PYMINFLUX v0.3.0 - [2D_FA-IIF-AF467_crop.npy]

File View Analysis Help

DCR unmixing

Single fluorophore Unmixer ‘Jbr

Active fluorophore

Filters

Collaborative expertise

Time Inspector

Analyzer

Synergies between multi-disciplinary experts and

EFO filtering

Lower bound (Hz) 11500

end users in software development

Upper bound (Hz) 707500
Options: ' Color-code by TID v Avg Loc (TID) X v |y v Plot
Fliter EFO
tid - tim X y z efo cfr eco der dwell fluo
CFR filtering

Lower bound
Upper bound
Fliter CFR

Aaron Ponti

Welcome to pyMINFLUX.
Reloaded default settings.

File: 2D_FA-IIF-AF467_crop.npy: 2D normal acquisition with 78460 entries (all valid).
Retrieved 78460 events.

Export
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About me
Education
= M. Sc. Biotechnology etV arch
D-BIOL ETH Zurich BY’\W\(\E‘\’\l

= PhD Image Analysis
D-MAVT ETH Zurich

= Post-doctoral fellow Image Analysis
The Scripps Research Institute, San Diego, CA

As a grown-up

* Image analysis specialist
Friedrich Miescher Institute :: Facility for Advanced Imaging and Microscopy

* Image Analysis Specialist & Software and Data Management Engineer
D-BSSE ETH Zurich :: Single Cell Facility

SCF o000 161028 | 2
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About us

IA additional services
Algorithm development

Data management

Generic software engineering
IT support

Image Analysis
_ 8 analysis workstations
; ke, 6 teaching computers
.

Lab Automation

6 cell culture/analytics robots
Many readers and other devices

4

Flow Cytometr
5 cell sorters

4 flow cytometry
analyzers

Microscopy r:‘
10 confocal/spinning disk §
microscopes

1 Light-Sheet microscope

7 Wide-Field microscopes...

»

General services

Department facilities

Mamten:.:m.ce of devices e i%i Single Cell Facility
User training and support - Lab Automation Facility
Teaching

Project discussions
Operator-assisted acquisitions

SOF 0000 16.10.23

Single Cell Facility
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|A project classes

User-specific

Expert-driven

General-purpose
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|A project classes

User-specific

Expert-driven

General-purpose
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Types of project
User-specific projects Expert-driven projects General-purpose projects

Target audience Single user Several users Many users

Specificity Highly specialized Specialized but scalable Generalized

Team composition Me (with user feedback) Me and field experts (with user  Large and diverse team
feedback)

Problem focus Single, user-specific Niche problems Broad

Complexity Varies Complex Moderate to complex

Scalability Limited Moderate High

User input Continuous Initial and iterative (at release) Initial and iterative (at release)

Project time Short to moderate Moderate to long Long

Resource allocation Moderate High Very high

Field knowledge High (me) Very high (experts) Moderate

Code quality/testing  Minimal to moderate High Very high

D B SS E Department of Biosystems Science and Engineering sc‘ oooo 16.10.23 | 6
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User-specific projects

Target audience Single user

Specificity Highly specialized
Team composition Me (with user feedback)
Problem focus Single, user-specific
Complexity Varies

Scalability Limited

User input Continuous

Project time Short to moderate

Resource allocation Moderate
Field knowledge High (me)

Code quality/testing  Minimal to moderate

D B SS E Department of Biosystems Science and Engineering so‘ °°°° 16.10.23 | 7
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User-specific projects :: Membrane localization study of a sensor

Bog ¥l mgB ~

HO0=E00|+”0 el -~ @

& T 2 ’@

d
statsmodels

We designed a plasmid-based sensor consisting of two fusion-protein, that bind activated KRAS and can phosphorylate a synthetic transcription factor if it they dimerize. (...) As

KRAS is a membrane protein and our sensor binds only to activated KRAS, membrane localization of our sensor-SYFP-fusion also tells us if KRAS is activated.

(One of the) aim(s) of the study: investigate differences in membrane localization of the sensor between mutant and wild-type KRAS.

A

B

C D

cell_id membrane_signal total_signal ratio

5740.9854
26428.516
3419.3042
3454.4004
5038.2393
4730.7227

4360.502

67296.74
3924.6875
3036.5955
11538.633

5822.574
5634.9688
17054.633
5955.9385

3460.176
2996.8965
3821.9531
5966.1807
3959.9258

6643.087 0.86420447
33384.64 0.79163694
4384.9595  0.7797801
4615.084 0.7485022
5553.0483 0.90729254
5524.704  0.8562853
4901.9644 0.88954175
69806.89 0.96404153
5026.2783 0.7808337
4003.891 0.7584111
16132.592 0.7152374
6326.4824 0.92034936

6411.24 0.87892026
21817.885 0.7816813
7285.884 0.81746274
3846.4526  0.8995759
3478.8113 0.8614714
4512.3306  0.847002
8770.289 0.68027186
4624.1426 0.85635895

$ python analyze_membranes.py E.GS3.56.1_reseeding result.csv

D B SS E Department of Biosystems Science and Engineering so‘ oooo
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General-purpose projects

Target audience Many users

Specificity Generalized

Team composition Large and diverse team
Problem focus Broad

Complexity Moderate to complex
Scalability High

User input Initial and iterative (at release)
Project time Long

Resource allocation Very high
Field knowledge Moderate

Code quality/testing  Very high

D B SS E Department of Biosystems Science and Engineering so‘ °°°° 16.10.23 | 9
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General-purpose projects :: Huygens Remote Manager (HRM)

S um
Xy = Xy

G e JEE R e A e R 100

Deconvolution of an HeLa cell acquired on a widefield microscope.
Image courtesy Dr. Yury Belyaev. EMBL, Heidelberg, Germany.

SCF oooo 61023 |
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General-purpose projects :: Huygens Remote Manager (HRM

Scientific Volume Imaging

Huygens Professional 13 @) 1405 &

File Edit Tools Deconvolution Visualization Analysis Help

O B0 R (A0 EBE BEEBE |G W & @ F G B,

Size Color New Open SaveAs | Decon Paam Ops  Batch Del Delal Ciar | Copy Repl Crop | Join Spit Edit
Thumbnail overview Task reports | Statistics | Optical | Nyquist | Histogram
el i
= s 3/ Histogram Info
Current channel: |0 =
N Current bin: -
S Bin count: -
El
o
< <> Previous Image G ) Next Image
BIR S |2 72 &% 1B m Huygens Tcl Scripting @
New  Open  SaweAs | Decon  Pamm  Ops  Batch | Del Delal  Gear B 3
: {/raid/office/shared/Conferences_Courses/Huygens Trainings I
B 6 @ Q Y 3 @ 2? = Nhouse/2013June_STED_training/DemoImages/Surf 0A/e959-2ch-sm
Ts  Move  About  Usage  Amazer Oho  Saverp  Cobc  Prl.  CoseW. :}:;;;?2;?}‘;;‘&’1{1"95“3“‘* (e twt
; ~ ~ < 2> e959-2ch-small show -mode thumb
¢ & = .:, T 2P A & B i j;’;x;azThumbnall: processMethod_4
- <3 pen
SR i) fpebs ) hls BEEs besr Ly G D {/raid/office/shared/Conferences_Courses/Huygens Trainings I
: . - Nhouse/2013June_STED_training/DemoImages/MIP/WF-deconvolved.
) [T [~ « ‘§ \C& A ics} -query -logEnable -series tool
D J => WF-deconvolved
Hotpix  Myqust Hstogam  Sfp Sicer  TackA Subizer FWHM  Qut  Phtfux Bt e
_ uTitanThunbnail: :processMethod 5
& x N @ & R 3 > WF-deconvolved del
< 6> img open
S s W Gy Gy EoE e {/raid/office/shared/Conferences_Courses/Huygens Trainings T
Nhouse/2013June_STED_training/DemoImages/Coloc/test_image de
con.hs} -query -logEnable -series tool
= test_inage decon
< 7> test_inage decon show -mode thunb
Search:| & uTitanThumbnail: : processMethod_6
= < &> img open
§ cancel ] Clear | [1] Set todefault| (A Revert o Accept {/raid/inages/DenoInages/Confocal /confocal TineSeries. ics}

~query -logEnable -series tool
= confocalTimeSeries

< 9> confocalTineSeries show -mode thumb

|=> ::HuTitanThumbnail: :processMethod_7

<16> confocalTimeSeries del

<11> ing open

{/raid/inages/DenoInages/Confocal /dudok_dendrite0riginal CF_
2CH.h5} -query -logEnable -series tool

=> dudok_dendriteOriginal CF_2CH

<12> dudok_dendriteOriginal CF_2CH show -mode thumb

=> ::HuTitanThumbnail: :processMethod 8

<13 ing open

{/raid/images/DemoImages/Confocal/dudok dendriteDeconvSNR35.
h5} -query -logEnable -series tool

=> dudok_dendriteDeconvSNR35

a| |<14> dudok_dendriteDeconvSNR35 show -mode thumb -
<1 ||=> ::HuTitanThumbnail: :processMethod 9 E

Single-user desktop
application

Ready Memory usage 2079 M8

Huygens Professional

Ponti A., Sevilla Sanchez D., Ehrenfeuchter N., Belyaev Y. G.I.T. Imaging & Microscopy 2:22 — 24. 2015
Ponti A., Gulati A., Backer V. and Schwarb P. Imaging & Microscopy 9(2):57-58. 2007.
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eneral-purpose projects :: Huygens Remote Manager (HRM

Our scope

Scientific facility with around
100 users

1 workstation

Scientific Volume Imaging

Huygens Professional
File Edit Tools Deconvolution Visualization Analysis Help

.0l R | A0 TBE

Size Calor New Open SaveAs | Decon Paam Ops  Batch Del Delal Clar

B @E G| ®

Copy Rep. Crop | Join spit Edit

Thumbnail overview

o
B R 2 2 2 0980
open | suers | coom | Puam | O | sacn | ow || oeat | omm

()
?

DBSSE

%]
fi

BE 0 @ & X

Move  About  Usage  Anayzer  Orho  Saverep

& L D @ L2 A

r 5Q P
B

A2
Convert Adjust BL Help Features License Distiller Open last Stats
= \ 2 )
B bk & N & &« (0]
Nyquist Histogram Sfp Slicer Track A ‘Stabilizer FWHM Quit Plot flux

xS C @ 43N

Tracker  Twn  Crosstak Chromatc  Brghtft  Editdec.

Search:| ]

¥ cancel il Clear [%] Set todefault| A Revert o Accept

Department of Biosystems Science and Engineering

Ready Memory usage 2079 M8

Huygens Professional

SCF o000

Single Cell Facility

Task reports | Statistics | Optical | Nyquist | Histogram

R/ 5/ Q) L9 o] ol 0

Histogram Info
Current channel: |0 -
Current bin:
Bin count:

Frequency

100 150 200 250)
Previous Image Gal ) Next Image

Huygens Tcl Scripting @

< 1> img open
{/raid/office/shared/Conferences_Courses/Huygens Trainings I
Nhouse/2013June_STED_training/DemoImages/Surf 0A/e959-2ch-sm
all.ics} -query -logEnable -series tool

= e959-2ch-small

< 2> e959-2ch-small show -mode thumb

=> ::HuTitanThumbnail: :processMethod_4

{/raid/office/shared/Conferences_Courses/Huygens Trainings I
Nhouse/2013June_STED_training/DemoInages/MIP/WF-deconvolved.
ics} -query -logEnable -series tool

=> WF-deconvolved

WF-deconvolved show -mode thumb

:HuTitanThumbnail: :processMethod 5

WF-deconvolved del

{/raid/office/shared/Conferences Courses/Huygens Trainings I
Nhouse/2013June_STED_training/DemoImages/Coloc/test_image de
con.hs} -query -logEnable -series tool

= test_inage decon

< 7> test_inage decon show -mode thunb

=> ::HuTitanThumbnail: :processMethod 6

< &> img open
{/raid/images/DemoInages/Confocal /confocal TimeSeries. ics}
-query -logEnable -series tool

=> confocalTimeSeries

< 9> confocalTimeSeries show -mode thumb

|=> ::HuTitanThumbnail: :processMethod_7

<16> confocalTimeSeries del

<11> img open

{/raid/images/DemoInages/Confocal /dudok_dendriteOriginal CF_
2CH.hS} -query -logEnable -series tool

=> dudok_dendriteOriginal CF_2CH

<12> dudok_dendriteOriginal CF_2CH show -mode thumb

=> ::HuTitanThumbnail: :processMethod 8

<13> img open

{/raid/images/DemoImages/Confocal/dudok dendriteDeconvSNR35.
h5} -query -logEnable -series tool

=> dudok_dendriteDeconvSNR35

<14> dudok_dendriteDeconvSNR35 show -mode thumb -
=> ::HuTitanThumbnail: :processMethod 9 =

()
?

Ponti A., Sevilla Sanchez D., Ehrenfeuchter N., Belyaev Y. G.I.T. Imaging & Microscopy 2:22 — 24. 2015
Ponti A., Gulati A., Backer V. and Schwarb P. Imaging & Microscopy 9(2):57-58. 2007.
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eneral-purpose projects :: Huygens Remote Manager (HRM

Our scope

Scientific facility with around

100 users

1 workstation

Huygens Professional
File Edit Tools Deconvolution Visualization Analysis Help

.0l R | A0 TBE

Size Calor New Open SaveAs | Decon Paam Ops  Batch Del Delal Clar

Copy

B @E G| ®

Scientific Volume Imaging

Rep. Crop | Join spit Edit

Thumbnail overview

DBSSE

Ready Memory usage 2079 M8

< <
[ A o W1 5
B @ & s 8f O
Open  SaveAs = Decon  Pamm  Ops Batch Del Delal  Cear
& ) \ [o =
B 0 © & h & & & 3
Movie About Usage Analyzer Ortho Save rep Coloc Pref. Close W.
> - g - g
& X2 O L L A F @
Convert  Adjust BL Help Features  License Distiller Mp Open last Stats
= N o ) n
s W 8 & A O
Nyquist  Histogram Sfp Siicer TrackA  Stabilizer FWHM Quit Plot flux
* " @ 4 m
Tracker Twin Crosstak  Chromatic Brightf Edit dec.
Search:| ]
¥ cancel il Clear [%] Set todefault| A Revert o Accept

Huygens Professional

Department of Biosystems Science and Engineering

SCF o000

Single Cell Facility

Task reports | Statistics | Optical | Nyquist | Histogram

R/ 5/ Q) L9 o] ol 0

Histogram Info
Current channel: |0
Current bin:
Bin count:

Frequency

100 150 200 250)
Previous Image Gal ) Next Image

Huygens Tcl Scripting @

< 1> img open
{/raid/office/shared/Conferences_Courses/Huygens Trainings I
Nhouse/2013June_STED_training/DemoImages/Surf 0A/e959-2ch-sm
all.ics} -query -logEnable -series tool

= e959-2ch-small

< 2> e959-2ch-small show -mode thumb

=> ::HuTitanThumbnail: :processMethod_4

{/raid/office/shared/Conferences_Courses/Huygens Trainings I
Nhouse/2013June_STED_training/DemoInages/MIP/WF-deconvolved.
ics} -query -logEnable -series tool

=> WF-deconvolved

WF-deconvolved show -mode thumb

:HuTitanThumbnail: :processMethod 5

WF-deconvolved del

{/raid/office/shared/Conferences Courses/Huygens Trainings I
Nhouse/2013June_STED_training/DemoImages/Coloc/test_image de
con.hs} -query -logEnable -series tool

= test_inage decon

< 7> test_inage decon show -mode thunb

=> ::HuTitanThumbnail: :processMethod 6

< &> img open
{/raid/images/DemoInages/Confocal /confocal TimeSeries. ics}
-query -logEnable -series tool

=> confocalTimeSeries

< 9> confocalTimeSeries show -mode thumb

|=> ::HuTitanThumbnail: :processMethod_7

<16> confocalTimeSeries del

<11> img open

{/raid/images/DemoInages/Confocal /dudok_dendriteOriginal CF_
2CH.hS} -query -logEnable -series tool

=> dudok_dendriteOriginal CF_2CH

<12> dudok_dendriteOriginal CF_2CH show -mode thumb

=> ::HuTitanThumbnail: :processMethod 8

<13> img open

{/raid/images/DemoImages/Confocal/dudok dendriteDeconvSNR35.
h5} -query -logEnable -series tool

=> dudok_dendriteDeconvSNR35

<14> dudok_dendriteDeconvSNR35 show -mode thumb

=> ::HuTitanThumbnail: :processMethod 9

Fully scriptable

Huygens Core

Ponti A., Sevilla Sanchez D., Ehrenfeuchter N., Belyaev Y. G.I.T. Imaging & Microscopy 2:22 — 24. 2015
Ponti A., Gulati A., Backer V. and Schwarb P. Imaging & Microscopy 9(2):57-58. 2007.
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General-purpose projects :: Huygens Remote Manager

D BSSE

© Help o Resources

Department of Biosystems Science and Engineering

Montpellier RIO Imaging
National Center for Scientific
Research Montpellier

DBSSE

Single-Cell Facility
ETH Zurich

UNIVERSITE DE FRIBOURG
UNIVERSITAT FREIBURG

Bioimage | Light Microscopy Facility
University of Fribourg

Huygens Remote Manager
Ouscrname| |

The Huygens Remote Manager is an easy to use interface to the
Huygens Software by Scientific Volume Imaging B.V. that allows for

multi-user, large-scale deconvolution and analysis.

collaboration

FMI

Facility for Advanced Imaging
and Microscopy
Friedrich Miescher Institute

‘BIOZENTRUM

Universitat Basel
The Center for
Molecular Life Sciences

Imaging Core Facility
Biozentrum University of Basel

@ﬂop

Microscopy and Image Analysis Platform
University of Freiburg

=PrL

Biolmaging and Optics platform
EPF Lausanne

ez wsTrTE
FORELRORILOGY
eogatRs

Leibniz Institute for Neurobiology
Magdeburg

1824

The University of Manchester

Biolmaging Facility
University of Manchester

Huygens Remote Manager v3.9

Password

N

Scientific Volume Imaging

Hilversum

" & | combinatorial
CNI | neroimaging

Combinatorial Neuroimaging

Magdeburg

Theme:

https://github.com/aarpon/hrm/

SCF o000

Single Cell Facility

dark

-

light

HRM

16.10.23
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https://github.com/aarpon/hrm/

General-purpose projects :: Huygens Remote Manager (HRM)

Authentication server openBIS OMERO

(Active Directory, OpenLDAP)

N
\ Database server
\4 (MysSQL, PostgresQL File server
Input data
A

Deconvolved data
Web server < > okt
(Apache2) User data Thumbnails, logs, ...
Optical parameters I

A Deconvolution parameters Query files

. Transfer files
Analysis parameters
‘ ’ \4

Send jobs
<€ >
Query job state
(

Queue manager Processing servers @
(PHP) Huygens core)

HTML s C55
SCF oooo l 5
S (==
D B SS E Department of Biosystems Science and Engineering \iﬂ

Single Cell Facility

16.10.23
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General-purpose projects :: openBIS Importer Toolset (oBIT)

A

~40x at SCF/LAF  Hf “'E Dt .f
aw data e

D B SS E Department of Biosystems Science and Engineering so‘ °.°° 16.10.23 | 16
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General-purpose projects :: openBIS Importer Toolset (oBIT)

~ 40x at SCF/LAF E “'-h‘ Dt .f
aw data it

centralized storage
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General-purpose projects :: openBIS Importer Toolset (oBIT)

~ 40x at SCF/LAF

https://sis.id.ethz.ch/

annotated backed up

centralized storage

D B SS E Department of Biosystems Science and Engineering so‘ °°°° 16.10.23 | 18
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General-purpose projects :: openBIS Importer Toolset (oBIT)

~ 40x at SCF/LAF

https://sis.id.ethz.ch/

annotated backed up

centralized storage
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General-purpose projects :: openBIS Importer Toolset (oBIT)

~ 40x at SCF/LAF

https://sis.id.ethz.ch/

D B SS E Department of Biosystems Science and Engineering 16.10.23 | 20
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General-purpose projects :: openBIS Importer Toolset (oBIT)

New openBIS core technologies
Microscopy
Flow Cytometry

/cqmsmon station

=

D BSSE

1P | = Jqﬁ
z. Scan N
g
1. Export
or save 3. Annotate
User folder

Example: BD LSRFortessa cell analyzer \

Department of Biosystems Science and Engineering

1 Yy

Datamover l as a Windows service

.

openBIS

4
e

Data store

|

/

\

2/
SCF o000

Single Cell Facility

Annotation Tool

ht

tps://github.com/aarpon/obit

eeeee

ssssss

wwwwwwwwwww

sssss

16.10.23
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https://github.com/aarpon/obit

General-purpose projects :: openBIS Importer Toolset (oBIT)

Object: 2d10MDCK DAPI.nd2
JOBITIDEMOMICROSCOPY_EXPERIMENTS COLLEC

New openBIS core technologies

Microscopy
Flow Cytometry

HTML openBIS
Lab Notebook &
Inventory Manager

Dataset: 20190607141937008-48
LYZERS EXPERIMENTS COLLECT

o8I

4%

fou

B

D B SS E Department of Biosystems Science and Engineering so‘ °°°° 16.10.23 | 22
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General-purpose projects :: openBIS Importer Toolset (oBIT)

V] s |E r t2
Home Share View
@ ’ &) Burn to disc v
= Print ® No shortcuts available .
Share  Email Zip Remove  Advanced
& Fax access security
Send Share with

&« v P « Micros... > Experiment 2 v D £ Search Experiment 2

Name Date modified Type Size o »
2d10MDCK DAPL.nd2 LIM images 323,752 KB ZU ‘ IC
aaron_3Ch.nd2 LIM images 6,344 KB

aaron_Drosoph_multiple-xy_2Ch_5z.nd2 LIM images 92,616 KB . . .
Captured for 4.nd2 LIM images 2,780 KB SCIentIfIC IT SerV|ces
Performance Tracking Report_70um_14012015.pdf Adobe Acrobat D... 64 KB

Performance Tracking Report_100um_19012015.pdf Adobe Acrobat D... 64 KB

Test.nd2 LIM images 116,000 KB

Test001.nd2 LIM images 76,188 KB

Test13.2.13.nd2 LIM images 172,548 KB

r
the DataStore Serve
.t view 0N
Direc
9 items =

D B SS E Department of Biosystems Science and Engineering so‘ °.°° 16.10.23 | 23
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Expert-driven projects

Target audience Several users

Specificity Specialized but scalable

Team composition Me and field experts (with user
feedback)

Problem focus Niche problems

Complexity Complex

Scalability Moderate

User input Initial and iterative (at release)

Project time Moderate to long

Resource allocation High
Field knowledge Very high (experts)

Code quality/testing  High

D B SS E Department of Biosystems Science and Engineering so‘ OOOO 16.10.23 | 24
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Expert-driven projects

Three example projects

SpectraSorter
pyPOCQuant
pyMINFLUX

D B SS E Department of Biosystems Science and Engineering so‘ °°°° 16.10.23 | 25
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I Duncombe T. A., Ponti A, Dittrich P. S. SoftwareX, Volume 19, 2022, 101160 DOI:10.1016/j.s0ftx.2022.101160 I

EX p e rt - d r | ven p I"Oj e Ct S S p e Ct ra S o) rt er Duncombe T. A, Ponti A., Seebeck F. P., Dittrich P. 5. 2021. DOI: 10.1021/acs.analchem.1c02822

spacing spacing
(o] oil
Enzymatic
reactions

optical optical

Droplet Injection

Goal
Design a microfluidic platform
for the high-throughput analysis
of (enzymatic) reactions inside
small droplets.

fiber

UV-VIS Detection

200 to 1050 nm
(0.4 nm resolution)
Decision point

“natural path”

electrodes

Sorting

400V at1 kHz (1 - 20ms)
Selection

Waste

Expert: Todd Duncombe, Petra Dittrich Group, D-BSSE ETHZ
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I Duncombe T. A,, Ponti A, Dittrich P. S. SoftwareX, Volume 19, 2022, 101160 DOI:10.1016/j.s0ftx.2022.101160 I

Expe rt_d rlven p rojects SpectraSorte r Duncombe T. A, Ponti A, Seebeck F. P, Dittrich P. . 2021. DO 10.1021/acs.analchem.1c02822
.8 \ _ In droplet microfluidic platforms, droplets containing cells or reagents
£ 8 R o 9 B D flow though capillaries. Inside each droplet, a reaction takes place, and the
o = \ '/ output is measured by some means. These platforms aim at achieving high-
s 0 . :
2 - . throughput and/or massively parallel analytics.
e - "'
E o Previous approaches were very low throughput (1-10 droplets / second) and used fluorescence
% - B microscopy to measure single-wavelength absorbance in the visible spectrum.
> 0 reactions
P -
¥ § optical Recent label-free UV-vis spectroscopy interrogates molecular structures directly by chemical
E 8 absorbance of incident light over a large spectrum (200 to 1050 nm)
S o
()] —_
A
3 . Our microfluidic platform (UVADS) can perform screening assays
> (0.4 nm resolution) y
> — of enzymatic activity in droplets of bacterial micro-colonies b
5 = . y y y
ecision poin . . . -
G o | g directly measuring the conversion to product by UV-vis
=3k || electrodes ke :
S spectroscopy and sort selected droplets using electrodes.
> 400V at 1 kHz (1 - 20ms)

Selection

Waste 200 pm

High-throughput label-free chemical identification
in droplets and on-demand collection (via
electrodes)

D B SS E Department of Biosystems Science and Engineering sc‘ °.°° 16.10.23 |27
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Expert-driven projects :: SpectraSorter

c

L ‘g —
o B spacing spacing

s 2 (o]]| (o]]|

°a £
T B f\

a 9o

e @
O (@]
©
3

© < Enzymatic
2 g reactions
L

o (&) -

® QO optical

1 d

o o fiber
= (]

o 2

> 2

3 > sp! oter
— | 200 to 1050 nm

I> (0.4 nm resolution) T
>
3 g Decision point
=B | elecirodes e e
> 3
> 400V at 1 kHz (1 — 20ms) —

Selection Waste 200 pm

High-throughput label-free chemical identification
in droplets and on-demand collection (via

electrodes)
DBSSE

Department of Biosystems Science and Engineering

Duncombe T. A., Ponti A., Dittrich P. S. SoftwareX, Volume 19, 2022, 101160 DOI:10.1016/j.s0ftx.2022.101160
Duncombe T. A., Ponti A., Seebeck F. P., Dittrich P. S. 2021. DOI: 10.1021/acs.analchem.1c02822

https://github.com/SpectraSorter/SpectraSorter

> 5V —— electrodes

— Serial

A Droplets  Integration

OceanFX Spectrophotometer

Time
s Jras @ ™, [OceanFx
R A
‘ : ARDUINO + Spectrophotometer
Communication

Arduino Mega 2560

2.1 kHz—

. Computer Data Processing

SpectraSorter and Thresholding

l Arduino Communication

and Trigger Delay
USB COM X Trigger "
Sorting . <«— | Arduino 1
T | J e = . . calibrated
T = e Y
MWM“ Lo Selection Sorted Waste
ni e -_— Droplets -

SpectraSorter

CHC

SCF o000

Single Cell Facility

SpectraSorter combines high-speed spectra acquisition,
real-time data processing, customizable data visualization,
precise control of external triggering using any multi-
spectral feature, configuration management, and more.
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https://github.com/SpectraSorter/SpectraSorter

Duncombe T. A., Ponti A, Dittrich P. S. SoftwareX, Volume 19, 2022, 101160 DOI:10.1016/j.s0ftx.2022.101160

EX p e rt - d r | ven p I"Oj ec t S S p e Ct ra S o) rt er Duncombe T. A, Ponti A., Seebeck F. P., Dittrich P. 5. 2021. DOI: 10.1021/acs.analchem.1c02822

&= SpectraSorter 03.2 = X
File A Process Plot Help

M SpectraSorter runs four parallel queues:
» e e e e« Acquisition queue: collects up to 4500 spectra/s from
J = - the spectrometer
] ]* [ ’F | ' o e Compute queue: performs all operations to decide if
« | , ﬂ i1 | “‘ | poyeun® an event should trigger the Arduino microcontroller
i \ 1 | ’h ‘ ; o ooy (low-pass filtering, transformation for absorbance or transmission, dark- and
\[ ........................ N | - | - | ‘ reference-correction, testing against all user-defined thresholds, triggering via
- | |- (— e = Arduino)
s ‘ | v

: | : | ; | * Plotting queue: plots the last spectrum at very low
. rate (10 Hz) for visual feedback

] * Saving queue: writes to file the processed

wavelengths
(either a selection, a range, or the full spectrum)

Acquisiton time [ms] (last 2000 points)

ecenve
T T T T 1 Spectra/sec
239280 273049 306819 3405.89 374359 408129 ;i -
Spectra/Request 4
Total Requests 9
[Live] Time series tal Byt 0 byte -
§# OceanfX (USB): Connected [} Arduino: Connected W Filtering: On ~ « I Output: Absorbance - [ Saving to file: Off « () System timer accuracy: 100 ns.
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Duncombe T. A., Ponti A, Dittrich P. S. SoftwareX, Volume 19, 2022, 101160 DOI:10.1016/j.s0ftx.2022.101160

EX p e rt - d r' i Ve n p r'oj e C t S : : S p e Ct r’a S O r’t e r' Duncombe T. A,, Ponti A,, Seebeck F. P., Dittrich P. S. 2021. DOI: 10.1021/acs.analchem.1c02822

a5 Wavelen u p 4 .
e The Wavelength Hub allows selection of any number of wavelengths that:
Wavelength Threshold  Trigger Above threshold Time series  Save
200 0.5 %] %] %]
250 0.2 ] O % %] . . . .
% o 0 = 0 » actasathreshold for atriggering event (and in which way)
365 0 O %] % %]
- g g S g * will be displayed in the plotter as time series and/or as full spectra
500 0 O %] %] O . .
o o O o 0 = * will be saved to disk
801 0 O %] O O
1000 0 O %] O %]
v 1030 0 O ~ O %]
Saving \ r , -— -~ f -— " , - -~ r——
[[] save range instead of individual wavelengths Select range -4 l!l R elm—" ——
Wavelengths currently saved: 200, 250, 365, 400, 600, 1000, 1030 (nm) ) acrivated
Triggering ( \ |
[ enable [ Anthresholds must be satisfied to trigger ! (\ d;gf:ee‘;s
More parameters can be set in the Arduino tab of the main application window.

D | r | b ] ﬂ
| | L | |
L \ A\ AR | |

| b | R | Ry
e | |||
D BSSE Department of Biosystems Science and Engineering SOF °°°° 16.10.23 | 30
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Expert-driven projects :: SpectraSorter

Expert contributions

Todd Duncombe: development of the UVADS methodology and the microfluidics chip
Aaron Ponti: software development

Users

Petra Dittrich group
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Expert-driven projects :: pyPOCQuant

https://en.wikipedia.org/wiki/SARS-CoV-2
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Expert-driven projects :: pyPOCQuant

On request by
Baselland Test Center (via Biolytix AG)

Requirements

1. Quantify the levels of IgG and IgM
antibodies in patients’ blood samples
over time to study the body’s
immune response to SARS-CoV-2

2. Associate patient metadata to each
analysis and store the results in a
database

Experts:
Fabian Rudolf, Bundesamt fur Gesundheit, CH
Andreas Cuny, Joerg Stelling group, D-BSSE ETHZ

https://en.wikipedia.org/wiki/SARS-CoV-2
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Image source: https://www.acebiolab.com/EN/news/44

Expert-driven projects :: pyPOCQuant

Sample Pad Conjugate Pad Test Line  Control Line Absorption Pad

T | Mg | 4 ¥y T *
o L LYy A S 5

Antigen (Ag) test

2
@ | | Hﬂ” § Direction of sample flow
o LE° r% €
_ _ Y ‘S B /J\jf{’ N A 1
Plastic h ‘ & B 91 i - I
astic housing : oW, i ‘ﬁ.f ? J’W N ] :
[ N —— ) Y — Qi s e s s e e s /
. Y\¢ Gold conjugated Anti- . . .
Lateral-flow point-of-care tests (POCTSs) O sarscov Y oy AntsaRs-Cov-2antibody  S\fSecondary antibody
Test Line
Sample Pad Conjugate Pad IlgM lgG Control Line Absorption Pad
Eaaanas Torv— B F ¥ \
. 1 LT ,3\ 2 I 4 N \\r’ 1 I
Antibody (Ab) test ~ i It Sl Sl }f qF ¥ ]
g Direction of sample flow
I
e ﬁ =0 m ] eeAemamamam—m——— - - - - ij(’ 7 {\/, 4 P e
' ‘ 1
\\r/ \\ﬁ, i t i 7 1(/ V. ]

Plastic housing @_\\f_r_ _\\_ﬁ__ ,' H e j‘:f: :3:8: H ;r: ;r/i(: 4 : :\ ________ J:
Lateral flow Point-Of-Care Tests (POCTs) are a valuable tool for N SARS-CoV-2 1eM @ Gold conjugated N . . N .. - .
rapidly detecting pathogens and the associated immune response \]ﬁ/ OT<BY @ SsARs-Cov-2antigen W(Ant"Human M antibody W(Ant"Rabb't lgGantibody
inh imals. i
in humans and animals N[ saRs-cov-2 IgG \\If et N Anti-Human 1gG antibody
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Expert-driven projects :: pyPOCQuant

Sudden, high demand for roblist and
guantitative analysis of POCTs from
different vendors and from large

/ numbers of images

Whicy,
One S
are Wantitag,,.,

No freely available pipelines for
robust, large-scale batch processing

: ests.

we
aders, but theY ™ types Of t

ial re /
There were commerCla' tible with certain
n

proprietary; @

https://en.wikipedia.org/wiki/SARS-CoV-2
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Expert-driven projects :: pyPOCQuant

Configuration file

A O

DBSSE

O

GUI main

Configuration file

https://gitlab.com/csb.ethz/pypocquant

https://gitlab.com/csb.ethz/pypocquantui

* Interactive parameter |,
definition |

Metadata retrieval

POCT segmentatio

n

Sensor segmentation

* Test parameters
* Run pipeline

* Read image

* Process image

* Read metadata

* Read case metadata

L |

Split images

* Detect POCT area
(QR code box)

* Rotate image

» Extract POCT

* Fine align

* Correct POCT
orientation

e

« Extract sensor search
area

» Search and center
sensor

» Extract sensor

Test-line quantification

Ea

QR label generator

* Split mixed set of POCT
images by type into
subfolders

* Encode sample ID & |,
info as QR code

» Generate label printer
sheet

e

0‘0

A\
A\ \

Department of Biosystems Science and Engineering

S OHE . @

SCF o000

Single Cell Facility

pyPOCQuant

* Calculate median profile

 Estimate and substract
background

« Estimate noise

* Detect and test TL
candidates

* Integrate TL signal

* Assign TL

* Quantify signal

Result dataframe (with patient metadata)

16.10.23

36


https://gitlab.com/csb.ethz/pypocquant
https://gitlab.com/csb.ethz/pypocquantui

Expert-driven projects :: pyPOCQuant

 We needed to be able to analyse batches of hundreds to thousands of tests with very low failure rate

« However, several parameters strongly affect the robustness of our quantitative analysis:

DBSSE

illumination varia bility (given by acquisitions performed at different times of the day, weather conditions, shadows, reflections)
scaling and orientation of the IMages (due to freehand shots with cameras or smartphones)
intensity corrections by the camera (intensity stretching, white balancing, and compression) and its file formats (e.g. RAW vs. JPG)

different sizes, colors, and shapes of POCTs from different vendors
random positioning and orientation of the POCT in the field of view

often difficult localization of the detector window

Department of Biosystems Science and Engineering sOF °°°° 16.10.23 | 37
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I Slide courtesy: Andreas Cuny I

Expert-driven projects :: pyPOCQuant

Patient
metadata
(QR code)

|
POCT

D B SS E Department of Biosystems Science and Engineering

Template

Smartphone
mount
w/ phone

POCT
mount

Photobox
w/ SLR

Template

POCT
mount

Work by Andreas Cuny
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Expert-driven projects :: pyPOCQuant

User defines window and test line
positions (and number)
|

4 pyPOCQuant: Point of Care Test Quantification tool [build: v 1.1.0 Windows 64bit]

= a X
File Tools 7Help
7 MOl ™>C DR Q QB
- Select the input folder 1
C:\Users\Localadmin\Desktop\ui_images\sample_image ‘ Browse
Select the output folder (optional; if empty a subfolder is created automatically) = r 1
.- C:\Users\Localadmin\Desktop\ui_images\sample_image \pipeline 4} Browse 6 ; -.
. = IMG_8489.PG 3
= Img0619.jpg |
’ g {
L —c—
Parameter Value @

Al Runtime parameters

Number of cores (max=96) 2 =)
o 10 5
Verbose ™M
Al Basic parameters 4
|nteraCtlvely Create Number of sensor bands 3 h

Control band index -1
and save a — v EEEp—
configuration for :’ :'g“
batch processing 2 al
v Band expected relative location 8
0 025 S
S Test parameters 9 Run 1 1

Extracting POCT from image finished

successfully

Automatic
extraction of
POCT

2021-01-05 15:14:30 -
2021-01-05 15:16:15 -
2021-01-05 15:16:17 -
2021-01-05 15:16:18 -

ui.mainwindow - Extracting POCT from image finished successfully.
ui.mainwindow - Drawing sensor corner 1
ui.mainwindow - Drawing sensor corner 2
ui.mainwindow - Drawing sensor corner 3

SCF o000

Single Cell Facility

D BSSE

Department of Biosystems Science and Engineering
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Expert-drlven prOJeCtS o pyPOCQuant User defines window and test line

positions (and number)
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Expert-driven projects :: pyPOCQuant

Run from console

python pyPOCQuant.py -f examples/images -o examples/images/results -s examples/config.conf -w 4

/

Run from scripts or notebooks

from pypocquant.lib.pipeline import run_pipeline
from pypocquant.lib.settings import default_settings

# Get the default settings
settings = default_settings()

# Change settings manually as needed
settings["sensor_band_names"] = ('igm', ‘'igg', 'ctl')

Alternatively, load existing settings file

.

#

# from pypocquant.lib.settings import Load_settings

# settings = Load_settings('full/path/to/settings/file.conf"')
# Set final argument

input_folder_path = 'full/path/to/input/folder’
results_folder_path = 'full/path/to/results/folder’
max_workers = 8

# Run the pipeline
run_pipeline(
input_folder_path,
results_folder_path,

**settings, /
max_workers=max_workers

)

D B SS E Department of Biosystems Science and Engineering

Run from user interface

4 pyPOCQuant: Point of Care Test Quantification tool [build: v 1.1.0 Windows 64bit]
File Tools 7Help
Mol >C OokEaQ Q. |« B

Select the input folder

C: \Users\Localadmin\Desktop\ui_images\sample_image Browse
Belect the output folder (optional; if empty a subfolder is created automatically) "~
C: \JUsers\Localadmin\Desktop\ui_images\sample_image \pipeline < ‘ Browse
= IMG_8489.JPG 3
<) Img0619,pg
Parameter Value

bl Runtime parameters

A Number of cores (max=96) 2 -I O =)
%}

Qc
Verbose %]

Wowicpmees |
Number of sensor bands 3

Control band index -1
Vv Sensor band names

0 igm
B igg
2 ctl
v Band expected relative location 8
0 0.25
Test parameters 9 rn |1

2021-01-05 1! 30 - ui.mainwindow - Extracting POCT
2021-01-05 1! 15 - ui.mainwindow - Drawing sensor g
2021-01-05 1! 17 - ui.mainwindow - Drawing se
2021-01-05 15:16: 18 - ui.mainwindow - Drawing

SCF o000

Single Cell Facility
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Expert-driven projects :: pyPOCQuant

a b
sod — Raw profile 80 - Corr. profile
-—- Est. bkgnd B Peak max
—— Bkgnd offset —@— TL2 local BD
60 1 —®— TL1 local BD Analysis results
—&— Ctl TL local BD Patient metadata
a0 Fegiksgint. Sl Experiment metadata
-—-=- Est. bkgnd
20 Fe== SE=E=
0 50 100 150 200

100 150 200
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Expert-driven projects :: pyPOCQuant

And more!

150 A
100 A
50

Signal (a.u.)

1501 AUGURIX -

BIOTIME -
BIOZEK A

CTK BIOTECH A
MEXACARE -
LUMIRATEK +
LUNGENE -
MEDSAN -
NTBIO A
HIGHTOP A
PROGNOSIS A
SURE BIOTECH A
TAMIRNA -
TECHNOGENETICS A

100 200 300 0 100 200 0.9 1.0 091.0
Length of signal profile and images (px) Accuracy
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Expert-driven projects :: pyPOCQuant

Work by Andreas Cuny

Expert contributions

Fabian Rudolf: development of the testing methodology, field work, and project management
Andreas Cuny: development of hardware components of pyPOCQuant, application development
Aaron Ponti: computer vision algorithm development, application development

Users

. . . New hardware prototype (with touch
* Baselland Test Center (via Biolytix AG) screen and Raspberry Pi 4 Model B)
* Swiss Tropical and Health Institute (TPH), Basel for the Swiss Armed Forces
* Fachhochschule Nordwestschweiz (FHNW), Muttenz e 5 g
e Swiss Armed Forces <« Large-scale testing before Rekrutenschule Summer 2020 '

* Canton Grisons and Swiss Federal Office of Public Health
(Kantonaler Fiihrungsstab Graubiinden)

* Purdue University, Indiana, USA

* Test centers in Argentina and Greece

Adapted user interface (and template)
for the new hardware

D B SS E Department of Biosystems Science and Engineering so‘ °°°° 16.10.23

Single Cell Facility

Cuny A. P., Rudolf F., Ponti A. SoftwareX 15:2021, 100710. DOI: 10.1016/j.s0ftx.2021.100710
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Expert-driven projects :: pyMINFLUX

. abber-ior

Expert: Javier Casares Arias, Single Cell Facility, D-BSSE ETHZ
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Slide courtesy: Javier Casares Arias

Expert-driven projects :: pyMINFLUX

QC sample: Nuclear pore complex imaging _ - Diffraction-limited confocal

Top view Side view

c  EM density d side view e topview

= .U.a ."\'
e 7
o e K, i < ‘ NPCs have
P 8-fold
{:/7,,7 % % symmetry
e o2
doi: 10.1038/s41592-019-

C-termini of 0574-9
Nup96 U20S/Nup96-SNAP + BG-AF647

Cell
nucleus
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https://doi.org/10.1038%2Fs41592-019-0574-9
https://doi.org/10.1038%2Fs41592-019-0574-9

I Slide courtesy: Javier Casares Arias I

Expert-driven projects :: pyMINFLUX

z 2D PALM/STORM
STED with GSDIM/PAINT
Confocal doughnut
Confocal
deconvolved AiryScan
3D \ 3D PALM/STORM/
STED { GSDIM/PAINT
\ e MINELUX
S ~1 nm
h
200 nm 50_nm
Modified from Sahl, S. J., Hell, S. W., & Jakobs, S. (2017) X
XY| 200 nm 150 nm | 120 nm | 30 nm | 50 nm | 20 nm | 20 nm | 1 nm |
Z | 600nm | 400nm | 350nm | 600nm | 150nm | 600nm | 100nm | inm |
D BSSE Department of Biosystems Science and Engineering gggfell’F:ciolit’y 16.10.23 | 47



Expert-driven projects :: pyMINFLUX

When the minimum at the center of the
excitation donut and the fluorophore overlap
there is no excitation, and thus no emission

Beam position = Fluorophore position

D B SS E Department of Biosystems Science and Engineering sc‘ o.oo Title 16.10.23 | 48
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Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an iterative approach

* x X

Ry

D B SS E Department of Bio

systems Science and Engineering

SCF o000

Single Cell Facility

Title

16.10.23 | 49



Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an ig Toereach

MINFLUX iteration:
1. Define scanning region according to
previous estimation

ITERATION 1
L=150 nm

Photon count

Position

D B SS E Department of Biosystems Science and Engineering so‘ °°°° Title 16.10.23 | 50
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ETH:zurich

Estimate fluorophore position with spot-shaped beam

MINFLUX iteration:

1. Define scanning region according to
previous estimation

2. Register emitted photons from every
position in the pattern

ITERATION 1
L=150 nm

Photon count

Position

D B SS E Department of Biosystems Science and Engineering so‘ °.°° Title 16.10.23 | 51
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Expert-driven projects :: pyMINFLUX

Localization: an ig Toereach

MINFLUX iteration:

1. Define scanning region according to
previous estimation

2. Register emitted photons from every
position in the pattern

ITERATION 1
L=150 nm

Photon count

Position

D B SS E Department of Biosystems Science and Engineering SOI °.°°

Single Cell Facility

Estimate fluorophore position with spot-shaped beam

Title

16.10.23
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Expert-driven projects :: pyMINFLUX

Localization: an ik

MINFLUX iteration:

1. Define scanning region according to
previous estimation

2. Register emitted photons from every
position in the pattern

ITERATION 1
L=150 nm

Photon count

Position

D B SS E Department of Biosystems Science and Engineering sc‘ o.oo

Single Cell Facility

Estimate fluorophore position with spot-shaped beam

Title

16.10.23
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Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an ig Toreach

MINFLUX iteration:

1. Define scanning region according to
previous estimation

2. Register emitted photons from every
position in the pattern

ITERATION 1
L=150 nm

Photon count

Position
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pYMINFLUX

Expert-driven projects ::

Localization: an ig Toereach

DBSSE

Department of Biosystems Science and Engineering

Estimate fluorophore position with spot-shaped beam

MINFLUX iteration:

1. Define scanning region according to
previous estimation

2. Register emitted photons from every
position in the pattern

3. Analyse photon counts and refine
fluorophore position estimation

ITERATION 1
L=150 nm

Photon count

Position

sOF 0000 Title

Single Cell Facility



Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an iterative approach

DBSSE

Department of Biosystems Science and Engineering

MINFLUX iteration:

1.

Photon count

Define scanning region according to
previous estimation

Register emitted photons from every
position in the pattern

Analyse photon counts and refine
fluorophore position estimation
Decrease “L”

ITERATION 1
L=150 nm

Position

sOF 0000 Title

Single Cell Facility
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Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an iterative approach

MINFLUX iteration:

1. Define scanning region according to
previous estimation

2. Register emitted photons from every
position in the pattern

3. Analyse photon counts and refine
fluorophore position estimation

4. Decrease “L”

ITERATION 1 ITERATION 2

L=150 nm L=90 nm
=
>3
o
(&)
c
o
©
e
o

— —| .
Position Position
D BSS E Department of Biosystems Science and Engineering SOF o.oo Title

Single Cell Facility

16.10.23
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Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an iterative approach

D BSSE

Department of Biosystems Science and Engineering

MINFLUX iteration:

1.

Photon count

Define scanning region according to
previous estimation

Register emitted photons from every
position in the pattern

Analyse photon counts and refine
fluorophore position estimation
Decrease “L”

ITERATION 1 ITERATION 2
L=150 nm L=920 nm

Position Position

scF o.oo Title

Single Cell Facility
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Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an iterative approach

D BSSE

Department of Biosystems Science and Engineering

MINFLUX iteration:

1.

Photon count

Define scanning region according to
previous estimation

Register emitted photons from every
position in the pattern

Analyse photon counts and refine
fluorophore position estimation
Decrease “L”

ITERATION 1 ITERATION 2
L=150 nm L=920 nm

Position Position

SOF °.°° Title

Single Cell Facility
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Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an iterative approach

D BSSE

Department of Biosystems Science and Engineering

MINFLUX iteration:

1.

Photon count

Define scanning region according to
previous estimation

Register emitted photons from every
position in the pattern

Analyse photon counts and refine
fluorophore position estimation
Decrease “L”

ITERATION 1 ITERATION 2
L=150 nm L=920 nm

Position Position

scF o.oo Title

Single Cell Facility
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Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an iterative approach

DBSSE

Department of Biosystems Science and Engineering

MINFLUX iteration:

1.

Photon count

Define scanning region according to
previous estimation

Register emitted photons from every
position in the pattern

Analyse photon counts and refine
fluorophore position estimation
Decrease “L”

ITERATION 1 ITERATION 2
L=150 nm L=920 nm

Position Position

SOF °°°° Title

Single Cell Facility
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Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an iterative approach

DBSSE

Department of Biosystems Science and Engineering

MINFLUX iteration:

1.

Photon count

previous estimation

position in the pattern

Define scanning region according to
Register emitted photons from every

Analyse photon counts and refine

fluorophore position estimation

Decrease “L”

ITERATION 1
L=150 nm

Position

SCF o000

Single Cell Facility

ITERATION 2
L=920 nm

Position

ITERATION
L=40 nm

3

Position

Title
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Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an iterative approach

D BSSE

Department of Biosystems Science and Engineering

MINFLUX iteration:

1.

Photon count

Define scanning region according to
previous estimation

Register emitted photons from every
position in the pattern

Analyse photon counts and refine
fluorophore position estimation
Decrease “L”

ITERATION 1 ITERATION 2 ITERATION 3
L=150 nm L=920 nm L=40 nm

Position Position Position

SOF °.°° Title

Single Cell Facility
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Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an iterative approach

D BSSE

Department of Biosystems Science and Engineering

MINFLUX iteration:

1.

Photon count

Define scanning region according to
previous estimation

Register emitted photons from every
position in the pattern

Analyse photon counts and refine
fluorophore position estimation
Decrease “L”

ITERATION 1 ITERATION 2 ITERATION 3
L=150 nm L=920 nm L=40 nm

_ || |

Position Position Position

SOF °.°° Title

Single Cell Facility
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Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an iterative approach

D BSSE

Department of Biosystems Science and Engineering

MINFLUX iteration:

1.

Photon count

Define scanning region according to
previous estimation

Register emitted photons from every
position in the pattern

Analyse photon counts and refine
fluorophore position estimation
Decrease “L”

ITERATION 1 ITERATION 2 ITERATION 3
L=150 nm L=920 nm L=40 nm

_ | |

Position Position Position

SOF °.°° Title

Single Cell Facility
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Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an iterative approach

D BSSE

Department of Biosystems Science and Engineering

MINFLUX iteration:

1.

Photon count

Define scanning region according to
previous estimation

Register emitted photons from every
position in the pattern

Analyse photon counts and refine
fluorophore position estimation
Decrease “L”

ITERATION 1 ITERATION 2 ITERATION 3
L=150 nm L=920 nm L=40 nm

_ | | T

Position Position Position

scF o.oo Title

Single Cell Facility
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Expert-driven projects :: pyMINFLUX

Estimate fluorophore position with spot-shaped beam

Localization: an iterative approach

DBSSE

¢

FLUOROPHORE
LOCALIZATION

Department of Biosystems Science and Engineering

MINFLUX iteration:

1.

Photon count

Define scanning region according to
previous estimation

Register emitted photons from every
position in the pattern

Analyse photon counts and refine
fluorophore position estimation
Decrease “L”

ITERATION 1 ITERATION 2 ITERATION 3
L=150 nm L=920 nm L=40 nm

Position Position Position

SOF °°°° Title

Single Cell Facility
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Operation modalities

Localization

Lo

*

)_¢

*

*

*
) ¢

kX

ARK X

w
w
w

)¢
*

*

* &

1. Fluorophores are localized 1 by 1

D B SS E Department of Biosystems Science and Engineering

0
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Operation modalities

Localization

****

W e

1. Fluorophores are localized 1 by 1
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Operation modalities

Localization

*
» *
aflaliet
* *
% w
Ak kX KX
lof W
X
#
** g

1. Fluorophores are localized 1 by 1
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Operation modalities

Localization

w
**
. w
w w
* ***
x K%
lol r
**
w
** g

1. Fluorophores are localized 1 by 1
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Operation modalities

Localization

kX

* »

1. Fluorophores are localized 1 by 1
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Operation modalities

Localization

w
a X
o w
w w
% w
X hHKK
lof *
**
w
** g

1. Fluorophores are localized 1 by 1
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Operation modalities

Localization

x
« X
XX
x x
X X
% % % % % X
X X
*
x
it* % o

1. Fluorophores are localized 1 by 1
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Operation modalities

Localization

D B SS E Department of Biosystems Science and Engineering

X
% X X
X
X X
X X
w X %X X X X
X X
X
X X
XX X)(
3nm-2D
5nm - 3D

SCF o000

Single Cell Facility

Title

16.10.23 | 75



Expert-driven projects :: pyMINFLUX
Operation modalities

Localization

X
% X
X
x x
X X
% % % % % X
X X

X
X

¢
X X
> X

1. Fluorophores are localized 1 by 1
2. Coordinates turned into an image
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Look-up table: localization density

(Red = 1) - (White = 10) fluorophores / pixel

At this stage, we hadn’t bough
the microscope yet...

What we had:
* No localization data
* Low-res raster images

Testing phase Binned imagemixelsize=4nmx4nm)

D B SS E Department of Biosystems Science and Engineering sc‘ Oooo 16.10.23 | 79
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At this stage, we st/l/hadn't
bough the microscope

What we had:
* Undocumented .npy files

Testing phase

import numpy as np

data = np.load("2D_FA-IIF-AF467.npy")
data
array([([(0, 88459982, [ 9.20032180e-06, -2.84379534e-06, 0.00000000e+00], [ 9.20032180e-06, -2.84379534e-06, 0.00000000e+00], 191, 0, 47754.77547755,
nan, 0, 0.00000000e+00, 0.60512821, [2.880e-07, 2.880e-07, 2.880e-07], -2.72992425e-06, 9.32873000e-06, 0.00000000e+00, 0.00000000e+00, 6., -1.13871094e-07,
-1.28408203e-07, 0., 1000.10001 o @k 89006469, [ 9.19750490e-06, -2.87824359e-06, 0.00000000e+00], [ 9.19750490e-06, -2.87824359e-06, 0.00000000e+00], 227
. 16, 75685.58806368, 5333.33333333, 0, 7.03125000e-02, 0.59030837, [2.880e-07, 2.880e-07, 2.880e-07], -2.84430902e-06, 9.20005812e-06, 0.00000000e+00, 0.00000
000e+00, 0., -3.39345703e-08, -2.55322266e-09, 0., 0. (2% 89268980, [ 9.19598929e-06, -2.84938952e-06, 0.00000000e+00], [ 9.19598929e-06, -2.849389
52e-06, 0.00000000e+00], 113, 37, 56514.12853213, 18500. , 0, 3.26324463e-01, 0.60504202, [1.512e-07, 1.512e-07, 1.512e-07], -2.84430902e-06, 9.20005812e-
06, -3.39150003e-08, -2.55535439e-09, 0., 2.88344971e-08, -1.51347656e-09, 0., 2500.31253907), (3, 89444092, [ 9.19754484e-06, -2.84625514e-06, 0.00000000e+00]
. [ 9.19754484e-06, -2.84625514e-06, 0.00000000e+00], 134, 15, 33508.37709427, 3750. . 0, 1.11694336e-01, 0.57333333, [7.560e-08, 7.560e-08, 7.560e-08],
-2.84430902e-06, 9.20005812e-06, -5.08727986e-09, -4.03714576e-09, 0., 3.14115601e-09, 1.52385864e-09, 0., 3500.43755469), (4, 89794002, [ 9.19480421e-06, -2.8
4745348e-06, 0.00000000e+00], [ 9.19480421e-06, -2.84745348e-06, 0.00000000e+00], 163, 74, 32608.15203801, 14800. , B, 4.53918457e-01, 0.5398773 , [3.960
e-08, 3.960e-08, 3.960e-08], -2.84430902e-06, 9.20005812e-06, -1.92328255e-09, -2.50337760e-09, 0., -1.22118530e-09, -2.75053711e-09, 0., 0. RO 85,22
4485005e+00, 85, True, False, 255, 2),
([(e, 90231348, [ nan, nan, nan], [ nan, nan, nan], 6, 0, nan,
nan, 0, -3.05175781e-05, nan, [2.880e-07, 2.880e-07, 2.880e-07], -2.84780267e-06, 9.19443312e-06, 0.00000000e+00, 0.00000000e+00, 0., 0.00000000e+00,
0.00000000e+60, 0., 1000.10001 ), (1, 90231482, [ nan, nan, nan], [ nan, nan, nan], 0
p 0, nan, nan, 0, -3.05175781e-05, nan, [2.880e-07, 2.880e-07, 2.880e-07], -2.84780267e-06, 9.19443312e-06, 0.00000000e+00, 0.00000
000e+00, 0., ©.00000000e+00, 0.00000000e+60, 0., 0. Ny (@ 90231616, [ nan, nan, nan], [ nan,
nan, nan], 0, E nan, nan, 0, -3.05175781e-05, nan, [1.512e-07, 1.512e-07, 1.512e-07], -2.84780267e-06, 9.19443312e-
06, 0.00000000e+00, ©0.00000000e+00, 0., 0.00000000e+00, ©.00000000e+00, 0., 2560.31253907), (3, 90231750, [ 9.19323572e-06, -2.84738854e-06, 0.00000000e+00]
, [ 9.19323572e-06, -2.84738854e-06, 0.00000000e+00], 118, 34, 39343.16912561, 11333.33333333, 0, 2.87414551e-01, 0.54615385, [7.560e-08, 7.560e-08, 7.560e-08],
-2.84780267e-06, 9.19443312e-06, 0.00000000e+00, ©.00000000e+00, 0., 4.14129639e-10, -1.19739990e-09, 0., 3500.43755469), (4, 90494261, [ 9.19419659e-06, -2.8
4464290e-06, ©0.00000000e+00]1, [ 9.19419659e-06, -2.84464290e-06, 0.00000000e+00], 163, 81, 27173.46003167, 13500. . B, 4.96856689e-01, 0.52760736, [3.960
e-08, 3.960e-08, 3.960e-08], -2.84780267e-06, 9.19443312e-06, 4.16481912e-10, -1.18701399e-09, 0., 2.74328613e-09, 9.50482178e-10, 0., 0. il G, G5y 22
6235652e+00, 85, True, False, 255, 2),
(re, 93567627, [ 6.49866944e-06, -3.91167479e-06, 0.00000000e+00], [ 6.49866944e-06, -3.91167479e-06, 0.00000000e+00], 165, 0, 82508.25082508,
nan, 6, 0.00000000e+00, 0.67065868, [2.880e-07, 2.880e-07, 2.880e-07], -4.07989745e-06, 6.67882765e-06, 0.00000000e+00, 0.00000000e+00, 0., 1.68222656e-07,
-1.80158203e-07, 0., 1000.10001 ), (1, 93841025, [ 6.46988966e-06, -3.95146385e-06, 0.00000000e+00], [ 6.46988966e-06, -3.95146385e-06, ©.00000000e+00], 274
, 155, 274068.51712928, 155000. , 0, 5.62896729e-01, 0.60583942, [2.880e-07, 2.880e-07, 2.880e-07], -3.91168455e-06, 6.49812452e-06, 0.00000000e+60, 0.00000
000e+00, 0., -3.9779296%9e-08, -2.82348633e-08, 0., 0. Vo (2 93928741, [ 6.45020677e-06, -3.98208635e-06, 0.00000000e+00], [ 6.45020677e-06, -3.982086
35e-06, 0.00000000e+00], 280, 112, 280070.01750438, 112000. . 0, 3.99902344e-01, 0.5795053 , [1.512e-07, 1.512e-07, 1.512e-07], -3.91168455e-06, 6.49812452e-
06, -3.97631319e-08, -2.82287116e-08, 0., -3.06386719e-08, -1.96890381e-08, 0., 2560.31253907), (3, 94016457, [ 6.45068519e-06, -3.98938724e-06, 0.00000000e+00]
, [ 6.45068519e-06, -3.98938724e-06, 0.00000000e+00], 199, 87, 199049.76244061, 87000. , 0, 4.35424805e-01, 0.60098522, [7.560e-08, 7.560e-08, 7.560e-08],
-3.91168455e-06, 6.49812452e-06, -7.04052393e-08, -4.79192157e-08, 0., -7.29744873e-09, 4.79882812e-10, 0., 3500.43755469), (4, 94104175, [ 6.44684485e-06, -3.9
9075328e-06, 0.00000000e+00]1, [ 6.44684485e-06, -3.99075328e-06, 0.00000000e+00], 168, 105, 84021.00525131, 52500. . 0, 6.24847412e-01, 0.64606742, [3.960
e-08, 3.960e-08, 3.960e-08], -3.91168455e-06, 6.49812452e-06, -7.76898370e-08, -4.74378589e-08, 0., -1.37889404e-09, -3.84180908e-09, 0., 5000.62507813)], 6, 87, 2.3
5260437e+00, 87, True, False, 255, 2),
e
([(0, 2883933185356, [ nan, nan, nan], [ nan, nan, nan], 0, 0, nan,
nan, 0, -3.05175781e-05, nan, [2.880e-07, 2.880e-07, 2.880e-07], -4.57367997e-07, 3.65064404e-06, 0.00000000e+00, 0.00000000e+00, 0., 0.00000000e+00,
0.00000000e+00, 0., 1600.10001 ), (1, 2883933185490, [ nan, nan, nanl, [ nan, nan, nan], 0
0, nan, nan, 0, -3.05175781e-05, nan, [2.880e-07, 2.880e-07, 2.880e-07], -4.57367997e-07, 3.65064404e-06, 0.00000000e+00, 0.00000
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Expert-driven projects :: pyMINFLUX

Missing features

+ lll Pa ['aV|eW Click-and-inspect

Localization precision

Now, we bought the microscope

Acquisition 3D rendering software Fluorophore unmixing
Data export Built-in Imspector bridge Filtering options
Developed for STED Tools + Plugins Metrics comparison
Pixel-based Open-source
MINFLUX data visualization Cross-platform Not facility-friendly
requires “binning”
Licensed

: . . Fully open raw data format
Viewer version available

) . . a , NumPy, MATLAB or JSON
Windows-only . ;? AR

Documentation from Abberior

° ° 5
Production ‘. ’ )“ o w
.7 v 5 :
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pyMINFLUX

¢

Tailored for MINFLUX data

Open-access and cross-platform
GUIl-Independent API

Visualization, filtering and analysis tools

Selection tool

Data viewer

Customizable scatter plot
2-Color MINFLUX unmixing
Localization precision calculation
Manual and automatic filtering
Fourier-ring correlation analysis
Integration with Paraview

Custom .pmx format (metadata, processing parameters

DBSSE

Department of Biosystems Science and Engineering

)

Load

Reset

DCR unmixing

Single fluorophore Unmixer

Active fluorophore All

Filters

Time Inspector

Analyzer

EFO filtering

Lower bound (Hz) 12500

Upper bound (Hz) 486500
Fliter EFO

CFR filtering

Lower bound -0.07

Upper bound 1.60

Fliter CFR

Save

Export

https://qgithub.com/bsse-scf/pyMINFLUX

Options:  No color code

tid v tim

SCF oooo0

Single Cell Facility

Avg Loc (TID)

efo

@ @ PYMINFLUX v0.3.0 - [2D_Nup96SNAP-FLUX640-Nup153-1IF-FLUX680.npy]

cfr

uuuuuuu

16.10.23
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QC sample pyMINFLUX workflow
Nuclear pore complex

Raw data import

J

Manual inspection

Side view

U20S Nup96-SNAP cells
BG-Abberior Flux 640
Ms-Nup153 + 22 Flux 680

GLOX-MEA (10-15 mM)

D B SS E Department of Biosystems Science and Engineering so‘ oooo

Single Cell Facility

'K ) PYMINFLUX v0.3.0 - [230324-100449_minflux2D_Flux640-680_5,5.npy]
5]
Load
Reset
DCR unmixing
Single fluorophore Unmixer
Active fluorophore All
Filters
Time Inspector

Analyzer
EFO filtering
Lower bound (Hz) 12500
Upper bound (Hz) 486500

Fliter EFO
CFR filtering
e banny 0.07 Options: ~ No color code (<] Avg Loc (TID) X 8 v B Pot
Upper bound 1.60 tid v tim X y z efo cfr eco der dwell fluo

Fliter CFR

Save
Export
16.10.23
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QC sample
Nuclear pore complex

F-

pyMINFLUX workflow

Raw data import

J

Manual inspection

Dataset navigation

Side view

U20S Nup96-SNAP cells
BG-Abberior Flux 640
Ms-Nup153 + 22" Flux 680

GLOX-MEA (10-15 mM)

DBSSE

Department of Biosystems Science and Engineering

o000
(5]
Load
Reset
DCR unmixing
Single fluorophore
Active fluorophore All

Unmixer

PYMINFLUX v0.3.0 - [230324-100449_minflux2D_Flux640-680_5,5.npy]

Filters
Time Inspector
Analyzer
EFO filtering
Lower bound (Hz) 12500
Upper bound (Hz) 486500
Fliter EFO
CFR filtering
o b -0.07 Options: ~ No color code () Avg Loc (TID) X 8 v ] Plot
Upper bound 1.60 tid v tim X y efo cfr eco der dwell fluo
Fllter CFR 7578.. 1369.. 1669.. -478.. 0.0 39259 0.749 157 0.676 4 1
7578.. 1369.. 1668.. -478.. 0.0 38209 0.334 1N 0.668 5 1
Save 7578.. 1369.. 1668.. -478.. 0.0 42010 0.351 168 0630 4 1
Export 7678.. 1369.. 1669.. -478.. 0.0 44011 0.506 176 0620 4 1
7578.. 1369.. 1668.. -4787.1 0.0 56680 0.205 170 0.698 3 1
7578.. 1369.. 1669.. -478.. 0.0 53680 0.514 161 0.688 3 1
SCF oooco

Single Cell Facility
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QC sample pyMINFLUX workflow

Nuclear pore complex

Raw data import

J

Manual inspection
Dataset navigation

Trace coloring

Side view

U20S Nup96-SNAP cells

BG-Abberior Flux 640
Ms-Nup153 + 22 Flux 680

GLOX-MEA (10-15 mM)

D B SS E Department of Biosystems Science and Engineering

'YK ) PYMINFLUX v0.3.0 - [230324-100449_minflux2D_Flux640-680_5,5.npy]
(5]
Load
Reset
DCR unmixing
Single fluorophore Unmixer
Active fluorophore All
Filters
Time Inspector
Analyzer
EFO filtering
Lower bound (Hz) 12500
Upper bound (Hz) 486500
Fliter EFO
CFR filtering
L -0.07 Options: ~ Color-code by TID (] Avg Loc (TID) X 8 v %) Plot
Upper bound 1.60 tid v tim X y efo cfr eco der dwell fluo
Fllter CFR 7578.. 1369.. 1669.. -478.. 0.0 39259 0.749 157 0676 4 1
7678.. 1369.. 1668.. -478.. 0.0 38209 0.334 19 0668 5 1
Save 7578.. 1369.. 1668.. -478.. 0.0 42010 0.351 168 0.630 4 1
Export 7578.. 1369.. 1669.. -478.. 0.0 44011 0.505 176 0620 4 1
7578.. 1369.. 1668.. -4787.1 0.0 56680 0.205 170 0698 3 1
7578.. 1369.. 1669.. -478.. 0.0 53680 0.514 161 0688 3 i
SCF oooo 161023

Single Cell Facility
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QC sample pyMINFLUX workflow
Nuclear pore complex
Raw data import
S5 Manual inspection
Top view
Color unmixing
Slde view PhOtonSDetectorl

der =

U20S Nup96-SNAP cells
BG-Abberior Flux 640
Ms-Nup153 + 22" Flux 680

GLOX-MEA (10-15 mM)

DBSSE

Department of Biosystems Science and Engineering

Unmixer

Manual  Histogram settings
Number of fluorophores 1

X v0.3.0 - [230324-100449_minflux2D_Flux640-680_5,5.npy]

EFO filtering
Lower bound (Hz) 12500
Upper bound (Hz) 486500
Fliter EFO
CFR filtering
L -0.07 Options:  Color-code by TID e Avgloc(TID) X 8 v B  Pot
Upper bound 1.60 tid v tim X y z efo cfr eco der dwell fluo
Fllter CFR 7578.. 1369.. 1669.. -478.. 0.0 39259 0.749 157 0676 4 1
7678.. 1369.. 1668.. -478.. 0.0 38209 0.334 19 0668 5 1
Save 7578.. 1369.. 1668.. -478.. 0.0 42010 0.351 168 0.630 4 1
Export 7578.. 1369.. 1669.. -478.. 0.0 44011 0.505 176 0620 4 1
7578.. 1369.. 1668.. -4787.1 0.0 56680 0.205 170 0698 3 1
7578.. 1369.. 1669.. -478.. 0.0 53680 0.514 161 0688 3 i
SCF oooo 161023
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QC sample
Nuclear pore complex

Side view

U20S Nup96-SNAP cells
BG-Abberior Flux 640
Ms-Nup153 + 22" Flux 680

GLOX-MEA (10-15 mM)

DBSSE

pyMINFLUX workflow

Raw data import

Manual inspection

Color unmixing

Automatic filtering

Gaussian mixture
model

PhO tonSDetectorl
der =

Total

Department of Biosystems Science and Engineering

Unmixer

SET Manual  Histogram settings
Number of fluorophores 2 B3

X v0.3.0 - [230324-100449_minflux2D_Flux640-680_5,5.npy]

EFO filtering
Lower bound (Hz) 12500
Upper bound (Hz) 486500
Fliter EFO
CFR filtering
L -0.07 Options: ~ Color-code by TID (] Avg Loc (TID) X 8 v %) Plot
Upper bound 1.60 tid v tim X y efo cfr eco der dwell fluo
Fllter CFR 7578.. 1369.. 1669.. -478.. 0.0 39259 0.749 157 0676 4 1
7678.. 1369.. 1668.. -478.. 0.0 38209 0.334 19 0668 5 1
Save 7578.. 1369.. 1668.. -478.. 0.0 42010 0.351 168 0.630 4 1
Export 7578.. 1369.. 1669.. -478.. 0.0 44011 0.505 176 0620 4 1
7578.. 1369.. 1668.. -4787.1 0.0 56680 0.205 170 0698 3 1
7578.. 1369.. 1669.. -478.. 0.0 53680 0.514 161 0688 3 i
16.10.23
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QC sample
Nuclear pore complex

F-

pyMINFLUX workflow

Raw data import

Manual inspection

Color unmixing

Side view

U20S Nup96-SNAP cells
BG-Abberior Flux 640
Ms-Nup153 + 22" Flux 680

GLOX-MEA (10-15 mM)

D B SS E Department of Biosystems Science and Engineering

@ [ ] PYMINFLUX v0.3.0 - [230324-100449_minflux2D_Flux640-680_5,5.npy]
=)
Load
Reset
DCR unmixing
Single fluorophore Unmixer
Active fluorophore All
Filters

Time Inspector

Analyzer
EFO filtering
Lower bound (Hz) 12500
Upper bound (Hz) 486500
Fliter EFO
CFR filtering
T band -0.07 Options: ~ Color-code by fluorophor &3 Avg Loc (TID) X 8 v (] Plot
Upper bound 1.60 tid v tim X y efo cfr eco der dwell fluo
Fllter CFR 7578.. 1369.. 1669.. -478.. 0.0 39259 0.749 157 0676 4 1
7578.. 1369.. 1668.. -478.. 0.0 38209 0.334 191 0668 5 1
Save 7578.. 1369.. 1668.. -478.. 0.0 42010 0.351 168 0630 4 1
Export 7578.. 1369.. 1669.. -478.. 0.0 44011 0.505 176 0620 4 1
7578.. 1369.. 1668.. -47871 0.0 56680 0.205 170 0698 3 1
7578.. 1369.. 1669.. -478.. 0.0 53680 0.514 161 0688 3 1
SCF oeoo
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QC sample
Nuclear pore complex

pyMINFLUX workflow

Raw data import

Manual inspection

Color unmixing

Per-fluorophore filtering

Side view

U20S Nup96-SNAP cells
BG-Abberior Flux 640
Ms-Nup153 + 22" Flux 680

GLOX-MEA (10-15 mM)

D B SS E Department of Biosystems Science and Engineering

le illll.__._L_._ —

Analyzer

EFO filtering

..

SCF o000

Single Cell Facility

I'hh.. o

YMINFLUX v0.3.0 - [230324-100449_minflux2D_Flux640-680_5,5.npy]

Options: ~ Color-code by fluorophor &3 Avg Loc (TID) X 8 v (] Plot
tid v tim x y z efo cfr eco der | dwell | fluo
7578.. 1369.. 1669.. -478.. 0.0 39259 0.749 157 0676 4 1
7578... 1369.. 1668.. -478.. 0.0 38209 0.334 191 0.668 5 1
7578.. 1369.. 1668.. -478.. 0.0 42010 0.351 168 0.630 4 1
7578... 1369.. 1669.. -478.. 0.0 44011  0.505 176 0620 4 1
7578.. 1369.. 1668.. -4787.1 0.0 56680 0.205 170 0698 3 1
7578.. 1369.. 1669.. -478.. 0.0 53680 0.514 161 0688 3 1
16.10.23
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QC sample pyMINFLUX workflow
Nuclear pore complex

Raw data import
Manual inspection

Color unmixing

Per-fluorophore filtering

Emission frequency

Recentering

Side view estimator
Localization
U20S Nup96-SNAP cells precision

BG-Abberior Flux 640
Ms-Nup153 + 22 Flux 680

GLOX-MEA (10-15 mM)

D B SS E Department of Biosystems Science and Engineering

YMINFLUX v0.3.0 - [230324-100449_minflux2D_Flux640-680_5,5.npy]

Analyzer

EFO filtering

:  Color-code by fluorophor @& Avg Loc (TID) X & y C] Plot
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Expert-driven projects :: pyMINFLUX

QC sample
Nuclear pore complex

{4

Side view

U20S Nup96-SNAP cells

BG-Abberior Flux 640

Ms-Nup153 + 22 Flux 680

GLOX-MEA (10-15 mM)

pyMINFLUX workflow

Raw data import

Manual inspection

Color unmixing

Per-fluorophore filtering

Data export

N
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Paraview
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@ [ ] PYMINFLUX v0.3.0 - [230324-100449_minflux2D_Flux640-680_5,5.npy]
(=]
Load
Reset
DCR unmixing
Single fluorophore Unmixer
Active fluorophore All s
Filters
Time Inspector

Analyzer
EFO filtering
Lower bound (Hz) 13822
Upper bound (Hz) 74000

Fliter EFO
CFR filtering
T band -0.07 Options: ~ Color-code by fluorophor &3 Avg Loc (TID) X 8 v (] Plot
Upper bound 0.78 tid v tim X y z efo cfr eco der dwell fluo

Flliter CFR

Save
Export
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Expert-driven projects :: pyMINFLUX

QC sample pyMINFLUX workflow
Nuclear pore complex

Raw data import
Manual inspection
Color unmixing

Per-fluorophore filtering

Data export

Side view /\

U20S Nup96-SNAP cells SV -pmx
BG-Abberior Flux 640 l/
Ms-Nup153 + 22" Flux 680 _
GLOX-MEA (10-15 mM) Paraview
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Expert-driven projects :: pyMINFLUX

Fourier-ring correlation analysis (“endpoint indicator”)

[ ] @ FRC Analyzer

Spatial (xy) resolution (nm) 4.0 Endpoint estimation Temporal resoluton (s) 1800.0 Number of repeats 5 m

oint resolution = 22.2 + 0.4nm

MEFs
Phalloidin-AF488
Rat-Integrin + 23w
Gold nanoparticles

Rb anti Paxillin
sdAb DNA-PAINT Atto 655 Nico Strohmeyer, D-BSSE
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Expert-driven projects :: pyMINFLUX

Expert contributions

Javier Casares Arias: MINFLUX specialist, designed a lot of controlled experiments to test filtering and analysis strategies
Aaron Ponti: development of pyMINFLUX

Users

» D-BSSE, Daniel Mueller Group (Michele Nava, Nico Strohmeyer, Matilde Lucioli, Krishna Kasuba)
* D-BSSE, Timm Schroeder Group (Germdan Camargo)

* University of Basel, Thomas Ward Group (Michaela Slanska)

* University of Heidelberg (Charlotte Kaplan)
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Summary

There are different classes of (image analysis) projects with different types of requirements and target audiences:
* User-specific projects usually have a small scope and are solved in a tight feedback loop with the end user.

* General-purpose projects target large audiences with less specific sets of functionality and often require larger
development teams and better software engineering practices.

* Expert-driven projects require tight collaboration between experts with different sets of field knowledge with the goal of
creating tools that appeal to reasonably large but niche audiences.
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