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Chapter 1 – Getting Started 

1.1 Prerequisites 

FluoroTensor was developed in the Leicester Ins琀椀tute of Structural and Chemical Biology for 

studying stoichiometries of regulatory pre-mRNA splicing complexes. 

Due to the ad hoc nature of FluoroTensor v6.6.8r there are a number of requirements that 

need to be met for it to be of op琀椀mal use. The recommended system requirements are 

shown below. 

Recommended System Requirements 

OS: Windows 10 64 bit 

CPU: 8th GEN intel i5-8500 / AMD Ryzen 5 3600XT or newer 

RAM: 16GB DDR4 / 32GB DDR4 (recommended for large datasets.) 

GPU: (not required) / NVIDIA GTX 1070 (minimum for model training of 

datasets larger than 1M traces in reasonable time.) 

Storage: Minimum 1TB permanent storage for single molecule data (recommend 

SSD. Use permanent storage for fastest data load times instead of 

networked storage where possible.) 

Software: Microsoft Excel or equivalent program (such as open office) that can read 

.xlsx files and contains a numerical solver must be installed. 

Monitor: Minimum 1080p (1920x1080) display resolution. 

 

In addi琀椀on, there are requirements for data types, and limita琀椀ons on the kind of analysed 

data that can be exported. FluoroTensor has been made available under the Crea琀椀ve 

Commons NonCommercial (CCNC) licence and as such, modi昀椀ca琀椀ons and improvements to 

allow the program to perform outside the scope of its concep琀椀on by non-commercial users 

are encouraged.  

Colocaliza琀椀on Analysis 

The colocaliza琀椀on and step detec琀椀on suite allows accurate stoichiometry detec琀椀on of up to 4 

bleaching steps. The requirements of this component of the program are listed below: 
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❖ Raw data for each colour channel must be contained within a single 昀椀le in TIF (.琀椀f or 

.琀椀昀昀) format with consecu琀椀ve frames in a 3D stack. 

❖ Movies should be in 16-bit format such that the maximum intensity possible is 6.5x104 

❖ TIF 昀椀les should be ordered by sequen琀椀al illumina琀椀on of each 昀氀uorophore delineated 

by the frame index rather than separated into higher dimensional channels. For 

example, a three-colour movie should be around 900 frames long with each channel 

consis琀椀ng of 300 frames. 

❖ The x, y resolu琀椀on of TIF movies should be exactly 256x256 or exactly 512x512 pixels. 

❖ The number of 琀椀me points in each channel should be within 20% of the neural network 

domain. By default, this is 300 frames with the supplied models. 

❖ Fluorophores in use should have similar stokes shi昀琀 and emission wavelength 

di昀昀erence to Cy5-mCherry-mEGFP and be loaded into the program in descending 

wavelength order such that the longest wavelength is the marker with respect to which 

colocaliza琀椀on is calculated (le昀琀 channel in the display) and the shortest is in the right-

hand channel (marked 488nm).  

❖ The standard devia琀椀on in x and y of 昀氀uorescent signals in movies should be between 

0.8 and 3 pixels (FWHM between 1.9 and 7.0 pixels) for op琀椀mal results. 

Tracking  

❖ Movies must be in TIF (.琀椀f or .琀椀昀昀) format as a 3D stack. 

❖ Movies Should be any resolu琀椀on less than or equal to 512x512.  

❖ Channels should be split into separate TIF 昀椀les. 

❖ The standard devia琀椀on in x and y of 昀氀uorescent signals in movies should be between 

0.7 and 3.5 pixels (FWHM between 1.6 and 8.2 pixels) for op琀椀mal results. 
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1.2 Running the Program from PyInstaller Executable (Recommended) 

To run FluoroTensor from the executable (.exe) 昀椀le on windows, download the zipped folder 

from h琀琀ps://github.com/LISCB/FluoroTensor. This folder contains everything you need to use 

FluoroTensor, export data and op琀椀mise calibra琀椀on parameters providing you have met the 

prerequisites. 

 

Within this folder are the Excel templates, se琀�ngs, neural networks, libraries, and the 

executable. Running the executable (FluoroTensor v6.6.8r (Latest).exe), will open a terminal 

window in which debugging informa琀椀on is displayed. The 昀椀rst output in this console will be 

libraries being loaded. The string of TensorFlow errors can be safely ignored since they are 

concerned with GPU accelera琀椀on which is not required for FluoroTensor to run e昀케ciently: 

 



Page | 8  
 

A昀琀er TensorFlow is loaded, the console will display progress as the neural network models are 

loaded. Immediately following this, the main GUI window will appear: 
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1.3 Running the Program from Code 

If you want to make modi昀椀ca琀椀ons to the source code or if you’re happier running the program 

without an executable or on a di昀昀erent pla琀昀orm, you’ll 昀椀rst need to create a virtual 

environment using an IDE such as PyCharm. Python version should be 3.8 or 3.9. In the project 

folder you’ll need the following python 昀椀les from h琀琀ps://github.com/LISCB/FluoroTensor: 

 

In addi琀椀on, you’ll need the other 昀椀les and folders for se琀�ngs, neural networks, icons, etc., as 

shown above. The .idea and venv folders are part of the virtual environment and should be 

created automa琀椀cally when crea琀椀ng a new project. Once this is done, the following command 

will need to be executed in the project terminal to install the required python packages: 

pip install tkscrolledframe==1.0.4 

pip install openpyxl==3.1.2 

pip install numpy==1.26.2 

pip install matplotlib==3.4.0 

pip install scipy==1.11.4 

pip install easygui==0.98.2 
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pip install scikit-learn==1.3.2 

pip install tifffile==2023.9.26 

pip install opencv-python==4.8.1.78 

pip install tensorflow==2.7.1 

pip install pillow==9.5.0 

 

A昀琀er all packages are installed, you can now run FluoroTensor from the IDE within the virtual 

environment; the debugging output that would normally be shown in the terminal window 

when running the .exe will now appear in the IDE ‘Run’ console output. A昀琀er a short 琀椀me, 

a昀琀er all the components are loaded, the main window will appear in much the same way. 
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Chapter 2 – Image Analysis and Colocalization 

2.1 Opening The Raw Data Analysis Window 

Navigate to the ‘Import’ widget at the top right of the main window and click on the ‘Import 

Raw’ bu琀琀on: 

 

 

 

 

 

 

 

This will open a new window with an interface for analysing raw .琀椀f 昀椀les. The interface is split 

into three channels, each with its own controls and se琀�ngs and a toolbar at the bo琀琀om: 
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2.2 An Overview of the Raw Data Analysis Interface 

Each channel has an upper canvas, the larger one, which will display the enhanced version of 

the averaged frames + maximum projec琀椀on and a smaller, lower canvas which displays the 

unenhanced image.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each channel also has some addi琀椀onal controls. The input boxes control which frames of the 

raw data cons琀椀tute a speci昀椀c channel and the percen琀椀le of background intensity that should 

be removed when enhancing the image. If the ‘Analyse’ checkbox is 琀椀cked, the channel is 

ac琀椀ve and will be displayed and analysed, otherwise it will be ignored and show the default 
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blue canvas to show that it is inac琀椀ve. The spot criteria bu琀琀on in each channel opens a window 

which allow the parameters for spot detec琀椀on to be adjusted. ‘Refresh View’ redraws the 

enhanced canvas to e昀昀ect changes made to the brightness or background removal. ‘Redo 

Frames’ recalculates the average and maximum projec琀椀on and re-enhances the image 

followed by refreshing the canvas if changes have been made to the frames of a channel. 

The brightness control can be adjusted by the arrows or by typing in a number and pressing 

refresh. In addi琀椀on, the brightness of a channel can be incremented or decremented in steps 

of 0.5 using the middle mouse scroll wheel. ‘inv. Power’ can be largely ignored and is 

calculated automa琀椀cally by the program when a 昀椀le is loaded or the frames are changed. This 

se琀�ng a昀昀ects background uniformity and will be explained later on. The small box to the right 

of these se琀�ngs displays a histogram of intensi琀椀es from an intermediate stage of 

enhancement. 

Below the three channels is the toolbar. On the le昀琀 are the controls used for loading and 

analysing data: 

 

On the right is an informa琀椀on box which displays the 昀椀lename and number of frames, to the 

right of which are bu琀琀ons for showing traces and impor琀椀ng the dataset back into the main 

window of the program for further analysis once the raw data has been analysed. The space 

on the le昀琀 is reserved for a status label and progress bar for tasks in progress: 
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2.3 Loading a Ti昀昀 昀椀le 

To load a 昀椀le, press the ‘Load TIF’ bu琀琀on in the lower le昀琀 corner of the toolbar: 

 

 

This will open a 昀椀le dialogue box from which you can select a .琀椀f 昀椀le and open it: 

 

 

 

 

 

 

 

 

A progress bar will be displayed in the toolbar and the GUI will stop accep琀椀ng input un琀椀l the 

昀椀le has been loaded. For large 昀椀les or from slow storage media such as USB s琀椀cks or network 

drives the window may become unresponsive for a short period of 琀椀me. 

 

 

 

Once the 昀椀le has been successfully opened, each channel will render the enhanced views 

automa琀椀cally. By default, the marker channel will be superimposed upon the secondary 

channels so colocalised spots can be iden琀椀昀椀ed easily by the user. 
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The Marker channel is shown in red, the 561nm channel is shown in yellow and the 488nm 

channel is shown in green. 

In the event that the frames are set incorrectly, for example beyond the length of the 昀椀le, an 

error might appear when the 昀椀le is loaded: 
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This will cause the o昀昀ending channel to become inac琀椀ve. In order to proceed, simply set the 

frames to be within the bounds of the 昀椀le correctly, press ‘Redo Frames’ and then 琀椀ck the 

analyse checkbox. Depending on the 昀椀le, it may be necessary to press ‘Redo Frames’ an 

addi琀椀onal 琀椀me to ensure the ‘inv. Power’ property is calculated correctly for the channel. 
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2.4 Viewing Raw Data 

If your microscopy set up does not have an automated acquisi琀椀on so昀琀ware that 琀椀mes the 

laser shu琀琀ers with the camera, you will likely need to look through the raw data to 昀椀nd the 

points at which the colour channels switch. To do this, click on ‘Open RAW’ in the toolbar: 

 

 

This will open a pop-up window which displays the raw single molecule movie 1 frame at a 

琀椀me. Use the slider to scroll through frames. Alterna琀椀vely, to go frame by frame use the 

arrows at le昀琀 and right of the slider. 

 

 

 

 

 

 

 

 

 

 

 

Global normaliza琀椀on normalizes the current frame to the brightest frame in the channel, 

rather than by the brightest pixel in the frame. This can help reduce the 昀氀icker when scrolling 

through based on variable noise levels and signal intensi琀椀es. 
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The colour map can be changed using the dropdown menu. The default is ‘Inferno’ which is 

shown in the illustra琀椀ons above. Six perceptually uniform colour maps are available. The last 

colour map which was originally implemented is not recommended since it is not perceptually 

uniform and over-represents contrast at the colour boundaries. 

 

 

 

 

 

 

The default frames can be set from the toolbar if you expect the frames for each channel to 

be the same from 昀椀le to 昀椀le as is usually the case with automated acquisi琀椀on so昀琀ware that 

has shu琀琀er control. This will be useful later for automa琀椀on. Click the ‘Set Defaults’ bu琀琀on in 

the toolbar to do so: 

 

 

A popup will then show up where you can edit the default frames and background to subtract, 

assuming rela琀椀ve uniformity across the dataset: 

 

 

 

 

 

 

 

Viridis Cividis Magma Inferno Plasma Greys Original 



Page | 19  
 

‘Restore Defaults’ will reset the frames to factory defaults. These values are saved even when 

the program is closed. Thus, the next 琀椀me FluoroTensor is launched for raw data analysis, the 

frames in each channel will be set according to the default values set here.  

 

2.5 Con昀椀guring Fluorophore Names 

Fluorophores can be renamed by pressing ‘Fluorophore Con昀椀g’ in the default se琀�ngs window. 

This will bring up a listbox where you can select which channel to con昀椀gure. Select a channel, 

press OK and then type the name of the 昀氀uorophore: 
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A昀琀er refreshing the channel, the correct 

昀氀uorophore name will now be displayed at 

the top.  

 

 

 

 

2.6 Disabling Sum or Maximum Projec琀椀on 

Some琀椀mes you may wish to only use the sum or maximum projec琀椀on rather than the default 

which is to use both. To do this, le昀琀 click on the unenhanced smaller canvas in the relevant 

channel: 

 

 

 

 

 

 

 

 

Then click the mode you want to toggle o昀昀 from the op琀椀ons in the pop-up window and press 

ok. The program will then re-enhance the image using the remaining mode: 
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2.7 Detec琀椀ng Fluorescent Foci 

To detect 昀氀uorescent signals of single molecules, press the ‘Detect Spots’ bu琀琀on in the 

toolbar: 

 

 

Spots that have been detected will be circled and numbered. The circles in the marker channel 

are colour coded based on colocaliza琀椀on. White spots are not colocalized, orange spots are 

colocalized with a corresponding spot in the 561nm channel, green spots are colocalized with 

a corresponding spot in the 488nm channel and purple spots are colocalized with 

corresponding spots in both channels: 



Page | 22  
 

The spots detected in the secondary channels are also circled and colour coded but in a slightly 

di昀昀erent way: 
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Secondary channel spots which are colocalized with markers are circled in blue and non-

colocalized spots are circled in white. By default, the marker spots are circled in a smaller, 

fainter red circle and the channel is superimposed. This can be disabled by right clicking on 

the view and naviga琀椀ng to the ‘Show Marker Spots’ and ‘Marker View Overlay’ toggles in the 

context menu: 
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The number of spots detected and colocalized can be shown. This func琀椀on also darkens non-

colocalized spots so that colocalized spots can be iden琀椀昀椀ed more clearly by eye. To do this, 

right click on any of the three channel’s canvases and click ‘Display Sta琀椀s琀椀cs’: 

 

 

 

 

 

 

 

 

 

 

 

The spot sta琀椀s琀椀cs will then be displayed in the upper le昀琀 corner of the marker channel canvas: 
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2.8 Manually Adding and Removing Fluorescent Foci 

Spots can also be manually added and removed if necessary. To add a spot manually, le昀琀 click 

within 5 pixels of the centre of the spot in the enhanced canvas: 

 

 

 

 

 

 

 

Any spot, whether detected automa琀椀cally or added manually can be removed. To do this, 

simply right click near the spot and select ‘Remove Spot’ at the top of the context menu. Make 

sure to click precisely as the nearest spot to where the cursor was when the bu琀琀on was clicked 

will be removed: 

 

 

 

 

 

Note that spots will be renumbered. Any spot with a higher index than the removed spot will 

have its own index reduced by one to compensate for the removed spot. 
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If a spot is added that does not fall within the parameters of the spot criteria, a popup window 

will appear, warning the user that the selected spot is invalid. The spot can then be forced, or 

the user can cancel adding the spot at this point: 

 

 

 

 

 

 

 

 

 

 

If the quality of spots is not important in the context of a par琀椀cular experiment, and the user 

wishes to bypass this warning, it can be disabled by right clicking in the canvas of any of the 

channels and toggling ‘Show Spot Warnings’: 
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2.9 Finding Spot Fi琀�ng Parameters 

To 昀椀nd the parameters of the 昀椀t of a spot, right click it and select ‘Spot 昀椀琀�ng parameters’ 

from the context menu. A small popup window will appear next to the spot, displaying these 

parameters: 

 

 

 

 

 

 

 

 

 

 

This informa琀椀on can also be found in the excel template when the analysed data is exported 

later a昀琀er the traces are analysed. 
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2.10 Modifying Spot Criteria 

The criteria or thresholds for detec琀椀ng spots are independent for each channel. Each channel 

has a bu琀琀on which will bring up a popup window in which the parameters can be edited. For 

example, if you 昀椀nd that the detec琀椀on threshold is too low and prevents FluoroTensor from 

picking spots in the 488nm channel, click ‘Spot Criteria’ in the 488nm channel and reduce the 

threshold so the spots are picked correctly: 

 

 

 

 

 

 

 

 

 

 

 

 

Pressing ‘Help’ will open a help window which describes in detail what each parameter does. 

These parameters are saved if the program is closed and restarted. The default values can be 

easily restored in the case that the parameters are detrimentally altered and the working 

parameters cannot be remembered.   
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2.11 Analysing a Custom Field of View  

It may be necessary to only analyse a region within the 昀椀eld of view of a channel. Examples of 

such cases include poor focus or spherical aberra琀椀on at the fringes of the image. To draw a 

custom region, right click within the canvas in the relevant channel and choose ‘Select Analysis 

Region’ from the context menu: 

 

 

 

 

 

 

 

 

You can then draw a box in the region of the 昀椀eld of view that you wish to analyse. Spots in 

this channel will only be detected within this region: 
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The region will stay even when a di昀昀erent 昀椀le is loaded and can be used if the TIRF illumina琀椀on 

昀椀eld does not cover the full area from 昀椀le to 昀椀le. To remove the region and detect spots in the 

whole 昀椀eld of view, right click in the canvas of the relevant channel and choose ‘Delete Region’ 

from the context menu: 
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2.12 Calcula琀椀ng Colocalized Traces 

To calculate colocalized traces, click the ‘Calculate Colocalized Traces’ bu琀琀on on the toolbar. 

Doing this will calculate the traces for any colocalized spot. The order will be marker trace, 

then 488nm colocalized trace if present, then 561nm colocalized trace if present.  

 

 

Once the traces are calculated, a window will automa琀椀cally pop up where you can click 

through the traces to look at them. The trace of the signal without background subtrac琀椀on is 

shown in green using the right-hand axis. The trace of the background-subtracted signal is 

shown in blue and plo琀琀ed on the le昀琀-hand axis: 
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Once any traces have been calculated, the program will warn you if you try to calculate them 

again if they weren’t manually deleted 昀椀rst. This is to prevent accidental duplica琀椀on. 

FluoroTensor will also warn you if you have opened the same .琀椀f 昀椀le more than once in the 

same session. If mul琀椀ple 昀椀les are analysed, the traces from each 昀椀le will be added to the 

overall dataset and the colocaliza琀椀on trend will be displayed in the upper plot of the trace 

window. This might be helpful to check if the sample is degrading over 琀椀me during the course 

of the microscopy experiment. 
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2.13 Calcula琀椀ng All Traces 

If the distribu琀椀on of steps of all spots is of interest, not just colocalized spots, it is possible to 

calculate the traces of all spots in all channels. Do this by clicking ‘All Traces’ in the toolbar: 

 

 

In this case, the traces of marker spots will be calculated 昀椀rst, then the 561nm channel, then 

the 488nm channel. In much the same way, once all traces have been calculated, the trace 

window will pop up and you can scroll through traces. 

Of par琀椀cular importance is that only one mode of trace calcula琀椀ons should be used at a 琀椀me. 

For example, all 昀椀les should be analysed for colocaliza琀椀on and the data processed and 

exported. Then for all traces, the process should be begun anew, this 琀椀me calcula琀椀ng all 

traces. The data should then be exported to a separate 昀椀le. 

 

2.14 Calcula琀椀ng Non-Colocalized Traces 

While it is recommended to perform nega琀椀ve controls experimentally for example in the 

absence of the component in the marker channel, preliminary informa琀椀on can be gathered 

by analysing non-colocalized spots. To do this, click ‘Non Coloc.’ In the toolbar: 

 

 

Once again, this should be used separately from other analyses and exported into a separate 

昀椀le. For a full analysis, you will end up with three exported Excel 昀椀les, one for colocalized 

traces, one for all traces, and one for non-colocalized traces. More detail about full 

experimental analyses will be given in chapter 7. 
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Chapter 3 – Calibration 

3.1 The Calibra琀椀on File 

The calibra琀椀on 昀椀le holds a record of the parameters used to correct for chroma琀椀c aberra琀椀on 

by transforming the coordinates of secondary channel spots onto the markers. It is an Excel 

‘.xlsx’ 昀椀le that can be found in the FluoroTensor folder. This 昀椀le should not be renamed 

otherwise the program will be unable to locate it: 

 

 

 

 

 

 

 

 

 

 

Open the 昀椀le to view the history of calibra琀椀on parameters: 

 

Calibra琀椀on parameters are stored in columns in rows 1 through 10. Each calibra琀椀on is dated 

by when the data it was produced from was collected. The date order is YYYYMMDD. Xo and 

Yo should be set to zero as they are legacy parameters kept to prevent incompa琀椀bility with 
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some of our other internally used programs. The colocaliza琀椀on criterion is the distance in 

pixels from the centre of a marker spot and secondary spot under which it quali昀椀es as 

colocalized. This threshold should be set appropriately. When samples are dilute and the 

number of spots in each channel is 50-100, the random colocaliza琀椀on rate is 1-2% with a 2-

pixel threshold. 

The calibra琀椀on method is suitable for systems where chroma琀椀c aberra琀椀on can be solved with 

a linear approxima琀椀on within the threshold distance. It is recommended where possible to 

record separate calibra琀椀on movies regularly, if not on the same day the microscope is used. 

This can be done with small red/green 昀氀uorescent beads with similar Stokes shi昀琀 to the 

昀氀uorophores in use, or with a dual labelled single-molecule standard using the same 

昀氀uorophores as in the experiment. A simple standard is a bio琀椀nylated dual-labelled oligo using 

BSA-streptavidin deposited directly onto a cleaned glass slide. 

The parameters Xc, Yc, SFx, and SFy are solved in an Excel sheet from the analysed calibra琀椀on 

data. The following sec琀椀on will describe how this is done both for 昀氀uorescent beads and dye 

labelled single molecules. 
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3.2 Calibra琀椀ng FluoroTensor with Fluorescent Beads 

Open the calibra琀椀on window by clicking ‘Coloc. Calibra琀椀on’ on the toolbar: 

 

 

 

The window will show the current calibra琀椀on and the date it was collected. The disclaimer can 

be ignored, but encourages the proper keeping of the calibra琀椀on record. The reason being 

that old data may need to be reanalysed and if the setup or alignment of the microscope 

system has changed, and/or the calibra琀椀on has changed, older records need to be maintained 

to correct the chroma琀椀c aberra琀椀on from before changes to the system were made. The 

calibra琀椀on popup window will look like this: 

 

 

 

 

 

 

 

 

 

To begin analysing calibra琀椀on movies, press ‘Start Calibra琀椀on’. A message will pop up advising 

about laser powers, etc. This can be ignored as it pertains to a speci昀椀c system we have. Users 

may have to op琀椀mise the condi琀椀ons to 昀椀nd what works well for them. 
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Press ok to dismiss the above message and the following window will appear. Click ‘Analyse 

Calib. TIF’ and select the 昀椀rst calibra琀椀on movie a昀琀er ensuring the frames are set correctly. 

Un琀椀ck the ‘Analyse’ checkbox in the 56nm channel as it will not be required. 
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Users should ensure the distribu琀椀on of beads is sparse as the program will automa琀椀cally 

colocalize 488nm spots with 640nm spots within a larger threshold of 5 pixels. Spots will be 

detected automa琀椀cally a昀琀er the 昀椀le is loaded and the 640nm-488nm coordinate pairs will 

appear in the window as shown above. Once the coordinates have appeared and the ‘Analyse 

Calib. TIF’ bu琀琀on has become green again, proceed to the next 昀椀le and repeat. Once all the 

calibra琀椀on 昀椀les have been analysed. Find the ‘calibra琀椀on op琀椀mizer template.xlsx’ in the 

FluoroTensor folder and make a copy of it. Name the copy appropriately and save it 

somewhere. Here we will simply keep the non-renamed copy for demonstra琀椀on purposes: 
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Next, go back to FluoroTensor and click ‘Export to Op琀椀mizer Template’ and then select the 

Excel 昀椀le that was just copied and renamed. Make sure the 昀椀le is not open in Excel at the 琀椀me 

you export to it as the data will not be saved and FluoroTensor might hang in which case the 

raw analysis window will need to be closed and reopened from the main GUI window. 

 

 

 

 

 

 

 

 

 

 

On success, a dialogue box will pop up to inform the user that the data was exported 

successfully: 
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Next, open the Excel 昀椀le the data was exported to. It will look something like this: 

 

In Excel, if the solver add-in is not installed, go to File and then navigate to the op琀椀ons menu: 

 

 

 

 

Then Click ‘Add-ins’ in the bo琀琀om right of the op琀椀ons window: 
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Select ‘Excel Add-ins’ in the dropdown menu at the bo琀琀om and then click ‘Go…’ 

 

 

 

 

 

 

 

 

 

 

 

Make sure the ‘Solver Add-in’ box is checked and press ‘OK’. The solver add-in should only 

take a moment to install. 
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Once the solver add-in is installed, go to the ‘Data’ tab at the top of the toolbar in Excel: 

 

 

Then click on ‘Solver’ under the ‘Analyse’ sec琀椀on at the right-hand side of the toolbar ribbon: 

 

 

 

 

Make sure the solver is minimising cell X6 by adjus琀椀ng U4 through U7 as shown below. Ensure 

the solving method is set to ‘GRG nonlinear’ and constrained such that cells U6 and U7 are 

greater than 0.01. Then press solve: 
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On a successful solu琀椀on, the following window will be displayed: 

 

 

 

 

 

 

 

 

 

 

Ensure the ‘Keep Solver Solu琀椀on’ radio bu琀琀on is selected, then press ‘OK’. Now open the 

‘calibra琀椀on.xlsx’ 昀椀le in the FluoroTensor folder. In a new column, add the current date in 

YYYYMMDD order in the 昀椀rst row: 
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In rows 3 and four, enter 0, and in row 10 enter the colocaliza琀椀on threshold e.g., 2 pixels: 

 

 

 

 

 

 

 

Then go back to the calibra琀椀on op琀椀mizer template that was just solved and select the rounded 

parameters in cells U10 through U13 and copy them: 

 

 

 

 

 

 

Go back to the ‘calibra琀椀on.xlsx’ 昀椀le and right click in row 5 of the calibra琀椀on being added and 

select the ‘Values’ paste op琀椀on, otherwise references will be copied and it won’t work. 
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Once pasted, save the ‘calibra琀椀on.xlsx’ 昀椀le and go back to FluoroTensor. In the calibra琀椀on 

window, click ‘Reload Calibra琀椀on’, and the calibra琀椀on that was just added will be loaded and 

selected in the future when the program is started. 

 

 

 

 

 

 

 

 

 

The new calibra琀椀on will be applied immediately to spot detec琀椀on and colocaliza琀椀on analysis. 
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3.3 Calibra琀椀ng FluoroTensor with a Dual-Labelled Oligonucleo琀椀de 

From the toolbar, open the calibra琀椀on window: 

 

 

Press ‘Start Calibra琀椀on’ just like when using 昀氀uorescent beads: 

 

 

 

 

 

 

 

 

In the pop-up window, before beginning with analysis, click the ‘Oligo Mode’ checkbox which 

will automa琀椀cally turn auto-op琀椀mise mode on and set the right enhancement: 
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The rest of the process is iden琀椀cal to the 昀氀uorescent bead calibra琀椀on method.  

 

3.4 Automa琀椀c Op琀椀miza琀椀on of Parameters  

To automa琀椀cally op琀椀mise the parameters while analysing data instead of using a 昀椀xed 

calibra琀椀on, open the calibra琀椀on window by clicking ‘Coloc. Calibra琀椀on’ on the toolbar: 

 

 

 

In the calibra琀椀on window, toggle on automa琀椀c op琀椀miza琀椀on by clicking ‘Auto-Op琀椀mize’: 

 

 

 

 

 

 

 

When Auto-Op琀椀mise is enabled, the transform will be op琀椀mised when the ‘Detect Spots’ 

bu琀琀on is pressed on the toolbar. The program will 昀椀rst detect spots in every channel. Then it 

obtains approximate parameters by grid search and op琀椀mizes them using a Simplex solver. 

Depending on the number of spots this may take a while, so don’t worry if the window 

becomes unresponsive. A progress bar will be shown in the toolbar while this process occurs: 
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In addi琀椀on, the op琀椀miza琀椀on steps are printed in the terminal that opens with the program: 

 

Once the solver has found an op琀椀mal solu琀椀on, the parameters will be shown in the calibra琀椀on 

window: 

 

 

 

To return to the original calibra琀椀on parameters, toggle o昀昀 ‘Auto-Op琀椀mise’ in the calibra琀椀on 

window and click ‘Reload Calibra琀椀on’. If you wish to go back to the auto-op琀椀mised parameters 

without resolving them again, toggle on ‘Auto-Op琀椀mise’ again and press reload calibra琀椀on. 
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3.5 Adjus琀椀ng Auto-Op琀椀mizer Se琀�ngs 

To change the se琀�ngs of the automa琀椀c op琀椀mizer, click the cog icon next to ‘Auto-Op琀椀mize’ 

and the se琀�ngs window will appear: 

 

 

 

 

 

 

 

 

The top 4 inputs boxes control the range of coordinates the grid-search op琀椀mizer will cover. 

x-step and y-step are the steps it moves in; a smaller step size makes grid search more precise 

but slower, and we recommend no lower than 48 to achieve op琀椀miza琀椀on in a reasonable 琀椀me. 

Scale and scale step control the range and step of the scale factor, and max. iter. is the 

maximum number of itera琀椀ons the Simplex solver will a琀琀empt. You can then save the changes 

or cancel. 

The op琀椀mizer isn’t perfect and may some琀椀mes fail to 昀椀nd an op琀椀mal solu琀椀on. The solver 

works be琀琀er with more colocalized spots. The minimum number of spots to work reliably is 

4. 
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3.6 Plo琀�ng the Aberra琀椀on Vector Field 

It might some琀椀mes be useful to visualize the transform that is being applied to correct 

chroma琀椀c aberra琀椀on. This can be plo琀琀ed as a vector 昀椀eld. To plot the transform vector 昀椀eld 

over the canvas, right click on the relevant canvas and select ‘Show Aberra琀椀on Vector Field’ 

from the context menu. This toggles it on. To turn it o昀昀, right click and select it again: 

 

 

 

 

 

 

 

 

 

The vector 昀椀eld will be displayed as white lines with magenta arrow heads poin琀椀ng in the 

direc琀椀on that maps secondary spots onto the markers. Unfortunately, an琀椀aliasing is not 

possible due to limita琀椀ons of the canvas in the tkinter GUI library: 
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Chapter 4 – Automation 

4.1 Prerequisites 

Automa琀椀on allows you to select a folder of movies, or load an index 昀椀le which points to a 

curated list of quality-controlled movies, and the program will then run through them one by 

one, detec琀椀ng foci and calcula琀椀ng traces. 

For automa琀椀on, the frame boundaries of the channels must be iden琀椀cal from 昀椀le to 昀椀le. Thus, 

we recommend using this when data has been collected by automated acquisi琀椀on on the 

microscopy system. In such a system the camera and laser shu琀琀ers are precisely controlled 

such that each 昀氀uorophore type is illuminated for 300 frames. The 昀椀rst movie should then be 

loaded into the program to determine the frame boundaries that should be set at this 琀椀me. 

Before running automated analysis, ensure that the calibra琀椀on is correct and properly maps 

coordinates to correct chroma琀椀c aberra琀椀on. If using the automa琀椀c op琀椀mizer, ensure the 

colocaliza琀椀on rate in 昀椀les is high enough. At least 4 colocalized spots are required per image 

and preferably more if the density of spots in secondary channels is high. Insu昀케cient 

colocalized spots means the op琀椀mizer may solve false correla琀椀ons and increase the rate of 

spots falsely iden琀椀昀椀ed as colocalized.  
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4.2 Quality Control 

Before running automated analysis on a folder of .琀椀f 昀椀les, poor quality 昀椀les should be 

removed. These include 昀椀les with large aggregates or smears and where the images are out 

of focus. This can be done without using FluoroTensor, but it may be bene昀椀cial to use the 

inbuilt func琀椀on which creates an index of good 昀椀les rather than manually removing bad 昀椀les 

from the folder. 

To start quality control, click ‘Quality Chk’ in the toolbar: 

 

 

A dialogue box will appear promp琀椀ng you to load an index 昀椀le or curate a folder. In this case 

we want to start quality control. Press ‘Curate New Folder’: 

 

 

 

 

 

 

A 昀椀le dialogue will appear from which you can select the folder you wish to curate: 
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The program will then make a record of all .琀椀f 昀椀les in that folder and load the 昀椀rst one 

automa琀椀cally. A window will be displayed where you can choose to add the 昀椀le to the index 

if the quality is good, or skip it if the quality is bad: 

 

 

 

 

 

For example, the current 昀椀le is out of focus in the marker channel:  

 

The 昀椀le can then be skipped, and the next 昀椀le will be loaded: 
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The next 昀椀le is in focus and doesn’t have large aggregates or smears and should be kept: 

 

 

 

 

 

 

Once all 昀椀les have been evaluated, you will be prompted to save the index: 
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If you do not save the indices, the curated list will only be available for automa琀椀on during the 

current session and will be lost when the raw data analysis window is closed. If you choose to 

save them (recommended), a 昀椀le dialogue will open where you can save the them as an index 

(.ind) 昀椀le. 

If you choose to close the quality control window before evalua琀椀ng all 昀椀les, you will also be 

prompted to save the index of the 昀椀les kept so far. 

If you rename any of the .琀椀f 昀椀les that were indexed, the program will be unable to locate them 

if the index 昀椀le is used and quality control will have to be done again. In the event that you 

move, copy and paste, or rename the folder that was indexed, the program will prompt you 

to browse the new loca琀椀on the next 琀椀me the index 昀椀le is loaded: 

 

You can now browse for the folder where the data is located. Alterna琀椀vely, the second op琀椀on 

can be used if the index 昀椀le is in the same folder as the data. 

FluoroTensor will the rewrite the index 昀椀le with the updated 昀椀le loca琀椀ons. 
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To load the index 昀椀le, click ‘Quality Chk’ in the toolbar: 

 

 

Then select ‘Load Index File’ in the dialogue box: 

 

 

 

 

 

 

Unless there is an error with the index 昀椀le or it has been moved it will be loaded, ready for 

the next automa琀椀on run. 
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4.3 Running Automated Analysis 

To run automated analysis, load the index 昀椀le as men琀椀oned in the previous sec琀椀on on quality 

control. Then click ‘Automate’ in the toolbar: 

 

 

If you have loaded an index 昀椀le prior to beginning automated analysis, a dialogue box will 

appear promp琀椀ng you to choose whether to use the index 昀椀le to load data, or to open data 

from a di昀昀erent folder: 

 

If you haven’t loaded an index 昀椀le, or choose to open a di昀昀erent folder from the dialogue box, 

a 昀椀le dialogue will be displayed where you can browse a folder loca琀椀on: 
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A昀琀er this step, another dialogue box will appear promp琀椀ng you to choose an experiment 

mode: 

 

When a mode has been chosen, automated analysis will start immediately, sequen琀椀ally 

loading the 昀椀les in the index if applicable or in the selected folder if not. Each 昀椀le will be split 

into channels based on the frames set at the beginning, enhanced and analysed. The relevant 

traces according to experiment mode will be calculated from the detected 昀氀uorescent signals 

and a progress bar will be displayed: 

  

 

 

 

 

The run can be cancelled at any 琀椀me by pressing ‘Stop Analysis’ in which case the program 

will 昀椀nish analysing the current 昀椀le and then stop:  
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Whether the automa琀椀on run 昀椀nishes naturally or is stopped early, the data will be kept and 

the trace window will pop up: 
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Chapter 5 – Step Detection and Traces 

5.1 Impor琀椀ng Data from the Raw Analysis Window 

Once the raw .琀椀f 昀椀les have been analysed, the traces are stored in an import queue ready to 

be transferred to the main interface. They can be viewed before impor琀椀ng, by clicking ‘Open 

Traces’ on the right-hand side of the toolbar: 

 

 

 

This will bring up the Import queue window that opens a昀琀er traces are calculated or an 

automa琀椀on run 昀椀nishes. If a mistake was made, the traces can be deleted and the automa琀椀on 

run restarted: 

 

 

 

To import the traces into the main interface, click ‘Import to FluoroTensor’ at the bo琀琀om right 

of the toolbar: 
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The raw data analysis window and all its sub-windows will close automa琀椀cally with this ac琀椀on 

and a dialogue box will appear no琀椀fying the user of the number of traces imported: 

 

 

 

 

 

 

Click OK to con琀椀nue to the main interface: 

 

 

 

 

 

 

 

 

 

 

The next sec琀椀on will cover the layout of the interface. 
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5.2 Main Interface Layout 

The GUI is split into four main areas. On the le昀琀 is the graph panel where traces are plo琀琀ed. 

On the right is the control panel where all the controls are for trace analysis. The info box 

shows informa琀椀on about the current trace plo琀琀ed in the graph panel. The status box displays 

informa琀椀on about tasks being carried out in response to user input. 

 

 

 

 

 

 

 

 

 

 

 

The control panel is split into sec琀椀ons with 

similar op琀椀ons clustered together. These 

sec琀椀ons include impor琀椀ng, expor琀椀ng, AI 

step detec琀椀on, trace 昀椀琀�ng, sta琀椀s琀椀cs, trace 

processing, se琀�ngs, 昀椀ltering and naviga琀椀on 

through the dataset.  

All of these func琀椀ons will be covered in 

detail in the following sec琀椀ons and chapters 

of this user guide. 

 

Status box
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5.3 Naviga琀椀ng Through the Dataset 

At the bo琀琀om of the control panel are bu琀琀ons for naviga琀椀ng through the dataset: 

 

To go to a speci昀椀c trace in the dataset, press ‘Jump to Trace’ and enter the trace number into 

the text box that appears and press ‘OK’: 

 

 

 

 

 

That trace will then be displayed in the graph panel, and the info box will be updated: 
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5.4 Step Detec琀椀on 

The core func琀椀on of FluoroTensor is step detec琀椀on in 昀氀uorescence intensity traces to 

determine the number of labelled molecules, and thus the stoichiometry of the complex. To 

detect steps, click ‘Detect Steps’ in the ‘AI Step Detec琀椀on’ sec琀椀on of the control panel: 

 

 

 

 

 

 

Next, a dialogue box will be displayed, asking the user to con昀椀rm: 

 

FluoroTensor will then use its neural network models to predict the number of steps in all 

traces in the dataset; this make take a li琀琀le while, especially the 昀椀rst 琀椀me this func琀椀on is used 

in a session. The status box will display a message about which neural networks were used for 

each channel: 
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5.5 Plateau Fi琀�ng 

Step detec琀椀on only predicts the number of steps in a trace and works independently from the 

system that 昀椀nds the posi琀椀ons in the trace to 昀椀t the plateaus. To 昀椀t the plateaus, click the 

‘Calculate Fits & Plateaus’ bu琀琀on in the ‘Algorithmic Fi琀�ng’ sec琀椀on of the control panel: 

 

 

 

 

 

 

All plateaus will be 昀椀琀琀ed at once; this process may take a li琀琀le while if the dataset is large 

(e.g., over 1000 traces). Once complete the trace plot will update: 
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5.6 Viewing Posi琀椀onal Ac琀椀va琀椀ons 

The rest of this chapter is not essen琀椀al but may be found useful. Some琀椀mes it can be insigh琀昀ul 

to look at the ac琀椀va琀椀ons of the neural network model that 昀椀nds the posi琀椀ons of steps in the 

trace. To do this, click ‘Ac琀椀va琀椀ons’ in the ‘AI Step Detec琀椀on’ sec琀椀on of the control panel: 

 

 

 

 

 

 

A pop-up window will appear with a graph of the normalized trace in blue and the output 

ac琀椀va琀椀ons of the posi琀椀on detec琀椀on neural network: 
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5.7 Switching to Algorithmic Fi琀�ng 

The AI accelerated posi琀椀on detec琀椀on system is the default method for 昀椀琀�ng traces in this 

version of the program. Unpublished tes琀椀ng indicates it is more signi昀椀cantly more reliable 

than the moving-average-based approach to plateau 昀椀琀�ng implemented previously. 

To switch to the older algorithm-based method, un琀椀ck the ‘AI Mode’ checkbox in the 

‘Algorithmic Fi琀�ng’ sec琀椀on of the user interface: 

 

 

 

 

 

If any of the plateau 昀椀琀�ng tools in the algorithmic 昀椀琀�ng sec琀椀on are used, the old method 

will be used instead of the experimental AI tool. Bear in mind the old tool is generally less 

reliable at 昀椀nding the correct 昀椀t and less robust for short plateaus: 

 

 

Moving average 昀椀琀�ng tool AI 昀椀琀�ng tool 
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5.8 Manual Fit Correc琀椀on 

In the event that either the AI tool or moving average tool 昀椀t plateaus incorrectly, i.e., by 

placing the step in the wrong place, the mistake can be corrected manually. First, enable 昀椀t 

edi琀椀ng mode by clicking ‘Fit Edi琀椀ng Mode’ in the ‘Algorithmic Fi琀�ng’ sec琀椀on of the control 

panel. The bu琀琀on will remain light blue to signify the mode is enabled: 

 

 

 

 

 

Next, click the step that you want to reposi琀椀on, a white do琀琀ed line will appear and the 

program will wait for you to click the new posi琀椀on. When the new posi琀椀on is clicked, the 

do琀琀ed line will disappear and the step will be moved to the x – coordinate of where the mouse 

was clicked. The plateaus will be automa琀椀cally recalculated based on the mean intensity 

between the step boundaries: 
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5.9 Manual Step Correc琀椀on 

Some琀椀mes, the neural network might incorrectly predict the step-count of a trace: 

 

 

In the case where the neural network incorrectly predicts the step count of a trace or when 

manual assignment is preferred, click ‘Amend Step Count’ in the ‘AI Step Detec琀椀on’ sec琀椀on of 

the control panel: 
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A textbox will appear where you can enter the corrected step count. Type 5 if it has 5 or more 

steps, or ‘P’ if it is par琀椀ally bleached. In this case, the most likely correct step count is 3: 

 

 

 

 

 

The program will then update the step count but the plateau 昀椀t will be incorrect. To re-昀椀t the 

trace with the new step count, click ‘Recalculate Current Trace’ in the ‘Algorithmic Fi琀�ng’ 

sec琀椀on of the control panel: 

  

 

 

 

 

 

The plateaus will then be re昀椀琀琀ed by the selected tool: 
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5.10 Convolu琀椀on and Integra琀椀on 

FluoroTensor has two inbuilt tools to aid manual step assignment and 昀椀琀�ng. They are two 

separate methods that help with the iden琀椀昀椀ca琀椀on of very weak steps that can be easily 

missed by eye. 

Convolu琀椀on applies a kernel convolu琀椀on to the trace which has a similar e昀昀ect to Fourier 

昀椀ltering with a low-pass 昀椀lter. This e昀昀ect increases signal to noise ra琀椀o at the cost of temporal 

resolu琀椀on. To display the convolved trace, click ‘Convolu琀椀on’ under ‘Trace Processing’ in the 

control panel: 

 

 

 

 

 

 

An example of convolu琀椀on on a trace with very weak steps: 

 

 

An important thing to note is that the trace has not been altered, a copy of the trace is 

convolved and displayed but only the original will be analysed and exported. Convolu琀椀on view 

can be turned o昀昀 at any 琀椀me by clicking ‘Convolu琀椀on’ again to toggle it o昀昀. 

Original Convolved 
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Integra琀椀on is another method that can assist the user when trying to iden琀椀fy weak steps 

manually. Steps manifest as changes in gradient of the integra琀椀on: 

 

If the trace is subtracted by a constant at each frame, such that one plateau lies above zero 

and one lies below, the step between them will manifest as a maximum point: 

  

 

 

 

The following are examples of the integra琀椀on of a real trace and all its points transformed into 

maxima by subtrac琀椀ng each plateau below zero in turn: 

 

 

 

Original Trace 



Page | 73  
 

 

 

 

 

 

 

 

 

 

 

To turn on integrated view, click ‘Integra琀椀on’ under ‘Trace Processing’: 

 

 

 

 

 

 

 

The integra琀椀on will then be displayed on the main canvas while the original trace is displayed 

above it. It is then possible to compare the points in the integra琀椀on where the gradient 

changes to the original trace. 

 

 

 

Integrated Representa琀椀ons 
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To increase or decrease the subtrac琀椀on amount, click the + or – bu琀琀ons under ‘Trace 

Processing’ in the control panel or press ‘Reset’ to reset the subtrac琀椀on value to zero: 

 

 

 

 

 

Reduce Subtrac琀椀on Increase Subtrac琀椀on Reset Subtrac琀椀on 
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When the subtrac琀椀on is increased, it is easier to see the changes in gradient of the integra琀椀on 

for steps earlier in the trace: 
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5.11 Trimming Traces 

Some琀椀mes if the autofocus takes a few frames to focus on the sample during data acquisi琀椀on, 

the ini琀椀al intensity of a trace may be lower for a few frames while the spot is out of focus. This 

shouldn’t a昀昀ect step detec琀椀on but may a昀昀ect plateau 昀椀琀�ng. This can be done manually or 

automa琀椀cally. 

To manually trim frames from the beginning of a trace, click ‘Trim Trace’ in the ‘AI Step 

Detec琀椀on’ sec琀椀on of the control panel: 

 

 

 

 

 

 

 

Then enter the number of frames to trim into the text-box that appears: 
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The trace will then be trimmed by dele琀椀ng those frames from the start of the trace: 

 

 

 

 

 

 

 

 

 

 

 

 

 

The trace will be trimmed but the 昀椀t is le昀琀 alone and will now be o昀昀set from the data. To 

correct this, re-昀椀t the trace by clicking ‘Recalculate Current Trace’ as described earlier. 
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If the wrong number of frames were removed, the trim ac琀椀on can be undone by pressing 

undo: 

 

 

 

 

 

 

Alterna琀椀vely, the auto-trimming func琀椀on will automa琀椀cally trim low intensity frames from the 

beginning of all traces. This func琀椀on can be unreliable in very noisy condi琀椀ons if the signal is 

weak and fail to trim traces at all. Click ‘Smart Trim’ to auto-trim all traces: 

 

 

 

 

 

 

A dialogue box will appear a昀琀er the smart trim func琀椀on has 昀椀nished asking if traces should 

be re昀椀琀琀ed automa琀椀cally: 
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5.12 Plo琀�ng Step Distribu琀椀ons 

To plot the step distribu琀椀ons of each channel for any preliminary observa琀椀ons before 

expor琀椀ng, Click ‘Distribu琀椀ons’ under ‘Trace Processing’ sec琀椀on of the control panel: 

 

 

 

 

 

 

A window will then appear with step distribu琀椀on histograms for each channel: 

 

In some experiments, for example when looking at splicing factors assembling on pre-mRNA, 

we wish to observe the distribu琀椀on of steps of labelled proteins that colocalize with only a 

single RNA molecule. In cases such as this, the non-marker channels should exclude steps from 

traces in the distribu琀椀on that colocalize with a marker with more than one bleaching step.  
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To display the distribu琀椀ons of secondary channel steps 昀椀ltered by colocaliza琀椀on to a marker 

trace with a single bleaching step, click ‘Filtered’: 

 

 

 

 

 

 

The same window will then appear but the distribu琀椀ons in the 488nm channel and 561nm 

channel are 昀椀ltered as described: 

   

If the marker is supposed to be a mul琀椀mer, the program is unable to show preliminary 昀椀ltered 

distribu琀椀ons of secondary channel steps colocalized with mul琀椀ple markers at this 琀椀me, 

however this kind of 昀椀ltering can be applied when the data is exported which will be described 

in the next chapter. 
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5.13 Plo琀�ng the Signal-to-Noise Ra琀椀o of the Dataset 

A昀琀er step counts and plateau 昀椀ts have been calculated, the distribu琀椀on of average signal-to-

noise ra琀椀os of traces can be plo琀琀ed for each channel. To do this, click ‘Plot aSNR’ in the 

‘Algorithmic Fi琀�ng’ sec琀椀on of the control panel: 

 

 

 

 

 

 

 

A text-box will then appear promp琀椀ng the user to enter the minimum plateau length to be 

used to calculate signal-to-noise ra琀椀os of traces. The lower this number, the more data can be 

used to calculate the distribu琀椀on, but the less precise the calculated standard devia琀椀on of 

intensi琀椀es of the plateaus will be. Typically, 10 frames will give a good es琀椀mate. We don’t 

recommend using less than 5. 
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A window will then appear, displaying the signal-to-noise ra琀椀o distribu琀椀ons for each channel 

in the form of box-and-whisker plots: 
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5.14 Filtering Displayed Traces 

The user may wish to only look through traces that have a par琀椀cular property. For example, 

昀椀ltering by 昀氀uorophore type to only look at Cy5 traces with 1 bleaching step. Currently, the 

program supports 昀椀ltering by 昀氀uorophore type and / or the number of steps. 

To 昀椀lter the displayed traces, click on ‘Filter Traces’ in the miscellaneous sec琀椀on of the control 

panel: 

 

 

 

If 昀椀ltering only by 昀氀uorophore type, choose a 昀氀uorophore in the selec琀椀on box and press OK: 

 

 

 

 

 

 

 

 

For example, in this case, only Cy5 traces will be shown to the user as they click through. To 

昀椀lter by step count as well, select ‘Advanced Filter’ from the list and click OK. 

 

 

 

 



Page | 84  
 

The advanced 昀椀lter window will then appear: 

 

 

 

 

 

 

 

 

 

 

 

 

Tick the checkboxes for op琀椀ons you wish to include in the 昀椀lter. For example, picking mCherry, 

2, and 3, will only show the user mCherry traces with step counts of 2 and 3. Mul琀椀ple op琀椀ons 

can be selected in each case. If no traces with these proper琀椀es exist in the dataset, the 

relevant checkboxes will be greyed out. This isn’t foolproof since the step count 3 checkbox 

cannot be disabled if mCherry has no traces with step count 4 but mEGFP does. If no traces 

can be found the following warning will be displayed: 
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Chapter 6 – Exporting Results 

6.1 Expor琀椀ng Data to Excel 

Once traces have been analysed, steps detected and plateaus 昀椀琀琀ed, the data can be exported 

to a preforma琀琀ed Excel spreadsheet. 

In the FluoroTensor folder, 昀椀nd the 昀椀le named ‘FluoroTensor Colocaliza琀椀on and Steps 

Template.xlsx’ and make a copy of it. Rename the copy appropriately based on the experiment 

and analysis mode: 

 

 

 

 

 

 

 

 

 

 

In the program, click ‘Export to Excel’ under ‘Export’ in the control panel: 
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A 昀椀le dialogue will then be displayed, promp琀椀ng the user to select a valid 昀椀le for the data to 

be exported to: 

 

 

 

 

 

 

Next, the user will be prompted to select the export 昀椀lter. This determines which steps will be 

exported to the secondary step distribu琀椀ons based on the number of steps in the colocalized 

marker. This will be explained in more detail in the next chapter with examples. In short, 

selec琀椀ng all will export raw colocalized distribu琀椀ons with no 昀椀ltering. Selec琀椀ng speci昀椀c steps 

will generate distribu琀椀ons based o昀昀 colocalized markers with that step count and selec琀椀ng 

none will export pure step distribu琀椀ons of all traces disregarding colocaliza琀椀on. This is 

necessary when analysing non-colocalized molecules. Once the desired 昀椀lter is chosen, click 

‘Export’: 
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If an invalid 昀椀le was selected for export, an error message will appear: 

  

Likewise, if a non-blank template with data already exported to it is selected, an error message 

will appear at this stage: 

 

 

Once the export process begins, progress will be reported in the status box: 
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When the export has successfully 昀椀nished, a dialogue box will open to no琀椀fy the user: 
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6.2 The Colocaliza琀椀on Template – Traces 

The colocaliza琀椀on template is a Microso昀琀 Excel Workbook with several sheets. Di昀昀erent 

informa琀椀on can be found among them: 

 

 

 

The 昀椀rst sheet is called ‘Traces’ and keeps a record of the traces and spot 昀椀琀�ng parameters: 

 

At the top of each trace is informa琀椀on regarding spot 昀椀琀�ng, steps, neural network info and 

the step posi琀椀ons and heights: 
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Under the informa琀椀on is the full trace and the 昀椀t line, these can be easily plo琀琀ed in origin or 

GraphPad prism for publica琀椀on quality 昀椀gures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Due to limita琀椀ons of Excel, if there are more than 4000 traces in the dataset, only the 昀椀rst 

4000 will be exported to this sheet, otherwise the program risks addressing a cell that doesn’t 

exist and will fail to save the document and crash. Another way of expor琀椀ng all traces will be 

covered at the end of this chapter. 
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6.3 Step Distribu琀椀on Sta琀椀s琀椀cs 

Step distribu琀椀on sta琀椀s琀椀cs can be found in the ‘Sta琀椀s琀椀cs’ sheet in the export template: 

 

 

 

On the le昀琀 are the step distribu琀椀ons for colocalized markers and secondary colocalized step 

distribu琀椀ons: 

 

MARKERS 

561nm Coloc. 488nm Coloc. 
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On the right of these distribu琀椀ons is informa琀椀on about triple colocalized spots, that is markers 

that are colocalized with both secondary channels. The 昀椀rst Is simply a count of the number 

of triple-colocalized events: 

  

ABS is the absolute number of events, normalized to popula琀椀on extrapolates the number of 

events to the ra琀椀o of marker steps. Underneath this is a record of which 昀氀uorophores 

correspond to which channel. 
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To the right of this is a list of all triple colocalized events and distribu琀椀ons: 

 

The top two tables are the step distribu琀椀ons of 561nm and 488nm channels that are triple 

colocalized with a marker. Only the triple colocaliza琀椀ons for marker steps selected in the 

export 昀椀lter are shown in the list. 

The tables in the bo琀琀om right correlate the number of steps of each channel in a histogram 

format, showing the frequency of a certain number of steps in one channel correla琀椀ng to the 

number of steps in the other channel. The upper of these two tables does this for all triple 

colocaliza琀椀ons in the exported list whereas the lower of the two 昀椀lters this list where the 

colocalized marker has a single bleaching step.  
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To the right of this informa琀椀on are the correla琀椀on tables plo琀琀ed as histograms: 

 

This informa琀椀on can help iden琀椀fy whether proteins in the complex associate coopera琀椀vely or 

compe琀椀琀椀vely which is especially useful when inves琀椀ga琀椀ng regulatory complexes with 

ac琀椀vator or repressor factors that may bind concurrently.   
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6.4 Total Photons Emi琀琀ed 

Each 琀椀me a 昀氀uorophore is excited there is a chance it will remain in a reac琀椀ve triplet excited 

state and photobleach via a reac琀椀on of the triplet with dissolved oxygen species in solu琀椀on. 

The rate of photobleaching depends on the number of photons absorbed per unit 琀椀me, thus 

weak photobleaching steps from 昀氀uorophores in orienta琀椀ons that result in non-op琀椀mally 

aligned transi琀椀on dipole moments have the close to the same integra琀椀ons as op琀椀mally 

aligned 昀氀uorophores which have high intensity steps and bleach rapidly. 

The program integrates plateaus from the beginning of the trace to the 昀椀琀琀ed step boundaries 

to calculate the total photons emi琀琀ed by each 昀氀uorophore in arbitrary units. The distribu琀椀on 

should be close to exponen琀椀al and thus the log plot can be 昀椀琀琀ed with a straight line.  

 

The ‘Photons’ sheet has a list of the raw integra琀椀ons as well as pre-binned lists with graphs 

plo琀琀ed from them. Currently the auto-binning system is set up ad hoc. We encourage users 

to use plot their own histograms from the raw integra琀椀ons rather than using the inbuilt 

binning system. 
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When plo琀琀ed on a log axis, the exponen琀椀al distribu琀椀on can be 昀椀琀琀ed with a straight line. 
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6.5 Step Distribu琀椀on Plots 

Step distribu琀椀on plots can be found in the ‘Plots’ sheet in the export template: 

 

 

 

 

0-step traces are not included in the percentage shown in the graphs as they are spots that 

were aberrantly detected and had no discernible 昀氀uorescence signal or step count according 

to the neural network predic琀椀on. U.D. represents unde昀椀ned spots, those which are labelled 

as ‘par琀椀ally bleached’ in the program. 
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6.6 Colocaliza琀椀on and Se琀�ngs Informa琀椀on 

The 昀椀nal sheet ‘Colocaliza琀椀on and Parameters’ has a record of the number of spots detected 

and spots colocalized for each .琀椀f 昀椀le analysed as well as the se琀�ngs and calibra琀椀on used: 

 

 

 

 

In the top le昀琀 are the colocaliza琀椀on percentages, disregarding the marker step 昀椀lter. Thus, it 

simply shows the number of spots in each secondary channel, colocalized out of all spots in 

the marker channel. Colocaliza琀椀on is calculated as the number of marker spots with a 

colocalized secondary spot out of the total number of marker spots expressed as a percentage: 

 

The full 昀椀le path of the 琀椀f 昀椀le is also recorded in the top row. 
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In the next four rows are the op琀椀mized transform parameters to correct chroma琀椀c aberra琀椀on 

for each 琀椀f 昀椀le if the auto-op琀椀mizer was used: 

  

Below this are a record of the exact spot detec琀椀on thresholds used when analysing the raw 

.琀椀f 昀椀les and the propor琀椀on of frames at the beginning of the 昀椀les used to create the enhanced 

views which were analysed. On the right are the names of the neural networks used to detect 

steps for each channel: 

 

On the right of these is a plot which shows the origin of the chroma琀椀c aberra琀椀on transform 

for each .琀椀f 昀椀le in pixel coordinates: 
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At the bo琀琀om of the sheet is the calibra琀椀on that was loaded and used for analysis if not using 

the auto-op琀椀mizer. Under this is a record of the background subtrac琀椀on for each .琀椀f 昀椀le and 

the enhancement type used: 
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6.7 Saving and Loading Traces 

FluoroTensor has an inbuilt 昀椀le format (.trcs) for saving and loading traces. The 昀椀le format is 

binarized data using the pickle library which converts python objects to bytes. Three objects 

are saved and loaded. These are trace_info which is a list containing informa琀椀on about traces 

and is structured as follows: [[昀氀uorophore: string, step count: int, frame count: int, spot 

number: int, step posi琀椀ons: list, weighted ac琀椀va琀椀on: 昀氀oat, con昀椀dence: 昀氀oat, mean devia琀椀on: 

昀氀oat, step heights: list, [x, y, [sigma x, sigma y, amplitude, residual]]],]. The second object is 

all_traces or a subset of this list depending on the 昀椀lter which is the set of traces stored in a 

list in the from [[int 0, int 1, int2, …, int299],]. The third object is all_昀椀ts or a subset of this list 

in the same format as all_traces. This data can easily be extracted using a short python script: 

import matplotlib.pyplot as plt 
import pickle 
 
with open(“F:/FluoroTensor v6.6.8r/demo traces.trcs”, “rb”) as data: 
    trace_info = pickle.load(data) 
    all_traces = pickle.load(data) 
    all_fits = pickle.load(data) 
 
print(trace_info[0]) 
plt.plot(all_traces[0]) 
plt.plot(all_fits[0]) 
plt.show() 

 

This will print the informa琀椀on of the 昀椀rst trace in the dataset and plot it along with its 昀椀t line: 
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To save traces in FluoroTensor, click ‘Save Data to File’ under ‘Serialisa琀椀on (save/load) in the 

control panel: 

 

 

 

 

 

 

You can then select which traces to save from the list box. Using the current 昀椀lter will save all 

of the traces displayed by the 昀椀lter which is described at the end of chapter 5: 

 

 

 

 

 

 

 

A 昀椀le dialogue will then be displayed where you can save the traces as a .trcs 昀椀le: 
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The 昀椀le can be reloaded by clicking ‘Load Data File’: 

 

 

 

 

 

 

You can then select the 昀椀le you want to load from the 昀椀le dialogue: 

 

 

 

 

 

 

 

Note that this method only saves traces and their speci昀椀c informa琀椀on and is not the same as 

a full export. Informa琀椀on about colocaliza琀椀on will be lost. 
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6.8 Loading Traces from Excel Template 

Traces exported to Excel can be reloaded along with the spot criteria and calibra琀椀on used for 

the analysis if the data is to be reanalysed from the raw .琀椀f stack in the same session. To load 

traces / se琀�ngs from an output template, click ‘Import Spreadsheet’ in the ‘Import’ sec琀椀on 

of the control panel: 

 

 

 

 

 

 

This may take some 琀椀me especially for large datasets. Progress will be shown in the status 

bar: 

 

Once the workbook has been loaded, click ‘Retrieve Data’ under ‘Import’: 
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A dialogue box will then appear, promp琀椀ng the user to load the analysis se琀�ngs if applicable: 

 

If not, traces will be loaded. If the se琀�ngs are loaded another dialogue box will appear asking 

if it is s琀椀ll necessary to load the traces, since you may only be using the Excel template to load 

the se琀�ngs: 

 

If / when traces are loaded, a pop-up will no琀椀fy the user of which traces were found in the 

昀椀le: 

 

 

 

 

 



Page | 106  
 

Chapter 7 – Examples of Automated Experiments 

7.1 Colocaliza琀椀on of Splicing Factors with pre-mRNA 

Consider a complex formed of regulatory splicing factors assembled on a Cy5-labelled pre-

mRNA strand. Two di昀昀erent regulatory proteins of interest are expressed as fusion proteins 

conjugated to 昀氀uorescent proteins, in this case mCherry and mEGFP respec琀椀vely: 

 

This diagram shows an ideal state where all the proteins of interest are labelled. Usually they 

are between 50-80% labelled according to western blot assays of exogenous fusion vs total 

expression. Thus, in prac琀椀ce, the output distribu琀椀ons from FluoroTensor should be run 

through some kind of binomial solver which can work backwards from the propor琀椀on labelled 

and the distribu琀椀on to 昀椀nd the true stoichiometry. 

This example will be demonstrated with simulated data. 
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First, a 昀椀le was loaded to check the frames, number of spots and thus the percen琀椀le of the 

background that should be removed in each channel. To do this, the brightness was increased 

un琀椀l the spots were blown out and the background was creeping into the image: 
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Next, the background subtrac琀椀on percentage was adjusted un琀椀l the spots remained but the 

background was almost fully truncated from the enhanced image. This was then repeated for 

the other channels as well. 
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Once the background subtrac琀椀on was op琀椀mal for each channel, the intensity targets were set 

which helps maintain a sensible brightness, purely for the user to be able to observe spots by 

eye. 

 

At the top of each channel is the channel name, 昀氀uorophore name and the mean intensity of 

the enhanced view taking the brightness into account: 

 

The brightness was adjusted un琀椀l the user was sa琀椀s昀椀ed: 

 

The mean intensity of 2.76 is now the target the program should aim for when automa琀椀cally 

adjus琀椀ng the brightness of the enhanced image when the 昀椀le is loaded or ‘Redo Frames’ is 

pressed. 
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The intensity targets can be changed by clicking ‘Set Defaults’ in the toolbar: 

 

 

Then, in the default se琀�ngs window click ‘Intensity Targets’: 

 

 

 

 

 

 

 

 

 

Then the channel can be selected from the listbox: 
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The intensity target should be set as a mul琀椀ple of 100 of the mean intensity of the view. An 

approximate value is 昀椀ne: 

 

 

 

 

 

Next, another 昀椀le should be loaded to check that the intensity targets and background 

subtrac琀椀on are roughly consistent from one 昀椀le to the next in the dataset: 

 

Normally it would be useful now to quality check the 昀椀les before an automa琀椀on run (This 

demonstra琀椀on uses synthe琀椀c data and thus this step isn’t helpful here).  
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Finally, since colocaliza琀椀on levels are high, the auto-op琀椀mizer was enabled and checked on 

the current 昀椀le: 
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The automa琀椀on run was then started in colocaliza琀椀on mode: 

 

The traces were then imported into the main window and steps were detected / traces 昀椀琀琀ed: 
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The data was then exported to the colocaliza琀椀on template using a single Cy5 step as the 昀椀lter 

since we’re only interested in complexes that form on a single RNA molecule: 

 

The distribu琀椀ons were then solved using the labelling e昀케ciency and by 昀椀琀�ng with a binomial 

op琀椀mizer the expected stoichiometry (4 mEGFP labelled units and 2 mCherry labelled units) 

is yielded: 
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The wider distribu琀椀on of probable stoichiometries was expected for mCherry since the foci 

were simulated with very weak intensi琀椀es and thus fewer 2-step traces were detected than 

were expected. The signal-to-noise ra琀椀os were plo琀琀ed and mCherry was found to be on the 

edge of the detec琀椀on limit for FluoroTensor at a median aSNR of  1.5: 
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7.2 Stoichiometry of a Hetero-Pentamer 

Consider a mul琀椀mer of two di昀昀erent kinds of proteins, each expressed as fusion proteins with 

a 昀氀uorescent protein a琀琀ached. Perhaps, the literature says they interact but the stoichiometry 

is uncertain. In this case FluoroTensor can be used to analyse the SM data to determine the 

stoichiometry of the components of the mul琀椀mer by photobleaching analysis. 

 

 

 

 

 

 

 

 

 

 

 

In this simula琀椀on, one component is labelled with mEGFP and the other with mScarlet. For 

simplicity, mScarlet will be chosen as the marker. In reality they should both be used as 

markers in di昀昀erent analyses to compare colocaliza琀椀on.  
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A昀琀er the marker 昀氀uorophore name is loaded and the frames are set. The process is the same 

as the previous example un琀椀l the right background subtrac琀椀ons are found. First, an 

automated run for colocaliza琀椀on was started using only the marker and 488nm channel, with 

auto-op琀椀miza琀椀on enabled: 

 

The data was then imported to the main interface: 
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Since the marker traces are now mScarlet and not Cy5, the neural network model used to 

predict steps must be changed from the organic dye model (default) to the low signal-to-noise 

model for 昀氀uorescent proteins: 

This can be done by clicking ‘Preferences’ in the control panel: 
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Select ‘640nm model dir’ from the se琀�ngs and a 昀椀le dialogue will be displayed: 

 

 

 

 

 

 

 

Select the ‘100ms_300fr_Protein_low_SNR_model2’ folder inside the FluoroTensor folder. 

Models will then be reloaded according to the new con昀椀gura琀椀on and that new con昀椀gura琀椀on 

will be shown in the status box: 
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Steps for mScarlet and mEGFP were then detected as normal: 

  

Since the marker is not necessarily expected to be a single unit like in the case of the RNA 

binding proteins, the export 昀椀lter for the marker is selected to be valid steps from 1-4: 
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Based on labelling e昀케ciencies and expected binomial distribu琀椀ons, the hetero-pentamer is 

composed of 3 mScarlet labelled components and 2 mEGFP labelled components: 
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The data was then reanalysed in non-colocalized mode to observe the distribu琀椀on and 

mul琀椀meriza琀椀on state of non-colocalized spots. Some of these will be  mul琀椀mers with only one 

of the components labelled where the other components are endogenous protein, invisible 

to the 昀氀uorescence microscope. Others may be incompletely assembled or dissociated 

mul琀椀mers, single labelled proteins, or mul琀椀mers of a single one of the two component 

proteins. 

Once the automa琀椀on run is complete, the steps are detected as before but when exported, 

no steps are selected and the 昀椀lter is disabled since the spots are non-colocalized: 

 

 

 

 

 

 

 

 

 

 

A message will appear, con昀椀rming this choice: 
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From the non-colocalized distribu琀椀ons and binomial analysis it appears as if the mScarlet 

labelled component exists in primarily dimeric or trimeric form with a small propor琀椀on of 

monomer, whereas the mEGFP labelled component exists in almost equal parts monomeric 

and dimeric forms, slightly in favour of monomeric. 
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Chapter 8 – Tracking 

8.1 Launching the TrackXpress Add-in 

To launch the TrackXpress single molecule tracking add-in within FluoroTensor, click 

‘TrackXpress Add-in’ under ‘SM Tracking’ in the main interface: 

 

 

 

 

 

 

 

 

 

The tracking interface should then appear shortly: 
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8.2 An Overview of the Tracking Interface 

The le昀琀 side of the interface is the control panel. At the top is the ‘File’ sec琀椀on where data can 

be loaded or saved, viewed, or automated. Below this is the ‘Preprocess  & Enhance’ sec琀椀on 

for enhancing data before tracking. Next is ‘Ini琀椀al Selec琀椀on & Par琀椀cle Detec琀椀on’ which 

contains thresholds for par琀椀cle detec琀椀on: 
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Underneath this is the ‘Tracking Parameters’ sec琀椀on where the se琀�ngs for tracking are 

located. This include the par琀椀cle discriminator which thresholds for minimum track length, 

maximum leap distance and maximum 琀椀me in a dark state before discarding or termina琀椀ng 

the track. ‘Calibra琀椀on’ contains se琀�ngs to do with se琀�ng the pixel size and length of a frame 

so distance and 琀椀me measurements are correct for di昀昀usion analysis. ‘Di昀昀usion Analysis’ 

contains all of the se琀�ngs and thresholds for 昀椀琀�ng mean-square displacement (MSD) plots 

and 昀椀ltering the tracks based on quality. 

Underneath this are sec琀椀ons for saving and loading the tracking data and analyses as ‘Tracking 

Experiment’ (.txp) 昀椀les and adjus琀椀ng the font size and appearances of graphs in the interface. 
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In the middle of the interface are the channels, each with a canvas where the data is displayed 

and se琀�ngs such as brightness and contrast can be adjusted: 

 

The 昀椀rst channel is the primary tracking 昀椀eld, the other two would be colocaliza琀椀on 昀椀elds, 

however colocalized tracking has not yet been implemented in this version. Currently all three 

channels can be used for independent 昀椀les at the same 琀椀me. 

 



Page | 128  
 

On the right is a display area where tracks are plo琀琀ed and informa琀椀on displayed. Time series 

plots can be viewed from here as well as the data exported to an Excel template. 
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8.3 Loading a TIF File for Tracking 

To load a .琀椀f 昀椀le, click ‘Load TIF’ in the ‘File’ sec琀椀on of the control panel: 

 

 

 

 

A 昀椀le dialogue will then appear where you can choose a .琀椀f 昀椀le: 

 

 

 

 

 

 

 

The 昀椀le will then load and a昀琀er a short 琀椀me, a progress bar window will appear as the frames 

are enhanced: 

 

 

 

 

 

 

 



Page | 130  
 

Once the movie is loaded and enhanced, it will appear in the le昀琀most (‘primary tracking 昀椀eld’) 

channel: 

 

Unlike the colocaliza琀椀on program, any resolu琀椀on is technically possible for the tracking 

program, but we don’t recommend anything over 512x512 by 500 frames or 256x256 by 2000 

frames since the analysis may take a very long 琀椀me or even crash the program in the extreme. 

The canvas will only display up to 256x512 but can be li昀琀ed into a new window which will be 

explained later. 

On the le昀琀, a frame of the movie is also displayed in the par琀椀cle detec琀椀on sec琀椀on. This can 

be used to aid in se琀�ng the spot detec琀椀on thresholds correctly for tracking. The frame count 

and 昀椀le path will be displayed in the info box in the 昀椀le sec琀椀on at the top le昀琀 of the control 

panel: 
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8.4 Viewing Raw and Processed Data 

To view the raw unprocessed .琀椀f stack, click ‘Open Raw’ in the 昀椀le sec琀椀on of the control panel: 

 

 

 

 

In the same way as in the colocaliza琀椀on a window will appear where you can scroll through 

each frame of the data one by one or move to a speci昀椀c frame: 
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The same can be done for the enhanced stack. Click ‘Open Processed’ in the 昀椀le sec琀椀on: 

 

 

 

 

Both the raw and enhanced stacks can be displayed at the same 琀椀me for comparison. 
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8.5 An Overview of a Channel 

At the top is the channel label, in this case the 

‘Primary Tracking Field’. ‘Show boxes’ toggles 

whether to display an overlay of boxes around the 

tracked spots. ‘Float’ opens a new window and 

displays the movie in an enlarged canvas at 1.75x 

magni昀椀ca琀椀on in that window: 

 

 

 

 

Global normaliza琀椀on normalizes the en琀椀re movie 

with respect to the brightest frame, instead of 

normalizing the current frame with respect to the 

brightest pixel within it. Global normaliza琀椀on 

should always be enabled for tracking. 
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Global normaliza琀椀on, brightness, and contrast are all parameters which a昀昀ect tracking. The 

brightness and contrast controls can be used as addi琀椀onal enhancement to try and remove 

spurious noise le昀琀 over a昀琀er high-pass 昀椀ltering. Care should be taken not to over-adjust the 

contrast as weak signals may be lost and spots will begin to 昀氀icker. Increased variance in 昀椀琀�ng 

parameters due to 昀氀ickering may result in poor results when tracked. 

 

 

 

 

 

 

 

 

 

 

 

 

Shown above is an example of a good enhancement using brightness and contrast for this 昀椀le. 

Note that this will vary depending on your setup. Signal intensity and noise strength within 

the image will a昀昀ect this. Generally, the be琀琀er the enhancement and the cleaner the image, 

the more computa琀椀onally e昀케cient tracking analysis will become since many fewer false 

posi琀椀ves will be a琀琀empted to be 昀椀琀琀ed. 
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8.6 Selec琀椀ng a Custom Analysis Region 

Some琀椀mes you may wish not to track the en琀椀re 昀椀eld of view but only part of it. For example, 

op琀椀cal aberra琀椀ons or poor focus at the edge of the 昀椀eld of view will be tracked, to the 

detriment of the analysis: 

 

 

 

 

 

 

 

To only analyse the high-quality por琀椀on of the 昀椀eld of view, click ‘Select Region’ at the bo琀琀om 

of the channel to toggle on selec琀椀on mode: 

 

 

Then, click and drag the cursor over the area you wish to select: 
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By default, the selec琀椀on box will be shown in green. This means that the region within the 

selec琀椀on will be analysed. If instead a speci昀椀c region should be excluded, 琀椀ck the ‘Invert 

selec琀椀on checkbox and the region within the selec琀椀on will be ignored and the box will appear 

red: 

 

 

For example, in this 昀椀le there is a patch of aggregated 昀氀uorescent material which can be 

excluded like so: 
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8.7 Se琀�ng Up Par琀椀cle Detec琀椀on Parameters 

First, set the start frame in the top right of the ‘Ini琀椀al selec琀椀on & Par琀椀cle Detec琀椀on’ sec琀椀on 

to the 昀椀rst frame of your data: 

 

 

 

 

 

 

 

 

 

Then, click ‘Calculate Ini琀椀al State’: 

 

 

 

 

 

 

 

 

The coordinates and 昀椀琀�ng parameters of the spots found in that frame will be displayed in 

the scroll box beneath, this can be highlighted and copied to the clipboard via CTRL – C.  
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In addi琀椀on, a window will pop up showing the 昀氀uorescent signals that were detected in that 

frame: 

 

Zooming in and hovering the cursor over a pixel will give its coordinates and intensity in the 

bo琀琀om right corner of the plot toolbar: 
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Close the window and adjust the thresholds un琀椀l spurious noise is no longer detected as 

par琀椀cles without losing actual 昀氀uorescent signals when the ini琀椀al state is recalculated: 
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This will vary between experimental setups, so copying the numbers in the example is unlikely 

to work. The detec琀椀on threshold, absolute intensity, and Gaussian amplitude are the main 

se琀�ngs that should be changed for this. The other se琀�ngs work well to ensure that very close 

or coalescing spots will be ignored. 

Next, it is important to check that these parameters work consistently throughout the movie. 

Set the frame to some point in the middle or towards the end of the movie: 

  

 

 

 

 

 

 

 

 

Once it has been veri昀椀ed that the parameters select spots consistently throughout the 昀椀le, 

tracking se琀�ngs can be adjusted; this will be explained in the next sec琀椀on. 

 

 

Frame 100 Frame 150 Frame 200 
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8.8 Se琀�ng Up Tracking Parameters 

Once the parameters that govern spot detec琀椀on have been adjusted, the same needs to be 

done for the parameters that govern how mo琀椀on is tracked from frame to frame.  

 

At the top, enter the frame range you wish to track. By default, this will be the 昀椀rst frame all 

the way to the end of the movie. 

‘Max. Displacement’ is the maximum distance a par琀椀cle can ‘hop’ in a single frame to be 

considered the same object in a di昀昀erent loca琀椀on in the next frame. ‘Min. Path Dura琀椀on’ is 

the shortest track length in frames. ‘Max. Dark Dura琀椀on’ is the maximum amount of 琀椀me in 

frames for which a 昀氀uorescence signal can disappear for it to be considered the same object 

when it reappears. To the right, the pixel size and frame interval must be set according to the 

experimental setup and acquisi琀椀on.  

Using the drop-down menu, it is possible to change the distance units from pixels to 

nanometres for the ‘Max Displacement’ property: 
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8.9 Tracking 

Once all the necessary parameters have been set appropriately, the data can be tracked. To 

begin tracking single molecule mo琀椀on, click ‘Analyse’: 

 

 

 

 

 

 

 

 

 

The program will then begin tracking and a progress bar will be displayed. This process may 

take some 琀椀me depending on the size of the 昀椀le and the number of spots. First the program 

will try to detect molecules in every frame: 

 

 

 

 

Then it will connect paths between the detected spots: 

 

 

 

 



Page | 143  
 

A昀琀er this process has completed, spots that have been tracked will be outlined by yellow 

boxes. The currently selected track will be outlined by a red box: 

 

 

 

 

 

 

 

 

On the right of the interface, the currently selected track will be plo琀琀ed and the info box below 

will contain informa琀椀on about the track: 
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8.10 Naviga琀椀ng Through Tracks and Visualizing Time Series 

There are a couple of ways to select a track and display its trajectory and informa琀椀on. The 昀椀rst 

is to scroll through tracks in order using the ‘Select Path’ spin box: 

 

 

 

The ‘Select Path’ spin box changes the selected path and updates the plo琀琀ed trajectory. Since 

this is a slow process, it may be more convenient to rapidly scroll to a speci昀椀c track number. 

Use rapid scroll to quickly reach the track to plot, this will not update the informa琀椀on 

immediately when the value in the spin box changes, instead click ‘Refresh’ to update the 

trajectory plot and informa琀椀on: 

 

 

 

 

The selected track will then be displayed: 
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Alterna琀椀vely, a spot in the canvas can be selected. Click a spot in the canvas to display its track 

and informa琀椀on: 

 

 

 

 

 

 

 

 

The frame slider will be automa琀椀cally set to the 昀椀rst frame of the selected track and its 

informa琀椀on will be displayed on the right: 

 

Track informa琀椀on is calculated ‘just in 琀椀me’ from the coordinates each 琀椀me it is displayed and 

when it is exported rather than during tracking. This means that the pixel size and 琀椀me step 

can be updated without needing to re-track the movie and MSDs / di昀昀usion coe昀케cients can 

be dynamically updated in real 琀椀me.  
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Some琀椀mes, with all of the boxes and numbers, the canvas can become very clu琀琀ered, 

especially when the spot density is high. To declu琀琀er the canvas, un琀椀ck the ‘Show boxes’ 

checkbox at the top of the canvas, and only the currently selected track will be outlined: 

 

 

 

 

 

 

 

To display 琀椀me series informa琀椀on including 昀椀琀�ng parameters in each frame, velocity 

distribu琀椀ons and the 昀氀uorescence intensity trace, click ‘Analyse & Display’: 

 

 

A window will then appear displaying 琀椀me series, these are also calculated ‘just in 琀椀me’ and 

can therefore be dynamically updated if the calibra琀椀on is corrected: 
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8.11 Time Series 

In the 琀椀me series window are a number of plots rela琀椀ng to proper琀椀es of the current track. In 

the top le昀琀 the displacement, or ‘hop’ distance for each frame is plo琀琀ed. To the right of this 

is a histogram showing the velocity distribu琀椀on per frame, which is in essence a histogram of 

the displacement magnitude series: 

 

In the top right of the window is a plot of the mean-square displacement, 昀椀琀琀ed via linear 

regression to calculate the di昀昀usion coe昀케cient. By default, all MSDs are 昀椀琀琀ed without 

op琀椀miza琀椀on, using 100% of the plot: 

 

The next chapter will cover how to properly 昀椀t and 昀椀lter MSD plots for much more accurate 

di昀昀usion coe昀케cient distribu琀椀ons. 
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In the bo琀琀om le昀琀 of the window are the Gaussian 昀椀琀�ng parameters of the spot for each 

frame it was detected: 

 

On the bo琀琀om right are the spot width, eccentricity, and 昀氀uorescence intensity trace: 
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8.12 Switching to Another Channel 

By default, data will be loaded into the ‘Primary Tracking Field’ and analysed. To switch to 

another channel, select it in the 昀椀le sec琀椀on of the control panel: 

 

 

 

 

 

No琀椀ce that the informa琀椀on box is now empty. The data and analysis for the ‘Primary Tracking 

Field’ is s琀椀ll in memory, but the program is only showing informa琀椀on about ‘Colocaliza琀椀on 

Field 1’: 

 

Similarly, the program will no longer show the results from the 昀椀rst channel: 
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All informa琀椀on is stored and you can switch back and forth between channels freely from the 

dropdown menu. Only change the channel when FluoroTensor is not running a task such aa 

tracking, enhancing, MSD 昀椀琀�ng etc, otherwise this will result in a crash or data corrup琀椀on. 

It is possible to use mul琀椀-channel tracking to observe binding kine琀椀cs between 昀氀uorescently 

labelled di昀昀using membrane proteins and a ligand with another dye. Load the data from the 

di昀昀using membrane protein into the ‘Primary Tracking Field’ and the data from the ligand into 

‘Colocaliza琀椀on Field 1’ and then track the primary 昀椀eld, using it as a marker similarly to the 

colocaliza琀椀on analysis part of the program described in previous chapters: 

  

This is currently an experimental feature and currently does not support chroma琀椀c aberra琀椀on 

correc琀椀on in its current state. The 昀氀uorescence signal is calculated both for the tracked marker 

and its posi琀椀on in the colocaliza琀椀on channel. Thus, 昀氀uorescent molecule binding and 

unbinding will show up in the colocalized trace. 

To access the colocalized trace, open the 琀椀me series window 昀椀rst: 
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Then in the 琀椀me series window, 昀椀nd the 昀氀uorescence trace in the bo琀琀om right corner and 

click ‘Traces’ in the top right of the plot: 

 

 

 

 

 

 

 

A new window will pop up with the 昀氀uorescence traces of all three channels calculated from 

the region following the x, y posi琀椀on of the track in the marker channel. A binding and 

unbinding 昀氀uorescent ligand will show up as 昀氀uctua琀椀ng intensity in the colocaliza琀椀on channel: 
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Chapter 9 – Fitting MSDs and Plotting Diffusivities 

9.1 MSD Auto昀椀t 

Under the tracking parameters is the control panel for di昀昀usion analysis: 

 

 

 

 

 

 

 

 

The parameters are explained in the accompanying paper. In brief, the auto昀椀t func琀椀on 昀椀ts a 

number of propor琀椀ons of the MSD with the aim of maximising R2 to 昀椀nd the point of op琀椀mal 

昀椀t towards the beginning of the MSD plot before it deviates from linearity. If R2 is less than 

minus 10 by default and the calculated di昀昀usion coe昀케cient is less than the ‘Zero Di昀昀’ 

threshold, the spot will be marked as sta琀椀onary. If the checkboxes are selected, tracks that 

are marked as sta琀椀onary or have a 昀椀琀�ng error greater than a certain threshold will be 

removed from the export list (unless manually re-added) and will not be included in the 

di昀昀usivity histogram. 

To use MSD auto昀椀t, click ‘Apply Constraints’ a昀琀er the data has been tracked: 
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The program will then calculate the op琀椀mal MSD 昀椀t based on the parameters set in the 

‘Di昀昀usion Analysis’ sec琀椀on of the control panel: 

 

 

 

 

Comparing the linear regression using the full MSD func琀椀on compared to the op琀椀mized 昀椀t: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The 昀椀琀琀ed propor琀椀on is shown in white and extrapolated over the un昀椀琀琀ed region in red. The 

ground truth di昀昀usivity of this track is 0.040 µm2 / s. 
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9.2 Plo琀�ng the Auto昀椀t Func琀椀on of the Current Track 

To plot the func琀椀ons used to 昀椀nd the MSD 昀椀t of the current track, click ‘Plot Current’ in the 

control panel: 

 

 

 

A window will then appear with a plot of R2 as a func琀椀on of the propor琀椀on of the MSD plot 

昀椀琀琀ed, its gradient, and the di昀昀usivity at each propor琀椀on: 
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9.3 Viewing All MSD Plots 

To view the MSD plots of each track without needing to open the 琀椀me series window every 

琀椀me, click ‘View All MSDs’ in the control panel: 

 

 

 

 

A window will then appear with pages of tracks that can be scrolled through: 

 

Note that the percentage error is not the uncertainty of the di昀昀usion coe昀케cient of the 

molecule (this will be calculated from the di昀昀usivity distribu琀椀on later) but rather, the standard 

devia琀椀on of all the di昀昀usion coe昀케cients of each 昀椀琀�ng propor琀椀on of the 昀椀琀琀ed por琀椀on of the 
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MSD which is used as a measure of 昀椀琀�ng quality. The green 琀椀ck means the track has been 

kept for export. A red cross would mean it was discarded from the dataset: 
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9.4 Manually Se琀�ng MSD Fit Propor琀椀on 

To set the propor琀椀on of the MSD plot to 昀椀t manually, enter the percentage into the spin box 

or scroll through using the arrows: 

 

 

 

 

 

 

 

 

 

 

 

Then click ‘Refresh’ and the informa琀椀on in the box below will update: 
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9.5 Plo琀�ng Di昀昀usivity Distribu琀椀ons 

To plot the di昀昀usion coe昀케cient distribu琀椀on of all tracks in the dataset, click the histogram icon 

in the ‘Di昀昀usion Analysis’ sec琀椀on of the control panel: 

 

 

 

 

The di昀昀usivity histogram window will appear, and the program calculates all di昀昀usion 

coe昀케cients based on the MSD 昀椀t of each track: 
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Once this process has completed, the histogram is plo琀琀ed and 昀椀琀琀ed with a Gaussian mixture 

model: 

 

By default, the number of components is set to 1. This can be changed by selec琀椀ng the number 

of components from the drop-down menu in the toolbar: 
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Gaussian mixture models are sensi琀椀ve to outliers and may have inconsistent clustering results: 

 

Click ‘Remove Outliers’ to remove points that are n standard devia琀椀ons greater than the mean 

of the distribu琀椀on where n is the threshold in the box below: 
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To re-bin the histogram, set the value in the ‘Bin count’ box and click ‘Re-plot’: 

 

 

 

The distribu琀椀on will be re-plo琀琀ed with the new number of bins: 

 

To plot the propor琀椀on of each component (the rela琀椀ve integrals of the Gaussians), click 

‘Ra琀椀os’ in the toolbar: 
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A graph window will then appear with a bar chart showing the rela琀椀ve propor琀椀on of each 

component: 
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9.6 Plo琀�ng Di昀昀usivi琀椀es from Mul琀椀ple TXP Files 

If several acquisi琀椀ons were made from the same sample and analysed as separate 昀椀les, the  

Tracking eXPeriment (.txp) 昀椀les can be chained together to combine all the results into a single 

histogram which will likely lead to a be琀琀er 昀椀t. To do this, click ‘Chain Experiments’: 

 

 

 

A 昀椀le dialogue will appear; select the folder where the experiment 昀椀les are located: 

 

 

 

 

 

 

 

Then click ‘Default’ in the dialogue box that appears: 
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The program will then sequen琀椀ally load each .txp 昀椀le in the folder and calculate the di昀昀usion 

coe昀케cients of all the tracks, adding them to the distribu琀椀on:  

 

Once this process is completed, the full dataset of the combined 昀椀les will be plo琀琀ed and 昀椀琀琀ed: 
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Some琀椀mes, especially with outliers, 昀椀琀�ng can be temperamental. Clustering can be ini琀椀alised 

manually by selec琀椀ng components from the dropdown menu and clicking on the histogram 

to select the centre of a perceived distribu琀椀on:   

 

 

 

 

 

 

By default, all of the se琀�ngs used for analysis and MSD 昀椀琀�ng are loaded from the .txp 昀椀le 

and di昀昀usion coe昀케cients are calculated from these automa琀椀cally. The MSDs can be 

recalculated and the tracks used 昀椀ltered when these 昀椀les are loaded from the histogram 

window: 

 

 

If you want to use custom se琀�ngs for calcula琀椀ng the MSD 昀椀t instead of those loaded from the 

昀椀le, 琀椀ck the ‘Lock Constraints’ checkbox: 

 

 

If ‘Lock Constraints’ is enabled, the se琀�ngs in the main control panel used to 昀椀t the MSDs will 

not be loaded from the 昀椀le. Instead, the se琀�ngs currently in the control panel will be used 

instead. These can s琀椀ll be changed manually: 
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In this model three component system (simulated 琀椀f stacks), including all tracks up to an 

es琀椀mated MSD 昀椀琀�ng error of 50% results in the following distribu琀椀on of 3140 tracks: 

The distribu琀椀on is convolved due to outliers and short tracks with variable MSDs. The 

Gaussian mixture model has di昀케cul琀椀es correctly 昀椀琀�ng the distribu琀椀on. Compare this to the 

distribu琀椀on from exactly the same data and system but 昀椀ltering to only include tracks with an 

es琀椀mated 昀椀琀�ng error of 5% (ground truth = 0.010, 0.040, 0.153 µm2/s):  
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9.7 Expor琀椀ng the Fi琀琀ed Distribu琀椀on to Excel 

To export the 昀椀琀琀ed distribu琀椀on to an Excel spreadsheet, click ‘Export to Excel’ in the toolbar: 

 

 

 

A 昀椀le dialogue will then appear where you can save the data as an Excel ‘.xlsx’ 昀椀le: 

 

 

 

 

 

The data will then be exported and a message will appear when it has completed successfully: 
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The Excel 昀椀le is shown here: 

 

On the le昀琀 side is the distribu琀椀on as a sequence of all di昀昀usion constants of all tracks. Then 

the bins and histogram (purple) are listed exactly as what was plo琀琀ed in the program. On the 

right of this is a list of the component 昀椀琀�ng parameters, underneath which are the Gaussian 

func琀椀ons in list form following the same colour layout as in the program: 
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On the right of the document are plots of the histogram and 昀椀t as they were plo琀琀ed in the 

program, but on separate graphs due to limita琀椀ons with openpyxl: 

 

This spreadsheet is not recommended for 昀椀nal plo琀�ng; instead, the distribu琀椀on can be 

exported to origin or GraphPad prism and re昀椀琀琀ed or plo琀琀ed using the exis琀椀ng 昀椀t from the list 

of di昀昀usion coe昀케cients and Gaussian parameters. 
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Chapter 10 – Exporting and Saving Data and Results 

10.1 Expor琀椀ng Tracking Data to Excel 

To export the data from the current ac琀椀ve channel e.g., ‘Primary Tracking Field’, click ‘Export 

to Excel’ under the track plot: 

 

 

 

A 昀椀le dialogue will then appear where you can save the Excel ‘.xlsx’ 昀椀le: 

 

 

 

 

 

 

The program will then calculate the proper琀椀es of each track based on the coordinates on 

demand as it exports them to ensure changes in the calibra琀椀on are applied. A progress bar 

will be displayed as this happens: 
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Once the export has completed, another 昀椀le dialogue will be displayed, promp琀椀ng you to save 

the traces in .trcs format: 

 

 

 

 

Finally, another dialogue will be displayed promp琀椀ng you to save the experiment as a TXP 

document which can be reopened in the program in the exact current state including MSD 

昀椀ts, se琀�ngs etc: 

 

 

 

 

A progress bar will appear while the document is saved: 
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When opened the Excel spreadsheet will have each track and its informa琀椀on / 琀椀me series 

listed in the 昀椀rst sheet ‘Raw Data’: 

 

The second sheet, ‘MSD’ contains a list of di昀昀usion coe昀케cients and MSDs for each track only 

along with the 琀椀me taken un琀椀l the par琀椀cle stopped being tracked, most likely when it 

bleaches: 
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10.2 Saving Tracking Experiments as TXP Files 

To save the whole state of TrackXpress including the raw data, enhanced data, analysis, MSD 

昀椀ts and se琀�ngs into a single document that can be reopened, click ‘Save Experiment’ in the 

‘Save / Load Pro昀椀les’ sec琀椀on in the bo琀琀om le昀琀 of the control panel: 

 

 

A 昀椀le dialogue will appear where you can choose where to save the 昀椀le: 

 

 

 

 

 

A progress bar will appear as the 昀椀le is saved: 

 

 

 

 

Once this is complete, the program can be closed, and next 琀椀me the experiment document is 

opened it will load up exactly as it was when it was saved. 
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10.3 Rese琀�ng the TrackXpress GUI 

To reset the interface to its default state ready for a new experiment, click ‘New Experiment’ 

in the control panel: 

 

 

The current TrackXpress window will then close and reopen in the default state: 
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10.4 Loading a TXP File 

To load a .txp 昀椀le, click ‘Open Experiment’ in the control panel: 

 

 

Then select the correct .txp 昀椀le in the 昀椀le dialogue: 

 

 

 

 

 

 

 

 

A progress bar will appear as the 昀椀le is opened: 
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Once the .txp 昀椀le has been opened the data and analysis that was saved will be opened in the 

exact state it was saved in: 

 

This includes all of the proper琀椀es in the control panel: 
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And the raw / processed data: 

 

This means, the data can be re-tracked, or the se琀�ngs recovered to track a di昀昀erent 昀椀le with 

the same analysis se琀�ngs. All tracking data is present so histograms can be replo琀琀ed and / or 

exported: 
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10.5 Expor琀椀ng the Enhanced Ti昀昀 File 

To export the enhanced frames of the movie as a .琀椀f stack, click ‘Export Processed TIF’ in the 

昀椀le sec琀椀on of the control panel: 

 

 

 

 

Then select a loca琀椀on to export the .琀椀f 昀椀le using the 昀椀le dialogue: 

 

 

 

 

 

 

The enhanced data will be converted into a .琀椀f 昀椀le and saved in the speci昀椀ed loca琀椀on. It can 

then be loaded in an external so昀琀ware package such as ImageJ: 

 

 

 

 

 

 

 

 



Page | 179  
 

10.6 Saving Figures Directly from TrackXpress 

Any graph in TrackXpress with a toolbar can be saved directly as a .jpeg / .png directly from 

the program. For example, in the track display canvas, click the save icon: 

 

  

 

 

 

 

 

 

 

 

 

 

And then select a loca琀椀on to save it: 

 

 

 

 

 

The magnifying glass icon and the direc琀椀onal arrows allow you to zoom with a zoom rectangle 

at speci昀椀c parts of the plot and move it around respec琀椀vely. Home resets the graph to the 

default view.  
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10.7 Plot Se琀�ngs 

For presenta琀椀ons it is o昀琀en inconvenient to display plots in ‘dark mode’ i.e., a light-coloured 

line on a black / grey background, since many presenta琀椀ons use a white background. To do 

this, un琀椀ck the ‘Dark Theme’ checkbox in the bo琀琀om right of the control panel: 

 

 

The display of the track will then change to light mode: 
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Any windows with plots in them will also be plo琀琀ed in light mode the next 琀椀me they are 

opened / reopened: 
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To disable gridlines on plots, un琀椀ck the ‘Grid Guides’ checkbox in the control panel: 

 

 

Plots will then be displayed without gridlines: 
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Font sizes can also be changed if text is too small. To do this, click on the text op琀椀ons icon in 

the control panel: 

 

 

Then set the desired font sizes in the pop-up window and click ‘Apply’: 

 

 

 

 

 

 

 

This will a昀昀ect all plots next 琀椀me they are refreshed and will be saved even if the program is 

closed and reopened. Defaults can be restored by clicking ‘Defaults’ then ‘Apply’ 
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Chapter 11 – Tracking Automation 

11.1 Se琀�ng Up Automated Tracking 

The 昀椀rst step of automated tracking is the same as manual tracking. All 昀椀les should 昀椀rst be 

trimmed, and checked to make sure they are good using an external program such as ImageJ. 

Then they should be loaded into the TrackXpress Add-in and the tracking parameters set 

accordingly. 

Then, to set up automated tracking, click ‘Automate’ in the 昀椀le sec琀椀on of the control panel: 

 

 

 

 

The automa琀椀on window will then appear. Click ‘Browse’ to locate the folder containing the 

movies that should be tracked: 
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Select the folder from the 昀椀le dialogue: 

 

 

 

 

 

 

The folder name will then be displayed in the automa琀椀on window and all .琀椀f 昀椀les in that folder 

will be automa琀椀cally indexed and selected for automa琀椀on: 

 

 

 

 

 

 

 

 

 

 

 

When a .琀椀f 昀椀le is loaded the end frame is set automa琀椀cally in the tracking range. The start and 

end frame can be set manually. To ensure it doesn’t change, 琀椀ck ‘Lock End Frame’: 

By default, for every .琀椀f 昀椀le analysed, MSDs will be op琀椀mised automa琀椀cally, experiment.txp 

昀椀les will be saved, analysis will be exported to Excel and traces will be calculated. These 
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op琀椀ons can mostly be unchecked individually, however, traces cannot be calculated if Excel 

export is unchecked at this 琀椀me. 

By default, all 昀椀les in the folder will be analysed. To select a custom list, click ‘Select’: 

 

 

 

A selec琀椀on window will then appear where 昀椀les can be checked or unchecked to include / 

exclude them from the automa琀椀on list, then click ‘Done’: 
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11.2 Automated Tracking 

Once everything is set up, click ‘Begin Automated Analysis’ in the automa琀椀on window: 

 

 

 

 

 

 

 

 

 

 

 

As the 昀椀les are analysed, the automa琀椀on window keeps track of the last 昀椀le that was 

completed and shows the number of tracks found in that 昀椀le as well as the total number of 

tracks found so far in all analysed 昀椀les and the number of those which were kept a昀琀er 昀椀ltering 

tracks based on es琀椀mated MSD 昀椀琀�ng error: 
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To stop automated analysis, click ‘Stop Analysis’ and tracking will stop once the current 昀椀le 

has completed: 
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Appendix – Settings / Misc. Functions 

FRET Analysis 

Currently, FRET analysis is not fully supported in FluoroTensor, traces can be 昀椀琀琀ed but the 

process is largely manual and there are no op琀椀ons to export the analysis at this 琀椀me. 

A昀琀er analysing colocaliza琀椀on and calcula琀椀ng traces from a FRET experiment, enable ‘FRET 

display’ in the main interface by 琀椀cking the checkbox in the top right of the graph panel: 

 

This places the marker trace in the lower (main) canvas and the colocalized an琀椀-correlated 

trace in the upper (secondary) canvas. At this 琀椀me, traces will have to be checked visually to 

see if they’re an琀椀-correlated. 
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If you are sa琀椀s昀椀ed the two traces are an an琀椀-correlated FRET pair, click ‘Add Trace’ in the 

toolbar below the main graph canvas: 

 

 

 

 

 

 

 

 

 

 

 

If ‘FRET display’ is enabled, this will add the pair of traces currently being displayed will be 

added to a separate dataset which persists even if new traces are loaded into the main 

interface. These traces can be saved as .trcs 昀椀les. 

Once the dataset has been curated and any number of FRET pairs added, click ‘Analyse FRET 

Traces’ at the top of the graph panel: 
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The FRET Analysis window will then appear and use a Gaussian mixture model to threshold 

on and o昀昀 states to 昀椀t the trace automa琀椀cally: 

 

Since this is only a demonstra琀椀on of a prototype feature, only 昀椀rst order kine琀椀c informa琀椀on 

is calculated and the data cannot be exported at this 琀椀me. 
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Integra琀椀ng Custom Neural Network Models 

FluoroTensor, as a pla琀昀orm, was designed such that it can be used immediately with pre-

supplied general predic琀椀on models for step detec琀椀on and trace 昀椀琀�ng. These may not always 

perform op琀椀mally and are limited by the number of frames traces must have as an input for 

reliable results. Thus, we have designed the so昀琀ware to allow the integra琀椀on of neural 

networks trained by end users. In this example we will demonstrate how to integrate the 2019 

Xu et al CLDNN model into FluoroTensor. CLDNN models have their own normaliza琀椀on 

requirements that were implemented; however, other networks are required to use standard 

normaliza琀椀on of data in the training set such that the mean of a fully bleached trace is centred 

on 0 (noise can dip into the nega琀椀ve) with a maximum value of 1 for the highest intensity in 

the trace as in this example: 
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To integrate a custom neural network into FluoroTensor, click ‘Preferences’ in the main control 

panel of the main window: 

 

 

 

 

 

 

 

 

Then select ‘Custom NeuralNet integra琀椀on’ from the available se琀�ngs: 
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Then select ‘Enable’ in the list box and press OK: 

 

 

 

 

 

 

This means FluoroTensor will no longer a琀琀empt to get the required trace resampling length 

by parsing the name of the neural network. Instead, it will use the custom neural network 

resampling lengths from the preferences. To set these, click ‘Custom NeuralNet se琀�ngs’: 

 

 

 

 

Ensure that the resampling length matches the number of input neurons in the custom neural 

network for the correct channel in the se琀�ngs window that appears and save changes: 
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Finally, make sure the neural network is saved in the current working directory of the program 

like the other models and select the relevant model directory se琀�ng to load the neural 

network for the relevant channel(s): 

 

 

 

 

 

 

 

 

 

 

Then select the model folder in the 昀椀le dialogue: 
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The model will then be loaded for the selected channels and informa琀椀on displayed in the 

status box: 

 

Next 琀椀me steps from that channel are detected, the custom model will be used: 

 

 


