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1. Running FLUTE

FLUTE can be run in two different ways.

1.1 Run exe file in Windows operating system

Download FLUTE.exe from GitHub (https://github.com/LaboratoryOpticsBiosciences/FLUTE) and double-
click FLUTE.exe.

¥ - Manage output - o bt
“ Home Share View application Tools (2]
« « 4[> ThisPC > Local Disk(C) » Users > gottlish > output vl Search output
Mame Date modified Type
# Quick access
FLUTe 1/22/2022 11:13AM  Application 35,685 KB
3% Dropbex
& OneDrive
3 This PC
¥ Network
Titem  1item selected 132 MB E

Figure S1: Running FLUTE.exe
1.2. Run main.py in different operating systems

If Python is installed on your system, open the terminal; install all the necessary packages: “pip install
PyQt5, numpy, opencv-python, matplotlib, scikit-image”; navigate to the folder containing main.py and
type: python main.py.

Figure S2: Running main.py using a computer with Python installed

Running ‘main.py’ has been tested to work on different Operating systems: Windows, Linux (with
Ubuntu 20 and 22.04) and MacOS including M1 and M2 chips.


https://github.com/LaboratoryOpticsBiosciences/FLUTElink
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Here we describe an easy procedure to run main.py with a Mac and/or Windows by automatically
downloading all the necessary files from FLUTE’s GitHub page:

a) Install Anaconda Navigator, which is a GUI to manage Python environments and libraries. The
documentation is available here: https://docs.anaconda.com/free/navigator/index.html

b) Gotothe Environments tab and create a new environment for running FLUTE. It is not mandatory,
but much recommended, because it will help you to avoid library dependencies in case if you use
Python to run other programs.

¢) Inthe same Environments tab with the FLUTE environment activated, on the top right corner you
can search and install specific versions of libraries. Install necessary packages into new
environment with the following command: “pip install PyQt5, numpy, opencv-python, matplotlib,
scikit-image”

d) Install PyCharm Community edition (either from Anaconda homepage or online), then upon
startup you can just insert a link to the FLUTE's GitHub page
https://github.com/LaboratoryOpticsBiosciences/FLUTE and all necessary files will download
automatically. Then go to Preferences -> Project: main.py -> Python Interpreter, and select
Anaconda environment you've created.

e) Run main.py

Here we describe a troubleshooting procedure to run ‘main.py’ on Linux Operating systems.

After installing all dependencies (PyQt5, matplotlib, numpy,opencv-python and scikit-image) with the "pip
install" command, the program "python main.py" may fail with the message :

gt.gpa.plugin: Could not load the Qt platform plugin "xcb" in "/home/lambry/.local/lib/python3.10/site-
packages/cv2/qt/plugins"

This application fails to start because no Qt platform plugin could be initialized. Reinstalling the application
fixes this problem. This problem is solved with the commands: pip uninstall opencv-python pip install
opencv-python-headless.

2. Main window navigation

Figure S3 shows how the main window is divided into several sections, referred to as Home, Interactivity,
Thresholding, and Table for the remainder of this document. The names of the windows are accessed by
pressing the Menu button.


https://docs.anaconda.com/free/navigator/index.html
https://github.com/LaboratoryOpticsBiosciences/FLUTE
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Menu button

€ FLUTE O T

Load FLIM

Phi Calibration: 0.6171 M Calibraton: 1.0577

Dsstance

1]

Table

Figure S3: labeled windows for FLUTE main user interface. On the left, there are the Home window, Interactivity

window, and Thresholding window buttons. Table displays the list of loaded data.

3. Calibration with Lifetime reference

To calibrate FLIM data with FLUTE, click Load Calibration on the Home window and enter the setup
parameters in the popup window:

Bin Width (ns): Duration of a single temporal bin of the time-domain FLIM acquisition

Laser Freq. (MHz): Laser repetition rate

Tau Ref. (ns): Known lifetime of the single-exponential reference sample (e. g. 4 ns for fluorescein)
Harmonic: Integer multiple applied to laser frequency that will be used to calculate the Fourier
Transform

FLUTE calculates the Phi Calibration (A¢@) and M Calibration (Am ) values (equations 9 and 10 of main
text) to be applied for calibration and displays them in the home menu as shown in Fig. 8. An example of
fluorescein decay is uploaded on our GitHub repository [1] as Fluorescein.tiff stack. After calibration if you
load the same calibration file (Fluorescein.tiff) it is now located at the correct location of 4 ns in the phasor
plot (Fig. S4). The same Phi Calibration (A¢) and M Calibration (Am ) values will be applied to all the FLIM
data opened with the Load FLIM function.
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Figure S4: Calibration windows of FLUTE and example of calibrated experimental fluorescein sample with 4 ns
lifetime.

With FLUTE it is possible to perform Phasor analysis at higher frequency of the laser repetition rate, by
changing the “Harmonic” parameter in the “Load Calibration” window. An example of calibration with a
0 ns lifetime SHG starch sample (starch SHG-IRF.tiff in our GitHub repository [1]) is shown in Figure S5: the
FLIM data set ZF-1100_noEF.tiff is phasor transformed with the first harmonic of the laser repetition rate,
i.e. 80MHz (Fig. S5a) and with the second harmonic of the laser repetition rate, i.e. 160MHz (Fig. S5b).

a b
€ 2:5-1100_nokF - O X € 6 5-1100_nokF = o X
0.6 0.6
m 80 MHz - 160 MHz
0.5 4 3ns 0.5 4
ans B < ns 209 . . Q57
0.4 .2 % 0.4 . ¥l
N 5 " - 3 ng/ - 3 5 “
S R | . =
“» 03 18 ny x . O\5n “» 03 4n > N
024 LT A 0.2 A
¢ an S R I B Y
011 of a3 011 : o
0.0 r . . — 0.0 : . . ,
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
9 9
€ Load Calibration - o X l € Load Calibration - (=] X |

Figure S5: Calibration of FLIM image (ZF-1100_noEF.tiff) using the SHG at 0 ns lifetime (starch SHG-IRF.tiff) as a
calibration. Phasor transformation and plot are calculated at the first (A) and second (B) harmonic of the laser
repetition rate.

4. Loading FLIM data

In the Home window, press Load FLIM, and select the data to open. FLIM data must be uploaded as a .tiff
stack. You can use the shortcut ctrl+click or shift+click to select multiple datasets at once. The phasor plot
with a histogram density color map and intensity image will open for each dataset, and the table will be
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populated. Figure S6 shows the example of Embryo.tif FLIM file that can be found in on our GitHub
repository.

Figure S6: Loaded Embryo.tif data before any changes are applied.

5. Selecting active datasets using the table

In all following sections, changes to datasets are only applied when the data is active and selected in the
table. To select data, either click whichever is desired, or ctrl+click or shift+click to select multiple sets of
data. In the example provided in figure S7, changing parameters such as color maps or intensity threshold
will only apply to windows 1, 3, and 4, but will not be applied to windows 2 and 5.

€ FLUTE - a X
MENU
Load Calibration Load FLIM Buk Process
Phi Calibration: M Calibration:
TauP TauM Intensity Distance
imensio Window Number
Inactive
Bl Active
hMSC _rotenone
hMSC-ZOOM e Inactive

Figure S7: Selecting active and inactive data in the Table on the Main Window.

6. Median filter

Successive median filters can be applied to the g and s matrices using the Median Filt entry box within
the Thresholding window. A 3x3 convolutional median filter is applied n times to the s and s coordinates
of the phasor plot using scipy.signal.medfilt. Figure S8 displays the use of 3 median filters applied to the
Embryo.tif FLIM file of a Zebrafish embryo at three hours post fertilization (as for now referred to as 3hpf):
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Figure S8: Applying 3x3 convolutional median filter to data.

7. Intensity filter

Minimum and maximum intensity thresholds can be applied using the IntensityMin and IntensityMax
entry boxes inside the Thresholding window. The intensity is calculated as the sum of all images in the

iff stack. As shown in figure S9, applying a min intensity threshold of 25 counts to the 3hpf dataset
removes the background:

Figure S9: Applying Intensity threshold to FLIM data.

8. Changing color maps

FLUTE gives to the user the flexibility to choose the appropriate color mapping to be applied to the FLIM
image and the phasor plot simultaneously. For FLIM data exploration and visualization the image window
is switchable between the options presented in figure S10.

Figure S10: Image visualization options: intensity, lifetime contrasts and distance

As seen in figure S10, available color maps are:

e TauP: Phase lifetime calculated with equation 7
e TauM: Modulation lifetime calculated with equation 8
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e Intensity: Based on the intensity of the pixel across the entire tiff stack. Both a jet and a greyscale
color maps are available for intensity. Clicking the Intensity button will switch between the two.
e Distance from a molecular species.

The threshold of the relative color maps can be adjusted either via the Interactivity window, according
to figure S11:

Angle Range

Modulation Range

Distance Range

Figure $11: Thresholding range sliders available in the Interactivity window.

Or, via the thresholding window, shown in figure S12:

edian Filt: Applv Al Filters Save Data
: 25 Intensity Max: Blalslalsla}s] 1000000
Phi Min (deg): TauP: 0.65ns Phi Max (deg): [ TauP: 4.08 ns
Mod. Min: g TauM: 3.10 ns Mod. Max: 0.94 TauM: 0.72ns

Dist. Max:

Figure $12: Thresholding entry boxes available in the Thresholding window.

8.1 TauP color map

TauPhase (TauP) is calculated with equation 8. Applying the TauP color map to the data and setting the
Phi Min (deg) and Phi Max (deg) values to 12 and 35 degrees in the Thresholding window respectively
will result in the image presented in figure S13.

0.6 ’
2ns
0.5 3ns_~
4 ng " % s . ol ns
0.4 R D * F
[
w 0.3 T8r T O
. TN

0.2 ety 25 ‘3‘

011 e

0.0

0.0 0.2 0.4 0.6 0.8

| R .l

Figure $13: FLIM data mapped with TauP contrast.
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8.2 TauM color map

TauModulation (TauM) is calculated with equation 9. Applying the TauM color map to the data and setting
the Modulation Min and Modulation Max values to 0.59 and 0.92 in the Thresholding window
respectively will produce the image presented in figure S14.

0.6
0.5 -

0.4 1 B I - TP

0.2 BRERR s 2o

0.1

0.0 T T g r
0.0 0.2 0.4 0.6 0.8

Figure $14: FLIM data mapped with TauM contrast.

8.3 Distance color map

FLUTE can be used to calculate and map the distance from the molecular species B by inserting the known
phasor coordinates of species B. When the Distance color map is selected, a popup window (figure S15)
appears with two options: insert the single lifetime of the fluorophore or the g and s phasor location of
the molecule in the phasor plot.

£ Distance — O X

Enter Lifetime of Fluorophore (ns): Enter \

Enter g: Enter s: m Enter ‘

Figure S15: Entry box to apply options for distance color mapping

Enter Lifetime of Fluorophore (ns) takes in account the phasor coordinates of the molecular species B
either inserting the single exponential lifetime or the phasor coordinates g and s in the case of a multi-
exponential decay. FLUTE then calculates the distance from molecular species B by using equation 15. For
example, the distance from free NADH can be calculated graphically and mapped in every pixel from the
location of the free NADH that has a known single lifetime of 0.4 ns. Figure S16 displays the application of
the distance from free NADH color map in the Embryo.tif FLIM file.

10
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asuelsiq

0.08

Figure S16: FLIM Data mapped with the distance from free NADH contrast.

8.4 Circle selection

Interactive exploration of the FLIM data can be performed by using multiple colored cursors of variable
sizes to select pixels with similar decays and to highlight simultaneously the corresponding pixels in the
image. Areas on the phasor plot can be selected by clicking on an active plot. The modification of color
and size is done through the Interactivity window using the Color and Radius options. In figure S17, the
embryo image is highlighted with a red circle of radius 0.05, and a green circle of radius 0.1, with a
greyscale color map.

0.6
2ns
3ns
: ans,® - % . . ns
Colour: Radius: ] I Y
: . 5ns
Clear All Circles : B
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
g

Figure S17: Data with intensity color mapping and regions selected with a red circle of radius 0.05 and a green
circle of radius 0.1.

Clicking Clear All Circles removes all circles from the plot.

If there are multiple active datasets, clicking on one active phasor plot will draw the same circle on all
other active phasor plots.

9. Interactivity window

The Interactivity window is used for quick and coarse thresholding of the FLIM data and interactive data
exploration.

11
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9.1 Range adjustment

Through the interactivity window we can apply a threshold to the phase (¢), modulation (m), and
distance range simultaneously using the sliders as displayed in figure S18. For example, the phasor of the
Embryo.tif FLIM image in (figure S18b) has been applied different parameter thresholds that are
represented by the colored lines (red for phase and modulation and blue for distance). The thresholded
pixels are represented in black in the phasor plot.

| @ FLuTe - o >

Embryo 512,.. 5
C
€ S5 Embryo - m] X € 5 Embryo - ] X
0.6 0.6
2ns 2ns
0.5 4 . 0.5 4 Ins -
4 ns_~ ‘ s 2y n an
0.4 4 SRS T 0.4
w 034, D nd “ 0315,
0.2 4 o Bk ey ol - 0.2 4
0.1 4 0.1 4
0.0 T T T T 0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
9 g9

Figure $18: Range adjustment thought the interactivity window (a) Overview of all available thresholds applied to
the data. (b-c) Phasor plots with applied thresholds on the different parameters (phase and modulation and
distance with (b) and without (c) colored lines that represent the thresholds.

Clicking Reset Range function (Fig.18a) will remove all the applied threshold modifications and will reset
the range of the parameters to the default values.

Unclicking Show Range Lines function (Fig.18a) will remove all the threshold lines from the phasor plot,
while keeping the applied threshold to the FLIM data and phasor cloud (Fig.18c).

9.2 Closing datasets

Closing multiple active datasets is possible by choosing all in the table and clicking Close Selected, as
shown in figure S19.

12
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€ FLUTE - [m] X € FLUTE - o X
— MENU \ _
i Colour: Radius: Angle Range i = S: Angle Range
I (X o — — 1610 : — 1610
Clear Al Crdes Modulation Range 3 e Modulation Range

— ()72 1S i 3 3. — (), 72 05

Close Select=( | Distance Range 3 Distance Range

'Show Range Lines o  —— el -] Range Lnes o, —— 0, 35

Jimensior Window Number
Embryo
hMSC control

ZF-1100_noEF

Figure $19: Closing multiple sets of data at once.

9.3 Saving data

In addition to fast and interactive FLIM data visualization, analyzed data with applied parameter
thresholds can be saved in FLUTE using the Save Data button. Clicking Save Data is followed by a popup
window that can save either all the color maps (All Data) or the color map that is on display (Currently
Displayed). Saved data is listed below; also, an example is given in figure S20.

e .. g.tiff, ... s.tiff: the g and s coordinates with applied parameter thresholds. Thresholded pixels
are saved as ‘nan’. Data are saved as a 32bit floating point tiff files.

e .. TauP.tiff, ... TauM.tiff, ... Dist.tiff: The TauP lifetime, TauM lifetime, and Distance values of the
dataset with the applied parameter thresholds. Data is saved as a 32bit floating point tiff file with
thresholded values saved as ‘nan’.

e .. graph_density.png, ..._graph _Distance.png, ..._graph _TauM.png, ..._graph _TauP.png: Phasor
plot screenshots for the various color maps.

e .. _imageDistance.tif, ..._imagelntensity.tif, ..._imagelet.tif, ..._imageTauM.tif, ..._imageTauP.tif:
screenshots of the FLIM imageswith the respective color maps with parameter thresholds applied
. Data are saved as RGB.

e .. Parameters.txt: List of parameters thresholds applied to the dataset and average values of the
phasor coordinates g and s, tauP, tauM and distance measured in the mask.

13
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Embryo_graph_D Embryo_graph_T

Embryo_graph_d

Embryo_Dist Embryo_g
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v ‘ p
. \ L
Embryo_graph_T Embryo_image_D Embryo_image_| Embryo_image_J Embryo_image_T
auP istance ntensity et auM
qﬁi qji’ "i
- - -
Embryo_image_T Embryo_Paramet Embryo_s Embryo_TauM Embryo_TauP
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1000000 .000

Intensity Min:
Intensity Max:
Phi Min (Deg, ns): (18.000, ©.646)

Phi Max (Deg, ns): (64.000, 4.079)

Modulation Min (M, ns): (©.540, 3.101)
Modulation Max (M, ns): (0.940, 0.722)
Distance From Coordinates (g,s): ©0.961, ©.193
Distance Min: 0.260

Distance Max: ©.900

Average g Coordinate: ©.687
Average s Coordinate: 0.307
Average TauP (ns): 0.891
Average TauM (ns): 1.744
Average distance: 0.327

Figure S20: Example of saved files (left) and parameter file (right)

10. Batch processing

FLUTE has been designed for bulk processing, which is useful for the fast analysis of multiple FLIM data

from a single experimental session.

To perform bulk processing, first apply the desired thresholding values in the Thresholding window. On the
Home window, click Bulk Process. In the first popup window (figure S21), select the desired data to be
processed using ctrl+click or shift+click, and click Open. In the next window, select a folder to save the data.
FLUTE will open all datasets; perform the phasor transformation, apply the indicated filters and thresholds,

and save all the output data.

i o |“Shp ey, daea” S ey dats - Comy 31 S emieyosrom dota - Copy

Bulk Folder Properties x

General  Sharing Secuity Previous Versions Customize

‘Bu\k Data|

Type File folder
Location C:\Users'\gottlieb'\Desktop

Size: 67.6 MB (70,987,600 bytes)
Size on disk: 67.8 MB (71,168,000 bytes)

Contains: 75 Files, 0 Folders

Created. Tuesday, November 22, 2022, 4:17.46 PM

Atibutes: (W] Read-only (Only appliss to files in folder)

[ Hidden Advanced...

ok |

Cancel Apply

Figure S21: Batch processing five images leads to 75 saved data files inside the selected folder

11. Converting FLIM data in different formats

With the current version of FLUTE, FLIM data acquired with commercial cards have to be first converted
into a .tif stack using either the software of the company or available open sources plugins. Briefly: .std

14
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FLIM formats from Becker & Hickl can be easily transformed in .tif stacks by using the open-source Bio-
Formats [2] plugin for ImagelJ; .fbd files from ISS can be exported into .tif files from The VistaVision
software (See Supplementary Information 11.2); .ptu files from Picoquant can be exported into .tif files
using first SymPhoTime64tware software to extract the binary .bin file and then files using the open-
source plugin Bio-Formats toolbox to convert the .bin file in .tif or directly exporting .ptu files in to .tif files
using the open-source plugins PTU_Reader for Imagel [3] (See Supplementary Information 11.3).

11.1. Conversion of Becker & Hickl (.sdt) files to .tiff files.

g)

.std files from Becker & Hickl can be exported into .tiff files using the opensource plugin Bio-
Formats toolbox [2]:

Make sure that you have the Bio-Formats plugin installed in ImageJ.

Open the desired .sdt file with Imagel panel, a Bio-Formats window will appear automatically (Fig
S22).

Check the case “Display metadata”.

The stack will open in Imagel) together with the related metadata file

Save the FLIM stack in .tif format.

From the metadata file extract the acquisition parameters (Fig. S23): “Size T” (line 10) indicates
the number of temporal bin. while if “MeasStopInfo.maxSyncRate” (line 146) is equal to
“MeasStopinfo.minSyncRate” (line 150) these values indicate the laser repetition rate.

Calculate the value of the bin width: bin width =1/ MeasStopInfo.maxSyncRate/Size T

& Bio-Formats Import Options x
Stack viewing Metadata viewing Infermation
View stackwith:  |Hyperstack - ¥ Display metadata Display OME-XML metadata - Displays a
s . tree of metadata standardized into the OME
Stack order: |:"~'T'CZT J I iDisplay OME-XML metadata;: data model. This structure is the same
. regardless of file format, though some
LDispiay RO formats will populate more informatien
ROls ImportMode:  |ROI manager fRanloher:
Dataset organization Memery management Diangles
I~ Group files with similar names [~ Use virtual stack O Wiad fedtrls s
under OME > Image = Name.
I~ Open files individually I~ Specify range for each series ® The time and date when the
dataset was acquired is listed
I~ Swap dimensions I~ Crop onimport under OME > Image >

CreationDate.

@ The physical pixel sizes of each
plane in microns is listed under
OME = Image > Pixels >
PhysicalSizeX, PhysicalSizeY,

[” Open all series

I” Concatenate series when compatible Split into separate windows

[ stitch tiles ™ Split channels PhysicalSizeZ.
Coler options [ Splitfocal planes

Color mode: ’m I~ Splittimepoints

I” Autoscale

OK Cancel

Figure S22: Bio-formats Import Options Panel

15
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|5 Original Metadata - irf.sdt [m] X [ Original Metadata - irf.sdt = O X
File Edit Font File Edit Font

Key [Value ~|lKey [Value B
BitsPerPixel 16 MeasStoplnfo.maxCfdRate 66400.0
DimensionOrder XYCZT easStoplnfo.maxSyncRate 4 999808E7 l
Isinterleaved true MeasStopinfo.maxTacRate 659520

ISRGB false MeasStopInfo.minAdcRate 64896.0 =
LittleEndian true MeasStopInfo.minCfdRate 65392.0

PixelType uint16 MeasStopInfo.minSyncRate 4.999808E7 I
Series 0 Name irf.sdt MeasStopInfo.minTacRate 649440

SizeC 1 MeasStoplnfo.reserved1 0
|SizeT 4096 | MeasStopinfo.reserved? 0.0

SizeX 1 MeasStopinfo.status 1

4SlizeY 1 | : I:AleasStoolnfo_stooTime 87.77823 I :

Figure S23: Extracting acquisition parameters number of temporal bin number and laser repetition rate

In the future version of the FLUTE code we aim to integrate the file reading of the .std file inside the
Python code to provide a more compact version of the analysis that does not require additional steps
with other external software. With this goal we aim to use the Python library “sdtfile” developed by

from the metadata of the .std file

Christoph Gohlke to read Becker & Hickl .std files [4, 5].

11.2. Conversion of ISS (.fbd) files to .tiff files

.fbd files from ISS can be exported into .tiff files from The VistaVision software (See also
VistaVision manual pages 28-29)

Click the icon under the decay plot to open che “Export Data” dropdown list, from which the user
can export the raw decay data (Fig. S24).
Click the “Export Frame Time Decay Raw Data” tab to export the photon counts per time bin, as a
single TIFF image file containing a series of images.
The number of images contained in the signgle TIFF image file is the same as the number of the
time bins specified by the TD resolution. The i-th image in the sequence represents the
corresponding time bin along the time decay
When you open the .fbd file, make sure the supporting files (ifil, xim) with the same file name is

in the same folder as the .fbd. These supporting files are usually automatically generated when
the images are saved.

From the metadata .xIm file (Fig. S25) extract the acquisition parameters: “Phase” that indicates
the number of temporal bins and “Excitation Frequency” that indicated the laser repetition rate
Calculate the value of the bin width: bin width =1/ Excitation Frequency /Phase
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Figure S24: Screenshot of the VistaVision software to Export data

O [ 20191112.130020RG-H28GFP| x | + g X
(e} (@ File | C/Users/EmmaFong/Dropbox320(EITM)/_DATA/FLIM%20NADH/FLIM%20images/Drug_treatments/Organoids/FLIM_Organoid-pilot-drug-treatment/Raw-images/20... A 7] o= Q L)
This XML file does not appear to have any style information associated with it. The document tree is shown below. Q

atasettings>
e created by ISS Vista software (Version: 4.2.118.8) to accompany the raw .fbd file format. This file contains the setup parameters to read the .fbd file.</Comments> &

£
v rInfo>
nerID>Zeiss LSH
<FrameScanPlane>XY<
Program Files\ISS\VistaVision 4.@\Devices\Firmware\fe80_4ch8uwBpSt32fifo2S6over255usb2_8.fbf6</Filel >
ExtC1k/4ch/Bw/C1kOutBOMHz /SynchOutExtDiva/Decoder8w32fifo/FifoF eedbackd/SecondHarmonice/Opt imalC1k8OMHz /PhaseBBit/Time13Bit/SPARTANG/Violet K(Phase256BinkMicroTimeC1k10MHz /Version
1.3.0/Version 1.1.0 added channel select, Ver 1.2.0 added serial feedback of clockrate, Ver 1.2.1 changed line scan to a pulldown, Ver 1.2.2 changed photon end to edge mode and added staged
resets for DCH2 and phase count, Ver 1.2.3 has added commands to the usb(for uart communication to the fpga), and added vart (with 8 4-bit ports) to the fpga, Ver 1.2.4 has changed from LVTTL to
LVCMOS25 and added 13us debounce to the falling edge of both line and frame scan (rising edge already protected)Ver 1.2.5 has changed the slew rate of the ClkOut_0 (drives the laser diode) from
default to fast. This has the effect of letting a short 1-2ns pulse get fully to the rail and thus drive the buffer board reliablyAlso added FPGA Version Feedback to the UART (@x7d = 125dec = Ver
1.2.5)A new batch of FPGA IC's resulted in 60% not having wide enough clocks, Made the clock out Sns registered rather than prop delay dependent 1 2 6.(6x7e = 126dec = Ver 1.2.6). Ver 1.3.0 adds
serial contorl on PLIMs to set freq, duty cycle, and burst</Description>
ecoderName>8u32fifoc/Decoderame>
i 8¢
a
6:50 PM

== v-»- {‘e @ 3 ag@ - 95@ AT NG DDO Lm0
Figure S25: Screenshot of the .xIm file. Extracting acquisition parameters number of temporal bin
number and laser repetition rate from the metadata of the .fbd file

11.3. Conversion of Picoquant (.ptu) files to .tiff files.

.ptu files from Picoquant can be exported into .tif files using first SymPhoTime64tware software
to extract the binary .bin file and then files using the opensource plugin Bio-Formats toolbox to
convert the .bin file in .tif [2]:

a) In SymPhoTime64tware software click the “Export Binary” button to generate a specific binary
file .bin from the .ptu file (Structure of the binary file is shown in Fig S.26)
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b) Make sure that you have the Bio-Formats plugin installed in Imagel.

c) Open the binary .bin file with ImagelJ and a Bio-Formats window will appear automatically (Fig
521).

d) Check the case “Display metadata”.

e) The stack will open in Imagel together with the related metadata file.

f) Save the FLIM stack in .tiff format.

g) The acquisition parameters “Size T” indicates the number of temporal bin. while if
“TTResult_syncRate” (line 49) indicates the laser repetition rate and can be extracted from the
metadata file or the header of the ptu file (Fig S27).

h) Calculate the value of the bin width: bin width =1/ MeasStopinfo.maxSyncRate/Size T

(!
e =
e & ) & it
Hide Badward  Forward Home Print Options
Contents Index Search
| Search criterion: Appendix
e — Binary Image Exported Files
Related Topics]
Choose a Topic Found: 13
Topic Count When pressing the Export Bifigfl button of the FLIM analysis window, a specific Bl formatted file is generated.
Tag Dictionary 14
ructure of the Biflany Image Exported Files
Binary Image Export 8 Structure of the BIER] Image Exported Fil
FLIM Analysis 4
FCs 4
Workspaces 2 Data ltem Type Description
TCSPC_Meas 2 PixX int3z pixels in ¥-direction
. TagTypes 2 n
SPTWY Folder 2 Pix¥ int32 pixels in Y-direction
i | SPTLFiles 2 PixResol float32 | spatial pixel resolution in pm
PTU Files 2
PORES Fies 2 TCSPCChannels int32 number of TCSPC channels per pixel
Getting Started z TimeResol float32 |time resolution of the TCSPC histograms in ns
BaseTCSPC 2

The following bloc will sppesr in the file foresch y = 1 to <Pix¥>
The following blodk will appesr in block y) foreach x = 1 to <Pixk>
The following date will appear in the blodk [x.y) foreach + = 1 o <TC3PCChannels>
HistogramData [x,V,t] int32 counts of the TCSPC channel t of pixel (x,y)
end of blodk.
&nd of blook

end of blodk
1

Figure 526: Screenshot of the structure of the binary file .bin is displayed. It is possible to find the same
information in the following webpage: https://www.tcspc.com/doku.php/glossary:pre-
histogrammed image

+ General Information Comment | HEE':IEFI

Name FRET_GFP_and_mRFP._ptu outerChan_RisingEd

Type TTTRFile outerChan_CFDPresen
Date

Acquisition time
TCSPC Mode
Measurement mode
Mumber of Picels outerChan_RisingEdg
outerChan_CFDPresent;

outerChan_CFDLe

Scan direction

anning pattern

.H
.H
0. H
1.H
3 H
1 H
-H
. H
6. H
.H

p after puterChan_CFDZeroCros:

Stop Reason Time over

Figure S27: Screenshot of the .ptu file header containing the metadata with the acquisition parameters
“Size T” and “TTResult_syncRate”.

18


https://www.tcspc.com/doku.php/glossary:pre-histogrammed_image
https://www.tcspc.com/doku.php/glossary:pre-histogrammed_image

FLUTE: Supplementary Information and User Manual

Alternatively .ptu files from Picoquant can be exported directly into .tiff files using the open source
plugins PTU_Reader for Image J.[3]:
1. Goto Plugins > PTU reader, navigate to the file.

2. The data load parameters window will appear:
@ FLIM data load parameters

Total number of frames: 880

| Load Lifetime ordered stack

Load option: Load whole stack v

Loading binned results generates large files

[] Load Intensity and Lifetime Average stacks

Bin size in frames 1 frames

Load only frame range (applies to all stacks)

Range: 1-880
Cancel OK
Figure 528: Screenshot of the PTU_Reader FLIM load parameters

3. Also the file metadata will appear:

TTResultFormat_SpecialMask:-268435456
TTResultFormat_NSyncShift:0
TTResultFormat_DTimeMask:268369920
TTResultFormat_NSyncMask:268369920
TTResultFormat_MarkerMask:983040
TTResultFormat_DTimeShift:16
TTResultFormat_MarkerShift:16
TTResultFormat_WrapAround:65536
HW_InpChannels:1
HWInpChan_CFDLevel(0):100
HWInpChan_CFDZeroCross(0):10
TTResult_InputRate(0):91243
MeasDesc_GlobalResolution:2.500223332449171
TTResultFormat_TTTRRecType:66307
PicoHarp T3 data

Header_End:<Empty>

Finished reading header.
syncCountPerLine: 20478

Total frames: 880

Maximum time: 3129

Figure 529: Screenshot of the file metadata opened with PTU_Reader

In the future version of the FLUTE code we aim to integrate the file reading of the .ptu file inside the
Python code to provide a more compact version of the analysis that does not require additional steps
with other external software. With this goal we aim to use the Python code “Read PTU.py” developed
by Picoquant to read .ptu files [6] or “readPTU_FLIM” developed by the Brinks Lab [7].
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12. Comparison between FLUTE and other free and open-source software tools for Phasor

analysis.
Software SimFCS PAM FLIMJ FLUTE
Relative publication Ranjit et al. 2018 Schrimpf et al. Gaoetal.
2018 2020
Open source code No Yes Yes Yes
Free Yes No Yes Yes
Programming language C++ MATLAB Java Python
(facilitates broad use
and extensibility)
OS availability (Windows, Yes Yes Yes Yes
Linux, MacOS including M1
and M2 chips)
Preprocessing features Median filter (in Median filter (in Yes Median filter
preprocessing preprocessing (filters (reversible
stage), intensity stage), intensity | available on | application), intensity
thresholding thresholding Image) thresholding
FRET trajectory Yes Yes No No
Interactive visualization
Manual cluster analysis Yes Yes No Yes
tauP and tauM display No Yes (not Yes (not Yes
interactive) interactive) (interactive)
Mapping distance/fraction of Yes Yes Yes Yes
molecular species (manual drawing) | (manual drawing) (by defining species
phasor location-
facilitates
reproducibility)
Interactive changing No No No Yes
colormap of phasor and (with thresholding
image entry boxes or range
sliders)
Calculating the absolute Yes No Scriptable No
NADH concentration endpoint
through
Imagel-Ops
Measuring mean in ROI Yes Yes Yes Yes
Batch processing Yes Yes Scriptable Yes
and scalable
through
Imagel-Ops

Table 1. Comparison between FLUTE and other free and open-source software tools for Phasor analysis.
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13. Processing time measurements

Here we estimate the average processing time for a phasor transformation and the analysis time per
image in the bulk process that includes also the applications of filters, measurements and saving the
images and the results. The measurements were performed on images of 256 x 256, 512 x 512 and 1024
x 1024 pixels with a MacBook Air (M1, 2020) with a Chip Apple M1 and 8 GB Memory.

Summary

Image dimension

Phasor transformation time

Analysis time in blulk process

(pixel x pixel) (s) (s per image)
256 x 256 ~0.7 ~1.8
512 x 512 ~1.1 ~2.5
1024 x 1024 ~3.0 ~5.4

Table2. Estimation of processing times for individual phasor transformation and FLIM image analysis in

the bulk process
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