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Summary

This tutorial explains a few features of SymPhoTime64 that can help to make working with the software more
comfortable. In detail, this tutorial covers:

¢ Different file-types used or generated by SymPhoTime64
¢ Image Display

¢ ROI-handling

¢ Export options

This tutorial assumes SymPhoTime V2.0

General Ul Philosophy

¢ right clicking on graphs/images gives additional options and tools otherwise hidden

File-Type Overview

Workspace:
may contain CEontent of the |How to get such a file in the How to open/process
these file workspace
Filetypes
1 1.
G.enerated by a measurement Double click: opens a
2 comment window in which
Raw datain a ' . . the info entered in the
e Import of older TTTR files from PicoQuant e e
.ptu unified TTTR- boards (.pt3,.pt2,.thr,.t3r,.t2r) acquisition field is displayed
format 3 2.
' : o Highlight and run an
P, Bl e 10 e OrSPAce i sty vant o
apply to the raw data.
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Workspace:
may contain |Content of the |How to get such a file in the
these file workspace

Filetypes

How to open/process

1.
. . 1.

Generated from the online analysis selected . .

during the measurement (the Countrate- Double click. This opens the

Display is not saved as a result file) ;crlpt with the stored result

2. ' .
. L L . . . For online FCS-results, the
.pgres Result file By hlghll|ght|ng a ptu-file, applying a script calculated molecular
and saving the result ) X
3 brightness can be displayed

by highlighting and going to
the main menu onto File -
Show Comment

By double click on a result file to modify the
analysis and then saving again the new
result (the old result is never overwritten)

1.
is generated, when a post-acquisition
analysis is performed this file type is for
2. software internal
.pck internal file speeds up the processing for additional purposes only, so the
analysis. user does not need to
3. use it.
This file type was introduced with version
2.5
Comment file,
contains
.pco manually entered Menu: File » Create Comment Double Click
text (e.q.
information about
the experiment)
Contains a Save a camera image generated by the
.bmp fluorescence or back reflection camera |Double Click

camera image

(only MT200 - users)

Working with the different file types

Raw data (".ptu") files

¢ double click on any . ptu (raw data) file opens a file viewer, in which you find information about the file
type and acquisition settings
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ﬁ SymPhoTime 64 - [Fast Preview of TS-Bead_immo_xy-scan_Dual Focus.ptu]

—ax]

@-llh ANOESS_giff_FLCS-pattern.pt
B-ulh AMoBSS+CyS_diff FCS+FLCS
G-l AROESS_diti_2FFCS.plu

@-ulh Abo488_diff_cw_total_co
@ Cys_immo_FLiM+Pol

@il CyS_diff_IRF+FLCS-pattern.p{a |

% File Edit View Settings Scripts Analysis Window Help

e

General Information

@-ulld CyS_immo_Lifetime_Trace ptu
@-ld Ato555_immo_On-Of-Analys
@[l DaisyPolien_cells_FLM.ptu
- GFP_RFP_cels FLIN-FRET.pt

@-ulh Cy3+CyS_diff_PE-FRET ptu

= TS-Bead_im can_Dua

TS-Bead_immao_xy-5can
[ Left_Focuspares
[ right_Focus.pares
[ Ts-Bead_immo_xz-scan.piu
i BA4EE+IBASST_unbnked_mix
Al BA4EE+54T_crossinked. ptu
G . nen-FRET sampls.ptu
[ FReT_GFP_and_mREP ptu

B

1.
L)

P 1.
BB

%)

Hame T5-Bead_immo_xy-scan_Dual
Type TTTRFile

Date 2012-06-29 10:55:36
Acguisition time 00:01:24

TCSPC Mode ik

Measurement mode Image

Humber of Pocels 200 x 200

Scan direction H-y

StartPoint (x, ¥) 8315 pm, 88.95 pm
Image Size 3.00 pmx 3.00 pm
Drevell Time 30 ms

Scanning pattern WMonedinectional
Stop after o0:01:24

Stop Reason Time over

lTI_}_.d.L_gmmJﬁTnm aum.nh[zl

Status Messages:

Workspace: Successfully opened.

Created on 272172007 12:45:11 PN
Z.Scan at:

g2

0

0

=

Fig. 1: ".ptu" file information and comment

The general file information contains for example:

¢ the number of pixels

¢ the image size (if the image has been acquired with a scanner controlled by the SymPhoTime software or
the size info has been entered before the measurement, either manually in the “Acquisition” - tab or
automatically for remotely controlled FLIM-imaging

¢ the imaging mode (mono- or bidirectional)

¢ whetherit's a t2 or t3 type file

¢ Info that was entered into the text field during the acquisition (you cannot change this information after

the acquisition)

More detailed information can be found in the “Header” - tab:
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| Test IMeasurement

- 0 0o

Acguisition time

10:00:00

Comment

4. File_Comment

Name d&.p 1. File_GUID B ! ATEE
Type TTTRFile 2. File_CreatingTime 2015-01-12 2:17:35 FM
Date 2015-01-12 2:17:35 FM 3. Measurement_SubMode &3

TCSPC Mode T3 5. TTResult_StopReason 0

Measurement mode Image 6. Fast_Load_End <Emphy=
Mumber of Pixels 400 = 400 7. CreatorSW_Name SymPhoTime 64
Scan direction x-y &. CreatorSW_\ersion 20

StartPoint (X, v) 572,90 pm, -1393.40 pm 5. CreatorSW_SWVNBuild 3560

Image Size 404.80 pm x 401.80 um 10. Creator3W_Modules 0
Dwell Time 20 ms 11. UsrOverviewGUID {107 ACS7D-7514-4E38-B8F7-EBECSFSBCFEE)
Scanning pattern Monodirectional 12. ImgHdr_Dimensions 3
Laser Power Diode 3253 a.. 13. ImgHdr_ldent s
Stop after 00-11:28 14. ImgHdr_BiDirect FALSE
Stop Reazon Time over 15. ImgHdr_TimePerPoel 2
16. ImgHdr_X0 8729
17. ImgHdr_¥0 -1383.4
18. ImgHdr_Picx 400
18. ImgHdr_Pxy 400

Comment (".pco") files

¢ To read or edit a comment-file (. pco), just double click it.

Contrary to the comment entered prior the start of the measurement, the comment file can be edited at any
time. The comment entered before the measurement is stored directly inside the . ptu file and cannot be
modified after the measurement (see figure 1).

Result ("'pqgres") files

¢ Double clicking a .pqgres (result) file opens the result of a particular analysis script.

Result files also contain a comment which can be displayed via the file menu: File = Show Comment.

3‘,@1 Edit View Settings Scripts An
Open Workspace

_EI Reopen L
Mew Workspace
Close Workspace

Import Old TTTR File...
Delete Selected

Create Comment

Show Comment |

Typically the result-file opens with a preview display (Image, FCS-traces, TCSPC-curve or Time Trace -
depending on the type of analysis). Additionally the “Comment” - tab of an online-analysis will contain relevant
information about the measurement. To check the values calculated during an online analysis, select the
“Comment”-tab.
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The kind and amount of the information of course depends on the type of online analysis:

__Fig. 2: Comment Tab of an imaging online analysis result

Fig. 3: Images Tab of an imaging online analysis result

Max. Photons (in the brightest pixel for the selected data channel)

Max. Countrate (calculated taking into account the pixel recording times)

Avg. Photons (in a pixel)

Avg. Countrate (calculated taking into account the pixel recording times)

Frames (especially important for LSM upgrade kits where in general several frames are recorded, while
for an image acquired with the MicroTime, the image consists of a single frame)

FCS (for each of the max.2 data channels)
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. 4: Comment Tab of an FCS online analysis result

. 5: Curves Tab of an FCS online analysis result

Hame: | E;r;m:ﬂfb”mﬂ_m”
Typa Heaut B TXEZ kops
Date 20952196 2359 U E:;.‘"";.fé"e':“
Mol Brighfnesss &, | 0057 cpm hqfr;l-rulh.:.le; BT
et Brgroem 8| 6 com mel Brgptsess. 10367 com
Cata Chanastt 2
e Q0% kope
Avensge .00 kepe
G0 Qo003
Fym Uglpcuies: &0
mel Brightagns: O cpm
;rcumn"l!nn ed
GO 00006
Kum Uapsuies 00
Opsts in FOS Fisng
| Fig
e Max. Countrate
¢ Avg. Countrate
e G(0)
¢ Num. Molecules (calculated from the average countrate and G(0))
¢ mol. Brightness (in kcps/s/molec.)
¢ if 2 data channels are active, also G(0) of the crosscorrelation is calculated.
Time-Trace
e Max. Counts
e Av. Counts
TCSPC

¢ Max. Counts (number of photons in the peak TCSPC-channel)

You can also add additional information and save this using the “Save Comment” - button. The modified
comment is stored in the same (. pqres) file.

Image Display

¢ Images can be drawn in 3 ways (for this, open the file FLIM 3 expon.pqres, associated to the raw data
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file DaisyPollen cells FLIM.ptu)
¢ toggling between the different display options can be done by selecting the desired display option above
the scale.

Grey Scale Rainbow Scale RGB Scale

Gl _rudn M s C - CldPalies_ial_FLM rwy i enga  GE ey, ALl Chty  Maden () O
ey P ES

3 selectable parameters encoded
2 selectable parameters encoded |as:

1 selectable parameter encoded: ?s: Fl{' d
1. brightness ze
brightness 2. Green
pseudocolor 3.
Blue

¢ some parameters are only available after performing a FLIM-Fit (i.e. the different lifetime components and
amplitudes
¢ to adjust the scale, you can either
o type the min and max-value
o place the cursor above the scale, right click and select “Scale (ALL)“.

@ :Gray () Rainbow () RGB

Evenis[Cnts] E . Active

0] Mi‘[ Scale (ALL)

Clip Outliers

This adjusts the minimum to the minimum value of this
parameter in the image. This may also mean that if there a a few pixels with extreme values, e.qg.
very long lifetimes of some background pixels, that the contrast within the structures of the image
is not as clearly visible anymore. On the other hand, as the min and max values are then display as
scale limits, you can get an easy idea of the parameter range in the image.

o place the cursor above the scale, right click and select “Clip Outliners”. This feature ignores
outliners of the parameter (i.e. the 5% lowest and highest values).

¢ when looking at the Fast Lifetime parameter, in the unbinned image, which calculates the mean of the
photon arrival times, you will notice that the lifetime values have partially negative values:

¢ this happens, as the rising edge of the decay is chosen as 0. Background pixels with just a single photon
which might be before this pixel can therefore have negative Fast Lifetime values.

¢ in fitted images, constraints can be set (e.g. 0 as minimum lifetime) in the TCSPC fitting panel

¢ the fast lifetime in an ideal system should equal the intensity weighted average lifetime [T av. int.].
Usually, fitted lifetimes tend to be slightly shorter, as the background photons are excluded from the
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calculation.
¢ In images obtained with PIE-excitation, the fast lifetimes are usually meaningless, as in this case the
photons from 2 decays are taken into account.

Color Smoothing

¢ In a “Rainbow Scale Image”, a color smoothing can be introduced. When checking “Smooting” below
the intensity axis, a width defined can be defined for a Gaussian distribution which is overlaid to the
image and used to improve the optical appearance of the image. As in many cases the pixel size in the
image is smaller than the optical resolution, taking into account the neighbouring pixels is also a valid
approach to de-noise the image.

¢ The smoothing is only applied to the parameter encoding the color scale. Take a look at the effect in the
following example from the Fast FLIM.pqgres file which is associated to the file
DaisyPollen cells FLIM.ptu

CaryPolien_colm MU oy Sowy i Lerbws -]
e | Il e

-—

e :}:. e .':o:'r:.
T LAt v [l A
e o
N TEDEL T i
Sty

Fig. 6: No Smoothing Fig. 7: Smoothing = 100nm

ey Ty e — [ ————

Lol v [ e

TEEEL SR
[T —— -
o ue  alad e .-:l:.
. Frp
o Il Smomrg e
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Fig. 9: Smoothing = 400nm

¢ As can be seen for this example, moderate smoothing can despeckle the image slightly, while high
smoothing can completely mask certain features and therefore also introduce artifacts. Therefore please
handle the tool with care

¢ NOTE: As the smoothing is just a display function that does not affect the raw data, smoothed images
can be exported as . bmp, but not as ASCll or . tif, and also the smoothing does not affect the lifetime
histogram

¢ Take care that you record the data with the correct physical dimensions. While in images taken with the
MT200 this is done automatically, in LSM upgrade systems, which are not remotely controlled by the LSM
software via a handshake, the image size is not known unless typed in before the acquisition (see online
tutorials about FLIM and FLIM-FRET imaging)

Working with ROIs

Selecting ROIs

In Images, ROIs can be selected using the context menu (Right Click):

DaisyPolen_cels_FLM plu

Rescale
Zoom out
Zoom in

: Loom
Maove
Paint BOI
Free RCH
Rectangle ROI
Ellipse ROI
Magic Wand ROI

L e L e

Select Al az ROI
levwest ROH

Show ScaleBar
Show Data Reader
Humber of Phatons: 33228476, Selected Expert

Lower Boundary: E7.50ns Show Source Code.., 5

e you can mark several areas with the same or different selection tools by keeping the <Shift> key
pressed while drawing the different ROIs

¢ if you want to remove some of the pixels from the ROI selection, just keep the <CTRL> - key pressed
when using a ROI selection tool to unselect unneeded pixels from the selection.
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¢ If you want to start from scretch again, select “Select all as ROI”
® you can also invert the selection using “Invert ROI”

The following ROI-selection tools are available:

Paint ROI

oS 2 Marks the pixels the mouse passes over. The faster the mouse pointer moves,
the broader is the marked line of pixels

Free ROI

draw a free shape, the pixels within the drawn shape selected
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Ellipse ROI

marks areas with a similar fast lifetime

Undo ROI selection

Using <CTRL>+<Z> you can undo a selection (you can also redo by pressing <CTRL>+<Shift>+<Z>), as shown
in this example:

1. Start image, in this case the daisy-pollen image from the demo
workspace, we choose the “FLIM_3 _expon.pgres”. The task is to define
a ROI from the blue area below the pollen for this illustration example.
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2. Select a ROI (in this case, the free ROI-tool is used)

3. To mark the other part of the blue area, keep the <Shift> - key
pressed while marking the second area.
For illustration, also some orange parts where marked.

4. Press <CTRL>+<Z> to undo the second selection.

5. Mark the second region again, keeping the <Shift> - key pressed.

Example: marking several spots with a similar lifetime:
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1. Click on the file FAST _FLIM.pqres, which is associated to the file
DaisyPollen cells FLIM.ptu

=

L5 LR %
FLLE]

2. first mark one structure with the magic wand tool. All other pixels
turn grey, therefore it is not possible anymore to know which pixels to
select.

=

O ] %
Wy

3. Therefore invert the ROI

~

ey

4. then keep the <CRTL>-button pressed and click on the other areas
with a long lifetime (it is also possible to change the ROI-selection
tool).

ey

[ Er S Wi
it [ LI EREL S LU ELHIET | it L) L TEER LU ETRET |

5. now invert the ROl again, and you have marked all similar areas
within the Pollen.

~

eujewnag
ey

&

How to use the magic wand tool

The magic wand tool marks region with a similar lifetime range. “Similar” in this sense is an arbitrary definition,
but the sensitivity “Magic Wand Thres.” of the magic wand tool can be adjusted in a box below the intensity and
color scaling options (see in the screenshots below). Adjusting the Magic Wand Threshold can help to easier
mark objects in the image as shown in the example:
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The magic wand tool is based on the displayed image, therefore the sensitivity of the selection is also
dependent on the scaling of the color-encoded component (in general, the lifetime). Changing the color scale
can also change the sensitivity of the tool as shown in this example:

DaisyPollen_celis_FLIM.ptu (") Gray @ Rainbow () RGB DaisyPollen_cells_FLIM ptu (") Gray @ Rainbow () RGB

Events[Cnis] |E| M Active

I i of- & [l Max| 2000}
Fostromos <]l Ace

B oof Wuax| <of2

[] Smoothing

| Events[Cnts) B e

T of 2] B max| 2000[]

| Fast Litetimens]

|| Bl Active

B rofs] Mmax 20

[ ] Smoothing

Magic Wand Thres. 10.0 Magic Wand Thres. 10.0

a
| > |

T wTTTTTTETYTY

.

Magic Wand selection {
N DaisyPollen_cells_FLIM ptu (") Gray @ Rainbow (| RGB

Magic Wand selection {

Events[Cnts] |E| M Active

v mn| oH: B wax| 2000 H:
Fast Lifetime]ns] [=] 8 Actve
M| oo} Muax| o

[] Smoothing

Magic Wand Thres. 10.0

v w T wEET T T ™

How to get values of a parameter along a line

In SymPhoTime 64 there is the option to get the Intensity profile along a line from the GUI element “slice
direction” in the following GUIs

&E%: directon @ A=ctangular || Diagonal

Fitting Model [Gnussia.r; ;] Heip

FLIM

Pattern Matching

Fast Pattern Matching
Focal Width

Gated STED Image
Confocal + STED Image

In Analysis GUIs “FLIM” and “Pattern Matching” the feature is made availble upon clicking on the “Resolution
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Let us take as

an example the “FLIM Analysis” GUI

the

Rectangular|

Upon left mouse clicking on any point of the image the intensity profle is plotted along
X- and Y axis of the image
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Having the mouse left button continuously pressed draw a line in the image.
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Now use the drop-down list to select the parameter used for the “gray-scale” and select “FastLT” (or any other
parameter of your choice)
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Then you get
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the corresponding gray level image according to “FastLT” and by clicking on the selected line the
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graph in the lower panel is updated and the now the profile of the the “FastLT” along the line is displayed.
A

——wrer—y e —er

Note: The title and units of the Y axis of the graph will not be updated.
Rescaling of the lower graph might be necessary

As a final step you can right click on the graph and export the line profile data.

Export Options

Export of graphs and images can usually be done via the context menu via a right mouse click with the mouse
being over the image or graph. Some scripts also have defined export buttons in the control panel on the left.
Images

For images, there are the following export options (right clicking on any displayed image will show the export
dialogue:
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¢ The image is exported as shown on the screen.

The color scale is not exported

If the image size on the screen is increased (e.g. by iding the script-tab), the scale bar may adapt.
The scale bar can be hidden by unchecking “show scale bar” in the context menu

Bitmap with Color Scale
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¢ The image is exported as shown on the screen.

¢ The intensity and/or color scale is exported

¢ If the image size on the screen is increased (e.g. by iding the script-tab), the scale bar may adapt.
¢ The scale bar can be hidden by unchecking “show scale bar” in the context menu

1 to 1 Bitmap
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¢ Every pixel in the image is exported as one single pixel in the bitmap
¢ The color scale is not exported
¢ changes in the intensity scale are adapted to the image

ASCII

Dot Eearbesten Fornat  Ansicht |

ale]fa.u.]

(x| y@) = (33.742[pm] | 81.126[pm])

(x1 | y1) = (56.942[pm] | 184.326[pm])

48, 1138367256781 38. 1194343566895 27.BTTI015435791 8.
BBI7OE510067  1.57704854011536 2.0063445661217 3889957464308 2.8
43, 3114891052246 2B, TEAZTRITAIRA] 1B, 8941982269287 24,
2.3033666610718 5.2004656791687 -9, 280249253381044 1. 58249385532379
36,4441 757202148 23, 144857609375 22.1630558108445 23.
SETE 7. 36894188699186 2.16265559196472 2. &9116284751892

27 . AITTATERTS2T 20, 2554246552754 20.195990180583 15.44089698
5 14, 8675230026245 4, 43429946899414 2.53525349497795
22, GEIGAG0G62842 21. 4575999045068 18, 9643862247467

19, 53954887 39914 5.62253885269165 5.1776616%052124
23.7337322235107 21. 5069664157927 20,93 20823198557

9. 840238571167 9. 20603017 2T 2549 4,43816910552578 -@.07518589
19, 3119793236256 19, 3558316641399 20. TI3TOR19BE239 17.
200496876 11. 3244619369507 7.43768787384033 6.237090066

£ »

¢ the file is exported as a text file
¢ Every plotted parameter is saved as an array in the text file, before every array, there's a small header
that indicates dimensions and the shown parameter.
Thus depending on the plot type, the file contain several arrays:
o greyscale images : 1 array, i.e. intensity
o rainbow images: 2 arrays, i.e. intensity + fast lifetime
o RGB images: 3 arrays, i.e. amplitude 1-3
¢ for importing into processing programs as Image), best export each parameter as greyscale image, delete
the header lines and import as text image into ImageJ. Make sure that the decimals number have the
same country settings in both programs to avoid import problems.

TIFF
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wnn - B
0,00 e (10001 00); 32-bit grayscale; J6K

10,00 em (1001 00); 32-bil grayscale; J6K

Every pixel in the image is exported as one single pixel in the tiff

the tiff format for the number is float, therefore the real values can be displayed.

Each parameter is stored as different greyscale-frame, therefore export of an RGB-image results in a tif-
image stack with 3 layers

As absolute values are exported, the displayed intensity scale is not relevant

The image size is exported as well, however the current Imagej always shows cm.

You can manually set it to um via: Image Properties - Unit of Length - um.

Clipboard

¢ This feature exports the image as in the bitmap-option, but into the clipboard.
The image can than be pasted into a graph or text program (e.g. word document) via <CTRL>+<V>

Binary

¢ This export option is not found in the context menu, but in the FLIM-script and a few others as a separate
button.

¢ |t exports the image as a . bin-file, which can be imported e.g. into phasor analysis software and is also
supported by the open microscopy platform.

e TCSPC-binning is applied to the export of these images.

e see Structure of the pre-histogrammed Image Data File

Graphs

o for graphs, e.g. the TCSPC-Decay plot in the FLIM-script, can be exported in an ASCll-format as well as in
a bitmap format. If the graphs consists on different cells, e.g. the decay and the residuals as shown, it is
possible to select, which cells should be exported.
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¢ the active cell is the cell below the mouse pointer, the color of the lines in the active cell change to green.

¢ The active cell in this example is the TCSPC decay window, exporting the active cell just exports the
decays in the upper window without the residuals

¢ the exported file is a text file that can be loaded into Excel or other programs.

Export ASCII visible cells

O,

¢ all open cells are exported in this option, i.e. if the graph is plotted as shown above, the decays and the
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residuals are exported.

¢ If the residual cell is closed by clicking on the small green “-" on the upper left corner of each cell (see
below), the active cell equals the visible cell, and the export result is the same as exporting just the
active frame

¢ the exported file is a text file that can be loaded into Excel or other programs.

Export ASCII all cells

¢ all cells are exported. In our example, TCSPC-decays and residuals are both exported, independent from
whether the all cells are open or not.

Export bitmap

7

| |
T
caa A s R

¢ the graph is exported as plotted bitmap.

Copy to clipboard

¢ the graph is exported as an image to the clipboard as plotted and can be pasted into a graphic program
or e.g. a word document via <CTRL>+<V>

¢ In contrast to the bitmap-export, a highlighted cell in the the clipboard-copy remains highlighted. If this is
not wanted, just move the mouse slightly out of the cell before exporting to clipboard

Fitting Results

¢ For *Fitting Results*, e.g. Lifetime-Fits, the values can be exported as an ASCll-table either into a file or
the clipboard, from where it can be directly pasted into e.g. Excel or a similar program. To export, you
can use either the context menu, as with graphs and images, or the icons above the fitting panel.
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¢ The feature can not only export the fitted values of one curve, but also be applied for the fits of several
curves simultneously. To illustrate this, mark several ROIs in the image, as illustrated in the image below:

m= el -

ey
= 1']

B e ]
T T T

- [ - s ey e Ty =

B e [ Comaid 8

e click on “initial fit” to get resonable staritng parameters, then “fit all”
¢ When data are exported now, the fitting values of each fitted data set are stored in an additional line

Datei  Bearbeiten  Foemat  Ansicht  }

Paramgter A[1]1[kCnts] tErr A[2][kCnts] tErr tau[1][ns]
Owerall Decay  333.108 9.900  1489.288 2.988  20.549 . B.488 ©.200
Pixel (1,1} 333,100 9.000  1489.208 2.988  20.549 @, : i i 2,808
ROI 8  333.188 6.088 1489 284 [ 28.549 @.pee F - 3 [ 3.926

ROT 1 332,100 0.898  1480.200 . 20,549 9.0 . . . 3.926
ROI 2  333.199 0.888 1480 209 . 28,529 @.8ee . i . 3,926
ROT 3 333108 0.888 1489 200 . 20,549 @088 . - . 3.926

¢ If you want to view all the fitting parameters in one window, you can just click on “Show all” on the upper
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left , and a window opens, which displays all fitting parameters side by side.
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¢ Exporting from this window exports also all fitting values.

¢ In an analogous fashion, also FCS-fitting data can be exported.

Copyright of this document belongs to PicoQuant GmbH. No parts of it may be reproduced, translated or transferred to third
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