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Scientists’ needs and wishes for FLIM software

How can | chose a colorblind-friendly
lookup table?

How can | access and export data
at all steps of analysis?

Why is it so time-consuming?

TECHNISCHE
GerBi FLIM workshop 2024 Munchen - napari-flim-phasor-plugin Conni Wetzker 2 A

NFDI 4




napari-flim-phasor-plotter o

BSD-3-Clause v0.0.6 § python [3:8°[ 3.9 | 510 () tests [passing codecov | 62%
3 napari hub napari-flim-phasor-plotter

Contributors 3

https://github.com/zoccoler/napari-flim-phasor- Q zoccoler Marcelo Zoccoler

plotter _
A cwetzker Conni Wetzker

—

@ sviaro Svetlana larovenko

50

100

150

200

Napari-flim-phasor-plotter is a napari plugin to interactively 3
load and show raw fluorescence lifetime imaging
microscopy (FLIM) single images and series and generate
phasor plots. These are Fourier transforms of the decay
data being visualized using the napari-clusters-plotter
plotter, adapted to suit the FLIM context. This allows
qualitative and quantitative downstream analysis of FLIM 1
images. "

Average FLIM counts
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Source: https://github.com/zoccoler/napari-
flim-phasor-plotter
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https://napari.org/stable/
https://github.com/BiAPoL/napari-clusters-plotter

Napari: a fast, interactive viewer for multi-dimensional images in python
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napari.org
https://www.napari-hub.org/plugins/napari-assistant

Usage of synthetic data - the lifetime cat example image

# napari
- View Window Plugins Tools Help
Open File(s) Ctrl+O . L
Open Files as Stack... Ctrl+Alt+0 Svetlana larovenko
Open Folder Ctrl+Shift+O
Open with Plugin »
irop  EDMINPNSSORPIOUSHNNE  Serminal Receptacle (20 Raw FLIM)
Ctl+Shift+P R Open the sample dataset

Hazelnut (2D Raw FLIM)

Save Selected Layer(s) Ctrl+S Hazelnut (3D Raw FLIM) das pa rt of the pl ugin

Save Screenshot. Alt+S

LY

Preferences

Save Screenshot with Viewer... Alt+Shift+S
Copy Screenshot to Clipboard Alt+C
Copy Screenshot with Viewer to Clipboard Alt+Shift+C

Close Window Ctrl+W
Exit Ctrl+Q

“ activity
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File View Window Plugins Tools Help

* Q

[’ <3
opacity: - 1.0(
pttyt limits: = - Svetlana larovenko
contrast limits:

auto-contrast:  once continuous
gamma: b 1.0(
colormap: Mooy ~
blending: translucent ¥

interpolation:  nearest W

P o)

§ Wiei e Select the image layer
/R containing with lifetime

PSSR SM  information

>O®oo:ifh

A activity
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Usage of synthetic data - the lifetime cat example imag

Velmp.w (=]

File View Window [IBRGIEN Tools Help

* Q Install/Uninstall Plugins...

Plugin Errors...

P Select the calculation of Svetlana larovenko
contrast limits: napari-clusters-plotter ’ Convert to zarr the phasor plot |n the

auto-contrast: duplicate current frame (napari_skimage_regionprops2) Apply binning to TCSPC FLIM data 0
gamma: = 1.0( Phasor Plotter Widget pl ugl n
colormap: oy ~

blending: translucent ¥

interpolation:  nearest v

L R (0]
5 # |ifetime cat syntheti... [

® lifetime cat syntheti... [d

~DeoiEf

A activity
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Usage of synthetic data - the lifetime cat example imag

"mpan o i
File View Window Plugins Tools Help

* Q
A

i . image layer lifetime cat synthetic image : .
gpoctys ' Svetlana larovenko

contrast limits: ; Laser Fraquency (Miz) 40.000

auto-contrast: once  continuous harmonic 1
gamma: = 1.0( threshold 10
colormap: gy ~ ' apply median

median n

blending: translucent ¥

interpolation:  nearest v

Define parameters for
the calculation of the
phasor

b J (o]
5 # |ifetime cat syntheti... d

@ |ifetime cat syntheti... d

>OD®o @ f

4 activity

NEDI 4 TECHNISCHE
3l0IMAGE  GerBi FLIM workshop 2024 Munchen - napari-flim-phasor-plugin Conni Wetzker IV ERSTAT




8 napari

File View Window Plugins Tools

= Q

AL O

label: - 1 +
opacity: - 0.7¢
brush size: = 10

blending: translucent v

color mode: auto b4

contour: —
n edit dm: ~
contiguous: ¢

preserve
labels:

show
selected:

N R
# Labelled_pixels_fro...
5,- # |ifetime cat syntheti...

@ lifetime cat syntheti...

> O®o::if

NFOl4
3I0IMAGE

ez B

Help

Adjust the visualization
settings of the phasor

L

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <4> for pick mode
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Usage of synthetic data - the lifetime cat example image

0.40 A

0.35 A

0.30 1

0.25 -

0.20 -

0.15

0.10 -

0.05 +

0.00

0.0

Plotting
Labels layer ~
Axes G v S
Clustering
Expand for advanced options
Update Axes/Clustering Options

Plot

Labelled_pixels_from_lifetime cat synthetic image

4 activity J

N\

Svetlana larovenko
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Usage of synthetic data - the lifetime cat example imag

e napari
File View

* Q

Window Plugins Tools Help

XA OLQ

label:
opacity:

- 1 +
0.0c

brush size: = 10

blending: translucent

color mode: auto

contour

n edit dm: -
contiguous:

preserve

labels:
show

selected:

= Q

LU N

< o]

® cluster_ids_in_space <

-

5- # lifetime cat synthe... (d

2= O

Labelled_pixels_fr... <

oM

B e

Select clusters, here
manually by drawing
ROIS in the phasor plot

L]

use <1> for activate the label graser, use <2> for activate the paint brus
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o X
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AeEdI Q=¥ B S\ ctlana larovenko

0.40 1

0.35 A1

0.30 -

0.25 A

0.20 -

015+

0.10 4

0.05 -

0.00
0.0

Plotting
Labels layer Labelled_pixels_from_lifetime cat synthetic image
Axes G - 3
Clustering MANUAL_CLUSTER_ID
Expand for advanced options
Update Axes/Clustering Options

Plot

h, use <3> for activate the fill bucket, use <4> for pick mode A activity
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Usage of synthetic data - the lifetime cat example image

M napari
File View Window Plugins Tools Help
. Q .
I\
AL L2 Q AED> PQ=V Svetlana larovenko
label: B 1 : <
opacity: = 0.0C
brush size: - 10 0.35
blending: translucent 0.30 4

0.40 1

color mode: auto 0.25 A

contour: = 0 0.20 -
n edit dm: =
contiguous: ¥

015
preserve 0.10 A

labels: 0.05

show
selected: 0.00

0.0

A Plotting

° . -
. o® ‘ 0 @ Labels layer Labelled_pixels_from_lifetime cat synthetic image

Axes G v S

: Pixels of selected phaSOl' Clustering MANUAL_CLUSTER_ID
# Labelled_pixels_fr.. < clusters are visualized in Sipacid s eivascad opiioos
& « lifetime cat synthe... @ different colors in the image Update Axes/Chustering Options

—led::n | - Plot

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <4> for pick mode A activity

@® cluster_ids_in_space <
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Integrating FLIM analysis into a bio-image analysis workflow

Metabolic FLIM of sperm in a female sperm-storage organ in Drosophila
M napari - o X

File View Window Plugins Tools Help

Example workflow:

* Openaraw FLIM

. opacity: = 1.00
image/ dataset

contrast limits: —
auto-contrast: once  continuous
gamma: - 1.0C
colormap: Boay v
blending: translucent ¥

interpolation:  nearest v

N R
@ seminal receptacle ... Open Or. drag&drop. d
raw FLIM image or series
of images

> D ”e D\ EEE ﬂ 19 | 255

. seminal...M image [49 00 61455]: 0 4 activity
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Example workflow:

* Openaraw FLIM

« Generate a Phasor Plot

ez B

Integrating FLIM analysis into a bio-image analysis workflow

Metabolic FLIM of sperm in a female sperm-storage organ in Drosophila

!napavi
File View Window Plugins Tools Help
® Q
) opacity: = 1.0C
Image/ dataset contrast limits: -

auto-contrast:  once  continuous
gamma: - 1.0C
colormap: By v

blending: translucent ¥

interpolation:  nearest Y

aJg (]

@® seminal receptacle ... [d

> Deo:: M

: seminal...M image [49 00218 242]: 1

NFOl4
3I0IMAGE
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image layer seminal receptacle raw FLIM image
Laser Frequency (MHz) = 40.000

harmonic =

threshold 15

+/ apply median

median n

Define parameters such
as a threshold and
median to determine the
g and s coordinates for
the phasor plot by
Fourier transformation

4 activity
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Integrating FLIM analysis into a bio-image analysis workflow

Example workflow:
* Openaraw FLIM
image/ dataset

« Generate a Phasor Plot

« Change Phasor Plot
display options

NFOl4
3I0IMAGE

Metabolic FLIM of sperm in a female sperm-storage organ in Drosophila

!napavi
File View Window Plugins Tools Help

® Q

30 2PN WY SLCON

label: = 1 4
opacity: ! 0.7¢
brush size: = 10

blending: translucent v

color mode: auto v

contour: =
n edit dim: —
contiguous:

preserve
labels:

show
selected:

T R/

@ Labelled_pixels_fro...

@ seminal receptacle ...

> Deo:: M
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A€EI PQE=XRB

0.6
0.5
0.4
$180.3
0.2

0.1
0.0

Plotting

Labels layer Labelled_pixels_from_seminal receptacle raw FLIM image
Axes G S
Clustering

Expand for advanced options
Plotting type HISTOGRAM
Log scale

Number of bins

Adj u St th e Setti ngs fo r Hide non-selected clusters
. . . Colorma magma v
visualization i - -

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <4> for pick mode 4 activity
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Integrating FLIM analysis into a bio-image analysis workflow

Example workflow:
* Open araw FLIM
image/ dataset

« Generate a Phasor Plot

« Change Phasor Plot
display options

NFOl4
3I0IMAGE

Metabolic FLIM of sperm in a female sperm-storage organ in Drosophila

!napavi
File View Window Plugins Tools Help

® Q

30 2PN WY SLCON

label: = 1 4
opacity: ! 0.7¢
brush size: = 10

blending: translucent v

color mode: auto v

contour: =
n edit dim: —
contiguous:

preserve
labels:

show
selected:

T R/

@ Labelled_pixels_fro...

@ seminal receptacle ...

> Deo:: M

: Labelle...M image [49 0 0 226 337]

Change parameters of phasor
plot visualization

M

A€EI PQE=XRB

0.6
0.5
0.4
$180.3
0.2

0.1
0.0

Plotting
Labels layer Labelled_pixels_from_seminal receptacle raw FLIM image
Axes G S
Clustering
Expand for advanced options

Plotting type HISTOGRAM

Log scale

Number of bins

Hide non-selected clusters

Colormap turbo

Undata AvaclClickarina Nnkiane Y,

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <4> for pick mode 4 activity
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Integrating FLIM analysis into a bio-image analysis workflow

Example workflow:

* Open araw FLIM
image/ dataset

« Generate a Phasor Plot
« Change Phasor Plot

display options

« |Identify and select

reproducibly clusters in

your dataset

omonl - .|

NFOl4
3I0IMAGE

Metabolic FLIM of sperm in a female sperm-storage organ in Drosophila

!napavi
File View Window Plugins Tools Help

*® Q

3o 2P AR N SO}
label: = 1 4
opacity: @ 0.7¢
brush size: = 10

blending: translucent v

color mode: auto v

contour: =
n edit dim: —
contiguous: v

preserve
labels:

show
selected:

&
N SR
@ Labelled_pixels_fro...

@® seminal receptacle ...

> Deo:: M

: Labelle...M image [49 0 0 230 474]

GerBi FLIM workshop 2024 MUnchen - napari-flim-phasor-plugin Conni Wetzker

M

® Q

Clustering
Labels layer Labelled_pixels_from_seminal receptacle raw FLIM image W

Measurements

Select the parameters used
for clustering

Select the clustering method

Update Measurenfents
Clustering Method HDBSCAN
Minimum size of clusters
Minimum number of samples
Standardize Features
Custom Results Name Algorithm_name _CLUSTER_ID
Restore Defaults

Run

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <4> for pick mode 4 activity

TECHNISCHE
16 @ UNIVERSITAT
DRESDEN



Integrating FLIM analysis into a bio-image analysis workflow

Example workflow:

* Open araw FLIM
image/ dataset

« Generate a Phasor Plot
« Change Phasor Plot

display options

» Apply a clustering

algorithm to the Phasor
Plot (HDBSCAN) using
the napari-clusters-

plotter

omonl - .|

NFOl4
3I0IMAGE

Metabolic FLIM of sperm in a female sperm-storage organ in Drosophila

!napavi
File View Window

® Q

Plugins  Tools

Help

30 2PN WY SLCON

label:
opacity:
brush size:

blending:

color mode: auto

contour: =
n edit dim: —
contiguous:

preserve
labels:

show
selected:

T R/

@® cluster_ids_in_space <

1
0

translucent

-

JC
10

-

]

@ Labelled_pixels_fro... &

@® seminal receptacle ... (d

> Deo:: M

. Labelled_pixels_from_seminal receptacle raw FLIM image [49 0 0 183 132]

GerBi FLIM workshop 2024 MUnchen - napari-flim-phasor-plugin Conni Wetzker 17

0

4

|

|dentified clusters are &

visualized in the phasor K3 I XeE

plot and in the respective E&

pixels of your image os
0.4

2203

0.2

0.1

0.0

Plotting
Labels layer Labelled_pixels_from_seminal receptacle raw FLIM image
Axes (¢} \4 S

Clustering HDBSCAN_CLUSTER _ID
Expand for advanced options

Update Axes/Clustering Options

Plot
M

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <4> for pick mode 4 activity

TECHNISCHE
@ UNIVERSITAT
DRESDEN



Integrating FLIM analysis into a bio-image analysis workflow

Metabolic FLIM of sperm in a female sperm-storage organ in Drosophila

Example Workf|OW: pa” Window Plugins Tools Help - - ‘
- Open a raw FLIM "o Chose a cluster of interest
image/ dataset XIS Q and furthgr analyse the € Q=¥
label: - + corresponding structures in g
« Generate a Phasor Plot opacity: o 0.7C your image
brush size: = 10
) Change Phgsor Plot blending: translucent v
dlsplay OpthﬂS color mode: direct Y
» Apply a clustering contour: =
algorithm to the Phasor n edit dim: 8
Plot (HDBSCAN) using gggg“:“
the napari-clusters- labels:
plotter show
selected:

« Extract cluster/class of 0.0

interest ° 0 5 Plotting

= -
o2t ‘ 0 (m] Labels layer Labelled_pixels_from_seminal receptacle raw FLIM image

VES G \ 4 S

@® receptacle_labels <& n

_ . Clustering HDBSCAN_CLUSTER_ID
# cluster_ids_in_space <
Expand for advanced options

= Labelled_pixels_fr... <
-P - . Update Axes/Clustering Options

> OedEM - P -

receptacle_labels [49 0 0 227 223]: 0 use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <5> for pan/zoom mode 4 activity
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Integrating FLIM analysis into a bio-image analysis workflow

Metabolic FLIM of sperm in a female sperm-storage organ in Drosophila
. B apai - 8 x
Example Workfl OW' File View Window Plugins Tools Help

® Q

. FLIM
Open a raw = 15 B 0 I @

image/ dataset " . Post-process your
abel: - a5 .
« Generate a Phasor Plot opacity: - 07 Lanbaﬁ;fsilgnage for further
brush size: - 10
) ghaTge Phgsor PlOt blending: translucent V.
|Sp ay Optlons color mode: direct v
* Apply a clustering contour: = 0 +
algorithm to the Phasor S 2 +
Plot (HDBSCAN) using B
the napari-clusters- labels:

plotter show

selected:
« Extract cluster/class of
interest

 Post-processing: apply
morphological
operations

@ receptacle_labels <&

# cluster_ids_in_space <

> Deoiif = M 49255

. smoothe..._labels [49 0 0 204 -16] use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <4> for pick mode - activity
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Integrating FLIM analysis into a bio-image analysis workflow

Example workflow:

* Openaraw FLIM
image/ dataset

+ Generate a Phasor Plot

« Change Phasor Plot
display options

» Apply a clustering
algorithm to the Phasor
Plot (HDBSCAN) using
the napari-clusters-
plotter

« Extract cluster/class of
interest

 Post-processing: apply
morphological
operations

« Perform instance
segmentation

- QE)DIII"?AGE GerBi FLIM workshop 2024 MUnchen - napari-flim-phasor-plugin Conni Wetzker

Metabolic FLIM of sperm in a female sperm-storage organ in Drosophila

!napari

File View Window Plugins Tools Help

® Q

3o 2P AR - WV SN

label: = 1 i
opacity: - 0.7¢
brush size: - 10

blending: translucent V7

color mode: auto v
contour: - (0] +
n edit dim: - 2 +
contiguous: v

preserve
labels:

show
selected:

® Q

8 (]

@® receptacle_objects < .

@® smoothed_recepta... ¢

@ receptacle_labels <&

> Oeod M

: receptacle_objects [49 0 0 189 -54]

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <4> for pick mode

Identify  objects  of
distinct lifetime
properties in  your
image

M

19 | 255

- activity
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Integrating FLIM analysis into a bio-image analysis workflow

Example workflow:

- QE)DIII:LAGE GerBi FLIM workshop 2024 MUnchen - napari-flim-phasor-plugin Conni Wetzker

Open a raw FLIM
image/ dataset

Generate a Phasor Plot

Change Phasor Plot
display options

Apply a clustering
algorithm to the Phasor
Plot (HDBSCAN) using
the napari-clusters-
plotter

Extract cluster/class of
interest

Post-processing: apply
morphological
operations

Perform instance
segmentation

Extract Features

Metabolic FLIM of sperm in a female sperm-storage organ in Drosophila

!napavi

File View Window Plugins Tools Help

*® Q

30 2PN WY SLCON

label: = 1 4
opacity: - 0.7¢
brush size: - 10

blending: translucent V.

color mode: auto v

contour: - 5
n edit dim: —
contiguous: v

preserve
labels:

show
selected:

® Q

8 (]

@® receptacle_objects < .

@® smoothed_recepta... ¢

@ receptacle_labels <&

>Oeooifn

: receptacle_objects [49 0 0 249 194]: 2

M

Copy to clipboard Save as csv...

label index

410

23236.0

320.0

431.0

3963.0

Extract features of your
identified objects

use <1> for activate the label eraser, use <2> for activate the paint brush, use <3> for activate the fill bucket, use <4> for pick mode

T

4 activity

TECHNISCHE
UNIVERSITAT
DRESDEN



Integrating FLIM analysis into a bio-image analysis workflow

Instance
Raw data import & Cluster analysis Selection of Processing of segmentation &
phasor analysis individual cluster selected cluster quantification

NFOl4
3I0IMAGE
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Input data

« The plugin can import FLIM data of

formats
o .sdt
. .ptu
o tif
e .zarr

« Of the data shapes:
« 2D, 3D up to 3D multichannel
timelapse FLIM data

« Multidimensional .ptu data folders
named t001 _z001 etc.

NFOl 4 TECHNISCHE
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Data conversion to .zarr

« The plugin can convert raw FLIM files of a
folder to .zarr

NFOl4
3I0IMAGE
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Data Conversion

If a collection of raw (uncompressed) images are larger than 4GB, we recommend converting them to .zarr . This
can be done via Plugins > napari-flim-phasor-plotter > Convert to zarr .

Warning: In the current version, lazy loading with .zarr is available, but processing may still load all data into
memory, so keep track of your memory usage.

If you have multiple slices or time-points as separated files, you can choose a folder containing the files. In order for

the plugin to properly build a stack, the file names must contain seme indication about which slice or time-point they
represent, i.e., each file name should containa _t and/or z followerd by a number.

Here are a few example templates:

» timelapse:
o image_teel.ptu
o image_t@e2.ptu
» z-stack:
o image_z@l.sdt
o image_z@2.sdt
+ 3D timelapse:
© image_t@@l_zeol.tif

© image_t@@l_ze@2.tif

o image_t@02_zeel.tif

Source: https://github.com/zoccoler/napari- 24 g
flim-phasor-plotter DRESDEN



Napari-flim-phasor-plotter - code available on GitHub
Including documentation

Installation

Usage You can install napari-flim-phasor-plotter via pip. Follow these steps from a terminal.

Open a FLIM image to visualize it both as a ‘FLIM image series’ being a sequence of intensity images each We recommend using mamba-forge whenever possible. Click here to choose the right download option for your OS.

corresponding to an individual time point of the FLIM 'micro-time', plus as a timely summed up image. Scrolling If you use mamba-forge , replace the conda term whenever you see it below with mamba .
through the FLIM time series provides a first glimpse of lifetimes across image regions.

Create a conda environment:
Call the plugin from the menu pPlugins > FLIM phasor plotter > Make FLIM Phasor Plot to generate a phasor plot by

pixel-wise Fourier transformation of the decay data. Hereby, select the FLIM image to be used, specify the laser pulse

frequency if not read properly from metadata. Define an intensity threshold to exclude pixels of low photon counts, conda create -n napari-flim-phasor-env python=3.9 G
optionally a median filter, and a harmonic for optimal visualization. Run creates the phasor plot and an additional
labels layer in the layer list. Below is a demonstration: . .
Activate the environment:
conda activate napari-flim-phasor-env =]
label:
opacity: e Then install napari and napari-clusturs-plotter (plus git if on Windows):
brush size:
blending: translucent
color mode: {gUtE) %ia conda install -c conda-forge napari==0.4.17 napari-clusters-plotter git pyqt =]
contour:
n edit dim:
ti S: . . . . . .
;‘:;f:zug Optional: we strongly recommend having the devbio-napari plugin bundle also installed for post-processing. This can
i be done with:
show
selected:
conda install -c conda-forge devbio-napari =]

7 I

® cluster_ids_in_space @ | be abel_single_FLIM_image . . = - . -
e e Finally install napari-flim-phasor-plotter plugin with:
® Label_single_FLIM G s

® single_FLIM_image
e o R @
pip install napari-flim-phasor-plotter

Run

Change the color-code of the phasor plot to a density plot of various ‘Colormaps’ from the pulldown Expand for Alternatively, clone this repository and install the latest plugin development version with:
advanced options and select HIsToGrAM . Manually encircle a region of interest in the phasor plot to highlight the
corresponding pixels in the newly created image layer. Hold ‘Shift’ to select and visualize several clusters to

investigate image regions of similar FLIM patterns. pip install git+https://github.com/zoccoler/napari-flim-phasor-plotter.git 1=

In the next few days: install the development version (issue on sdt import)

= Source: https://github.com/zoccoler/napari- VECHNISCHE
I;llr_ODIII“14/\GE GerBi FLIM workshop 2024 Munchen - napari-flim-phasor-plugin Conni Wetzker ﬂ\'m—phasofplotgter R 25 A




Take-home message of napari-flim-phasor-plotter

* Itis a plugin for napari (a python-based image visualization tool that allows usage of many powerful image
processing and analysis plugins)

e open-source and allows contributions from community

e Allows import of FLIM data of .sdt, . ptu, .tif and .zarr format and up to 5D FLIM data (xyzct)

* Allows conversion of FLIM data to .zarr format

* performs phasor analysis of FLIM raw data

e Can implement cluster analysis of phasor plots using napari-clusters-plotter

* Allows further downstream bio-image analysis of available napari plugins

* Provides example datasets to test

TECHNISCHE
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Thanks to

Marcelo Leomil Zoccoler
(maintainer of the napari-flim-phasor-
plotter, Bio-Image Analysis Group, PoL
TU Dresden)

Svetlana larovenko
(soon @ IMP Vienna)

Robert Haase
(ScaDS.Al Leipzig)

Bio-Image Analysis Group, PoL
TU Dresden

Test datasets:

.sdt format - https://zenodo.org/record/7542467 Eﬁq@ [=] polZ2 [w]
(https://doi.org/10.1038/s41598-019-56067-w) @. : ) - . . . -
.ptu format - https://zenodo.org/record/7656540 F% e Light Microscopy Facility,
(DOI: 10.5281/zenodo.7656540) Ol (=157 CMCB, TU Dresden
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https://doi.org/10.1038/s41598-019-56067-w
https://tu-dresden.de/cmcb/technologie-plattform/facilities/light-microscopy

