), to global Otsu threshold + 0.04
(if valid layer number is equal to 0) or layers below minimal number of pixels
per layer and layers above maximal number of pixels per layer are deleted (if
valid layer number is above or equal 4). Afterwards, holes are filled and cell
pixels/voxels are merged to a single object taking into account minimal and
maximal pixel/voxel number allowed per cell.

For the confocal case, Otsu’s threshold method is applied on all images. If
for layer thresholding the method of having higher pixel/voxel number than
mean pixel/voxel number per layer was used, the resulting threshold for split-
ting into cell pixel/voxel and background pixel/voxel is calculated by addition
of “Threshold addition: If program internally mean value used for determining
layers” to the global Otsu method threshold. If not, the global Otsu method
threshold is taken. Afterwards, the images are filtered with a Gaussian filter
of size 11x11 and the “Imbinarize Threshold for Confocal” is taken for final
imbinarizing into cell pixel/voxels and background pixel/voxels.

Afterwards the holes of the cell mask are filled (with more operations on
filling for the confocal case) and a mask object is made. The biggest mask
object below the maximal voxel number is taken as a cell mask.

As can be seen, some threshold parameters can only be approached via
the decision on the parameter “Confocal” in tab 1. Starting values are defined
according to condition “Confocal” being checked or not. Several parameter
names change upon selection of confocal:

e ‘“not Confocal” / “Confocal”

¢ Threshold frontier 2 / Select layers differently if mean of voxel number is
bigger than this value: depending on being bigger than mean value rather
than on minimum value and Minimum number of voxels per layer for Range
filter

¢ Threshold addition 1: If layer threshold ; Threshold frontier 11 / Threshold
addition: If program internally mean value used for determining layers

¢ Minimum number of pixels in layer / -

¢ Maximum number of pixels in layer / Imbinarize Threshold for Confocal

Panel 2
Panel 2 holds the controls on cell detection being carried out on not just a
single channel, but selected channels. Herefore, the intensity values are added,
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Cell pixel thresholding

General Parameters
Minimum number of Minimum number of
pixels for each cell 1000 |} images per cell (+/-1) 6
Maximum number of Maximum number of
pixels for each cell 2e+07 [ images per cell (+/-1) 12

Imbinarize Threshold for
Confocal

Fig. A5 a) Overview over tab 2 panel 1 with “Basic Parameters”

and if wanted with a special weighting of channels (weighting done by multi-
plication). Without weighting, the values are - just for mask decision - adapted
to the first imported channel’s maximal value by changing the intensity ranges
of the other channels. For visual information on the output of cell detection,
the options “Apply thresholding”, “Show just layer thresholding” and “Pro-
gram Run: Visible cell pre-view making?” can be chosen.

When “Apply thresholding” is not selected, the imported images are shown as
montages, no modification is applied. You can have a check whether the images
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Cell pixel thresholding

Threshold frontier 11 n

General Parameters

Minimum number of
images per cell (+/-1)

Maximum number of
images per cell (+/-1)

Fig. A6 a) Overview over tab 2 panel 1 with “Advanced Parameters”

were imported correctly (e.g. when a channel name is missing, the channels’
images are intermixed).

When you want to have a look at how the “Layer thresholding” (= cell layer
selection) performs, you need to check both “Show just layer thresholding”
and “Apply thresholding” buttons. When you want to see the outcome of all
thresholding steps defining cell voxels vs. background voxels, you need to check
“Apply thresholding”.

When you want to have a look at the cell detection process, you can check
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“Program Run: Visible cell pre-view making?”. A separate window opens and
shows the run-through of several thresholding steps per layer ( 1) left: origi-
nal image, right: result of Range filter; 2) left: original image, right: result of
thresholding Range filtered image (= result of “Layer thresholding”); 3) left:
original image, right: result of “Cell pixel thresholding”, 4) left: original image,
right: final mask multiplied with intensity values (= result of cell detection
algorithm)). This can help in identifying bottle necks in the process for your
cells’” detection e.g. whether improvements need to be made for “Layer thresh-
olding” or for “Cell pixel thresholding”.
It is recommended to optimize the parameters in tab 2 panel 1 so that most
cells are well detected as these parameters are in general used for cell detec-
tion in your data set. Afterwards in tab 3 there is the option to adapt cell
detection for single cells.

Panel 3
The “Save Settings” option allows the saving of the cell detection threshold
parameters in a .txt file in the import pathway, which can be loaded for other
experiments in tab 1 panel 3 (“Load Settings”). The saved variables are:

pathway to import data

phrase found in data file names of files to be analyzed

pathway to export images

pathway to export data

pixel/voxel size x

pixel/voxel size y

voxel size z

number of channels

number/ of which channel/s is/are ignored

names of channels

number of channel chosen for cell detection

number of data files

Option “Confocal”: checked or not

Option “Advanced”: checked or not

Option “Out of focus light”: checked or not

Threshold frontier 1

“Threshold frontier 2” / “Select layers differently if mean of voxel number
is bigger than this value: depending on being bigger than mean value rather
than on minimum value and Minimum number of voxels per layer for Range
filter”

“Threshold addition 1: If global threshold > Threshold frontier 1”
“Threshold addition 2: If global threshold < Threshold frontier 1”
“Threshold 3: If global threshold > Threshold frontier 2”

“Threshold frontier after no cell detection’

“Threshold subtraction from global threshold after no cell detection”
“Minimum number of pixels per layer for Range filter”

“Maximum number of pixels per layer for Range filter”

“Threshold frontier 11”
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e “Threshold addition 1: If layer threshold > Threshold frontier I1” /
“Threshold addition: If program internally mean value used for determining
layers”

“Threshold addition to layer after absolutely no cell detection”

“Threshold addition for out of focus light for the first 2 layers”

“Threshold addition to global threshold for out of focus light”
“Reposition of layers along depth: Move found layers by value’
“Minimum number of pixels for each cell”

“Maximum number of pixels for each cell”

“Maximum number of images per cell (4/-1)”

“Minimum number of images per cell (4/-1)”

“Maximum number of pixels in layer” / “Imbinarize Threshold for Confocal”
“Minimum number of pixels in layer”

“Normalization option diameter”

“Apply thresholding”

“Show just layer thresholding”

“Show pre-view making”

“Comparison to original image”

“Normalization option charge”

Option “Several channels for cell detection”

“Channel numbers for cell detection”

Option “Weighting of channels”

Weights of individual channels

Option “14 bit”, Tabl Panel3

Option “Cell average intensity normalized to 1”

Option “Cell total intensity normalized to 1”

Option “Single layer”, Tabl Panell

date and time

)

Panel 4
Field offering feedback to user. Feedback is made for facilitating thresholding
part.

Panel 5 and Panel 6

Panel 5 is used as a visualization field for image data as well as for found cell
layers and overlaid cell detection masks. The refreshing of the field needs the
pushing of the buttons “Back” and “Next” in panel 6 or the modulation of the
index on the image number list axis.

The shown channel can be adapted by changing “Number of channel to show”
to the number of channel you want to look at.

By checking “Overview over channels with mask” option an image containing
all channels individually multiplied with the final cell mask as well as the addi-
tion of channels multiplied with the final cell mask is made which can be saved.
By checking “Comparison to original image” depending on the chosen options
for applying threshold (just layer or all), either the smaller stack of selected
layers (left) is shown together with the total image stack (right) or the selected
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Feedback to user

Image Accepted.
Structure detection: Global threshold is: 0.21569
Pixel number due to mask: 90548, only one object was found

Fig. A7 a) Overview over tab 2 panel 2 b) Overview over tab 2 panel 3 c) Overview over
tab 2 panel 4

layers with the cell detection mask (left) are shown against the selected layers
without the cell detection mask (right).

Furthermore, panel 6 offers the saving of cell detection masks and individual
channel montages with overlaid cell detection masks (“Save images inclusive
mask (latter as tif-stack)”.

There are different normalization options. Either one can choose to have every
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possible normalization of diameter and charge calculated (“Calculate all nor-
malization possibilities” or one can choose a single option (field with “1)
Normalized by maximal diameter” can be switched to “2) Normalized by aver-
aged diameter” and field with “1) Charge normalized dependent on shape of
cell (bit)” offers all in all 6 options (“2) Charge normalized dependent on pro-
tein distribution of cell (bit)”, “3) Cell charge normalized corresponding to
maximal value of charge multiplied by number of positive charges”, “4) Cell
charge normalized corresponding to maximal value of charge multiplied by
halved number of total charges”, “5) Cell charge normalized corresponding to
mean value of charge multiplied by halved number of total charges”, “6) Own
max for each cell (else: dependent on bit)).

Moreover, the intensity of channels can be normalized to increase compara-
bility of cells via checking “Cell average intensity normalized to 1”7 (average
component content the same among big and small cells) or “Cell total inten-
sity normalized to 1” (total component content the same among big and small
cells) options.

A.3.2 Tab 3: Results

Tab 3 shows the results of cell detection and analysis and offers the possibilities
to optimize cell detection for single cells and to export analysis data (see Figure
A9). Tab 3 can be visually separated in 6 panels:

¢ Panel 1 which shows the chosen cell layers together with overlaid cell detec-
tion mask and offers different possibilities on how to look at the selected cell
images

¢ Panel 2 which shows the result table (in the case of stack-processing of first
cell mask generation of all cells and afterwards analysis of all cells a table
appears telling whether a cell could be found (1) or not (0).

e Panel 3 for export of analysis with the possibility to export .mat files.

® Panel 4 as feedback field

Panel 1
Panel 1 shows the cell detection mask overlaid on the selected cell layers.
Different channels can be chosen to be looked at. You can move through the
images by either using “Back” and “Next” button or by grabbing the index
and moving it. Options for showing cell images are the same as in tab 2 panel 5:
A comparison between original images and cell detection images can be looked
at (“Comparison”). If one just wants to look at the selected layers, one needs
to check “Show just layer thresholding”. For having an overview over channels
with their cell masks, the condition “Overview over channels with mask” needs
to be checked. For getting an idea of which step still needs improvement in cell
detection, the option “Program Run: Visible cell pre-view making?” needs to
be checked.
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Septin7
: Image information together with mask

6 Overview over channels with mask
Number of channel to 2 N — | Back | Next
show [ g 5 R,
1011 21 31 41 Comparison to original image
1) Normalized by maximal diameter v 1) Charge normalized dependent on shape of cell (bit) v
’ Start run
| Save images inclusive mask (latter as tif-stack) Cell average intensity normalized to 1
Calculate all normalization possibilities Cell total intensity normalized to 1 Pearson correlation coefficient

Fig. A8 a) Overview over tab 2 panel 5 and tab 2 panel 6

Panel 2

Panel 2 contains a part of the results: The absolute value of normalized dipole
moment (per channel), the absolute value of normalized distance (per channel),
diameter, the normalized charge (per channel) and number of pixels/voxels
(per channel). The values for the cell being looked at are marked in yellow.

Above the table several possibilities are positioned which help in working with
the selected cell. When the cell detection was not good or out of other reasons
you want to exclude a cell i.e. not export the data belonging to this cell, you
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Not o take Renun Not take channol nr

" Notto take ~ Rerun * INottake channel nr.

Fig. A9 a) Overview over tab 3 before run-through b) Overview over tab 3 after run-
through with analysis directly after cell detection resulting in filled table in panel 2

need to check “Not to take” for that cell. The “Not to take” option will always
be checked when this cell gets looked at and can be taken back by unchecking
“Not to take”. Only when the export button “Export Data” gets pushed, the
value will be excluded from the values being exported.

If the cell detection needs to be improved, the “Rerun” option can be checked.
This opens a new, but familiar window (see Figure A13), for which all previ-
ously introduced cell detection parameters can be changed for the single cell.
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Septin7
: Image information together with mask

Number of channel to g Back
show [ g

T 11 21 31 4

Next

Overview over channels with mask

Comparison Show just layer thresholding Program Run: Visible cell pre-view making?

Fig. A10 a) Overview over tab 3 panel 1

Another option is the deletion of single values of a certain channel. This can
be done for the selected cell (in yellow) by writing the number of channel, that
shall be deleted, and afterwards checking “Not take channel nr.” . This will
write NaN value to the chosen channel, which can’t be undone.
Panel 3

Panel 3 is responsible for the export of analyzed data. The check for “.mat
export” allows the additional export of .mat variables which can be worked
on e.g. in Matlab. By pressing the “Export Data” button, the export starts.
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Feedback to user

Fig. A11 a) Overview over tab 3 panel 2 b) Overview over tab 3 panel 3 ¢) Overview over
tab 3 panel 4

The data is exported as .xls and .txt files to allow further processing of data
with other programs. A window shows up asking to give a head name for
the exported files. Variables are exported in single variable files and are not
combined within a single file. The export happens in the folder chosen as data
export pathway.

Panel 4
Panel 4 gives feedback to user, e.g. the time a run-through takes.
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A.3.3 Rerun tab

The rerun tab shows up when the user wants to optimize cell detection and
checks the “Rerun” option in tab 3 panel 2. Parameters of cell detection
(already introduced in tab 2 panel 1) can be changed for a single cell (except
for channel/s used for cell detection).

Pressing “Preview of Rerun” just shows a preview of the adapted cell detec-
tion result without changing any values. This option can be used to optimize
cell detection before starting the recalculation.

The new parameters overwrite the former set ones when “Rerun (table val-
ues changed)” is pressed. This starts the recalculation with the modified cell
detection mask and changes the table values inclusive all other analysis results.
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Minmum umber of mum numoerof
poet o ach cet. mages per ce (1)
Wi e o i numter of
poet for ach cel magesper co (1)

Imbinarzs Thesnol o n

Cell pixel thresholding
w
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imbinanze Tvesno for
Contocs

Fig. A12 a) Overview over rerun tab opened after checking “Rerun” in tab 3 panel 2 b)
Overview over rerun tab after clicking button “Preview of Rerun”
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Layer thresholding Cell pixel thresholding

General Parameters
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Fig. A13 a) Overview over rerun tab with “Advanced Parameters” setting selected
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A.4 Output

A.4.1 Important Parameters for Analysis

The general output of the software consists of the dipole moment vector
P, averaged and maximal diameter, the number of pixels/voxels related to
volume, averaged intensity (adapted when normalization of total intensity
to 1 and average intensity to 1 is chosen), positive charge density, positive
pixel/voxel number, total intensity, the vectors between the negative charge
weighted center R_ and the middle of cell M and the positive charge weighted
center R .

General output

Name \ Description \ Meaning

DipolMoment vector of dipole | possibility to check

dipolmoment.mat moment P with x,y,z whether spatial distri-
(a.u. nm) bution prefers sites at

the top or bottom of a
cell via z, or whether
there are favored direc-
tions within a tissue,

AvDiameter averaged cell diameter | can be used for
damerermvvechinished mat (nm) determining inter-
dependence of cell size
with other properties

MaxDiameter maximal cell diameter | can be used for
diametermaxvecfinished. mat (nm) determining inter-
dependence of cell size
with other properties

NumberOfPixels number of cell pixel- | related to volume of
numberofpixels.mat s/voxels cell, can be multiplied
by pixel/voxel volume
for getting cell area/

volume
AveragedIntensity AUperPixel averaged intensity per | average component
avintensity.mat . . . .
pixel /voxel density including freely
(a.u. / pixel(voxel)) diffusing and  clus-

adapted if possibilities | ter constructs (for no
“Cell average inten- | normalization  being
sity normalized to 1”7 | chosen)

or “Cell total inten-

sity normalized to 17 is
checked
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] Name

Description

|

Meaning

Chargedensitypos
qposvec.mat

positive charge den-
sity, sum of individual
positive charge density
(charge divided by pix-
el /voxel volume, (a.u. /
nm?)/(a.u. / nm?)

when divided by num-
ber of pixels/voxels,
the  average  posi-
tive charge density is
gained (corresponds to
the average value of
higher intensity pix-
el/voxel being above
average intensity value
and thus gives infor-
mation about relative
average component
density at  cluster
sites), from this value
and the number of
positive  pixels/voxels
the averaged original
intensity of just posi-
tive charge associated
pixels/voxels can be
calculated; as average
intensity differs among
cells (different compo-
nent amount), this can
lead to different out-
come when comparing
average positive inten-
sity (cells can have in
reality denser clusters
of components, as they
have more component
content, but relative
to average intensity,
cells could form more
efficiently component
clusters; this behav-
ior can be deciphered
via averaged positive
charge and averaged
positive intensity)
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] Name

|

Description

\ Meaning

|

PositivePixelNumber
numberofpixelspos.mat

number of positive
charge pixels / voxels
number of cell pixel-
s/voxels with intensity
values higher than
average cell pixel /voxel
intensity

related to  spatial
area/volume of higher
intensity pixels/voxels

Totallntensity
Pixellntensitytotal.mat

sum over all cell pix-
el/voxel intensity val-
ues

related to total
amount of component
within cell, compari-
son parameter among
cells for component
amount; average inten-
sity can be calculated
via division by Num-
berOfPixels in  the
case of chosen normal-
ization method when
AveragedIntensity AU-
perPixel parameter is
modified

RnegRmean
RnegRmean.mat

Rneg Rmean 5 vec-
tor between negative
charge weighted center
Rpeg and middle of

cell M

distance between neg-
ative charge weighted
center and middle of
cell can be calculated
and set into relation
to e.g. diameter (e.g.
in DAPI channel how
cytoplasm is positioned
relative to nucleus)
OR angle between dif-
ferent negative charge
centers  (via  angle
between component 1
RuegRmean and com-
ponent 2 RyegRmean)
OR similarity between
different negative
charge centers (via dis-
tance between Ry, of
component 1 and R4
of component 2
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] Name \ Description \ Meaning
RposRmean RposRmean, vec- | distance between pos-
RposRmean.mat tor between positive | itive charge weighted

charge weighted center
Rpos and middle of
cell M

center and middle of
cell can be calculated
and set into relation
to e.g. diameter (e.g.
in protein channel how
protein is positioned
relative to non-protein
areas/volume) OR
angle between differ-
ent positive charge
weighted centers (via
angle between com-
ponent 1 RposRmean
and  component 2
RposRmean; On same
side or opposite side
of cell) OR similarity
between different nega-
tive charge centers (via
distance between R
of component 1 and
R0s of component 2

RposRneg
RposRneg.mat

RposRuegs vector
between positive
charge weighted cen-
ter Rpos and negative
charge weighted center
Rneg

possible to calculate
distance between pos-
itive and  negative
charge weighted center
before  normalization
(absolute  value  of
RposRueg), can look
for preference among
cells in x,y,z direction
(like for dipole moment
P variable)

indexnottaken

indexofcellsnottaken.mat

indices of cells that
were not taken for final
analysis (in third tab
of CellDetail: clicked
“Not to take”)

parameter which can
be used for rerun of
analysis on same data
set (Data set rerun
option 1)

savingofsettingsofcertaincells.mat

cell detection param-
eters for individual
taken cells

parameter which can
be used for rerun of
analysis on same data
set (Data set rerun
option 1)
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Name

|

Description

\ Meaning

names
Names.mat

file names taken from
data import folder

file names of processed
image files, come into
order of processing

channelnames
allchannelnames.mat

assigned channelnames

assigned names of
channels of image files,
order of channels

toignore
toignore.mat

number/s of channel/s
which is/are ignored
for analysis

exclusion of analysis of
e.g. brightfield channel
is possible
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all normalizations (“Calculate all normalization possibilities” checked):

] Name

|

Description and Meaning \

NormalizedChargeOptionl
gnormalized1.mat

normalized positive charge, normal-
ized by max. possible charge related
to half cell size and bit size

Influence of cell size and bit size,
thus unless normalization option
“total to 1”7 or “average to 1” cho-
sen, higher abundance of component
leads to higher normalized charge
and thus to higher value of absolute
value of normalized dipole moment.

NormalizedChargeOption2
gnormalized2.mat

normalized positive charge, normal-
ized by max. possible charge related
to positive charge pixel/voxel num-
ber and bit size

Influence of spatial distribution
(positive charge pixel/voxel num-
ber) and bit size, thus unless nor-
malization option “total to 1”7 or
“average to 1”7 chosen, higher abun-
dance of component leads to higher
normalized charge and thus to
higher value of absolute value of
normalized dipole moment.

Normalized ChargeOption3
qnormalized3.mat

normalized positive charge, normal-
ized by max. possible charge related
to half cell size and maximal posi-
tive charge value per individual cell
Influence of cell size and maxi-
mal value of positive charge cell
pixel/voxel, thus influence of com-
ponent cluster density distribution
among positive charge voxels (pos-
itive charge density distribution),
homogeneity vs. heterogeneity of
clusters (more heterogeneous: lower
resulting value, if more homoge-
nous: higher resulting value), impor-
tant to check positive charge dis-
tribution variety among conditions;
implemented for avoiding influence
of component amount (which can be
achieved by optioning for “total to
17 as well) by individual cell-derived
positive charge maximum.
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] Name

|

Description and Meaning

NormalizedChargeOption4
gnormalized4.mat

normalized positive charge, normal-
ized by max. possible charge related
to positive charge pixel/voxel num-
ber and maximal positive charge
value per individual cell

Influence of spatial distribution
(positive charge pixel/voxel num-
ber) and maximal value of positive
charge cell pixel/voxel, thus influ-
ence of component cluster density
distribution among positive charge
voxels (positive charge density dis-
tribution), homogeneity vs. hetero-
geneity of clusters (more hetero-
geneous: lower resulting value, if
more homogenous: higher resulting
value), important to check positive
charge distribution variety among
conditions; implemented for avoid-
ing influence of component amount
(which can be achieved by optioning
for “total to 1”7 as well) by indi-
vidual cell-derived positive charge
maximum.

Normalized ChargeOption5
gnormalized5.mat

normalized positive charge, normal-
ized by max. possible charge related
to half cell size and mean positive
charge value per individual cell

Influence of cell size and mean value
of positive charge cell pixel/voxel,
thus influence of component cluster
density distribution among positive
charge voxels (positive charge den-
sity distribution), homogeneity vs.
heterogeneity of clusters (more het-
erogeneous: lower resulting value, if
more homogenous: higher resulting
value), important to check positive
charge distribution variety among
conditions; implemented for avoid-
ing influence of component amount
(which can be achieved by optioning
for “total to 17 as well) by indi-
vidual cell-derived positive charge
mean. Mean value in order to avoid
influence of high noise pixels/voxels.
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] Name

|

Description and Meaning

NormalizedChargeOption6
qnormalized6.mat

normalized positive charge, normal-
ized by percentage of original inten-
sity of positive charge pixels/voxels
relative to total intensity

As percentage to input intensity is
used, there is no influence by compo-
nent amount. Even cells with weak
signal will get as high values as cells
with strong signal as long as the
spatial distribution is the same.
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Name

|

Description and Meaning

NormalizedDipoleMoment11Option
dipolmomentnormalizedl1l.mat
NormalizedDipoleMomentMaxDiameterChargeOption
1

absolute value of normalized dipole
moment, normalized by max. diame-
ter and max. possible charge related
to half cell size and bit size; proba-
bility distribution of absolute value
of normalized dipole moment helps
in distinguishing the system to have
one or several ground states of polar-
ity, helps in distinguishing spatial
distribution changes among differ-
ent conditions as well as quanti-
fying higher/lower reachable polar-
ity values among different condi-
tions, helps in correlation analysis
related to spatial distribution/po-
larity. Influence of maximal diame-
ter and maximal distance between
charge weighted centers and thus
influence of cell shape and position-
ing of charge centers like positioning
of charge centers dependent on cell
shape with charge centers always/-
more often/ at least one sitting at
elongated protrusion. In these situ-
ations maximal diameter normaliza-
tion option provides normalization
to values between 0 and 1. Influence
of cell size and bit size, thus unless
normalization option “total to 17
or “average to 1”7 chosen, higher
abundance of component leads to
higher normalized charge and thus
to higher value of absolute value of
normalized dipole moment.
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Name

|

Description and Meaning

NormalizedDipoleMoment12Option
dipolmomentnormalized12.mat
NormalizedDipoleMomentMaxDiameterChargeOption
2

absolute value of normalized dipole
moment, normalized by max. diame-
ter and max. possible charge related
to positive charge pixel/voxel num-
ber and bit size; probability distri-
bution of absolute value of normal-
ized dipole moment helps in dis-
tinguishing the system to have one
or several ground states of polar-
ity, helps in distinguishing spatial
distribution changes among differ-
ent conditions as well as quanti-
fying higher/lower reachable polar-
ity values among different condi-
tions, helps in correlation analysis
related to spatial distribution/po-
larity. Influence of maximal diame-
ter and maximal distance between
charge weighted centers and thus
influence of cell shape and position-
ing of charge centers like positioning
of charge centers dependent on cell
shape with charge centers always/-
more often/ at least one sitting at
elongated protrusion. In these situ-
ations maximal diameter normaliza-
tion option provides normalization
to values between 0 and 1. Influ-
ence of spatial distribution (posi-
tive charge pixel/voxel number) and
bit size, thus unless normalization
option “total to 17 or “average to
1” chosen, higher abundance of com-
ponent leads to higher normalized
charge and thus to higher value of
absolute value of normalized dipole
moment.
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Name

|

Description and Meaning

NormalizedDipoleMoment13Option
dipolmomentnormalized13.mat
NormalizedDipoleMomentMaxDiameterChargeOption
3

absolute value of normalized dipole
moment, normalized by max. diame-
ter and max. possible charge related
to half cell size and maximal posi-
tive charge value per individual cell;
probability distribution of absolute
value of normalized dipole moment
helps in distinguishing the system to
have one or several ground states of
polarity, helps in distinguishing spa-
tial distribution changes among dif-
ferent conditions as well as quanti-
fying higher/lower reachable polar-
ity values among different condi-
tions, helps in correlation analysis
related to spatial distribution/po-
larity. Influence of maximal diame-
ter and maximal distance between
charge weighted centers and thus
influence of cell shape and position-
ing of charge centers like positioning
of charge centers dependent on cell
shape with charge centers always/-
more often/ at least one sitting at
elongated protrusion. In these situ-
ations maximal diameter normaliza-
tion option provides normalization
to values between 0 and 1. Influ-
ence of cell size and maximal value
of positive charge cell pixel/voxel,
thus influence of component cluster
density distribution among positive
charge voxels (positive charge den-
sity distribution), homogeneity vs.
heterogeneity of clusters (more het-
erogeneous: lower resulting value, if
more homogenous: higher resulting
value), important to check positive
charge distribution variety among
conditions; implemented for avoid-
ing influence of component amount
(which can be achieved by optioning
for “total to 1”7 as well) by indi-
vidual cell-derived positive charge
maximum.
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Name

|

Description and Meaning

NormalizedDipoleMoment14Option
dipolmomentnormalized14.mat
NormalizedDipoleMomentMaxDiameterChargeOption
4

absolute value of normalized dipole
moment, normalized by max. diame-
ter and max. possible charge related
to positive charge pixel/voxel num-
ber and maximal positive charge
value per individual cell; probabil-
ity distribution of absolute value of
normalized dipole moment helps in
distinguishing the system to have
one or several ground states of polar-
ity, helps in distinguishing spatial
distribution changes among differ-
ent conditions as well as quanti-
fying higher/lower reachable polar-
ity values among different condi-
tions, helps in correlation analysis
related to spatial distribution/po-
larity. Influence of maximal diame-
ter and maximal distance between
charge weighted centers and thus
influence of cell shape and position-
ing of charge centers like positioning
of charge centers dependent on cell
shape with charge centers always/-
more often/at least one sitting at
elongated protrusion. In these situ-
ations maximal diameter normaliza-
tion option provides normalization
to values between 0 and 1. Influ-
ence of spatial distribution (posi-
tive charge pixel/voxel number) and
maximal value of positive charge cell
pixel/voxel, thus influence of com-
ponent cluster density distribution
among positive charge voxels (pos-
itive charge density distribution),
homogeneity vs. heterogeneity of
clusters (more heterogeneous: lower
resulting value, if more homoge-
nous: higher resulting value), impor-
tant to check positive charge dis-
tribution variety among conditions;
implemented for avoiding influence
of component amount (which can be
achieved by optioning for “total to
17 as well) by individual cell-derived
positive charge maximum.
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Name

|

Description and Meaning

NormalizedDipoleMoment150ption
dipolmomentnormalized15.mat
NormalizedDipoleMomentMaxDiameterChargeOption
5

absolute value of normalized dipole
moment, normalized by max. diame-
ter and max. possible charge related
to half cell size and mean posi-
tive charge value per individual cell;
probability distribution of absolute
value of normalized dipole moment
helps in distinguishing the system to
have one or several ground states of
polarity, helps in distinguishing spa-
tial distribution changes among dif-
ferent conditions as well as quanti-
fying higher/lower reachable polar-
ity values among different condi-
tions, helps in correlation analysis
related to spatial distribution/po-
larity. Influence of maximal diame-
ter and maximal distance between
charge weighted centers and thus
influence of cell shape and position-
ing of charge centers like positioning
of charge centers dependent on cell
shape with charge centers always/-
more often/ at least one sitting at
elongated protrusion. In these situ-
ations maximal diameter normaliza-
tion option provides normalization
to values between 0 and 1. Influ-
ence of cell size and mean value
of positive charge cell pixel/voxel,
thus influence of component cluster
density distribution among positive
charge voxels (positive charge den-
sity distribution), homogeneity vs.
heterogeneity of clusters (more het-
erogeneous: lower resulting value, if
more homogenous: higher resulting
value), important to check positive
charge distribution variety among
conditions; implemented for avoid-
ing influence of component amount
(which can be achieved by optioning
for “total to 1”7 as well) by indi-
vidual cell-derived positive charge
mean. Mean value in order to avoid
influence of high noise pixels/voxels.
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Name

|

Description and Meaning

NormalizedDipoleMoment16Option
dipolmomentnormalized16.mat
NormalizedDipoleMomentMaxDiameterChargeOption
6

absolute value of normalized dipole
moment, normalized by max. diame-
ter and max. possible charge related
to percentage of original intensity
of positive charge pixels/voxels rel-
ative to total intensity; probability
distribution of absolute value of nor-
malized dipole moment helps in dis-
tinguishing the system to have one
or several ground states of polar-
ity, helps in distinguishing spatial
distribution changes among differ-
ent conditions as well as quanti-
fying higher/lower reachable polar-
ity values among different condi-
tions, helps in correlation analysis
related to spatial distribution/po-
larity. Influence of maximal diame-
ter and maximal distance between
charge weighted centers and thus
influence of cell shape and position-
ing of charge centers like positioning
of charge centers dependent on cell
shape with charge centers always/-
more often/ at least one sitting at
elongated protrusion. In these situ-
ations maximal diameter normaliza-
tion option provides normalization
to values between 0 and 1. As per-
centage to input intensity is used,
there is no influence by component
amount. Even cells with weak signal
will get as high values as cells with
strong signal as long as the spatial
distribution is the same.
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Name

|

Description and Meaning

NormalizedDipoleMoment21Option
dipolmomentnormalized21.mat
NormalizedDipoleMomentAvDiameterChargeOption
1

absolute value of normalized dipole
moment, normalized by averaged
diameter and max. possible charge
related to half cell size and bit size;
probability distribution of absolute
value of normalized dipole moment
helps in distinguishing the system to
have one or several ground states of
polarity, helps in distinguishing spa-
tial distribution changes among dif-
ferent conditions as well as quanti-
fying higher/lower reachable polar-
ity values among different condi-
tions, helps in correlation analysis
related to spatial distribution/po-
larity. Influence of averaged diame-
ter and maximal distance between
charge weighted centers and thus
influence of cell shape and position-
ing of charge centers: When posi-
tioning of charge centers not depen-
dent on cell shape with charge cen-
ters not sitting at elongated pro-
trusion: In these situations aver-
aged diameter normalization option
can be used to get independent
of elongated protrusion/cell shape
influence. Influence of cell size and
bit size, thus unless normalization
option “total to 17 or “average to
1” chosen, higher abundance of com-
ponent leads to higher normalized
charge and thus to higher value of
absolute value of normalized dipole
moment.
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Name

|

Description and Meaning

NormalizedDipoleMoment22Option
dipolmomentnormalized22.mat
NormalizedDipoleMomentAvDiameterChargeOption
2

absolute value of normalized dipole
moment, normalized by averaged
diameter and max. possible charge
related to positive charge pix-
el/voxel number and bit size; proba-
bility distribution of absolute value
of normalized dipole moment helps
in distinguishing the system to have
one or several ground states of polar-
ity, helps in distinguishing spatial
distribution changes among differ-
ent conditions as well as quanti-
fying higher/lower reachable polar-
ity values among different condi-
tions, helps in correlation analysis
related to spatial distribution/po-
larity. Influence of averaged diame-
ter and maximal distance between
charge weighted centers and thus
influence of cell shape and position-
ing of charge centers: When posi-
tioning of charge centers not depen-
dent on cell shape with charge cen-
ters not sitting at elongated pro-
trusion: In these situations aver-
aged diameter normalization option
can be used to get independent
of elongated protrusion/cell shape
influence. Influence of spatial distri-
bution (positive charge pixel/voxel
number) and bit size, thus unless
normalization option “total to 17
or “average to 1”7 chosen, higher
abundance of component leads to
higher normalized charge and thus
to higher value of absolute value of
normalized dipole moment.
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Name

|

Description and Meaning

NormalizedDipoleMoment23Option
dipolmomentnormalized23.mat
NormalizedDipoleMomentAvDiameterChargeOption
3

absolute value of normalized dipole
moment, normalized by averaged
diameter and max. possible charge
related to half cell size and maximal
positive charge value per individ-
ual cell; probability distribution of
absolute value of normalized dipole
moment helps in distinguishing the
system to have one or several ground
states of polarity, helps in distin-
guishing spatial distribution changes
among different conditions as well as
quantifying higher/lower reachable
polarity values among different con-
ditions, helps in correlation analysis
related to spatial distribution/po-
larity. Influence of averaged diame-
ter and maximal distance between
charge weighted centers and thus
influence of cell shape and position-
ing of charge centers: When posi-
tioning of charge centers not depen-
dent on cell shape with charge cen-
ters not sitting at elongated pro-
trusion: In these situations averaged
diameter normalization option can
be used to get independent of elon-
gated protrusion/cell shape influ-
ence. Influence of cell size and max-
imal value of positive charge cell
pixel/voxel, thus influence of com-
ponent cluster density distribution
among positive charge voxels (pos-
itive charge density distribution),
homogeneity vs. heterogeneity of
clusters (more heterogeneous: lower
resulting value, if more homoge-
nous: higher resulting value), impor-
tant to check positive charge dis-
tribution variety among conditions;
implemented for avoiding influence
of component amount (which can be
achieved by optioning for “total to
17 as well) by individual cell-derived
positive charge maximum.
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Name

|

Description and Meaning

NormalizedDipoleMoment24Option
dipolmomentnormalized24.mat
NormalizedDipoleMomentAvDiameterChargeOption
4

absolute value of normalized dipole
moment, normalized by averaged
diameter and max. possible charge
related to positive charge pix-
el/voxel number and maximal posi-
tive charge value per individual cell;
probability distribution of absolute
value of normalized dipole moment
helps in distinguishing the sys-
tem to have one or several ground
states of polarity, helps in distin-
guishing spatial distribution changes
among different conditions as well
as quantifying higher/lower reach-
able polarity values among differ-
ent conditions, helps in correlation
analysis related to spatial distri-
bution/polarity. Influence of aver-
aged diameter and maximal dis-
tance between charge weighted cen-
ters and thus influence of cell shape
and positioning of charge centers:
When positioning of charge cen-
ters not dependent on cell shape
with charge centers not sitting at
elongated protrusion: In these situa-
tions averaged diameter normaliza-
tion option can be used to get inde-
pendent of elongated protrusion/cell
shape influence. Influence of spatial
distribution (positive charge pix-
el/voxel number) and maximal value
of positive charge cell pixel/voxel,
thus influence of component cluster
density distribution among positive
charge voxels (positive charge den-
sity distribution), homogeneity vs.
heterogeneity of clusters (more het-
erogeneous: lower resulting value, if
more homogenous: higher resulting
value), important to check positive
charge distribution variety among
conditions; implemented for avoid-
ing influence of component amount
(which can be achieved by optioning
for “total to 1”7 as well) by indi-
vidual cell-derived positive charge
maximum.
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NormalizedDipoleMoment250ption
dipolmomentnormalized25.mat
NormalizedDipoleMomentAvDiameterChargeOption
5

absolute value of normalized dipole
moment, normalized by averaged
diameter and max. possible charge
related to half cell size and mean
positive charge value per individ-
ual cell; probability distribution of
absolute value of normalized dipole
moment helps in distinguishing the
system to have one or several ground
states of polarity, helps in distin-
guishing spatial distribution changes
among different conditions as well as
quantifying higher/lower reachable
polarity values among different con-
ditions, helps in correlation analysis
related to spatial distribution/po-
larity. Influence of averaged diame-
ter and maximal distance between
charge weighted centers and thus
influence of cell shape and position-
ing of charge centers: When posi-
tioning of charge centers not depen-
dent on cell shape with charge cen-
ters not sitting at elongated pro-
trusion: In these situations aver-
aged diameter normalization option
can be used to get independent
of elongated protrusion/cell shape
influence. Influence of cell size and
mean value of positive charge cell
pixel/voxel, thus influence of com-
ponent cluster density distribution
among positive charge voxels (pos-
itive charge density distribution),
homogeneity vs. heterogeneity of
clusters (more heterogeneous: lower
resulting value, if more homoge-
nous: higher resulting value), impor-
tant to check positive charge dis-
tribution variety among conditions;
implemented for avoiding influence
of component amount (which can be
achieved by optioning for “total to
17 as well) by individual cell-derived
positive charge mean. Mean value in
order to avoid influence of high noise
pixels/voxels.
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|

Description and Meaning

NormalizedDipoleMoment26Option
dipolmomentnormalized26.mat
NormalizedDipoleMomentAvDiameterChargeOption
6

absolute value of normalized dipole
moment, normalized by averaged
diameter and max. possible charge
related to percentage of original
intensity of positive charge pixel-
s/voxels relative to total intensity;
probability distribution of absolute
value of normalized dipole moment
helps in distinguishing the system to
have one or several ground states of
polarity, helps in distinguishing spa-
tial distribution changes among dif-
ferent conditions as well as quanti-
fying higher/lower reachable polar-
ity values among different condi-
tions, helps in correlation analysis
related to spatial distribution/po-
larity. Influence of averaged diame-
ter and maximal distance between
charge weighted centers and thus
influence of cell shape and position-
ing of charge centers: When posi-
tioning of charge centers not depen-
dent on cell shape with charge cen-
ters not sitting at elongated pro-
trusion: In these situations averaged
diameter normalization option can
be used to get independent of elon-
gated protrusion/cell shape influ-
ence. As percentage to input inten-
sity is used, there is no influence by
component amount. Even cells with
weak signal will get as high values
as cells with strong signal as long as
the spatial distribution is the same.
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Description and Meaning

NormalizedDistanceAvDiameter
Rnormalized_finished2.mat

normalized distance between pos-
itive and negative charge center
(Rpos; Rneg), normalized by aver-
aged diameter of cell. Influence
of averaged diameter and distance
between charge weighted centers
and thus influence of cell shape and
positioning of charge centers: When
positioning of charge centers not
dependent on cell shape with charge
centers not sitting at elongated pro-
trusion: In these situations averaged
diameter normalization option can
be used to get independent of elon-
gated protrusion/cell shape influ-
ence.

NormalizedDistanceMaxDiameter
Rnormalized_finishedl.mat

normalized distance between pos-
itive and negative charge center
(Rpos; Rneg), normalized by max.
diameter of cell. Influence of max-
imal diameter and maximal dis-
tance between charge weighted cen-
ters and thus influence of cell shape
and positioning of charge centers
like positioning of charge centers
dependent on cell shape with charge
centers always/more often/ at least
one sitting at elongated protrusion.
In these situations maximal diam-
eter normalization option provides
normalization to values between 0
and 1.
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Pearsoncorrelationcoefficient
Pearsoncorrelationcoefficient.mat

Pearson correlation coefficient =

S (wi—<a>)-(y; —<y>) with
i (@i—<a>)2-37, (yi—<y>)?)°5
<x> and <y> being the mean

value of pixel/voxel intensities of
a channel, measure of linear corre-
lation ranging from -1 to 1 with
1/-1 describing a linear relationship
between x and y (in this case: chan-
nel intensity values), for the out-
come 1 positive linear correlation,
for outcome -1 decreasing regression
slope of linear correlation (y decreas-
ing with increasing x), for outcome
0 no linear dependency
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] Name

|

Description and Meaning

displacementDipoleMomentfromMiddle
displacementdipolfromM.mat

if distribution of component within
cell more confined in one half,
detectable; for apolar: random val-
ues possible; displacementDipole-
MomentfromMiddle.mat, (number
of images, number of channels)

displacementRposRnegMRposMRneg
displacementRposRnegtoMorthogonal.mat

if cell distribution like one half
neutral, other half positive and
negative charge: detectable; thus,
whether positive and negative
charge center are directly opposite
(which would be more natural for a
concentration increase/decrease) or
whether more constricted gradient
in cell space; for apolar: random
values possible, displacement § =
. e .
sin(angle MR R R _), displace-
mentRposRnegMRposMRneg.mat

distanceplusqstoRpos.mat

(number of images, number of
channels)
Name Description and Meaning
sumofdistancesqRpos distance of positive charge posi-

tions to Ry; needs to be divided
by number of positive charge posi-
tions to get average for compari-
son!, if higher value: positive charges
related to positive charge weighted
center R, further away, sumofdis-
tancesqRpos.mat (number of chan-
nels, number of images)

in image folder:

] Name

\ Description and Meaning ‘

image Cell mask

detected mask of cell, as .tif [name
of image 'Masked Cell’ number of
image in analysis ’.tif’]

channel image multiplied with mask

[name of image, name of channel
’.png’]
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]_ Original Cluster situation

Cluster Method:

voxels above av. value of pos. charge voxels
morphological opening (erasion + dilation)

only clusters with more than 50 pixels/voxels taken

parameters:

meanintensity (mean intensity per single cluster)

maxintensity (max intensity per single cluster)

volumelist (number of pixels/voxels per cluster)

voxellistlist (only as .mat file, indices of pixels/voxels belonging to single clusters)
voxelvalueslist (only as .mat file, values of pixels/voxels belonging to single clusters)

centroid position (bary center position of each cluster (x,y,z) in pixel/voxel number)
weightedcentroid (intensity weighted bary center position of each cluster (x,y,z) in
pixel/voxel number)

equiv. diameter (diameter in pixel/voxel number, caution if not isotropic pixel/voxel
size!)

surfacearea (surface area of each cluster in pixel/voxel, caution if not isotropic pixel/
voxel size!)

arrayfixed4distancelist (array of ranked distance of single cluster to strongest cluster
(by angle of bary center (just x,y direction)), <= 45°: 1.column, 45 < x <= 90°:
2.column, 90° < x <= 135°: 3.column, 135° < x <= 180°: 4.column, number of clusters
of ranks given)

arrayfixed5strengthlist (array of ranked strength of single cluster (by cluster percent),
>= 0.6: 1.column, 0.4 <= x < 0.6: 2.column, 0.2 <= x < 0.4: 3.column, 0.1 <= x < 0.2:
4.column, 0<= x < 0.1: 5.column, number of clusters of ranks given)
sorted_array_tofilldistancelist (strength cluster ranks, sorted after descending from
biggest/strongest cluster; same order of cluster indices as sorted_array_tofillstrengthlist)
sorted_array_tofillstrengthlist (distance cluster ranks, sorted after descending from
biggest/strongest cluster; same order of cluster indices as sorted_array_tofilldistancelist)
distancestrengthlist (combination of distance and strength rank information;
sorted_array_tofilldistancelist separated from sorted_array_tofillstrengthlist by 0, ends
with 0; information whether bigger cluster on one side / opposite sides, whether mainly
same size, ...)

Fig. A14 Cluster methods (”All parameters taken” checked). 1) Clustering by neighbor
pixels/voxels of positive charge pixels/voxels above average value of positive charge pixel-
s/voxels.
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2 Original Cluster situation

0 ¢ from 0° to 360° in 10° bins 0.7 6 from 0° to 180° in 10° bins
009
0.6
0.08F i
L M 0.5

§0.07 i =
% 0.06 | %
3’ 8 o4
o o
- 0.05F -
B Hoat
© L ©
E 0.04 £
2 2

0.03f 0.2

0.02 |

0.1
001 7 7 L
0 ol . .
0 100 200 300 0 50 100 150
Binned Degree (°) Binned Degree (°)

Cluster Method:

voxels above av. value of pos. charge voxels

clustering by moving to spherical coordinates: r, theta, phi

phi: 0-360° (saved in "phideg"numberofimage"channel"channelnumber".mat")

theta: 0-180° (saved in "thetadeg"numberofimage"channel"channelnumber".mat")
above average expected percentage in angle histogram : these angles and voxels

are taken in account for further clustering, under the condition that angle bins are next
to each other, the angles and voxels are connected to clusters

Fig. A15 Cluster methods (”All parameters taken” checked). 2) Clustering by transfer of
positive charge pixels/voxels above average value of positive charge pixels/voxels to spherical
coordinates and histogram angles. Clustering of pixels/voxels according to angle bins above
random percentage value.
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parameters:
general cluster information

countessphi/theta (number of bins above expected random percentage value)
percoverphi/theta (percentage of bins above expected random percentage value)
howmuchoveritatallphi/theta (total above expected random percentage of connected
bins above expected random percentage value)

distancetoavvalphi/theta (sum of above and below random value of histogram,
distance to complete random pixel/voxel distribution)

histogramvaluesphi/theta (angle histogram probability bin values)
clusterallphi/theta (indices of pixels/voxels belonging to clustered bins, per cluster)
clusterlengthphi/theta (number of pixels/voxels per clustered bins)
allclusterinputphi/theta (sum of indices of pixels/voxels belonging to clustered bins),
clusterpercentphi/theta (percentage of individual cluster to whole cluster amount),
clusterpercenttoallpixelsposphi/theta (percentage of individual cluster to whole
voxels above av. value of pos. charge voxels amount)

calculation of distance and strength parameters

startpointsphi/theta (starting bin number of clustered bins, per cluster)
meanpointsphi/theta (middle bin number of clustered bins, between starting and end
bin number, per cluster)

endpointsphi/theta (end bin number of clustered bins, per cluster)
lengthpointsphi/theta (number of clustered bins, per cluster)
distancetonextphi/theta (number of bins between clustered bins)
distancetomeanphi/theta (number of bins between mean value of clustered bins)

distance and strength information

arrayofclustersdistancephi/theta (array of ranked distance of cluster to strongest
cluster (by distance between mean position), <= 45°: 1.column, 45 < x <= 90°:
2.column, 90°< x <= 135°:3.column, 135°< x <=180°:4.column,

number of clusters of ranks given)

arrayofclustersphi/theta (1.column: clusterpercent, 2.column: mean of strongest
cluster position to mean of individual cluster position (relative) 3.column : 360°-mean of
strongest cluster position - mean of individual cluster position (global)
arrayofclusterstrengthphi/theta (array of ranked strength of cluster (by cluster
percent), >=0.6: 1.column, 0.4 <= x < 0.6: 2.column, 0.2 <= x < 0.4: 3.column, 0.1
<= x < 0.2: 4.column, 0 <= x < 0.1: 5.column, number of clusters of ranks given)

Fig. A16 Cluster methods (”All parameters taken” checked). 2) Clustering by transfer of
positive charge pixels/voxels above average value of positive charge pixels/voxels to spherical
coordinates and histogram angles. Clustering of pixels/voxels according to angle bins above
random percentage value.
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’ Name

|

Description and Meaning

histogram images

histogram of ¢ and 6 in clustering
option based on transfer to spherical
coordinates, [name of image, name
of channel, ’phiandtheta.png’]

image of gpos

image of positive charge voxels in
cell mask, per channel, [name of
image, name of channel, ’qpos.png’|

image of gposofqpos

image of charge voxels above mean
intensity of positive charge voxels
in cell mask, per channel, [name of
image, name of channel, ’qposofg-

pos.png’]

image of gqposofgposafteropening

image of charge voxels above mean
intensity of positive charge voxels
in cell mask, per channel, after era-
sion and dilation operation to get
rid of single high intensity voxels,
[name of image, name of channel,
‘qposofgposafteropening.png’

list_neg

matrix with columns of z_, y_
and z_ (positions of negative charge
pixels/voxels), and negative charge
density of individual pixel/voxel per
nm?/nm? y_ and i_ (intensity value
after background intensity subtrac-
tion, for every negative charge pix-
el/voxel); saved individually for each
cell and channel singly, under image
folder pathway, [list.neg cell’ cell
number channel name]

list_pos

matrix with columns of z, y; and
z+ (positions of positive charge pix-
els/voxels), and positive charge den-
sity of individual pixel/voxel per
nm?/nm3 y, and i, (intensity value
after background intensity subtrac-
tion, for every positive charge pix-
el/voxel); saved individually for each
cell and channel singly, under image
folder pathway, [list_pos cell’ image
number channel name]
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] Name

|

Description and Meaning

Mmean pix

position of middle point of cell vol-
ume in pixels/voxels, saved under
image folder pathway, [Mmean pix
cell’ image number channel name]

R_neg

position of negative charge weighted
mean position of cell in pixels/vox-
els, saved under image folder path-
way, [[Rneg cell’ image number
channel name]

R_pos

position of positive charge weighted
mean position of cell in pixels/vox-
els, saved under image folder path-
way, [R_pos cell’ image number
channel name]
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Appendix B Distribution function of absolute
value of normalized dipole
moment P,

B.1 Rayleigh formula

Rayleigh distribution can be used for the probability distribution description of
vector magnitude of a 2D vector whose components are uncorrelated, normally
distributed with equal variance and zero mean, e.g. for wind velocity in x- and
y-direction,.

As we have a 3D vector of the dipole moment P for which we have uncorrelated,
normally distributed x,y,z values with equal variance and zero mean, we need to
extend the Rayleigh distribution by a third component to get a description of
the probability distribution of the absolute value of normalized dipole moment
P,,. Then the formulae for the corresponding expectation value (mean) and
variance for P,, can be found.

B.2 Derivation of Rayleigh distribution

The probability density function of the Rayleigh distribution in 1D case for
variable x is given by

fla; 0) = Zeap=/C7) 2> 0
ag

with o being the scale parameter of the distribution. The cumulative distribu-
tion function (CDF) for x € [0, oo ) is the following:
F(z; 0)=1- ea:p_l'Q/(Q"Q)

The mean of a Rayleigh distributed variable is

and the variance

The vector magnitude of a 2D vector is Rayleigh distributed if the vec-
tor magnitude is calculated as R = v X2+ Y2 where X ~ N(0,0?) and
Y ~ N(0,0?) are independent normal random variables with same variance
(N(0,0?): normal distribution with zero mean and variance o?).

Derivation
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The probability density of the normal distribution is:

1
flz) = eap™® /27
2o

The probability density of two directions (x and y) is a multiplication:

eap~ (@ +v7)/(20%)

1
Fxy = 2702

For the magnitude of a 2D vector (K := +X?2+4Y?) the cumulative
distribution function can be calculated by:

Fr(k) = PIVX? + Y2 < k| = /

x2 +y2 Sk2

/ 5 L cap @00 gy
YiXea

with k& being the maximal absolute value K can take. As a next step we
transform to polar coordinates: 7 := /22 +y? and ¢ := arctan(Z), so that
x = rcos(¢) and y = rsin(¢). Thus, one obtains:

ko /=y
e = [ [T peatedody -
k k2 —y2 1

2m k 1 2 2 2 : 2 2 2

/ / sgeap™ (O O 270 g
0 0 yi¥ea

ok 2 (902

/ / sexp " 1) rdrdg =
0 0 27'”7

]. /271' /k _T2/(202) d
exrp rar =
271'0'2 0 0
1 k

rexp*”2/(2”2)dr

o?
The probability density of F is thus the function:

k
fre(k) = —geap™/3)

For the expectation value, the integral

E(k) :/ k%emp_kz/(%z)
0 g
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is solved to get:

Ek)=o0 5

For the variance value, the integral
var(k) = [ (B() = 02 ey
is solved to get:

27|03

g

var(k) =

For variance in realistic case, the variance value needs to be solved for an
integral ranging from 0 to infinity:

1 2

var(k):/OOO(E(k)—k)QfK(k)dk: 5 (= +7T+4)202.(2—g)

sgn(o3)

B.3 Extended Derivation in 3D case

The probability density of three directions (x, y and z) for normally distributed
components of a vector can be described as:

1

exp— (TP (20%)
(2m)203

fxyz=

leo

We define the magnitude of the 3D vector as K = vX?+Y?2+ 72
and the cumulative distribution function can be calculated by Fg(k) =

PIWVX24+Y?2+ 22 <k

Fe (k) :/ //%ea:pf(I2+y2+z2)/(2”2)dxdydz:
a2 y? 22 <k (2m)20°

ko VEE=E /KR —22—y2
/ / / y (2)1336@<I2+y2+z2>/(2“2>dxdydz
—o0 J —0 —0o0 mT)20

We now make use of spherical coordinates:

x = rsin(f) cos(¢)

y = rsin(f) sin(¢)

z =rcos(f)
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with r € [0,k],0 € [0,7],¢ € [0,27] . The equation can thus be written as:

2
o= [ s

el,pf(r2 sin(0)? cos(¢)2+r? sin(0)? sin(p)2 412 cos(6)? )/(202)7,2 Sln( )de0d¢

27
__sin(a)?4cos(a)?=1 ® 3/2 3/ / / _’" /(20%),.2 sin(f)drdfd¢p =
m)3/20

12 /(202
(277)3/203| cos(0)[5 - olo™ /el"p /20 2dy =

1 k 2 (202
- 9. —r?/(20%),.2 7. _
(Gm)5/255 2 27r/0 exrp rédr =

% k 2 2
—3/ exp " /2072y =
o= Jo
2 T 3 k 9 =k
2(/%o erf(ﬁ) — ko?e=7)

o3

Thus, the probability density function for the 3-dimensional case is

2
k) = | /E%exp—kz/@az)
™o

and the expectation value can be calculated by:

> [2 k2 2 /9" 2
= / k- ——3exp7kz/(2"2)dk =24/—0
0 T o T

The variance can be calculated by:

+oo (20 k)2k%\/ Zexp e
var(k) = / \[ \[ dk =
0

o3
o((8 + 3m)|o| — 160)

3 Hence, by fitting the probability density function for the 3-dimensional case
s on the P, distribution one can gain ¢ and calculate the expectation value and
s variance according to the above formulae.
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Appendix C Validation of code - scenarios

C.1 Comparison: Analytical result vs. Algorithm result
C.1.1 Description

A sphere of 5000 nm radius is implemented with voxel size 110 x 110 x 750
nm? resulting via calculation (see Fig. C17 for visual aspect and equations C1
, C2, C3) in a mask of a sphere of 13 layers (see Fig. C18). The parameter t is
the number of steps from middle plane in z direction, so for example for ¢t = 1:

re =17T1..

sin(a) = u (C1)
To
cos(a) = t-Az (C2)
To
. [t Az
r¢ = 1o - sin(arccos ( o~ )) (C3)

Fig. C17 Planar xz view for gaining radius r¢ per layer. On the left handside, the scheme
is shown for gaining r1, while the right handside shows the scheme for arbitrary r¢.

The translation of radius into voxels yields not exactly the same diameter
as analytically suggested, as we move from metric/ratio scale to ordinal scale.

C.1.2 Comparison

Essential parameters for comparison of analytical and algorithm solution are:
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Fig. C18 Mask of sphere. Diameter chosen: 10,000 nm, voxel size chosen: width: 110 nm,
height: 110 nm, depth: 750 nm

n Q4.i . ) .
i=1 voxel volume with Q"’vl belng

the positive charge of an individual voxel and n the number of positive
charge voxels

@n: normalized charge, ¢, = o

normalization option
maximal possible value by bit size, dependent on shape of cell (g,1) or

protein distribution (g,2); dependent on maximal value of charge density,
dependent on protein distribution (g,3) or shape of cell (gn4); dependent
on mean value of charge density to avoid influence of bright noise signal
and dependent on shape of cell (g,5); dependent on total intensity at begin-
ning and related value of in the end detected positive charge (g,6) with no
influence of shape of cell. ¢,¢ is not practical in these examples, as starting
intensity values are for convenience selected in a way to give the value 0 or
a value near 0. For exact value of 0, Infinity is the result, for a value near 0
high numbers are the result.

IMR peg|: Distance between middle of cell and negative charge-weighted
center

IMRpos|: Distance between middle of cell and positive charge-weighted
center

|RposRneg|: Distance between positive and negative charge-weighted cen-
ters.

R,,: absolute value of normalized distance between Rpos and Rnpeg; Ry =
|RposRneg‘
normalizationoption

diameter)

(normalization options:

(normalization options: maximal diameter, averaged
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¢ P,: absolute value of normalized dipole moment vector (dipole moment vec-
tor: P), resulting from multiplication of ¢, and R,, (normalization options
are all possible combinations of ¢, and R, resulting in 12 options)

® np0s: NumMber of positive charge voxels

General parameters that do not change and are fixed with mask:

e diameter (due to change from metric scale to ordinal scale offset from 10,000
nm: maximal diameter is 9999.7 nm and averaged diameter 9915.3 nm; these
numbers are not used for calculation of analytical solution, thus R,s will
show deviation in some cases as too far away from 10,000 nm, while R,
still in good agreement as little deviation from 10,000 nm.) At some point,
even R,,; deviation from exact value due to offset of maximal diameter from
10,000 nm will show later deviations in downstream parameters.

e number of voxels (in this case: 57801)

e M: middle of mask position, ideally in voxels M(71/71/7), however for
program M(7755/7755/4875) due to program resorting to subtracting half
of voxel length to place points ideally in the center of voxel. The same
subtraction happens for Rpos and Ryeg

C.1.3 Two charges
a)

First scenario of two charges in lowest and highest layer of sphere, with high-
est and lowest charge possible.

Slice 1 in middle: 216 — 1, R,,,s(7755/7755/375)

Slice 13 in middle: —(2'6 — 1), R, (7755/7755/9375)

Middle: M(7755/7755/4875)

The situation can be seen visualized in Fig. C19 a).

Table C1 Scenario a)

Method gt (=15)  [MRuegl (") [MRpos| ("m)  |RposRneg| (nm)  nyos
Analytic ~72-1073 4500 4500 9000 1
Algorithm ~7.2- 103 4500 4500 9000 1

Table C2 Scenario a)

Method Rn1 Rn2
Analytic 0.9 0.9
Algorithm 0.9 ~ 0.91

All in all scenario a) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,,2)
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Method dnl dn2 Adn3 dn4 dn5 Adn6
Analytic ~35-10°° 1 ~35-10°° ~35-10°° not practical
Algorithm  ~3.5-1072 1 ~35-100° ~35.-107° Inf

Table C4 Scenario a)

Method Pn11 Pro1 Pni2 Phnoo Pnis Phnos
Analytic 3.11-1077° 3.11-1077° 0.9 0.9 0.9 0.9
Algorithm 3.11-107° 3.14-107° 0.9 ~ 0.91 0.9 ~ 0.91
Table C5 Scenario a)

Method P14 Prog Pnis Phas Pris Proe
Analytic 3.11-107° 3.11-10=° 3.11-107° 3.11-10~° not practical not practical
Algorithm  3.11-1075 3.14-107% 3.11-1075 3.14-107° Inf Inf

leading to deviations in all P, values starting with 2 indicative of R, being
multiplied with the normalized charge. ¢,¢ is not practical as we look at the
artificial setting of starting with a total intensity of 0, leading to P,, values

with P,.¢ being at infinity.
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b)
Slice 1 in middle: 2'°, R,,,(7755/7755/375)

Slice 13 in middle: —2, R,,.,(7755/7755/9375)

Middle: M(7755/7755/4875)

Expected: Only difference in charge, which is reduced by factor 2. Thus,
normalized dipole moment’s value is expected to half.

The situation can be seen visualized in Fig. C19 b).

Table C6 Scenario b)

Method 9+ (ﬁ) [MRneg| (nm)  |[MRpos| (nm)  |RposRneg| (nm)  npos
Analytic 3.6-1073 4500 4500 9000 1
Algorithm ~3.6-1073 4500 4500 9000 1

Table C7 Scenario a)

Method R Rn2
Analytic 0.9 0.9
Algorithm 0.9 ~ 0.91

Table C8 Scenario b)

Method dn1 qn?2 qn3 qn4 an5 dné
Analytic ~1.7-107° 0.5 1 ~35-100° ~35-107°  not practical
Algorithm  ~1.7-107° 0.5 1 ~35-100° ~35-1075 Inf

Allin all scenario b) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,,2)
leading to deviations in all P, values starting with 2 indicative of R, being
multiplied with the normalized charge. ¢,¢ is not practical as we look at the
artificial setting of starting with a total intensity of 0, leading to P,, values
with P,.¢ being at infinity.
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Table C9 Scenario b)

Method Pri1 Pra1 Pri2 Pra2 Pris Pras

Analytic 1.5571-10~° 1.5571-10~° 0.45 0.45 0.9 0.9
Algorithm 1.5571-10° 1.5704 - 105 0.4500 0.4539 0.9000 0.9077

Table C10 Scenario b)

Method P14 Ppoy Ppis Ppas Pnie Pra6

Analytic 3.11-107° 3.11-10=° 3.11-10~° 3.11-10~° not practical not practical
Algorithm  3.11-1075 3.14-107% 3.11-1075 3.14-107° Inf Inf
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c

)

Slice 7: 216 — 1, R,,(8855,/7755/4875)
(+10 voxels from M)

Slice 7: —(2'6 — 1), Rpey(6655/7755/4875)
(-10 voxels from M)

Middle: M(7755/7755/4875)

The situation can be seen visualized in Fig. C19 c).

Table C11 Scenario c)

Method 4+ (gus)  MRneg| (nm)  |MRpos| (nm)  |RposRneg| (nm)  npos
Analytic 7.2-1073 1100 1100 2200 1
Algorithm ~7.2-1073 1100 1100 2200 1
Table C12 Scenario c)

Method R Rn2

Analytic 0.22 0.22

Algorithm 0.22 ~ 0.22

Table C13 Scenario c)

Method dn1 dn?2 dn3 dn4 dn5 dn6
Analytic ~35-10°° 1 1 ~3.5-10°° ~35-10°° not practical
Algorithm  ~3.5-107° 1 1 ~3.5-107° ~3.5-107° Inf

Allin all scenario ¢) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading

to P, values with P,,;¢ being at infinity.
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Table C14 Scenario ¢)

Method Pri1 Pra1 Pri2 Pra2 Pnis Pras

Analytic 7.6124-10-6 7.61-10°6 0.22 0.22 0.22 0.22
Algorithm 7.6125-10~6 7.68-1076 0.2200 0.2219 0.2200 0.2219

Table C15 Scenario c)

Method Pria Praa Pnis Pras Pris Pras

Analytic 7.6123-10% 7.61-10-% 7.6123-10~% 7.61-107% not practical not practical
Algorithm  7.6125-10-% 7.68-10=% 7.6125-10=% 7.68-10~6 Inf Inf
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d)
Slice 7: 216 — 1, R,,(12705/7755,/4875)
(+45 voxels from M)
Slice 7: —(2'6 — 1), Rpey(2805/7755/4875)
(-45 voxels from M)
Middle: M(7755/7755/4875)

The situation can be seen visualized in Fig. C19 d).

Table C16 Scenario d)

Method 0+ (515)  [MRueg| ()  [MRpos| (7m)  |[RposRueg| (1) npos
Analytic 7.2-1073 4950 4950 9900 1
Algorithm ~7.2-1073 4950 4950 9900 1
Table C17 Scenario d)

Method R Rp2

Analytic 0.99 0.99

Algorithm 0.99 ~ 0.9985

Table C18 Scenario d)

Method qn1 qn2 qn3 qn4 qn5 qn6
Analytic ~35-10°° 1 1 ~3.5-10°° ~35-10°° not practical
Algorithm  ~3.5-107° 1 1 ~3.5-107° ~3.5-107° Inf

Allin all scenario d) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading

to P, values with P,,;¢ being at infinity.
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Table C19 Scenario d)

Method Pri1 Pra1 Pri2 Pra2 Pnis Pras

Analytic 3.4255 - 1075 3.43.107° 0.99 0.99 0.99 0.99
Algorithm 3.4256 - 1075 3.45-107° 0.9900 0.9985 0.9900 0.9985

Table C20 Scenario d)

Method Pria Praa Pnis Pras Pris Pras

Analytic 3.4255-10~° 3.43-107° 3.4255-10"° 3.43-10° not practical not practical
Algorithm  3.4256-107% 3.45-1075 3.4256-10"° 3.45-107° Inf Inf
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e)
Slice 7: 215, R,,5(12705/7755/4875)
(+45 voxels from M)
Slice 7: —2'°| R,,.,(2805/7755/4875)
(-45 voxels from M)
Middle: M(7755/7755/4875)
The situation can be seen visualized in Fig. C19 e).

Table C21 Scenario e)

Method ¢t (z15)  [MRueg| (") [MRpos| ("m)  |RposRneg| (1m)  npos
Analytic ~36-10"3 4950 4950 9900 1
Algorithm ~ 3.6 - 103 4950 4950 9900 1

Table C22 Scenario e)

Method Rn1 Rn2
Analytic 0.99 0.99
Algorithm 0.99 0.9985

Table C23 Scenario e)

Method dn1l qn2 qn3 qn4 qn5 qné6
Analytic ~1.7-10°° 0.5 1 ~35-10°° ~35-10°° not practical
Algorithm  ~1.7-1073 0.5 1 ~35-100° ~35.-1075 Inf

Allin all scenario e) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading
to P, values with P,,;¢ being at infinity.
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Table C24 Scenario e)

Method Pri1 P21 Pri2 Pra2 Pnis Pras
Analytic ~ 1.7128-10~° ~ 1.7le — 05 0.495 0.495 0.99 0.99
Algorithm 1.7128 - 1075 1.73-10° 0.4950 0.4992 0.9900 0.9985

Table C25 Scenario e)

Method Pria Praa Pnis Pras Pris Pras

Analytic 3.4255-10~° 3.43-107° 3.4255-10"° 3.43-10° not practical not practical
Algorithm  3.4256-107% 3.45-1075 3.4256-10"° 3.45-107° Inf Inf
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£)
Slice 7: (26 — 1)/4.5, Ry0s(12705/7755/4875)
(+45 voxels from M)
Slice 7: — (216 — 1)/4.5, Ry,c4(2805/7755/4875)
(-45 voxels from M)
Middle: M(7755/7755/4875)
The situation can be seen visualized in Fig. C19 f).

Table C26 Scenario f)

Method ¢+ (5s)  [MRneg| (nm) [MRpos| (1)  |RposRneg| (n111)  npos
Analytic  ~1.6-10° 4950 4950 9900 1
Algorithm  ~1.6-1073 4950 4950 9900 1

Table C27 Scenario f)

Method Rn1 Rn2
Analytic 0.99 0.99
Algorithm 0.99 0.9985

Table C28 Scenario f)

Method qn1 qn2 dn3 dn4 qn5 dn6
Analytic ~7.6892-10-% 0.2222 1 ~35-100° ~3.5-107° not practical
Algorithm 7.6890 - 106 0.2222 1 ~35-107° =~3.5.-107° Inf

All in all scenario f) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading
to P, values with P,,;¢ being at infinity.
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Table C29 Scenario f)

Method Pri1 Pra1 Pri2 Pra2 Pnis Pras

Analytic 7.6123 106 7.61-10-F 0.2200 0.2200 0.99 0.99
Algorithm 7.6124-1076 7.68-10~6 0.2200 0.2219 0.9900 0.9985

Table C30 Scenario f)

Method Pria Praa Pnis Pras Pris Pras

Analytic 3.4255-10~° 3.43-107° 3.4255-10"° 3.43-10° not practical not practical
Algorithm  3.4256-107% 3.45-1075 3.4256-10"° 3.45-107° Inf Inf
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C.1.4 Multiple charges

Calculating Rp.s and R,.4 analytically is at some part not possible any more
for multiple charges. One needs to trust the program after previous results.
Exact values are not possible as we move from metric scale to ordinal scale.
Thus, there is little variation of exact analytical value. The same holds true
for ¢

g)
Slice 1-6: 216 — 1
Slice 7: 0
Slice 8-13: — (216 — 1)
Rpos(m= T755/~7755/~2772.6)
Riyeg(=T755/~T755/~6977.4)
Middle: M(7755/7755/4875)
The situation can be seen visualized in Fig. C19 g).

Table C31 Scenario g)

Method g4 (-15)  |MRueg| ("m)  [MRpos| (nm)  [RposRaeg| (nm)  mpos
Analytic 2102.4 2102.4 4204.8
Algorithm ~ 185.2312 2102.4 2102.4 4204.7 32151

Table C32 Scenario g)

Method R Rn2
Analytic =~ 0.4205 ~ 0.4205
Algorithm 0.4205 0.4241

Table C33 Scenario g)

Method dnl dn2 dn3 dn4 an5 dn6
Analytic ~0.8875 =~ 0.7978 ~0.7978 =~ 0.8875 ~ 1.1125-10° not practical
Algorithm 0.8875 0.7978 0.7978 0.8875 1.1125 -4.3492e+4-05

All in all scenario g) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rpn1/Ry2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of roughly
~-3864.98 , leading to P, values with P, ¢ being at high negative value.
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Table C34 Scenario g)

Method Pn11 Pnoy Pri2 Pra2 Pnis Pras
Analytic =~ 0.3732 =~ 0.3732 0.3355 0.3355 0.3355 0.3355
Algorithm 0.3732 0.3764 0.3355 0.3383 0.3355 0.3383

Table C35 Scenario g)

Method Pria Prag Pris Prnas Pnis Pnas

Analytic ~ 0.3732 ~ 0.3732 0.4678 0.4678 not practical not practical
Algorithm 0.3732 0.3764 0.4678  0.4718  —1.8288-10° —1.8444 - 10°
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h)
Slice 1-13: surface 26 — 1
Slice 7 middle: negative sum of 216 — 1s
Rypos (R=T755/~=T755/~4875)
Rieg(7755/7755/4875)
Middle: M(7755/7755/4875)
The situation can be seen visualized in Fig. C19 h).

Table C36 Scenario h)

Method q+ (mlng IMRneg| (nm) |MRpos| (nm) |RposRneg| (nm)  npos
Analytic 0 0 0
Algorithm =~ 110.0699 0 3.7499 - 1079 3.7499 - 1079 15242

Table C37 Scenario h)

Method R Rp2
Analytic 0 0
Algorithm 3.75.10"13 3.7819 - 10713

Table C38 Scenario h)

Method dn1 dn?2 dn3 dn4 dn5 dn6
Analytic ~ 0.5274 ~1 ~1 ~ 0.5274 ~ 0.5274 not practical
Algorithm 0.5274 1 1 0.5274 0.5274 Inf

Allin all scenario h) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp,1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0 , leading
to P, values with P,,.¢ being at infinity.
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Table C39 Scenario h)

Method Pri1 Pra1 Pni2 Pra2 Pris Pras

Analytic 0 0 0 0 0 0
Algorithm  1.6-107'3 1.6-10"'3% 3.0.1071% 3.1.10"1¥ 3.1-107' 3.1.10713

Table C40 Scenario h)

Method Pria Praa Pnis Pras Pris Pr2s

Analytic 0 0 0 0 not practical  not practical
Algorithm  1.6-10-'%  1.6-10"'3% 1.6-10"13 1.6.10"13 Inf Inf
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i)
Slice 1-13: surface 26 — 1
Slice 7 middle: negative sum of
Rypos (R=T755/~=T755/~4875)
Ry eg(R=T755/~T755/~A4875)
Middle: M(7755/7755/4875)

216 _ 15 distributed on 11 voxels

The situation can be seen visualized in Fig. C19 i).

Table C41 Scenario i)

Method q+ (#) IMRneg| (nm) |MRpos| (nm) |RposRneg| (nm)  npos
Analytic 0 0 0
Algorithm = 110.0699 15242

Table C42 Scenario i)

Method Rn1 Rno
Analytic 0 0
Algorithm 3.6370 - 10— 13 3.6680 - 10713

Table C43 Scenario i)

Method dnl dn2 dn3 dn4 Adnb Aan6
Analytic ~ 0.5274 1 1 ~ 0.5274 ~ 0.5274 not practical
Algorithm 0.5274 1 1 0.5274 0.5274 9.9888 - 108

All in all scenario i) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of slightly
positive value, leading to P,, values with P, ¢ being at high positive value.
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Table C44 Scenario i)

Method Pri1 Pra1 Pni2 Pra2 Pris Pras

Analytic 0 0 0 0 0 0
Algorithm  1.9-107'3  1.9.10713% 36.10"13 37.10"1 3.6-107'% 3.7.10°13

Table C45 Scenario i)

Method Pria Praa Pnis Pras Pris Pr2s

Analytic 0 0 0 0 not practical  not practical
Algorithm  1.9-10-'% 1.9.107'® 1.9.10-'% 1.9.10°13 3.6-10~% 3.7-107%
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Table C46 Scenario j)

Slice 1: surface 216 — 1
Slice 2: surface (216 —1)/13 % 12
Slice 3: surface (216 —1)/13 % 11
Slice 4: surface (216 —1)/13 % 10
Slice 5: surface (216 —1)/13 %9
Slice 6: surface (216 —1)/13 % 8

Slice 8: surface (216 —1)/13 % 6
Slice 9: surface (216 —1)/13 %5
Slice 10: surface (216 —1)/13 4
Slice 11: surface (216 —1)/13 3
Slice 12: surface (216 — 1)/13 % 2
Slice 13: surface (216 —1)/13 % 1

Slice 7: surface (216 —1)/13 %7

Slice 7 middle: negative sum of 216 — 1s

Rypos(m 7743.8/ ~=7743.8/~3082.8)

Ry eg(=T755/~T755/~A4875)

Middle: M(7755/7755/4875)

MR os and RposRneg calculated with rounded values taken from algorithm.
Thus, there is already a difference of analytical solution to algorithm.

The situation can be seen visualized in Fig. C20 j).

Table C47 Scenario j)

Method gt (z15)  |MRuegl (Wm) [MRpos| (1) [RposRueg| (1)  mipos
Analytic 0 ~ 1792.3 ~ 1792.3
Algorithm =~ 59.2666 0 1792.3 1792.3 15242
Table C48 Scenario j)

Method Rna Rn2
Analytic 0.1792 0.1792
Algorithm 0.1792 0.1808

All in all scenario j) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading
to P, values with P,,;¢ being at infinity.
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Table C49 Scenario j)

Method dn1 dn2 dn3 dn4 dn5 Adn6
Analytic ~ 0.2840 0.5384 0.5384 ~ 0.2840 ~ 0.5274 not practical
Algorithm 0.2840 0.5384 0.5385 0.2840 0.5274 Inf

Table C50 Scenario j)

Method Pri1 Pra1 Pri2 Pra2 Pris Pras
Analytic 0.0509 0.0509 0.0965 0.0965 0.0965 0.0965
Algorithm 0.0509 0.0513 0.0965 0.0973 0.0965 0.0973

Table C51 Scenario j)

Method Pria Prag Pnis Pras Pri6 Pras

Analytic 0.0509 0.0509 0.0945 0.0945 not practical not practical
Algorithm 0.0509 0.0513 0.0945 0.0953 Inf Inf
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k)

Table C52 Scenario k)

Slice 1: surface 216 — 1
Slice 2: surface (216 —1)/18 x 15
Slice 3: surface (216 — 1)/18 % 12
Slice 4: surface (216 —1)/18 x 9
Slice 5: surface (216 —1)/18 x 6
Slice 6: surface (216 —1)/18 3

Slice 8: surface —(216 —1)/18 %3
Slice 9: surface —(2'6 —1)/18 6
Slice 10: surface — (216 —1)/18 x 9
Slice 11: surface —(216 — 1)/18 x 12
Slice 12: surface — (216 —1)/18 x 15
Slice 13: surface —(216 — 1)

Slice 7: surface 0

Slice 7 middle: negative sum of 2'¢ — 1s in 1 voxel
Rpos(7734.1/7734.1/1514.5)
Rieg(7775.9/7775.9/8235.5)

Middle: M(7755/7755/4875)

The situation can be seen visualized in Fig. C20 k).

Table C53 Scenario k)

Method Ly |MRneg| (nm)

a+ (W MRpos| (nm)  |RposRneg| (nm)  npos
Analytic 3360.6 3360.6 6721.3
Algorithm =~ 34.2435 3360.7 3360.7 6721.3 7386
Table C54 Scenario k)
Method Rna1 Rno
Analytic ~0.6721 ~0.6721
Algorithm 0.6722 0.6779

All in all scenario k) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading
to P, values with P, ;¢ being at infinity.
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Table C55 Scenario k)

Method qn1 qn2 qn3 An4 an5 ané
Analytic ~ 0.1641 0.642 0.6420 0.1641 0.2556 not practical
Algorithm 0.1641 0.6420 0.6420 0.1641 0.2556 Inf

Table C56 Scenario k)

Method Pri1 Pra1 Pri2 Pra2 Pris Pras
Analytic 0.1103 0.1103 0.4315 0.4315 0.4315 0.4315
Algorithm 0.1103 0.1112 0.4315 0.4352 0.4315 0.4352

Table C57 Scenario k)

Method Pria Prag Pnis Pras Pri6 Pras

Analytic 0.1103 0.1103 0.1718 0.1718 not practical not practical
Algorithm 0.1103 0.1112 0.1718 0.1732 Inf Inf
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Table C58 Scenario 1)

Slice 1: surface (216 — 1)

Slice 2:
Slice 3:
Slice 4:
Slice 5:
Slice 6:
Slice 7:

surface (216 —1)/10 % 5
surface (216 —1)/10 x4
surface (216 —1)/10 % 3
surface (216 —1)/10 x 2
surface (216 —1)/10 % 2
surface (216 —1)/10 % 1

Slice 8: surface —(216 — 1)/10 % 1
Slice 9: surface —(2'6 —1)/10 % 2

Slice 10:
Slice 11:
Slice 12:
Slice 13:

Slice 7 middle: negative sum of 216 — 1s in 1 voxel
Rypos (=7735.5/~7735.5/~1450.4)
Rieg(=T773.1/~7773.1/~8340.0)
Middle: M(7755/7755/4875)

The situation can be seen visualized in Fig. C20 1).

Table C59 Scenario 1)

surface —(216 —1)/10 % 3
surface —(216 —1)/10 x4
surface —(216 —1)/10% 7
surface —(216 —1)/10 % 8

Method  qi (15) [MRnegl ("m) |MRpos| (1)  [RposRaeg| (7m)  mpos
Analytic 3465.1 3424.7 6889.8

Algorithm = 24.9370 3465.1 3424.7 6889.8 7856
Table C60 Scenario 1)

Method R Rno

Analytic ~0.689 ~0.689

Algorithm 0.689 0.6949
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Table C61 Scenario 1)

Method dnl qn2 dn3 dn4 qn5 dné

Analytic ~ 0.1195 0.4396 0.4396 0.1195 0.2718 not practical
Algorithm 0.1195 0.4396 0.4395 0.1195 0.2718 Inf
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Table C62 Scenario 1)

Method P11 Pnoy Pri2 Pra2 Pris Pras
Analytic 0.0823 0.0823 0.3029 0.3029 0.3029 0.3029
Algorithm 0.0823 0.0830 0.3029 0.3054 0.3028 0.3054

Table C63 Scenario 1)

Method Pria Prag Pris Prnas Pnis Pr2e
Analytic 0.0823 0.0823 0.1873 0.1873 not practical not practical
Algorithm 0.0823 0.0830 0.1873 0.1889 Inf Inf

All in all scenario 1) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of R,1/Rn2 being multiplied with the normalized charge. ¢,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading
to P, values with P,,;¢ being at infinity.
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m)

Table C64 Scenario m)

Slice 1: surface (216 — 1) Slice 8: surface —(216 —1)/10 % 1
Slice 2: surface (216 — 1) Slice 9: surface —(26 — 1)/10 % 2
Slice 3: surface (216 — 1)/10 x4 Slice 10: surface —(2'6 —1)/10 % 3
Slice 4: surface (216 —1)/10% 3 Slice 11: surface —(216 — 1)/10 + 4
Slice 5: surface (216 —1)/10 * 2 Slice 12: surface — (216 —1)/10 % 7

Slice 6: surface (216 —1)/10 % 2 Slice 13: surface —

Slice 7: surface (216 —1)/10 % 1

Slice 7 middle: negative sum of 2'¢ — 1s in 1 voxel
Ryos (RTT37.8/~T737.8/~1385.2)

Rueg (RT769.4/~7769.4/~7645.9)

Middle: M(7755,/7755,/4875)

The situation can be seen visualized in Fig. C20 m).

Table C65 Scenario m)

216 _1)/10% 8

Method g1 (15)  [MRuegl (nm) [MRpos| (nm)  [RposRneg| (mm)  mipos
Analytic 2771.0 3489.9 6260.9
Algorithm ~ 31.1840 2770.9 3489.9 6260.8 7856

Table C66 Scenario m)

Method Rn1 Rn2
Analytic 0.6261 0.6261
Algorithm 0.6261 0.6314

All in all scenario m) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading

to P, values with P,,;¢ being at infinity.
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Table C67 Scenario m)

Method qnl qn2 qn3 qn4 qns qn6
Analytic 0.1494 0.5497 0.5497 0.1494 0.2718 not practical
Algorithm 0.1494 0.5497 0.5496 0.1494 0.2718 Inf

Table C68 Scenario m)

Method Pri1 Pra1 Pri2 Pra2 Pris Pras
Analytic 0.0935 0.0935 0.3441 0.3441 0.3441 0.3441
Algorithm 0.0936 0.0943 0.3442 0.3471 0.3441 0.3471

Table C69 Scenario m)

Method Pria Prag Pnis Pras Pri6 Pras

Analytic 0.0935 0.0935 0.1702 0.1702 not practical not practical
Algorithm 0.0935 0.0943 0.1702 0.1716 Inf Inf
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n)

Table C70 Scenario n)

Slice 1: surface (216 — 1) Slice 8: surface —(216 —1)/10 % 1
Slice 2: surface (216 —1)/10 % 5 Slice 9: surface —(216 — 1)/10 % 2
Slice 3: surface (216 — 1)/10 x4 Slice 10: surface —(2'6 —1)/10 % 3
Slice 4: surface (216 —1)/10% 3 Slice 11: surface —(216 — 1)/10 + 4
Slice 5: surface (216 —1)/10 * 2 Slice 12: surface — (216 —1)/10 % 7

Slice 6: surface (216 — 1)/10 x4 Slice 13: surface —

Slice 7: surface (216 —1)/10 % 1

Slice 7 middle: negative sum of 2'¢ — 1s in 1 voxel
Rypos(=7731.9/~7731.9/~1553.6)
Ripeg(=T772.4/7772.4/~8206.3)

Middle: M(7755/7755/4875)

The situation can be seen visualized in Fig. C21 n).

Table C71 Scenario n)

216 _1)/10% 8

Method g1 (15)  [MRuegl (nm) [MRpos| (nm)  [RposRneg| (mm)  mipos
Analytic 3331.4 3321.6 6652.9
Algorithm =~ 25.9380 3331.4 3321.6 6652.9 7856

Table C72 Scenario n)

Method Rn1 Rn2
Analytic 0.6653 0.6653
Algorithm 0.6653 0.6710

Allin all scenario n) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading

to P, values with P,,;¢ being at infinity.
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Table C73 Scenario n)

Method qni qn2 qn3 dn4 qn5 ané
Analytic ~ 0.1243 0.4572 0.4572 0.1243 0.2718 not practical
Algorithm 0.1243 0.4572 0.4572 0.1243 0.2718 Inf

Table C74 Scenario n)

Method Pri1 Pra1 Pri2 Pra2 Pris Pras
Analytic 0.0827 0.0827 0.3042 0.3042 0.3042 0.3042
Algorithm 0.0827 0.0834 0.3042 0.3068 0.3042 0.3067

Table C75 Scenario n)

Method Pria Prag Pnis Pras Pri6 Pras

Analytic 0.0827 0.0827 0.1808 0.1808 not practical not practical
Algorithm 0.0827 0.0834 0.1809 0.1824 Inf Inf
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C.1.5 Displacement

0)

Slice 7: 216 — 1, R,,,5(8305/7755/4875)

(+5, 0 voxels from M)

Slice 7: — (216 — 1), Ry¢4(7205/7755/4875)

(-5, 0 voxels from M)

Middle: M(7755/7755/4875)

The situation can be seen visualized in Fig. C21 o).

Table C76 Scenario o)

Method 0+ (;25)  |[MRueg| (nm)  |[MRpos| (nm)  [RposRneg| (nm)  mpos
Analytic ~7.2-1073 550 550 1100 1
Algorithm ~7.2-1073 550 550 1100 1

Table C77 Scenario o)

Method Rni1 Rna
Analytic 0.11 0.11
Algorithm 0.11 0.1109

Table C78 Scenario o)

Method dnl dn2 Adn3 Adn4 Adn5 Aan6
Analytic ~35-10°° 1 1 ~35-10°° ~35-10°° not practical
Algorithm  ~3.5-107° 1 1 ~3.5-107° ~3.5-107° Inf

All in all scenario o) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading
to P, values with P,,;¢ being at infinity.
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Table C79 Scenario o)

Method Pn11 Pnoy Pri2 Pra2

Pnis Pras

Analytic 3.8062-10—F 3.81-10-F 0.11 0.11
Algorithm 3.8063 - 10~6 3.84-10-6 0.1100 0.1109

Table C80 Scenario o)

0.11 0.11
0.1100 0.1109

Method P14 P24 Pnis Pras

Pris

Pras

Analytic 3.8062-1076 3.81-10° 3.8062-107° 3.81-10°°
Algorithm  3.8063-10-% 3.84-10-% 3.8063-10"¢ 3.84.10-6

not practical
Inf

not practical
Inf
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D)
Slice 7: 216 — 1, R,,,5(8305/7755/4875)
(+5, 0 voxels from M)
Slice 7: — (26 — 1), Ry¢4(8305/6655/4875)
(45, -10 voxels from M)
Middle: M(7755/7755/4875)
The situation can be seen visualized in Fig. C21 p).

Table C81 Scenario p)

Method gt (z15)  [MRueg| (") [MRpos| ("m)  |RposRneg| (1m)  npos
Analytic ~72-10"3 1229.8 550 1100 1
Algorithm ~7.2- 103 1229.8 550 1100 1

Table C82 Scenario p)

Method Rn1 Rn2
Analytic 0.11 0.11
Algorithm 0.11 0.1109

Table C83 Scenario p)

Method dn1l qn2 qn3 qn4 qn5 qné6
Analytic ~35-10°° 1 1 ~3.5-10°° ~35-10°° not practical
Algorithm  ~3.5-107° 1 1 ~3.5-107° ~ 3.5- 1072 Inf

Allin all scenario p) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rpn1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading
to P, values with P,,;¢ being at infinity.
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Table C84 Scenario p)

Method Pn11 Pnoy Pri2 Pra2

Pnis Pras

Analytic 3.8062-10—F 3.81-10-F 0.11 0.11
Algorithm 3.8063 - 10~6 3.84-10-6 0.1100 0.1109

Table C85 Scenario p)

0.11 0.11
0.1100 0.1109

Method P14 P24 Pnis Pras

Pris

Pras

Analytic 3.8062-1076 3.81-10° 3.8062-107° 3.81-10°°
Algorithm  3.8063-10-% 3.84-10-% 3.8063-10"¢ 3.84.10-6

not practical
Inf

not practical
Inf
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a)
Slice 7: 216 — 1, R,,,5(8305/7755/4875)
(+5, 0 voxels from M)
Slice 7: — (26 — 1), Ry¢4(9405/7755/4875)
(+15, 0 voxels from M)
Middle: M(7755/7755/4875)
The situation can be seen visualized in Fig. C21 q).

Table C86 Scenario q)

Method 4+ (:£5)  [MRneg| (nm) |[MRpos| (nm)  |RposRneg| (nm)  npos
Analytic ~7.2-10°3 550 550 1100 1
Algorithm ~7.2-1073 1650.0 550 1100 1

Table C87 Scenario q)

Method Rn1 Rn2
Analytic 0.11 0.11
Algorithm 0.11 0.1109

Table C88 Scenario q)

Method dn1l qn2 qn3 qn4 qn5 qné6
Analytic ~35-10°° 1 1 ~3.5-10°° ~35-10°° not practical
Algorithm 3.5-107° 1 1 ~35-100° ~35.-1075 Inf

All in all scenario q) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading
to P, values with P,,;¢ being at infinity.
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Table C89 Scenario q)

Method Pn11 Pnoy Pri2 Pra2

Pnis Pras

Analytic 3.8062-10—F 3.81-10-F 0.11 0.11
Algorithm 3.8063 - 10~6 3.84-10-6 0.1100 0.1109

Table C90 Scenario q)

0.11 0.11
0.1100 0.1109

Method P14 P24 Pnis Pras

Pris

Pras

Analytic 3.8062-1076 3.81-10° 3.8062-107° 3.81-10°°
Algorithm  3.8063-10-% 3.84-10-% 3.8063-10"¢ 3.84.10-6

not practical
Inf

not practical
Inf
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r)
Slice 7: 216 — 1, R,,5(8305/9955/4875)
(45, +20 voxels from M)
Slice 7: — (26 — 1), Ry¢4(7205/9955/4875)
(-5, +20 voxels from M)
Middle: M(7755/7755/4875)
The situation can be seen visualized in Fig. C21 r).

Table C91 Scenario r)

Method gt (z15)  [MRueg| (") [MRpos| ("m)  |RposRneg| (1m)  npos
Analytic ~72-10"3 2267.7 2267.7 1100 1
Algorithm ~72-1073 2267.7 2267.7 1100 1

Table C92 Scenario r)

Method Rn1 Rn2
Analytic 0.11 0.11
Algorithm 0.11 0.1109

Table C93 Scenario r)

Method dn1l qn2 qn3 qn4 qn5 qné6
Analytic ~35-10°° 1 1 ~3.5-10°° ~35-10°° not practical
Algorithm 3.5-107° 1 1 ~35-100° ~35.-1075 Inf

All in all scenario r) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading
to P, values with P,,;¢ being at infinity.
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Table C94 Scenario r)

Method Pri1 P21 Pri2 Pra2

Pris Pras

Analytic 3.8062-10—° 3.81-10°F 0.11 0.11
Algorithm 3.8063 - 10—6 3.84-10-6 0.1100 0.1109

Table C95 Scenario r)

0.11 0.11
0.1100 0.1109

Method P14 P24 Pnis Pras

Pris

Pras

Analytic 3.8062-1076 3.81-10° 3.8062-107° 3.81-10°°
Algorithm  3.8063-10-% 3.84-10-% 3.8063-10"¢ 3.84.10-6

not practical
Inf

not practical
Inf
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5)
Slice 7: 216 — 1, P(8305/9955/4875)
(45, +20 voxels from M)
Slice 7: —(21¢ — 1), P(9405/9955 /4875)
(415,420 voxels from M)
Middle: P(7755/7755/4875)
The situation can be seen visualized in Fig. C21 s).

Table C96 Scenario s)

Method gt (z15)  [MRueg| (") [MRpos| ("m)  |RposRneg| (1m)  npos
Analytic ~72-10"3 4500 4500 9000 1
Algorithm ~7.2- 103 2750.0 2267.7 1100 1

Table C97 Scenario s)

Method Rn1 Rn2
Analytic 0.11 0.11
Algorithm 0.11 0.1109

Table C98 Scenario s)

Method dn1l qn2 qn3 qn4 qn5 qné6
Analytic ~35-10°° 1 1 ~3.5-10°° ~35-10°° not practical
Algorithm 3.5-107° 1 1 ~35-100° ~35.-1075 Inf

All in all scenario s) shows good agreement between analytic and algorithm
solution. Deviation is seen due to translation from metric to ordinal scale (R,
and R,2) leading to deviations in all P, values starting with 1 and 2 indicative
of Rp1/Rn2 being multiplied with the normalized charge. g,¢ is not practical
as we look at the artificial setting of starting with a total intensity of 0, leading
to P, values with P,,;¢ being at infinity.

n
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Table C99 Scenario s)

Method Pn11 Pnoy Pri2 Pra2

Pnis Pras

Analytic 3.8062-10—F 3.81-10-F 0.11 0.11
Algorithm 3.8063 - 10~6 3.84-10-6 0.1100 0.1109

Table C100 Scenario s)

0.11 0.11
0.1100 0.1109

Method P14 P24 Pnis Pras

Pris

Pras

Analytic 3.8062-1076 3.81-10° 3.8062-107° 3.81-10°°
Algorithm  3.8063-10-% 3.84-10-% 3.8063-10"¢ 3.84.10-6

not practical
Inf

not practical
Inf
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3 slice 1: 2161 ®) Slice 1: 215
P(7755/7755/375) slice 1 slice 13 P(7755/7755/375) slice 1 slice 13
Slice 13: -(216-1) Slice 13: -213
P(7755/7755/9375) P(7755/7755/9375)
M(7755/7755/4875) M(7755/7755/4875)
d)
) Slice 7: 2161 Slice 7: 216-1
P(8855/7755/4875) slice 7 P(12705/7755/4875) slice 7
(+10 voxels from M) (+45 voxels from M)
Slice 7: -2%6-1 Slice 7: -(216-1)
P(6655/7755/4875) P(2805/7755/4875)
(-10 voxels from M) (-45 voxels from M)
M(7755/7755/4875) M(7755/7755/4875)
e) 15 f) 16,
Slice 7: 2 . Slice 7: (2°-1)/4.5 .
P(12705/7755/4875) slice 7 P(12705/7755/4875) slice 7
(+45 voxels from M) (+45 voxels from M)
Slice 7: -215 Slice 7: -(216-1)/4.5
P(2805/7755/4875) P(2805/7755/4875)
(-45 voxels from M) (-45 voxels from M)
M(7755/7755/4875) M(7755/7755/4875)
9)

Slice 1-6: 2161
Slice 7: 0
Slice 8-13: -(216-1)

slicel slice2 slice3 slice4 slice5 slice6 slice7 slice8 slice9 slice 10 slice 11 slice 12 slice 13

clejolelccl@ |

Rpos(7755/7755/~2772.6) Rneg(7755/7755/~6977.4) M(7755/7755/4875)

h)
Slice 1-13 surface: 2161
Slide 7 middle: negative sum of 216-1s

slicel slice2 slice3 slice4 slice5 slice6 slice7 slice8 slice9 slice 10 slice 11 slice 12 slice 13

- 101000000000 -

Rpos(7755/7755/4875) Rneg(7755/7755/4875) M(7755/7755/4875)

Slice 1-13 surface: 2'6-1
Slide 7 middle: negative sum of 2%6-1s, distributed on 11 voxels

slicel slice2 slice3 slice4 slice5 slice6 slice7 slice8 slice9 slice 10 slice 11 slice 12 slice 13

- 101000000000 -

Rpos(7755/7755/4875) Ryeq(7755/7755/4875) M(7755/7755/4875)

Fig. C19 Different charge scenarios
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Slice 1 surface: (26-1) Slice 8 surface: (21°-1) /13 * 6
Slice 2 surface: (21-1) / 13 * 12 Slice 9 surface: (2'6-1) /13 *5
Slice 3 surface: (216-1) /13 ¥ 11 Slice 10 surface: (216-1) /13 * 4
Slice 4 surface: (2%6-1) / 13 * 10 Slice 11 surface: (2%6-1) / 13 * 3
Slice 5 surface: (21¢1) /13 * 9 Slice 12 surface: (2%6-1) / 13 * 2
Slice 6 surface: (2¢-1) /13 * 8 Slice 13 surface: (2%5-1) /13 * 1
Slice 7 surface: (2%6-1) /13 * 7

Slide 7 middle: negative sum of 2%6-1s, 1 voxel

slicel slice2 slice3 slice4 slice5 slice6 slice7 slice8 slice9 slice 10 slice 11 slice 12 slice 13

- 1000000600000 -

Rpos(7743.8/7743.8/3082.8) Req(7755/7755/4875) M(7755/7755/4875)

K)
Slice 1 surface: (2%6-1) Slice 8 surface: -(2%-1) /18 * 3
Slice 2 surface: (2%6-1) / 18 * 15 Slice 9 surface: -(2%-1) /18 * 6
Slice 3 surface: (2%6-1) / 18 * 12 Slice 10 surface: -(2%5-1) /18 * 9
Slice 4 surface: (2%6-1) /18 * 9 Slice 11 surface: -(26-1) / 18 * 12
Slice 5 surface: (2%6-1) /18 * 6 Slice 12 surface: -(26-1) / 18 * 15
Slice 6 surface: (2'6-1) /18 * 3 Slice 13 surface: -(25-1)
Slice 7 surface: 0
Slide 7 middle: negative sum of 21¢-1s, 1 voxel

slicel slice2 slice3 sliced4 slice5 slice6 slice7 slice8 slice9 slice 10 slice 11 slice 12 slice 13
Rpos(7734.1/7734.1/1514.5) R,eq(7775.9/7775.9/8235.5) M(7755/7755/4875)

1)
Slice 1 surface: (2%6-1) Slice 8 surface: -(2'%-1) /10 * 1
Slice 2 surface: (2%6-1) / 10 * 5 Slice 9 surface: -(216-1) / 10 * 2
Slice 3 surface: (21%-1) /10 * 4 Slice 10 surface: -(2%6-1) / 10 * 3
Slice 4 surface: (2%6-1) /10 * 3 Slice 11 surface: -(2'°-1) / 10 * 4
Slice 5 surface: (2%6-1) / 10 * 2 Slice 12 surface: -(2%6-1) / 10 * 7
Slice 6 surface: (216-1) / 10 * 2 Slice 13 surface: -(2%6-1) / 10 * 8
Slice 7 surface: (2%6-1) /10 * 1
Slide 7 middle: negative sum of (21¢-1)s, 1 voxel

slicel slice2 slice3 slice4 slice5 slice6 slice7 slice8 slice9 slice 10 slice 11 slice 12 slice 13
Rpos(7735.5/7735.5/1450.4) R,eg(7773.1/7773.1/8340.0) M(7755/7755/4875)

m)
Slice 1 surface: (26-1) Slice 8 surface: -(216-1) /10 * 1
Slice 2 surface: (2%6-1) Slice 9 surface: -(216-1) / 10 * 2
Slice 3 surface: (2%5-1) / 10 * 4 Slice 10 surface: -(216-1) / 10 * 3
Slice 4 surface: (2%%-1) / 10 * 3 Slice 11 surface: -(21%-1) / 10 * 4
Slice 5 surface: (2%6-1) / 10 * 2 Slice 12 surface: -(216-1) / 10 * 7
Slice 6 surface: (2%6-1) / 10 * 2 Slice 13 surface: -(2°-1) / 10 * 8
Slice 7 surface: (2%6-1)/ 10 * 1

Slide 7 middle: negative sum of 2%6-1s, 1 voxel
slicel slice2 slice3 slice4 slice5 slice6 slice7 slice8 slice9 slice 10 slice 11 slice 12 slice 13

- 100000000000 -

Rpos(7737.8/7737.8/1385.2) Req(7769.4/7769.4/7645.9) M(7755/7755/4875)

Fig. C20 Different charge scenarios
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Slice 1 surface: (21°-1)

Slice 2 surface: (2'%-1) /10 * 5
Slice 3 surface: (216-1) / 10 * 4
Slice 4 surface: (2'%-1) /10 * 3
Slice 5 surface: (2'¢1) /10 * 2
Slice 6 surface: (2'6-1) /10 * 4
Slice 7 surface: (21%-1) /10 * 1

105

Slice 8 surface: -(216-1) /10 * 1
Slice 9 surface: -(2'6-1) / 10 * 2
Slice 10 surface: -(26-1) / 10 * 3
Slice 11 surface: -(216-1) / 10 * 4
Slice 12 surface: -(2%6-1) / 10 * 7
Slice 13 surface: -(2'¢-1) /10 * 8

Slide 7 middle: negative sum of 21¢-1s, 1 voxel

slicel slice2 slice3 slice4 slice5

slice 6 slice 7 slice 8

slice 9 slice 10 slice 11 slice 12 slice 13

- 10000000000 -

Rpos(7731.9/7731.9/1553.6)

p)

Slice 7: 2%¢-1
P(7755/8305/4875)
(0, +5 pixels from M)

slice 7

Slice 7: -(2%¢-1)
P(7755/7205/4875)
(0, -5 pixels from M)

M(7755/7755/4875)

Slice 7: 216-1
P(7755/8305/4875)
(0, +5 pixels from M)

slice 7

Slice 7: -(2%6-1)
P(7755/9405/4875)
(0, +15 pixels from M)

M(7755/7755/4875)

Slice 7: 2%°-1
P(9955/8305/4875)
(+20, +5 pixels from M)

slice 7

Slice 7: -(2%¢-1)
P(9955/9405/4875)
(+20, +15 pixels from M)

M(7755/7755/4875)

Fig. C21 Different charge scenarios

Rneg(7772.4/7772.4/8206.3) M(7755/7755/4875)

Slice 7: 2%¢-1
P(7755/8305/4875)
(0, +5 pixels from M)

slice 7

Slice 7: -(21¢-1)
P(6655/8305/4875)
(-10, +5 pixels from M)

M(7755/7755/4875)

Slice 7: 216-1
P(9955/8305/4875)
(+20, +5 pixels from M)

slice 7

Slice 7: -(2%6-1)
P(9955/7205/4875)
(+20, -5 pixels from M)

M(7755/7755/4875)
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