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FLIMfit: FITTING ALGORITHMS
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« Publication: Warren et al. (2013), Rapid Global
Fitting of Large Fluorescence Lifetime Imaging
Microscopy Datasets, PLoS ONE 8(8): e70687.
doi:10.1371/journal.pone.0070687

Website: https://flimfit.org/

 Developed in Matlab, offered as a compiled GUI
that runs independently (only the MCR necessary)
to analyse time-domain FLIM data

« Several versions are implemented in Omero

HELMHOLTZ

Global fitting algorithm for multiexponential decays
applied on hundreds of images

%

tau_1

tau_2

offset

beta_1

beta_2

*

y() = Bre ™t/ + f, et/

Global analysis: lifetimes are considered invariant across
all images or regions of interest and are fitted simultaneously
by minimising a global y?2
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0.0563 0.0446 0.0438 0.0456 0.0497 0.0393 0.0484 0.0499 0.0438 0.0449
0.2558 0.2465 0.2308 0.2296 0.2218 0.2082 0.2155 0.2040 0.2007 0.2089
0.7442 0.7535 0.7692 0.7704 0.7782 0.7918 0.7845 0.7960 0.7993 0.791

Global binning: the photons from all the pixels in a region of
interest are combined to create a single histogram with more
photons
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FLIMfit IMPLEMENTATIONS
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4| dataset_selection X
* Loading multidimensional file formats: I
. . .. . . . @  15-02-23_baseline_area3_DC-TCSPC_C00_xyz-Table 20000_Time Time0000 ome i Filter by name
*  B&H, Picoquant, ome-tiff LaVision Biotec, Leica .pt3, .tiff e e e e ] §
. . (-] 15-n2i23,nas area}:D(}TCSPC:CnH:Z:T:m: znnnn:T:::T:::unnz :::3 Time POim| Channel ‘
% S|ng|e |mages : 1502-23 b 3 DE-TCSPC_C00_xyz-Table 20000_Time Time0004 ome i 1] 2 1] 2 Channel 0
*  Series of images: z stacks, time lapses, concentration ORI A e T, | 2 O Chemen
« . . @  15-02-23 baseline_area3_DC-TCSPC_C00_xyz-Table Z0000_Time Time0008.ome.ti _Plane e i .
*  Multiple channels (time-resolved anisotropy) B e o e, o Tt T T e e d e |
O 15—02—23:hasshne:area}:D(}TCSPC:Cnﬂ::z—Tahle Zﬂﬂm:‘ﬂme Time0001 ome:t\ Z C] [ I
: . N 13| O
* Instrument response function (IRF) (image/ascii): Loading multidimensional files = O
5 O
*  Fluorescent reference (6| O
. 7 O
*  Scatter (multiphoton) A | e
B | All Z-planes
« Background: 5 @ C
*  Constant i E o
% Time-varying B i ;; Examples of IRFs of different instruments:
- 2] i A- scatter (multiphoton TCSPC)

Time (ps)
(ps) 2000 3000 4000 5000 6 001

« Scattered light . |

Time T T 7
2000 4000 6000

B- erythrosin B in water (time-gated)

C- erythrosin B in water (TCSPC)

* Pulse train correction (i.e. incomplete decays fitting) Time )

« FRET model for donors with complex fluorescence decay

Anisotropy
)
N

« Time-resolved anisotropy decays analysis Time resolved anisotropy decay of
rhodamine 6G in water

e

* Experimental data
— Fit
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3,000 4,000 5,000
Time (ps)
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« Segmentation:

*  Manual

*  Automated: Watershed algorithm + options from

Cell Profiler
I Automated
* Acceptor images (for FRET experiments) ‘;V:‘gt;rj:f;tlon

Phasor segmentation (sine vs. cosine
transforms of the decay, or intensity vs. sine/cosine
transforms)

Save and load multiple segmentation images
using logical operators

HELMHOLTZ

Phasor segmentation




FLIMfit: DATA VISUALISATION
Time resolved fluorescence decay and fit
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ey C\Users\amargine\Data\GerBio FLIM\2018-08015 Hela cells lifetime\all\ (5.0.3)
File OMERO IRF
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Background Segmentation Tools Advanced Help
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e
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< >
Select Multiple.
Data Background IRF Testing
Smaothing |5x5 (B&H 2) v Rep. Rate 80
Integrated Min 10 Gate Max 1e+08
Time Min 400 Time Max. 6000
Counts/Photon 1
Lifetime Stray Light Anisotropy FRET Advanced
Global Fitting ' Giobal v [[] Automatically Estimate Lifetimes
Global Variable . v Initial Tau
Global Mode  Giobal Analysis vil 1 3000
No Exp 2 vil 2 <L
No. Fixed ¢ v
Fit Contributions  Fitted Locally v
Fit Reference Fixed v
Fit IRF Shit  Fiyad ¥
Fit Selected Decay Fit Dataset

== a X
Eamitee s Gty i o] Elotse g Plot Dis. Me. Min | Max |Auto
tau_1 ERE 1620 1660
tau_2 W E 106 109
0.8 — offset [0 [ 69000 0.1240 [V
beta_1 [0 [0 o119 03850
0.7 — beta_2 OO O 06450 08810
10 [0 [0 1s1w00 272000 [
0.6 — I Bl E 10 132 4
> meantau [ [J 291 650
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=04 —
i
c
&
£03—
027 Param Type Value
0.1 — = ¥
0
\ I \ I ¥ b
0 2000 4000 6000 8000 ¥
Time (ps) 24 o
" A /\/\/\J\ /\/\ -
b=} /A <
E 0 b f\\\/f\"\/ l/ v %
: Y -
2 .0.05 —
Invert Colorscale? No v
Display Colormap? yeg v
Display Limits? 'yag ~
im_group 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 ~
region 1 1 1 1 1 1 1 1 1 1 1 1 1 1
success % 0 0 0 0 0 0 0 0 0 0 0 0 0 0
iterations 12 12 12 12 12 12 12 12 12 12 12 12 12 12 v
< >




FLIMfit: DATA VISUALISATION
Tabel of fitted parameters (results)
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ey C\Users\amargine\Data\GerBio FLIM\2018-08015 Hela cells lifetime\all\ (5.0.3)

File OMERO |IRF Background Segmentation Tools Advanced Help

oo o

Dataset

I mM [ Time Max 295 Mode integrated Intensity v
R ~
2 [ o
4 [FMn o
0
0
0
0
0
0
0
51 w0 o
52 |[Fw o
53 M1 o
54 |10 o0 )
<] >
Select Multiple
Data Background IRF Testing
Smoothing |55 (B&H 2) v Rep. Rate P
Integrated Min 10 Gate Max. 10408
Time Min 400 Time Max 6000
Counts/Photon 1
Lifetime Stray Light Anisotropy FRET Aoveiced

Global Fitting | Gigbal v [[] Automatically Estimate Lifetimes

Global Variable

Initial Tau

Global Mode  Giobal Analysis vl 00

No Exp 2 vil-2 -
No. Fixed ¢ v
Fit Contributions  Fitted Locally v
Fit Reference Fixed v
FRIRF Shit  Fiyaq Y

Fit Selected Decay Fit Dataset

Decay Images Gallery Histogram Correlation Plotter Plate
1 | 2 3 4 5 6 7 8

im_group 1 2 3 4 5 6 7 g
region 1 1 1 1 1 1 1 1
success % 0 0 0 0 0 0 0 0
iterations 19 19 19 19 19 19 19 19
pixels 109770 68077 83683 104095 123717 85441 123538 105489
tau_1 1.7326e+03 1.7326e+03 1.7326e+03 1.7326e+03 1.7326e+03 1.7326e+03 1.7326e+03 1.7326e+03
tau_2 130.3074 1303074 1303074 1303074 1303074 1303074 130.3074 130.3074
offset 0.0541 0.0488 0.0471 0.0450 0.0442 0.0420 0.0441 0.0471
beta_1 0.2519 0.2430 0.2274 0.2247 0.2189 0.2065 0.2124 0.2021
beta_2 07481 0.7570 0.7726 0.7753 0.7811 0.7935 0.7876 0.7979
10 6.6015 5.8728 6.9358 6.3692 6.4521 71412 7.4274 7.9184
| 36.1444 3345837 36.8116 33.7980 33.3744 34.9984 36.8810 38.3937
mean_tau 533.9747 5196494 4947354  490.3133 4810867 461.2153 4705798  454.0565
w_mean_tau 1.4348e+03 1.4216e+03 1.4013e+03 1.3961e+03 1.3872e+03 1.3672e+03 1.3776e+03 1.3596e+03
chi2 1.1871 1.0157 1.1266 1.0163 0.9921 1.0483 1.1162 1.1555

| imgroup | 1 2 3 4 5 6 7 8 9 10

region 1 1 1 1 1 1 1 1 1 1

success % 0 0 0 0 0 0 0 0 0 0

iterations 12 12 12 12 12 12 12 12 12 12

Plot Dis.. Me.. Min
tau_1 EIvES 1620
tau_2 Wl 106
offset [0 [ 69000
beta_1 O O 0.1190
beta_2 O O os450
10 -1l ] 16100
I B E 10
meantau [ [J 291
wmeant . [] [J 1130
chi2 0O O o233

Param Type Value
v ~
Invert Colorscale? g

Display Colormap? yeg

Display Limits? |yag
" 12 13
1 1 1
0 0 0
12 12 12

Max
1660
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0.1240
0.3550
0.8810
27 2000
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650
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FLIMfit: DATA VISUALISATION
Image gallery of selected fitted parameters
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4. CA\Users\amargine\Data\GerBio FLIM\2018-08015 Hela cells lifetime\all\ (5.0.3)
File OMERO IRF Background Segmentation Tools Advanced Help
aoco

mM | Time Max 295 Mode integrated Intensity

41 0 2
42 0
43 0
44 0
45 0
46 0
47 0
0
0
0
0
0
0
54 |[~] 10 0 ~-
< >
Select Multiple
Data Background IRF Testing
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No. Fixed ¢
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Display Colormap? yes
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FLIMfit: DATA VISUALISATION
Histograms of selected fitted parameters
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- C\Users\amargine\Data\GerBio FLIM\2018-08015 Hela cells lifetime\all\ (5.0.3)

= (] X
File OMERO |IRF Background Segmentation Tools Advanced Help
Decay Parameters Images Gallery Plotter Plate Plot pi_IMe_| Min Max |Auto
Jtau_1 ERE] 1620 1660
tau_2 W 106 109
3000 T - - - - offset [0 [ 69000 0.1240 [V
fl beta_1 O O 01190  0.3550
as00l- || | beta_2 OO O 06450 08810
. 10 [0 [0 16100 272000 [
I B E 10 132 [/
ey meantau [ [ 291 650
= wmeant . [] [J 1130 1480 [V]
g
§
49 10 F;,moof , chi2 [ [0 o230 44400 [
50 10 L5
51 10 1000 |- i
52 |lvl 10
e 500 Param | Type | Value |
r aram alue
54 |[4 10 v g ype~
’(— > v v
= 0
Select Multiple 1150 1200 1250 1300 1350 1400 1450 1500 v
weighted mean tau O &
Data Background IRF Testing .
Smoothing |5x5 (B&H 2) v Rep. Rate 80 - .
Integrated Min 10 Gate Max. 10408 . y
Time Min 400 Time Max. 6000 v v
Counts/Photon 1 ] v ~
Lifetime Stray Light Anisotropy FRET Advanced
Global Fitting  Gjobal v [[] Automatically Estimate Lifetimes
Global Variable v [ : ’ 2
[ inital Ty h Invert Colorscale? g v
Global Mode  Giobal Analysis v 1 3000 St "
} hsplay ormap’ |y, v
No Exp 2 vl 2 s
Display Limits? v
No. Fixed ¢ 5 Yes
Fit Contributions  Fitted Locally v
Fit Reference Fixed - im_group 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 ~
1 1 1 1 1 1 1 1
Fit IRF Shit Fiyeq = region | 1 1 1 1 1 1
success % 0 0 0 0 0 0 0 0 0 0 0 0 0 0
iterations 12 12 12 12 12 12 12 12 12 12 12 12 12 12 n
Fit Selected Decay Fit Dataset < >




FLIMfit: DATA VISUALISATION
Correlation plots of selected fitted parameters
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4 C \Users\amargine\Data\GerBio FLIM\2018-08015 Hela cells lifetime\all\ (5.0.3) = a X
File OMERO IRF Background Segmentation Tools Advanced Help
aoco
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Vi N v
Global Mode  Giopal Analysis 3000 Dentes oot o
No.Exp 7 500) isplay Colormap? yeg v
Display Limits? ~
No. Fixed ¢ & ay Yes
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Fit Reference  Fiyaqd im_group 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 A
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success % 0 0 0 0 0 0 0 0 0 0 0 0 0 0
iterations 12 12 12 12 12 12 12 12 12 12 12 12 12 12 v
Fit Selected Decay Fit Dataset >




FLIMfit: DATA VISUALISATION
Plots of selected fitted parameters across all images
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"y C\Users\amargine\Data\GerBio FLIM\2018-08015 Hela cells lifetime\all\ (5.0.3) = (m} X
File OMERO IRF Background Segmentation Tools Advanced Help
aoco
Decty  Pammewn  mages  Galey Hstogam Pie ot [oe[e.]_Min | Max Jao
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41 El 10 0 ~ tay_2 Wi E 106 109
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0 i [0 [0 16100 272000 [
0 1450 I BiE 10 132 [
0 meantau [ [J 291 650
0 5 wmeant . [] [J 1130 1480 [V]
3 1400 =
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0 -
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7] E . .
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< > 1250 4 v v
Select Multiple
Data Background Testing 1200 2 2
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Integrated Min 10 Gate Max 10408 1150 T T T T T T T T T T T v v
Time Min 400 Time Max. 6000 5 10 15 20 25 30 35 40 45 50 55 v e
ImaNum p?
Counts/Photon 1
Lifetime Stray Light Anisotropy FRET Advanced
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Initial Tau l
| Invert Colorscale? v
Global Mode  Giobal Analysis = | 1 3000 o
No Exp 3 2 500) Display Colormap? yeg -
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o. Fixe 0 G
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Fit Reference  Fixed g | imgroup | 1 2 3 4 5 6 7 8 9 10 1 12 13 14 A
Fit IRF St Fixoq > region 1 1 1 1 1 1 1 1 1 1 1 1 1 1
success % 0 0 0 0 0 0 0 0 0 0 0 0 0 0
iterations 12 12 12 12 12 12 12 12 12 12 12 12 12 12 n
Fit Selected Decay Fit Dataset
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FLIMfit: DATA VISUALISATION
Average values of selected fitted parameters in a 96-well plate

DELBRUCK
CENTER

HELMHOLTZ

ey C\Users\amargine\Data\GerBio FLIM\2018-08015 Hela cells lifetime\all\ (5.0.3)

File OMERO IRF

oo o

omaee ]

Background Segmentation Tools Advanced Help

o™ | Time Max 295 Mode integrated Intensity
41 (M1 o 2
2 |1 o
43 |1 o
0
0
0
0
0
0
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0
0
0
54 |10 o0 v
< >
Select Multiple
Data Background IRF Testing
Smoothing |55 (B&H 2) v Rep. Rate 80
Integrated Min 10 Gate Max 10408
Time Min 400 Time Max 6000
Counts/Photon 1
Lifetime Stray Light Anisotropy FRE Advanced
Global Fitting | Gigbal v [[] Automatically Estimate Lifetimes
Global Variable Initial Tau
Global Mode  Giobal Analysis v |1 3000
No Exp 2 vl 2 S
No. Fixed ¢ v
Fit Contributions  Finad Locally v
Fit Reference Fixed v
Fit IRF Shit  Fiyoq v
Fit Selected Decay Fit Dataset

Parameters

Gallery

Correlation

Plotter

Plot Dis.. Me.., Min Max Auto
tau_1 EIvES 1620 1660
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Param Type Value
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Invert Colorscale? po v
Display Colormap? yeg v
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FLIMfit: EXPORTING RESULTS
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*

*

*

k

Export images:
FLIM values (.tif, raw 32-bit)
FLIM (.tif, RGB)
Intensity-weighted FLIM (.tif, RGB)
Intensity (.tif, 16-bit)

Export results table (.csv)

Export histograms and plots (.csv)

Export to Power Point:

* Decay + IRF
*  Galerie
*  Histogram
*  Correlation plots
*  Plots
HELMHOLTZ

Decay Parameters Images Gallery Histogram Correlation Plotter Plate

Select parameters to be displayed as image ———— |

Select and adjust the parameters to be displayed as image

| Plot |Dis..|Me..l Min | Max |Auto
tau_1 O O 2070 2120
tau_2 [ T8C] 244 250
offset O d 0.0088  0.0832
Ibeta_1 O B 01680 03500
jbata 2 O d 06500  0.8320
10 O OB 12300 13.4000
{ O O 1 99
;mean_tau O d 559 894
lw_mean_t 1410 1770
§chi2 [ T&IC] 02930  2.7400
} Param Type Value |

ol < REE < BCl < Bl < el <

il <R < B < RG

Set parameter limits

Invert Colorscale? o
Display Colormap? |yeg

Display Limits? yeg
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BIOLOGICAL APPLICATIONS OF FLIM GLOBAL ANALYSIS PRI
1. Estimate the free and bound NAD(P)H fractions in live cells —

1. Global analysis with double exponential decay
» Set the global analysis for all the images acquired in a given condition (i.e. tissue type, cell type, substrate, inhibitors concentrations etc.)
» The short NAD(P)H lifetime corresponds to the free form
» The long NAD(P)H lifetime corresponds lifetime to the bound form

« Segment the images using the watershed segmentation available in FLIMfit to get statistics per cell

2. Display the results (e.g. images, statistical graphs)

0.35 1
s %% . N . T ! The bound NAD(P)H fraction
Q | —
£ | T in HeLa cells metabolising lactate:
T 0251, _ . Lo Lol
§ ﬁ E é E E Q Q H H H - Box plot of bound fraction/cell/image (left)
é 021 Lod N | L T - Intensity merged images
% 015 | - b b * of the bound fraction (right)
(A. Margineanu, Max Delbriick Centrum Berlin) :
0.1

12 3 4 5 6 7 8 9 10 11 12
Image number
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BIOLOGICAL APPLICATIONS OF FLIM GLOBAL ANALYSIS DELBRUGK
2. Estimate dissociation constants (Ky) using intermolecular FLIM-FRET S

EGFP-RASSF EGFP-RASSF ‘

The biological interactions 1 2 3 4 5 6 1 2 3 4 5 6 :
= Summary of the Ky calculations
explored by FRET . Donor only 2700

* Find the bound fraction g from the global double exponential fit of the
FRET decays

MST-mCherry

t _t
Iy =1y [(1 —B)e ™ + e Toa ]

* Calibrate the EGFP and mCherry intensity vs. concentrations

— [Dfree] [Afree]

— Determine the dissociation constants Ky:  Kp DAl

Average values of donor lifetime in a multiwell plate

FRET (+ mCherry-SARAH) FRET (+ mCherry-MST) |

E 10/ RASSF1 I | RASSF2 & RASSF3
8 2x10 . X _
2 s | 3+ 2 :
2 a0t = 1 - % Estimated values of the intracellular K,
& X 0.1 # isti -
N | | . ) 5 1 (statistics per cell):

0.0 0.1 0.2 B

EGFP concentration (uM) 0.01

) - RASSF(1-6) with the SARAH domain (red box plots)
e | RASSF5 RASSF6  ~ - RASSF(1-6) with the full length MST (magenta box plots)

>

N
x
oY
(@]
Iy
o

O

L
[l 0.1%\—1—‘%1

mCherry concentration (uM) 0.01

Margineanu et al. (2016), Sci Rep. 6:28186, doi: 10.1038/srep28186

o

mCherry intensity (a.u.)
&
S
ob
K, (uM)
[y
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BIOLOGICAL APPLICATIONS OF FLIM GLOBAL ANALYSIS
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3. Estimate the free and bound fractions of a Ca?* biosensor labeled with a
multiexponential donor using the FRET model

CerTn-L15 Ca?* biosensor
(Cerulean-Citrine)

FRET
27\ 5 P oA
d CFP lifetime

3. Display and plot the fraction of the component with high FRET efficiency (Ca?*-bound)

1. Multiexponential donor (Cerulean)

Get the values of the lifetimes and contributions
of the donor not interacting with the acceptor and fix them

Lifetime Stray Light Anisotropy FRET Advanced

Global Fitting | Glgbal v | [] Automatically Estimate Lifetimes

Global Variable | ™ Initial Tau Beta
Global Mode | gjobal Analysis vl 1 3700 0.6000

MNo. Exp |2 o] 2 1500 0.4000
No. Fixed |9 o
Fit Contributions | Fiyed y l
Fit Reference |Fiyed -
Fit IRF Shift | Fiyxed o

Depolarisation Y

Time series of increased Ca?* signalling in live mouse neurons after KCI depolarisation
(V. Siffrin, A. Margineanu, Max Delbrtick Centrum Berlin)

2. Set 2 FRET species with low (Ca?*- free)
and high (Ca?*-bound) FRET efficiencies

Lifetime Stray Light Anisatropy FRET
Mo. FRET Species | - E
No. Fixed g | 1 0.1000
Include donor only |y - 2 0.4000
0.8 1
"1 Depolarisation Y
s
3]
g
= 0.5
e}
c
=}
_8 0.4 1
R L
‘©
O o031
0.2+
2 4 6 8 10 12 1‘4 16 18 20 22
Time (s)

15



BIOLOGICAL APPLICATIONS OF FLIM GLOBAL ANALYSIS DELBROOK
4. Estimate the intracellular Ca?* concentration from the average lifetime of a FRET Sl

biosensor

1. Calibrate the average lifetime of a multiexponential donor 2 Estimate the intracellular Ca2* concentrations
vs. Ca?* concentration FRET
A PDGF W
Tn-L15 Ca?* biosensor ' /\/\“ ab (U'/,]v - :~. |l | | |
gl ) AV N ) — L F . \ e — : . ”“ - "“
(CFP-YFP) p \ 5 A G 3 I ‘ | ) Determine the average
CFP lifetime in cells
d CFP lifetime by global analysis
25 — ‘ —=—TN-L15 I
N —e— mTFP-TnC-Cit
2.4 —
223 _
g = = 5 - 0.07
= 2.2 — = L 0.06
= - s | 5
0219 — 5 - 00s £ Interpolate
s 2 L
g N = - 0.04 E on the calibration curve
z 2.0 = 815 A |l 003 ¥ . .
- 5 | I < to find the corresponding
2 - £ . [hoss £ Ca?* concentrations
LI IIIII|'| LI | lIIIIII LI | lllIlII LILBLLLLL) Ca“bratlon Curve g .0 i Z.Ol £
0.01 0.1 1 10 -8 6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22
Calcium concentration (uM) Time (min)
Laine et al. (2012), PLoS ONE 7(11): e49200. doi:10.1371/journal.pone.0049200 Warren et al. (2015), Int. J. Mol. Sci., 16: 14695
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