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1. Turning on:

Follow the startup guide specific for our machine

&

Preview window

At the top of the control panel select Show all
tools to show all functionality:
From the drop down menu select View > Show all
(global) or tick Show all in each tab as needed
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Locate tab: To view in Microscope:

Use pre-set configuration tabs to view sample in microscope

Switch To configures your light path for visual observation. You
only need to select the dye or contrasting method (1)

To create buttons: Tools > Hardware settings; select light source
and filter combinations; open/close shutters as required in beam
path; save configuration and create shortcut buttons using
Configure

Select light source and filter combinations manually as needed

(O
Locate

Transmitted Light Off
Switch To " Fluorescence

Favorites | Configure...

E Microscope Control

0%
J

Closed

-,

90 HE DAPL.. 100 %

Microscope... TL

Ao -
3 W

A

Reflected Light

¥ Transmission

~

~ Show All

Colibri 5/7

Add Dye or Contrasting Method

Recently Used

~
~~ Alexa Fluor 568

AleR Fluor 594
Alexa Fluor 647
EGFP

Hoechst 33258

618 nm
668 nm
509 nm ®
455 nm

Search gfp “

Dye Database

EGFP

hmGFP

PA-GFP

sgGFP
superfolder GFP
TagGFP
TurboGFP
WEGFP

WTGFP

509 nm =
503 nm ®
516 nm

506 nm ®
505nm ®
505 nm ®
503 nm ®
505 nm B
502 nm ®




e

L} ) ZEN 3.0 (ZEN system)

File Edit View Acquisition Graphics Macro Tools Windo

Acquisition tab:

(&
Templates: Drop down menu to select a pre-defined experiment _ =
Set-up oca Acquisition

Smart Setup: Wizard to set up experiments from scratch
Sample Navigator: Wizard to quickly find regions of interest

AF J [ereht .. )
|maging I\/Iode: Find Focus Set Exposyre Live Continuous Snap
. . ) ) Z-Stack
Live: Fast 512x512 — no averaging - only the highlighted Tiles

track. You can switch between tracks while Live is Time Series
running by selecting the track in the Channels panel

Continuous: Runs continuous acquisition as defined in Acquisition PxpesanatiE Regione periment Designer
Mode tab Auto Save Automated Image Export

Experiment FeedbaCk Shuttle & Find

Bleaching Direct Processing

Snap: Takes a snapshot of all ticked tracks/ channels as AwGmation
defined in Channels/ Acquisition Mode tab

2 Imaging Setup ' Show All

. - . C ol Acquisition Mod + Show All

Start Experiment: Starts multidimensional acquisition SAEENERRNIE00 :
. . . . . . Channels « Show All
(z, time series, tiles, bleaching etc) as defined in ST T < Show Al

Acquisition Mode tab Software Autofocus + Show All

i Experiment Information




4. Smart Set up / Imaging Set up:

Smart Setup

Configure your experiment

Fluorescence
Fluorescence
Fluorescence

=
=
Current
Proposals

Fastest

¥ Show Excitation  Show Emission

Airyscan

A,
Signal
Spectra data courtesy of Pubspectra

Best Signal

Smartest (Line)
Emission Sigrial Speed
90%

70% l“'
50% ﬁ'
% |
§ 1]

% L5t

|

Multiple

Sample Navigator

Single Track Set up:

If dyes are too similar,
Fastest may also come up
with multiple tracks

LSM Mode

Dye selection

Multiple tracks = sequential
Allows changing hardware/
specific filters between frames
Acquires longer wavelengths
first

Smartest = minimal hardware
changes for maximal speed with
minimal bleed through

E Imaging Setup ~Show All [

+LSM Confocal ~

Dye Color ame Range
H325¢ ~ H3258 380-487nm ¥
EGFP ¥ W~ EGFP 489-560nm ¥
AF568 ~ ¥  AF568 560-747nm ¥
~ H~ chA
H~- T-PMT
¥

Reflection

MBS 488/561 Visible Light

&0

+ Show All [

+LSM Confocal ~

Confocal Confocll

=

501-595nm ~

MBS TB0/R20 Visible Light
(4 L
= r

MBS -405 Invisible Lig...

- =°, MBS TBO/R20 Visible Light
7 =

r

MBS -405 Invisible Lig...

mRF12
Ch2
ChA

T-DMAT

« Show All [¥

+LSM Confocal

w

408-495nm ~

604-690nm ~

-]

Reflection




Imaging Set up tab:

Select Show All, add LSM Confocal track (1)

Tick your detectors, LUT colours (2) and choose fluorophores (3) from drop down menus
Adjust detection range (4) to collect appropriate wavelenghts, adjust MBS if needed (5)

CH— — Adjusting all detector ranges at this point will reduce movement between tracks

4.1 Imaging Set: (without Smart Set up)

To add a first track, click the button. o

+LSM Confocal '~

Specify Line / Frame / Frame fast (Line and Frame fast require the same hardware between all
tracks (I.e. same position detection range) (6)

E Imaging $tup +'Show All [ E Imaging Setup +'Show All [

[E Imaging Setup ' Show All [ IE Imaging Setup « Show All [

Track1 Track2 Track3 +LSM Confocal ~ Track1 Track2 Track3 +LSM Confocal ~ Track1 Track2 Track3 +LSM Confocal ~ Trackl +LSM Confocal -
Confocal Confocal Confocal o # Confocal Confocal Confocal o, % Confocal Confocal Confocal Confocal

3t ] 3

Switch track every ' —Line 4

tch track every —Line

Single track set up

m
Switch track every ' —Line 4 Switch track everyl — Line v ] e W

Dye kr\l\r Mame  Range Use Dye kr\l\r Mame  Range Use Dye Color Name Range \
o g ¥ v H325¢ » ¥ H3258 380-473nm ¥ 7 DAPL ~ ~  DAPI 378-480nm ~
SR ' cerev W v EGERT490-560nm % v B~ chst v EGFP v W~ EGFP  484-570nm v
[ v AF568 ¥ v AF568 560-747nm ~ Ch2 ~ B~ ch2 v, MRFL ~ ~ mRFI2 575.758nm ~
~ W~ ChA ChA ~ HE~ chA ~ H~ ChA
H~ T1-PMmT T-PMT B~ 71-PMT B~ TPMT
i i & )
Reflection Reflection Reflection Reflecii
MBS 488/561 Visible Light MBS 488/561 Visible Light o ellection
£ —= MBS 488/5...  Visible Light
' &0 ' =0 A =
o, ! o/, ) &7 =
MBS -405 Invisible Lig... MBS -405 Invisible Lig... - :
= iy MBS -405 Invisible Lig...
(‘/ (3 . ao (/ &= =

] 1]

i) (=0



5. Optimizing Acquisition: Imaging Set up and Channels:

E Imaging Setup

Track1

Confocal

Track2

Show All [

Track3 +LSM Confocal '~

Confocal Confocal

] 3 v

Name  Range

Ch1

EGFP 480-560nm ¥~
Ch2

ChA

T-PMT

Reflection

MBS 488/561 Visible Light

7,

MBS -405

LSM Duo R...

z

»

»

3

(&0

»

Invisible Lig...

=

»

In Channels; click on the track you want to adjust so it becomes highlighted. The chosen
track will then be shown in the Imaging Set up tab. For ease, untick the other tracks.
Click Live or Continuous and focus your sample.

In switch track every Frame mode adjust each track or channel one at a time (Laser
Power; Pinhole; Gain), ensuring use of the full dynamic range without saturating signal

(see next slide).

& Channels ~ Show All [

+ Trackl | Confocal mRF12
v Track? Confocal EGFP

 Track3 Confocal DAPI

v
“w -~ + W Focus Ref 0 I~

Lasers 405 W 488 : 639

488 nm 0.2 %

Pinhole 51 pm =
1,00 Airy Units = 0,5 pm section TAU' Max

EGFP
Mode Integration
Master Gain
Digital Offset

Digital Gain

Display Setting Default

Adjust asers o 405 [ 445

Laser power, Pinhole (1AU for confocal/ section thickness
Master Gain (650-900). Short warm up period for some
lasers are indicated in red (1)

Either Ctrl+click on the tracks, or Select All in the cog
wheel (2), this way you can see all the lasers/gains in the
same window without having to cycle through the individual
tracks



5.

Optimizing Acquisition: Imaging Set up and Channels:

Saturation: In Live or Continuous mode tick the Range indicator (1) and aim to fill
enough of the dynamic range (2) suitable for acquisition / analysis.

do this with display RESET (3) or it will appear saturated when it isn't.

l Dimensions Display

Dimensions
Zoom E e R C ] i 173%|T o AutoFit  EGFP# Spline Mode
Tools ¥ m

Zoom T o e e 173%|'S ¥ AutaFit  EGFP# Spline Mode
Navigator Interpolation Tools o e 7
Auto ‘Min/Max  BestFit 200 | 001 | <
Channels EP{

Ca Navigator ¥ Interpalation
- ‘Current”™ v 3> "Reset
n

Auto ‘Min/Max ~ BestFit ' 200 T 001 | -
EGFP#
/ s -
+ Range Indicator Quick Color Setup

/’ Quick Color Setup B
- O
" /

/
H i —— i

Black 0

Disp\ay’

Current '~ 1%~ Reset
a

+ Range Indicator

a
»
Gamma 100 |- '045 10 White 255

a
Gamma 1.00 - 04510

ry
White 255 -




6. Define Acquisition mode:

~ Acquisition Mode ~ Show All

LSM

Crop Area
© Scan Area
0.00 pm
0.00 pm
IS

Reset Scan Area

Image Size: 134.7 um x 134.7 um Pixel Size:  0.07 pm

a s

Frame Size 1908 px [+ x 1908px |~ Presets ¥
Sampling

Frame Time: Pixel Time: 1.10 ps

Scan Speed

Direction

Correction Auto
Correction X

Correction Y

Repeat per Line Repeat per Fra...

Method Mean Intensity Sum Intensity

Bits per Pixel 8 16

Acquisition Mode:

Scan area:

Shift areain X and Y

Rotate field

Zoom (crop area): Zoom < 1 is possible but not recommended for quantitative imaging
or tiling

Zoom 1.0 = minimum recommended zoom for confocal

Reset Scan Area — quick reset button

Define Frame Size. Confocal selects pixel size to satisfy Nyquist criteria. Increases
acquisition time if large field of view. If Confocal is highlighted (active) all related
parameters correspond each other to allow for best confocal quality

Scan speed and pixel dwell time: choose scan speed with a pixel dwell time of 1 pys -2 ps
for optimal signal quality. You can highlight the Max scan speed so it will always use the
fastest possible scan speed whenever you change the zoom and number of pixels

Uni / Bidirectional scanning. Scans on return, halving the Frame time / scan time.
Bidirectional may need aligning. Correct using the Auto button, or manually (X slider).
If scan area rotated, you may need to adjust the Y slider as well.

Check bidirectional alignment with a single track: if not aligned, the image will appear distorted /
double vision. If using two tracks with line wise switching, misaligned images will each image appear
perfect but may be pixel shifted. Bidirectional is easier to align when not rotated.

Averaging — reduces noise. Averaging can use line / frame mode



7. Multidimensional Acquisition:

AF D [e=h (oo ] o]
Find Focus Set Exposure Live Continuous Snap

o Z-Stack 5 Slices
' Tiles 4 Positions
¥ Time Series 16 h 40 min

Time-Regions-Tiles-Z-Tracks -

< show All [#

00 Ko

Range 4.00 pm

Slices 22

Interval 019 un =

Keep & |nterval

Slice
o ==
Position 0.0 pm -
Slice # 3

Optimize Sectioning and Step

Auto Z Brightness Correction

A combination of functionalities can be used to create a multidimensional experiment.
Make sure there is enough space on the hard drive to save your data. Set up each tab,
then Start Experiment to run acquisition.

Experiment / data size can be checked in the info tab and above the Start Experiment
button.

Setting a Z stack: Use Live (for fast live view)

First/ Last: Focus to the bottom of your required stack and click Set Last. Then find the top and
Set First.

Check the total range, slices and interval. Clicking Optimal will select appropriate Nyquist settings
for 3D imaging. If the Optimal button is highlighted, z step will automatically be adjusted when
changing PH size, objective and wavelength. Start Experiment. Save your data.

Centre: Focus your specimen. Click Centre, then input range and adjust slices / interval / offset as
needed.

If your system comes with a z-piezo insert, z-stacks smaller than the z-piezo’s travel range will get
operated by this device (1), indicated by , z-piezo is active”.

For multiposition Z stacks: Each single XYZ position will refer to the center of the stack
performed at these position. Interval / number of slices will stay the same for all positions needed.



9. Tiles: Tile Regions

AF (o] 3 o]

Find Focus Set Exposure

Tick tiles in experiment window and expand the Tiles tab. Add
Tile Regions using the Advanced Set up. Live in a separate
container may get used to set the best focus position.

Set the number of Tiles in XY or use Stake tool. Multiple Tile
Regions can be defined for your experiment.

Start experiment. Save your data.

Ensure you check there is sufficient space on the hard drive to
save your data.

Continuous Snap

o Z-Stack 5 Slices
' Tiles 4 Positions
+' Time Series 16 h 40 min

Time-Regions-Tiles-Z-Tracks

+ Show All [

Advanced
Setup

© Tile Regions Stitching a tiled scan:
- Go to the processing tab. In the Method tab list,

' select Geometric/Stitching. Choose the data you
want to stitch. Tick New Output and Fuse Tiles
and set the proper parameters. Then Apply. Save the
stitched image — it will have the extension
_stitched.czi*

i:if Category Tiles Z (um)
= Default 25 4.0

Verify Tile Regions...

Function: Stitching

© Positions

Single

© Sample Carrier

© Focus Surface (Verify) Method

© Options Recently used

Parameters

Settings

+ Show All

- v

o Fuse Tiles

Correct Shading

© Select dimension references for stitching
Get all dimensions from 2d view:

Channels

All by reference

Cy3 EGFP DAPI

© Parameters

Edge Detector
Minimal Overlap
Maximal Shift
Comparer

Global Optimizer

iy

Defaults

= |mage Parameters

Input

Experiment-03.czi

Input

5% «

5%
Optimized

Best

+ Show All




9. Tiles: Positions

AF (o] ) o] Gij

Find Focus Set Exposure Continuous Snap

o Z-Stack 5 Slices
' Tiles 4 Positions
+' Time Series 16 h 40 min

Time-Regions-Tiles-Z-Tracks

' Show All  [#

Advanced
Setup

© Tile Regions

& Positions

Current X/Y 8 um +

Position Arrays

Ca \ Y (um) Z (um)
Default 33
- Default 33
Default 33
Default 84 33
-

Verify Positions...

© Sample Carrier

© Focus Surface (Verify)

© Options
Tile Overlap 10 %

-
-

Stage Travel Optimization

Tick tiles in experiment window and expand the Tiles tab. Add Positions using the Advanced Set
up: this can also be used to map carrier templates.

Live (2) in a separate container helps to set the best focus position. Use Position Set up (1) to
define a certain distribution pattern of positions.

Start experiment. Save your data. Ensure you check there is sufficient space on the hard drive to save
your data.

Make sure you use an appropriate focus strategy to maintain focus in all positions/ time points

ive/Contigee
New Tab Separate Container Tiles View
Bring Navigator into View o



10. Time Series:

A (o] G2 oo ]
Find Focus Set Exposure Live Continuous Snap

Tick time series in experiment window and expand the Time Series tab. Set the number of cycles
(Duration) or the duration and Interval. Start experiment. Save your data.

Z-Stack

i N Ensure you check there is sufficient space on the hard drive to save your data.

P> Start Experiment

» Time Series 16 h 40 min

@ Time Series +'Show All ¥
Duration
As Long as Possible

Interval

o o Markers and Switches can also be added with TTL pulses coming from 3" party hardware
© Start Next Time Slice (electro-physiology, pumps etc) if there's trigger box installed on the system. Or pressing the “Set”

© Stop . . d .
L marker button during an experiment can send a TTL pulse to a 3" party equipment.

Trigger Out 'None

© Pause Begin . . . C ey
© Pause End Show all: You can add Markers during your experiment, or change certain acquisition

© Interval Time parameters. These will appear as colour-coded square in the gallery format at the specific
O Set Mark . .
R time points.

Description ~ Trigger In Trigger Out

Add treatm¢ None ¥ 'None ~

ST Tor=— Vg None Interactive Switches: You can create a shortcut button to acquire at different time
intervals. E.g., longer intervals to monitor sample, then click button for shorter intervals.

© Interactive Switches

' time 20sec » | Trigger P 0




11. Re-using Templates:

To protect some default experiment

—

templates from overwriting save a copy under S8 41

Public documents > Carl Zeiss > ZEN > o
Templates > Experiment Set up. Users only e Rt
have access via copying one of those

templates.

Time Series - Pixel Time:

xperiment Regions Auto Save

For comparable data acquisition you can open an

N | C\Users\bhaller\Pictures\temp\Snap-13.czi - ZEN 3.0 (ZEN system)
|mage already acqu”'ed and use the Re-Use_Opt|On to File Edit View Acquisition Graphics Tools Window Help
apply exactly the same settings and parameters for the - &

next experiment.
Acquisition
Default DAPI_GFP_RFP_AiryscandY

¥ Smart Setup

AF D fe=h

Find Focus Set Exposure Live Continuous

Snap



12. Crop Area, Stage tool and Navigation with Live:

Both of these options allow to adjust the position and orientation of the
following scan.

Crop Area defines the zoom, XY position and rotates the field for the next scan.
Stage tool: You can use overview scans to position the stage for the next scan.
Ctrl + Mouse wheel: Fast access for focussing in Live and Continuous

XY-Navigation: Double click in Live image centers that position. Click at the
outer edges of Live image moves stage in that direction.

Best to center the stage first, then crop and rotate to ensure image is
acquired centrally aligned on the objective.

Dimensions Moves the stage by the half or full size of the visible area

= Acquisition Mode

LSM

" Crop Area : Q b

© Scan Area

Image Size: 63.4 um = 634 um

Frame Size 398 ¢ - x (SO BN

Reset Scan Area

Pixel Size:

0.07 pm



13.

Smart Setup

Configure your experiment

Alexa Fluor 568
EGFP
Hoechst 33258

—

Current

Best Signal

xcitation ¥ Show Emission

Airyscan: SR Mode

90%
70%
50%

Smartest (Line)

Emission Signal

Sample Navigator

Airyscan
SNR/Sensitivity

Spectra data courtesy of Pubspectra

+ Show All

[ Imaging Setup
Tra 2 +1GM Canfaral
SR ~Show All [
B e e e
E Imaging Setup +Show All

+LSM Confocal '~

Switch track every '—Line =B ol 5
. Track1 Track2 Track3
Airyscan Mode FE N —

Switch track every —Line

Dye selection

Color Name

v H325¢ ~ v H3258

MBS -405 Invisible Lig...
MBS 488/561 Visible Light
(/ (]
il

LSM Duo R.. »

MBS -405 Invisible Lig..

f;/ ’ ;-_-O.

LSM Duo R...

Best Signal will try to use specific filters
(so Frame-sequential), whereas Smartest will
attempt to be faster by measuring the same emission window
for all tracks (may not be possible with some fluorophore combinations,
in which case it will do a frame-wise multitrack.

SR Mode: (1) Maximum gain in resolution and SNR; Pinhole default 0.2 AU; Total detection area 1.25 AU



14. Optimizing Airyscan: Acquisition Mode and Channel Set up:

~u Acquisition Mode + Show All D&
LSM Acquisition Mode: Channel Set up:
Adjust laser power (2) and Master Gain (3) (700 — 900)

© Scan Area

Crop Area (Zoom) > 1.7x With Airyscan you do NOT need to fill the
dynamic range fully

-
-
-
-
-

0,0° L, Scan Area: stage centered & Channels sshow Al [
Reset Scan Area
v Trackl SR AF568
Image Size: 1996,5 pm x 1996,5 um Pixel Size: 0,82 pm ¥ Track2 | SR EGFP
Frame Size 2424px | - x 2424px | .  Presets~ Maximum Scan Speed v Track3 | SR H3258
v A + @  Focus Ref.
Sampling ; SR Confocal
Track1
Frame Time: 23, Pixel Time: 0,86 ps Lasers 405 488 W™ 561
Scan Speed =
Bidirectional scan and No Averaging 561 nm
Directi
ir_e-c- Io: Aut Alexa Fluor 568

cormection ——- If SR mode (1) is active all relevant Vet

Correction X mi 1

comecton parameters are optimized for super resolution Digital Gain

Correction Y . . . . .

o imaging (2x Nyquist criterion). If Confocal T —

3 . . . . . isplay Settin efau

fagling 2 mode is active Airyscan is used in confocal Py =EEing

Bits per Pixel 8 mode with improved SNR.



15. Airyscan: Alignment

Airyscan Detector Adjustment

Quality and Status 0K

5 To adjust the Airyscan detector manually during acquisition deactivate
the automatic adjustment above.

Fiber position
X Position

Y Pasition

Detector view in SR mode

EGFP-T2

Airyscan Detector Adjustment: Open from
Tool bar

Default Setting: Adjust in live and continuous scans

Airyscan detector adjustment may again be needed after changes in your light path:
crop area, scan area, objective, hardware changes like VSD settings.
In line mode and frame fast mode the detector alignment is the same for all your channels.
To perform detector alignment properly you need a sample focussed.
If the detector alignment is not OK (1) check again with Live or Continuous

Airyscan Detector Adjustment

Alignment tricks:
» Refocus specimen Quality and Status  OK
* Increase gain (temporarily)

Activation

i To adjust the Airyscan detector manually during acquisition deactivate
the automatic adjustment above.

1 Fiber position
X Position

Y Position

Detector view in SR-8Y mode

DAPI-TS AF594-Te EGFP-T7




16. Airyscan: Pixel Re-assignment and Deconvolution

The SR Image represents the pixel re-assigned image + Deconvolution (Wiener filtering).
You can adjust the strength of the filter by deselecting auto, and adjusting slider.

Airyscan Display

Dkplayode T D Histogram A) If the filter strength of the deconvolution step is set to 1, the image will be pixel re-
e assignment and weak filtering. (1.4x LSM resolution)
Cirert age (20) < ‘Create Processed mage(d | B) Clicking Auto will add a safe deconvolution with conservative settings, as calculated from
| the SNR of your image. The resolution improvement is up to 2x in 3D and 2D-SR modes
C) Over-deconvolved can create ,structured noise”.

Al

= o Auto Filter

Airyscan processing should be applied before any other processing options like stitching,
MPIs, unmixing. Processing tab allows to adjust processing settings for channels individually (1).
In the Processing tab, you can also chose between 3 Auto modes (2). Low is conservative and
High is aggressive.

Parameters ~ Showi All Parameters

o

Settings

3D Processing
o Auto Filter

Strength

Defaults Saard

Super Resolution

By

Def;;ults



[F_Imaging Setup +Show All ¥

l‘(k‘] Track3 E Imaging Setup ~Show All [
- - - ML BB AR Track1 Tm-k'% +LSM Confocal ~

17. Airyscan Multiplexing: SR-4Y and SR-8Y Mode

Swdtcn frack every. (SEIR Track1 Trackz | ™ +LSM Confocal ~

Switch track every —Line MPLX MPLX - =

MPLX gFE Imaging Setup +Show All [

Airyscan Mode

Smart Setup

Configure your experiment

Fl nce DAPL

Flucrescence EGFP

Flucrescence Alexa Fluor 568 - Dye S e | ectl o n

Use Dye Color = Name | e ¢ | oty
v AF568 ~ v AF568

Current Signal
S 488/561 \ s =
Spectra data courtesy of Pubspectra MBS 488/561 Visible Light Use Dye
v H325¢ ~

</, = MBS 488/5671 Visible Light

»
("j » ! a}

Best Signal

Invisible Lig..

MBS 488/561 Visible Light
(&0 -
»

MBS -405 Invisible Lig.. 7] (=
> - (‘/ 3 »

( &=

LSM Duo R... -a/. »
MBS -405 Invisible Lig...

LSM Duo R. (./ (

3 »

LSM Duo R...

Best Signal will try to use specific filters
(so Frame-sequential), whereas Smartest will
attempt to be faster by measuring the same emission window

for all tracks (may not be possible with some fluorophore combinations,
in which case it will do a frame-wise multitrack.

W Show Excitation ¥ Show Emission Sample Navigator

SR-4Y and SR-8Y Mode: (1) Increased resolution and SNR; Pinhole default 0.2 AU; Total detection area 1.25 AU

SR-8Y Mode uses excitation beamshaping over y-dimension to allow for 8x parallelization.



18. Optimizing Airyscan in SR-4Y and SR-8Y Mode: Acquisition Mode and Channel Set up:

~ Acquisition Mode +Show All ¥

LSM

Crop Area
© Scan Area

Reset Scan Area

Image Size: 96.2 um x 96.2 um Pixel Size:  0.04 pm

=

Frame Size 2724px |- x 272dpx |~ Presets ¥

Sampling

20 Multiplex Acquisition -0

Frame Time: Pixel Time: 0.38 ps

Speed 1| 030fps | Max

Scan Speed

Direction

Acquisition Mode:

Crop Area (Zoom) > 1.4x

Scan Area: stage centered

Image Size: 96.2 um x 96.2 pm Pixel Size:  0.07 pm

e

Frame Size 1360px |~ x 1360px |- Presets ¥

Sampling

20 Multiplex Acquisition -0

Maximum Scan Speed (SR-4Y mode: 25 fps
and SR-8Y mode: 47.5 fps with 512 x 512
pixels)

Bidirectional scan and No Averaging

If SR-4Y and SR-8Y mode (1) is active all relevant parameters are optimized for
super resolution imaging (2x Nyquist criterion). If Confocal CO-8Y mode (2) is active
Airyscan is used in confocal mode (1x Nyquist criterion) with improved SNR.

Channel Set up:

Adjust laser power (3) and Master Gain (4) (700 — 900)
(5) Shows the equivalent laser power compared to
confocal mode.

With Airyscan you do not need to fill the
dynamic range fully

4. Channels ~Show All [

v | Trackl  MPLX AF568

v Track2 | MPLX EGFP

v Track3 | MPLX H3258

v A -~ T  Focus Ref

Track1

Lasers 405 488 W 561 639

: (3]

561 nm 11% =

Equivalent laser power in confocal mode: 0.37 %

Alexa Fluor 568

Master Gain
Digital Offset
Digital Gain

Display Setting Default




I. Experimental Notes

v Trackl | Confocal EGFP
Cy3

~ : W Focus Ref.

High Intensity Laser Range

Trackl
Lasers 409 o 488 o 561 640

488 nm {1 04%
561 nm 0.4 %

Pinhole 244 pm

6,13 Airy Units 1AU Max

EGFP

Master Gain

Cy3
Master Gain 650 V -

Optimize dynamic range on your brightest treatment / time-point to avoid saturation in part of your
data set. Remember to put your strongest fluophore on your weakest signal.

a. Checking and reducing Cross-talk in tracks with multiple channels: Deselect the laser with the
longest wavelength — all signal should disappear in that channel. Remaining signal may be cross talk. Reduce
either the laser power from the first channel, AND / OR reduce the gain of the second channel. Do not adjust
these values when adding the second channel back in. If cross-talk cannot be removed by adjusting gain/laser
power, then you may want to use a different imaging strategy (separate tracks).

b. Checking for Photobleaching: Optimize acquisition, select Time
Series. E.g. 500 cycles at 0.0 ms interval. Click Start Experiment.

In Image display, select MeanROI tab. Create an ROI region in the
image. The ROI intensity versus Time plot will appear for each
channel. Check for decrease in intensity with time at a set gain as the
gain will affect the apparent bleaching (e.g. 600 for confocal). If a
decrease (bleaching) is evident, decrease the laser power until the
signal levels out. If no bleaching, you could increase your laser. Stop
experiment and adjust gain to fill dynamic range (only after
appropriate laser power is determined).

Display

351 7 [® 7% Histogram

This only helps assess photobleaching of the fluorophores. It e o Hesle

Auto 'Min/Max = Best Fit

does not assess photodamage or phototoxicity in the actual sample. o bl G T
The gain value affects apparent photobleaching. The higher the gain,
the greater the apparent photobleaching. Hence advising one gain
value while assessing the laser.

Single Channel Range Indicator Quick Color Setup




Il. Time series, Bleaching and Regions (FRAP):

— : — FRAP (Fluorescence Recovery After Photobleaching) can be N Timed Bleaching ~ show Al
Find Focus Set Exposure Continuous Snap mon|tored US|ng BIeaChing, Wthh ShOUId get Used |n Moo
combination with Time Series and Regions. Intensitiy Repeat after # imoes
profiles for each ROI can be viewed once you have started lterations for area bleach

the experiment.

P Start Experiment

& Bner et Reglers Create regions across your samples in the Experiment
Automated Image Export

Set different scan speed

Set different Z-Position

Automation Regions tab. Reference and Background regions can be
. . . Trigger
T o added before or after (if added before, ensure bleaching is risgern
. T unticked for these regions). Create a continuous scanning e Ot

As Long as Possible mode in the Time Series tab. E.g. 500 cycles, 0.0 interval.
Interval 00 - (s Check your Acquisition Mode settings whether your frame
rate is high enough for the experiment to perform.

Spot /full area sequential bleach

Protect detectors during bleach

[E Experiment Regions ~ Show All Excitation of Bleach

o Use different settings for different regions

Timed Bleaching: Region 1
e E et Start after # images: Creates baseline Lasers 405 488 1561 640
Type D Acquisiton Bleaching  Analysis Repeat after # images: Sets interval between bleaching 488 0m TER

(O
O 1

Enable Import

X = O o] o Edit Regions in

a
v

Iterations: Total number of scans performed for bleaching
of selected region (Frame)
Stop on intensity below: In repeat bleaching, bleaching
will stop at the specific intensity
Dimension X [136pm | = W 134pm |% < [00° Set different scan speed: Determines pixel dwell time
Y 06um [T W 1apm |3 during belaching event. Belaching efficiency is increased with
¥ Position regions relative to image increased dwell time. To reduce irreversible photodamage,
Fit frame size to bounding box of acquisition regions this can be combined with iterations.

To speed bleaching, create
ROIs within a small Y range. In normal
mode (not zoom bleach) the scanners
scan the whole width (but start at the
topmost ROI and stop at the bottom-
most ROI.




lll. Beampath of LSM 980 and Airyscan 2:

Linear scanners:

Classic confocal laser scanning microscopes use point illumination to scan 85 % duty cycle
the sample sequentially. The microscope optics transform each point to an r
extended Airy disk (Airy pattern). A pinhole then spatially limits this Airy
disk to block out-of-focus light from reaching the detector. Closing the . :
pinhole gives higher resolution, but at the price of detecting fewer photons .Twin ot Lo

— and these photons cannot be brought back by e.g. deconvolution. ~ Dichroic for high laser rejection .

Airyscan 2 is an area detector with 32 concentrically arranged detection & B 7oom optics
elements. This allows you to acquire more of the Airy disk at once. The ' .
confocal pinhole itself remains open and does not block light, thus more
photons are collected. This produces much greater light efficiency while
imaging. Airyscan 2 gives you a unique combination of gentle super
resolution imaging and high sensitivity.

With Airyscan 2, the excitation beam can also be shaped to allow the
excitation and detection of up to 8 pixels in parallel (1).

SNR/Sensitivity

Confocal
AN
‘v”
SR 4YJ\SR -4y
SR Mode SR-4Y Mode SR-8Y Mode CO-8Y Mode SR 1 SR 8YTco )
120 x 120 x 350 140 x 140 x 450 120 x 160 x 450 180 x 120 x 550 osolution Speed
4.7 fps 25 fps 47.5 fps 34.4 fps

Resolution X X Y x Z in nm and Max Frame rate 512 x 512 pixel Representation of Airyscan Mode in Smart Set up



Intensity

IV. Basic Principle of Airyscanning:

Classic Airyscanning

Superresolution and Sensitivity in a Nut Shell
If a point emitter is imaged with an optical instrument, the
light is distributed into a pattern: PSF
Airy disc: 1 AU is the diameter of the zero order maximum

A pinhole can narrow the detection PSF, resulting in 1,4x
better resolution than wide field

Closing the pinhole increases resolution but reduces detection
efficiency

/ \ Effective PSF = PSFillumination X PSFdetection
1AU

Cart Zena Whcrsaczpry CretH sy

Classic Airyscanning
Displaced Pinhole

"Displaced” pinhole / “delocalized” pinhole

/ A displaced pinhole would get significantly less signal since a

point source at the center of the excitation PSF will not be
optimally detected. And vice versa.

Back-shift to optical axis Normalized: Narrower PSF

lf(-( tive PSF
) ‘IL )

Non-shifted pinhole

o Lo Weronsy Gt 1

Classic Airyscanning
Displaced Pinhole

"Displaced” pinhole / "delocalized” pinhole

/ Captured by displaced pinhole is a proportion of higher

frequencies

Effective PSF = PSFilumination X PSFdetection

Non-shifted pinhole Back-shift to optical axis Normalized: Narrower PSF

Can T eroncegy Ot [

Classic Airyscanning

Displaced Pinholes: Aiyscan

32 pinholes : Airyscan; 31 of them “displaced”
Exact shift of effective PSF is known

Pixel Reassignment (Sheppard sum) ends up with
increased signal

—  better signal to noise (SNR)
sharper images: disproportionally higher amounts of
better localized emitters

Major part in resolution gain is achieved by better SNR:
Pixel dwell time of 0.30 ps...0.6 ps!

DCV: Wiener filtering — better than confocal images + DCV

et T Whermmerpy Qb (AT



IV. Basic Principle of Airyscanning:

Classic Airyscanning
Scanning the Airy Disc

lllumination

Effective PSF

The Bash Primaiphe wf Arpismmimy

o
ﬂﬁ

Car 2o Whemecepy Gt

Confocal Laser Scanning
We always talk about Airy Discs

...Among other accomplishments he was the first to write a full
theoretical treatment in 1835 explaining an optical phenomenon
known today as the Airy Disc. 180 years later ZEI55 honours his
legacy by introducing a new Technology Note detailing Airyscan
detector.

Cart Do Mheratagy G v

Classic Airyscanning =

Sheppard Summing and Pixel Reassignment

A 1, 2003 1 Vol B, Mo I OPTIHLETTERS 2w

Superresolution by image scanning microscopy
using pixel reassignment

Colin . 1. Shopparsd,* Shalin B. Mobia? andl Kaines Hoint suana™

...His areas of research are in optics, microscopy and imaging,
including confocal and multiphoton microscopy, diffraction, 3D
imaging and reconstruction, super resolution, beam propagation,
and pulse propagation... *Data: Wikipedia

Cavt Zasss Mronscpy GmbH

Airyscanning =

Wiener Filter

For signal processing, the Wiener filter is ... published in 1942 as a
classified document. Its purpose is to reduce the amount
of noise present in a signal by comparison with an estimate of
the desired noiseless signal. Wiener developed the filter at the
Radiation Laboratory at MIT to predict the position of German bombers
from radar reflections. It is necessary to predict the future, because by
the time the shell reaches the vicinity of the target, the target has
moved, and may have changed direction slightly. ...

The unmanned V1's were particularly easy to model, and on a good
day, American guns fitted with Wiener filters would shoot down 99 out
of 100 V1's as they entered Britain from the English channel, on their
way to London.

What emerged was a mathematical theory of great generality—a
theory for predicting the future as best one can on the basis of — -
incomplete information about the past. It was a statistical theory that Prof. Norbert Wiener J &

included applications that did not, strictly speaking, predict the future, ¥1894+ 1964 o
but only tried to remove noise. Famous American mathematician and

philosopher

Car Zsiss Mcrascopy G aate



V. Typical Sensitivity of Detectors:

Typical Sensitivity of Detectors

QE

50

40

30

20 PMT

10

DAPI CFP GFP YFP Dil Cherry TxRed @y

0 nm

400 500 600 700

PMT: Photomuiltiplier tube
GaAsP: Gallium arsenide -
gallium phosphide alloy

VI. Objective Anatomy and Specifications:

Microscope Objective Anatomy and Specifications

Nosepiece
Threads

Rear Lens
Manufacturer

Objective
Specifications

Immersion
et

orrection

Collar ME::';IE

Group
Magnification
Color Code
Meniscus

Hemispherical Lens

Front Lens



VII. Optical Equipment:

EC Plan-NEOFLUAR 2.5x/0.085 (WD=8.8mm) (sample navigation)

Plan-APOCHROMAT 10x/0.45 (WD=2.1Tmm) Strehl Ratio w
The Definition of Perfect Optics.
Pla n_APOCH Ro MAT 2 OXIO -8 (WD:O . 5 5 m m) The Strehl ratio is a measure of the quality of optical image formation, originally proposed by Karl Strehl

(1864-1940) after whom the term is named. Used variously in situations where optical resolution is
compromised due to lens aberrations or due to imaging through the turbulent atmosphere, the Strehl ratio
has a value between 0 and 1, with an unaberrated optical system attaining the value of unity.

*LD LCI Plan-Apochromat 25x/0.8 Imm Corr DIC for water, silicone oil, glycerine
or oil immersion (D=0-0.17mm) (WD=0.57mm at D=0.17mm)

Strehl of 1 equals perfect optics

Strehl of > 0.9 allow to go for super resolution
Practically Strehl values > 0.9 are difficult to achieve!

*LD LCI Plan-Apochromat 40x/1.2 Imm Corr DIC for water, silicon oil or glycerine Strehl of 0.8 means aberrations of Lambda/d. This leads to refracton limited images
immersion (CD=0.15-0.19mm) (FWD=0.41mm at CG=0.17mm) '

*C Plan-Apochromat 63x/1.4 Oil DIC (WD=0.14mm), UV-VIS-IR

8§ =|(e?)| = |(e®)[?
Calibration objective LSM

Karl Strehl

(Untersuchung eines Mikroskopobjektives. Z.
wiss. Instrumentenkde., 25, p. 3-10, 1905)

*) objective with Strehl ratio > 0.9 for super resolution with Airyscan 2



VIil. How it all began:

How it all began... ﬁ Ernst Abbe W
Jena in 1848. Carl Zeiss (1816-1888) Brilliant Physicist, Social Reformer, ZEISS CEO (1840-1905)

APOCHROMAT NA 1.30
ot e Ayl Boond L i, Komrif e it o F ul Homogeneous immersion

{'p’(«’mﬂ); "h;akﬂa“ ~ow 1804,

,Glastechnisches Laboratorium Schott & Genossen® Jena
Otto Schott (1851-1935). Optics Workshop

SCHOTT

glass made of ideas

~1921




	Foliennummer 1
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 25
	Foliennummer 26
	Foliennummer 27
	Foliennummer 28
	Foliennummer 29



