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FLIM-FRET Analyzer
user guide

Processing

Step 1: Image segmentation

Run segmentation >

Source image: SOT ™,
Counts Threshold: 100

Border Smoothness: 6
Oversegmentation: 04

Min Segment Size: 200

] Manual labelling Clear

Manual Label Radius: 5

Step 2: Image lifetime calculation

Run kfetime map >

Birc 3
Step 3: Single cell lifetime calculation

Run Fret analysis >

Step 4. Single cell lifetime calculation for all images

[ Run all steps for the whole collection >>> ]

Ufetime map color scale
2000 2500 3000 3500 4000
[ m—] = ! —_——

Crange vidun « prass fner ey, o mouse 108 on e tedex.
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Introduction

FLIM-FRET analyzer is an open source software is dedicated to fluorescence lifetime imaging
microscopy (FLIM) data obtained from Becker & Hickl SPC-830. FLIM-FRET analyzer includes:
a user-friendly interface enabling automated intensity-based segmentation into single cells, time-
resolved fluorescence data fitting to lifetime value for each segmented objects, batch capability,
and data representation with donor lifetime versus acceptor/donor intensity quantification as a
measure of protein-protein interactions.

Basic concept

FLIM-FRET analyzer is an open source software: FLIM-FRET analyzer is public domain open
source software. You are free to run, redistribute or improve the program so that the whole
community benefits.

Interface overview

Acquired and segmented images:

File: Switch between tabs using shortcut keys F1~F4.

Open Fret collection

. (1) SDTimage Image processing:
or Create Fret collection (2) Donor channel (CFP image) Intensity-based cell segmentation and
A - o . .
\ (3) Acceptor channel (YFP image) lifetime single cell calculation
. (4) Segmented image
: A *

1
L -
" FUM Ansyzer i ! i)
7 1 FLIM Analyzer by Institut Pasteur Korea L

Step 2 Image lifetime calculation

Run idetime map >

Step 3: Single cell ifetime calculation

Run Fret analyss >
Step 4. Single cell ifetime calculation for all images

Run al steps for the whole coliection »>>

Utetme map colorscale
| m—— -

200 4000
—

tgraph | Lietme histogram | Lifeme curve
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Data visualization: Result table:

(1) Result graph of lifetime versus ratio Table result comprising the quantified donor
acceptor/donor intensities intensity, acceptor intensity, intensity ratio

(2) Lifetime histogram of acceptor/donor, and donor lifetime.

(3) Lifetime decay curves for each pixel
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Step by step process
1-Create FRET Collection

In order to create the FRET collection, organize your acquisition data corresponding to the
fluorescence (TIF files) and lifetime (SDT files).

1) Coeate new Fret Coection o)

Help

1) Select files 1

2) Set filename matching pattern

- Set # for 1D and § for channel

|
3
_—

1.1 As refer to the figure above, select at position 1 the TIF images that correspond to the donor
(file name ending ch00) and acceptor (file name ending 01) fluorescent channels,

1.2 Position 2, select the FLIM file from the donor (SDT file extension is associated with the
SPClImage software).

1.3 Position 3, set file name matching pattern using # for experiment ID and $ for the fluorescence
channel.

1.4 Position 4, press the icon ‘Create Fret Collection’ and a new window will appear as bellow
seen bellow.

3] Sece Fiat collectiontnm fia |  save the Fret collection to the folder of your

o 6 I choice. -
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1.5 Position 5, the new collection is generated.
1.6 Position 6, press the icon ‘Save Fret collection to a file’ to save the current collection on your
computer or server for further study.

2- Open FRET Collection

: FUM Analyzer

File

Open Fret collection

Create a Fret collection

About FLIMAnalyzer

2.1 Open the previously saved data upon selection in the File menu the Open Fret collection.

e FLIM Analyzer by Institut Pasteur Korea

Resit yroph | e hitogram ] Uietme oo

Below shows a magnified element of FLIM-FRET analyzer.

[ F1) 5DT image | F2) CFP image F3) YFP image | F4) Segmentation image [

2.2 After loading the file, you can see the F1)SDT image, F2)CFP image, F3)YFP image on the
different tabs.
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3- Single Cell Segmentation (Step 1)

Processing

Step 1: Image segmentation

Run segmentation > 1

Source image: |SDT7'F’— 1

Counts Threshold: 15d I

Border Smoothness: 6 @

Oversegmentation: 04

Min Segment Size: 200 .
Manual labelling ‘Tr_ il 3

Manual Label Radius:

3.1 Select the source image for the segmentation of cell of interest. (You can select any of
loaded images in your FRET collection (CFP, YFP, or SDT image)

3.2 Automated segmentation: Set the segmented cell characteristics based on multiple
parameters as below.

e Counts Threshold — minimal number of photons necessary to register a signal, in
order to separate background from foreground

e Border Smoothness — parameter that controls trade-off between smoothness and
number of details of the segments’ borders. Greater values lead to more smooth
borders.

e Over-segmentation — parameter that indirectly controls number of produced
segments. Should be between 0 and 1. Bigger values correspond to larger number
of produced segments. When the parameter is 1 it is likely that the image is over-
segmented.

e Min Segment Size — defines minimal size of a segment, necessary to keep this
segment.

3.3 Semi-automated segmentation

e Manual labelling is available to assist in the segmentation. Enabled by clicking on
the respective check-box. In this mode user is asked to click on the centers of the
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cells. The locations are marked by green squares and are used as seed points during

the segmentation.
e Manual Label Radius — defines size of manually placed markers and controls
shapes of resulting segments (the resulting segments will contain an entire marker).

===

FLIM Analyzer by Institut Pasteur Korea

Processing

Step 1: Image segmentation

F1) SOT image | 72 CFP image | £3) YFP image| 74

Run segmentation >

Step 3: Single celllifetime calculation

Run Fret analysis >

Step 4. Single cell lifetime calculation for all images.

Run a8 steps for the whole collection >>>

Lifetime map color scale
2000 4000
oo
o

“““““

T T T T
005 01 015 02 025 03 035 04 045 05 055 06

Below shows a magnified element of FLIM-FRET analyzer.

Loaded Collection
916-1_150s.sdt
CFP-YFP_916-1-1_chDO.tif

@'Fﬂj‘.ﬁ-l-l_&ﬂ;tir
F4) Segmentation image

-The green “S” icon means that the ‘Image segmentation’ was previously performed

-After performing ‘Image segmentation’ step, we can see the segmentation image by clicking
the “F4) Segmentation image” tab.
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4-Image lifetime calculation (Step 2)

4.1 Set the binning value. Increasing binning value allows better lifetime data fitting at the
expense of the FLIM image resolution. =» Click on the ‘Run lifetime’ map icon to launch
the image lifetime calculation.

4.2 Upon ‘Image lifetime calculation’ step, a lifetime image based on the lifetime map color
scale is displayed. Red color represents shorter lifetime and blue color represents longer
lifetime.

4 FLIM Analyzer by Institut Pasteur Korea

ocessing
Step 1: Image segmentation

Step 3: Single celllifetime calculation

Run Fret analysis >

4.3 This “L” icon shows that the “Image lifetime calculation” was previously performed.

4.4 After performing “Image lifetime calculation” step, we can see the lifetime image by
clicking the “F5) Lifetime map” tab.

4.5 “Lifetime histogram” tab shows the Fluorescence lifetime distribution for the selected

image.
Result graph | Lifetime histogram |Lifetime curve
w] 5
5030;
4030—-_'
SCDU—_
203(]—_
'.CDO;
o]
T Ll T T ¥ L T T L T T LI I T LN L
1800 2100 2400 2700 3000 3300 3600 3900 4200

4.6 “Lifetime curve” tab shows the fluorescence lifetime decay curves of the image area
pointed with the mouse cursor at SDT image.
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Result graph ; Lifetime histogram
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Y=Axexp(-t/tau) => A: 09869811, tau: 2657.043 - Mouse position: 0,3 | Plotted position: 80, 195

5-Single cell lifetime calculation (Step3)

5.1 Upon clicking “Run Fret analysis”, the FLIM and fluorescence image data are processed
and are calculated the fluorescence intensity of the donor (CFP) and acceptor (YFP), the
fluorescence ratio (YFP/CFP) and the lifetime values for every segmented cell.

5.2 This “R” icon shows that the “Single cell lifetime calculation” was previously performed.
5.3 Single cell lifetime calculation data were listed in “Result table”. The process data for the
selected cell framed in a green rectangle appears as well highlighted in grey in the result table.
5.4 Single cell lifetime calculation data were also represented in “Result graph” as Y/C ratio
vs. fluorescence lifetime.

() FUM Analyzer i)
FLIM Analyzer by Institut Pasteur Korea

Step 1: Image segmentation

Step 2: Image lifetime cakulation

Run Metime map >

1 _

Step 4. Single cell ifetime calculation for all images

_______ Run ol steps for the whole collection >>>

Result table

Result graph
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6-Bathched Single cell lifetime calculation (Step 4: Single cell lifetime calculation for all
images)

6.1 Upon clicking the icon “Run all steps for the whole collection”, whole fret data will be
prepared for batch process.
6.2 Click on the icon “Start processing” to launch the batch processing of the Fret collection.

FLIM Analyzer by Institut Pasteur Korea

10 | 13



7-Bathched Single cell lifetime calculation for image collection

After completing the analysis for each single cell, the analysis results are displayed in a pop-up
window (FretAnalysisResult: Graph+Result table) as below.

fwl rrenAma,w‘—-~ -— " -77 y

|| Graph Result table

27603 CFPIntensity YFPIntensity YCValue Lifetime NrOfPixels Segmentidx SdtFileName
1 09831535  |6.804548 6.921145/2759.253 5154 0 916-1_150s.5dt
E .. 1054781 831184 7.88016 |2740.063|4757 1 916-1_150s.5dt
2730 1335926 1577381 11.80739|2708.974 | 1362 2 916-1_150s.5dt
E < 1029896 7.662106 7439688|2739.206| 5501 3 916-1_150s.5dt
2700 * 09282776 |5491432 5.915722| 26824022838 0 916-2_150s.50t.
3 : 09577535 |5.879397 6.138737|2682.276| 790 1 916-2_150s.5dt
26703 ° 4 09243835 |5.526457 5.978533|2691.908{1711 2 916-2_150s.5dt
3 % 1.007977 8.626292 8.558024|2675.386/1174 3 916-2_150s.sdt

T 09384611 |6.939376 7.39442 126920542763 4 916-2_150s.50t E

2640 D= 1.825866 2832593 15.51369|2610.776| 257 S 916-2_150s.sdt
E 1.204606 14.11567 1171808 2647.535| 2102 6 916-2_150s.sdt
2610 P} 1082387 1060513  [9.797903]2670.813]1465 7 916-2 150550t
E 1648469 27.38802 16.61421 | 2583.077 | 1611 8 916-2_150s.sdt
° 1537838 2463425 16.01875)2616.834|278 9 916-2_1505.5dt
25804 1512413 22.73567 15.03271]2618.128|2529 10 916-2_150s.sdt
3 1181407 13476 1140673/2637.326]971 11 916-2_150s.5dt
25503 124863 1320892 1065081 |2647.896]1178 12 916-2_150s.5dt.
4 :. 08644071 12999772 3470323|2702.252|637 0 916-3_150s.sdt
25203 2 L] 2821263 5843737 20.71319)2509.785| 348 1 916-3_150s.5dt
E . 1059266 1062733 10.03273]2642.095]1218 2 916-3_150s.sdt
e ———— 2816061 [587742  |20.87107]2524.255|3544 3 916-3.150s.5dt
6 8 10 12 4 16 18 20 2233761 42.55932 19.05277]2534.6681921 4 916-3_150s.5dt

7.1 Graph panel shows the correlation between YFP/CFP intensity ratio and fluorescence
lifetime (ps). =» Different data set were represented as different color dots.

7.2 Result table shows the batched single cell lifetime analysis results for each single cell.
CFP intensity: Average fluorescence intensity of the donor fluorophore (CFP)
measured for each single segmented cells.

YFP intensity: Average fluorescence intensity of the acceptor fluorophore (YFP)
measured for each single segmented cells.

YCValue: Ratio of YFP intensity/CFP intensity.

Lifetime: Average lifetime of the donor measured for each single segmented cells.
NrOfPixels: total count of pixel measured for each segmented cells.

Segmentldx: ID for each cell within the one image.

SdtFileName: file name for each lifetime image

FLIM-FRET Analyzer version 20170920 - Page 11|13



Fitting model

FLIM-FRET analyzer propose a single exponential decay function. The following exponentially
modified Gaussian was used.

| A + A% —x | |
flx,u,0,2)="—exp —(2y+/10'2 —2x) erfc £ |
! 2 20 :

Real fluorescence decay parts Complementary error function

1-Argument: X

2- Optimization parameters: u,c,A, which control mean, spread and rate of decay of the resulting
curve respectively: u corresponds to the location of peak, o controls its sharpness (the smaller it
is, the more sharp the peak becomes), and A is proportional to rate of 'decay’ of the right tail.

2-Complementary error function: erfc

erfdx) =%_[(Ooexp(—t2 )dt

Fitting example as bellow.

0.3 -

0.25 -

A=0.3, u=1.5, 6=0.25
0.2 -

0.15 -
0.1 -

0.05 -
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Troubleshooting

1-It is important to use the FLIM-FRET analyzer together with a so called “fret collection”,
which specifies how tiff and sdt files are associated. Such collection, should be created and
saved first prior any use of FLIM analysis software. The step are now further explained in
the new ‘FLIM-FRET analyzer manual’ as:

(1) Select “File Create a Fret collection” to create a collection description and
specify its filename;

(2) Once the collection is saved, open the collection “File Open Fret collection” in
the FLIM-FRET analyzer to do the analysis.

2-We recommend the user to check prior usage of FLIM-FRET analyzer that MS Windows
NET Framework 4.0 (https://www.microsoft.com/en-
us/download/details.aspx?id=17851) is installed.

3-In case of troublesome for those using an upper version operating system than Windows
7, such as Windows 8 or Windows 10, a potential solution would be to run FLIM-FRET
analyzer in the “Compatibility mode”. This can be enabled by right-click on the executable
file (FLIM-Analyzer.exe), and selecting “Properties”. This should open the dialog window,
with the tab “Compatibility”. In this tab check the box in the “Compatibility mode” group
and select “Windows 7” in the drop-down menu.

Secaty | Detais [ Pravicus Versons Seasty | Dewds [ Previeus Varsorn
Generd Compatbity Dotd Sgnatuses | feons Generd | Compatbity Dgesl Sgnates | lcons
this program isnt working comectly on this version of Windaws, ¥ this program lsnt wadong comacly on this verson of Windows,
try runnng the compatbity Soubleshcoter,
e —
Mow da | chogss compatbisy satiras man o
Compatbdty mode Compatbity mode
1 Run thes program in competibdty mode for: [ Rur 85 pogram i compatibity mode for
Vindowa & v Windows & v
Windows 55
Vindowes 53 / Windaws Ms
St Windowes ;1; {Senvice :g ;’;
“IR Windowe XP (Senvice y >
] Faduosd cokor mode Windoves Wsta -~ Select l
212 (256) oobor Vindows Visa (Servce Pack 1)
Windowes }.&0 (Servrce Pack 7)
| Run m 640 x 4B) scrmean mschtion Vindows J
] Dwable displey scaing cn high DFY settngs (I 2y 5530 on
| Fum this program s an adminsdrdo [ Fury s progran &% a0 adminsteslor
e e o &) Charge mwtrgs for sl users |

0K | Conced || ook
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