) °
2 Scil ioLab
UNIVERSITET

BioVis Facility

Poachling through the Forest
of ZEN
A graphic Novel

Dirk Pacholsky , BioVis



Enter the arena — Things to know b4 the imaging
The Image —Information on image

pkg of Light — Intensity measurement

The big view — 2D 3D imaging

In the mix — Linear unmixing

Exit strategy —Options for exporting data

The process against light — processing

Don't be rude — The F Word techniques
Anybody else here? — Colocalization



Enter the arena

Things to know before the imaging



Exposure to light coming from Sample
—> For all pixels at same time : Camera based system
—> for each pixel separately: Scanning based system



~ Acquisition Mode < Showall &

EC Plan-Neofluar 10x/0.30 M27 v
Frame v
K 5127 X*Y 512 |5
1 - Optimal
N 2™ Max
Choose...
Many parameter are interconnected.
2 ® Bt Depth EEETWR - Objective & optimal frame size, speed
GRe™ "%  Direction =5 y - Speed and pixel dwell time (Image quality)
R - averaging, bit, direction ....
© Scan Area
— i 0,0 > (=
| f 0,0 > (&
. o i 0,0 D O
Zoom ) 1,0 >

Reset All



~ Acquisition Mode St w

. . : : Objective Plan-Apochromat 63x/1.40 Oil DICM27 '~
Frame size, i.e. Pixel size and number dependent | B
. . . Scan Mode F g
on experiment (high resolution needed?) | e -
. . Frame Size X 4632 |~ y s Y BRSNS
Nyquist related BUT! ZEISS >LEICA>Nyquist « 2l 162 »
Optimal
s AR : Speed f e
Speed "Acquisition time”, do not exceed 9%, - = O
Pixel Dwell 2 LSel S Time 50.13 se

7-8 does fine

Averaging , read 2 times and average out etc.
Quality versus speed and bleaching

Bit depth, for most applications 8 bit is fine,

2 o o }

9 = very fast movement of scanning mirror
- Mechanical stress for motor etc

Confocal Microscopy Course SLU. ZEN BLACK. D. ResgtAIl
Pacholsky/BioVis



4 Channels < Showall ®

Tracks Channels
Channels. o G
using 1AU for each particular channel (i.e. wavelength) V00
results in different Z resolution v 900 |
% v 1100 | A633
(here 700 to 1100 nm) . . v A ' w Select All "Unselect All
Use same/similar Z resolution ) " T — R
Optical section
( p ) . 800 - LSM
. - Lasers W i v il 1l il _
Use lowest Laserpower possible (bleaching...) e e
"""""""""""""""""""""""""""""""""""" 488 nm N 2,0 -
Cross check gain and offset with image Pinhole 0 510 |7*
0.99 Airy Units = 0.8 um section K 1AU “max
AR
" A488 Mode | Integration IPhoton Counting'
Gain (Master) N 188 -
- b, Digital Offset - 6 J—f
5 Digital Gain f 1,0 J_:
Confogal ll\/lillcrosccyj‘I y Coursg SLU. ZEN BLACK. D. @ Display 7
v ‘Pachol'sky/BioVis




Better resolution by Pinhole size

Pinhole fully open half closed (7 AU) closedto 1 AU
J
\.
[

By closure of the pinhole, light coming from above/below the focal
Plane will not get collected by the detector.
| The smaller the pinhole the smaller the actual focal plane from
which light gets collected.— good staining is needed !



Objective Magnification - NA - optical section
N.A., Pinhole, wavelength

The maximum resolution is app. 0.15 um lateral
0.40 pm axial
Objective pinhole size
Magnification NA <1mm 7 mm
60x 1.40| 0.40 um 1.90 um
40x 1.30] 0.60 pm 3.30 um
25x 0.80] 1.40 um 7.00 pm

4x 0.20| 20.0 um 100 pm
Resolution in Z

Optical slices not start/end suddenly at certain Z depth. ”
Due to intensity distribution along optical axis, there
is a continuous transition from object information
suppressed and.such.made visible



= - =N
= ught Path L4 - Acquisiﬁon Mode w = Z-Stack + Show all L4
Cent
LSM ject Plan-Apochromat 63x/1.40 Oil DIC M27 ~ il
Channel
Frame - 6.64 um
700 800 9S00 | 1000 ) - —~ 20 =
1632 > XY 1632 > -
H 1 : 0,35 -
w0 different optical slice
\ 0.35 um
@ 1AU for each channel ® interval Slice
F) -
i ‘ Center -9,09 =
s e v Ovm :
........... . RengeSolect
400 500 600 700 o e
CHEE T
& Scan Area S i
Use = Color Detector + © Optimize Sectioning and Step
i Ch1 =
| ChS1
| Chs2
v xa Fluor 633 | Ch2 amEEEE e
4. Chanfjels « Showall & e " ~ ’
, £ | %;_ I.
Tr Channels N 1,0 = 1 7 J
' 700 DAPI Reset All
800 AA488 Li Select
= 2 Match Pinhole Optimal Undo XY:-Z=1
v 900 AS568
v 1000 A633 1 ] © Correction
~ w Select All  Unselect All W h . I . . d . Refra 1,50 =
— T Ite line Indicates

Overlap Of Z Slice Use 7Correcﬁ(;nr
. Based on Nvauist Indicate R.l. BEFORE
Y9 Starting the First/Last

405 458 488 514 561 594 633
Stage

=

A - : — = 1 1 EEEEEEEEEEEEEE
—_ Use different gain, Laser power at I I I ]
Different depth by applying

4r

ection 1 AU max



IE Light Path L g ~» Acquisition Mode L4 = Z-Stack « showall & °
LSM Plan-Apochromat 63x/1.40 Oil DIC M27 '~ Flest/iast
Channel T = Set Last 0,00 =
700 700 (700" 1000 o - _
1632 |™= X*y 1632 |™= ) 2 508 jiim
70 same optical slice 27 "
0,35 s
@ x AU for each channel S
® Interval Slice
5 - Set First -9,09 =
400 500 600 700 e
Use DHNe Color Detector + i Scan Ares & Optimize Sectioning and Step MatCh piﬂhOle
: C:1 = does it
chs1
v Alxa Fluor 568 Chs2 The automated
l Chz EEEEERN EEEEER | |
4. Changels < Showall & | ] | | Way
® I - jPoooc L
Tr: Channels 1,0 = 1 —
v 700 DAPI Reset All
e s4 - 700 =+ i) 5 Match Pinhole 2=
v 700 A568
v 1000 A633 | Hm=== == e D © Correction
~ ~ mw Select All  Unselect All . . . . 1,50 >
, = White line indicates
not defined @ H o
Zou .
Overlap Of Z Sllce Use Correction Ind|cate R.I. BEFORE
Ch o o .
v Based on Nyquist Starting the First/Last
405 458 488 514 561 594 633 EEEEEEmgEEEEREEgEEREEE
= a — . . Stage
- 20 - Use different gain, Laser power at Il]_l
e 48,0 = . .
— Different depth by applying



Image quality — over/underexpos

By & J
(&7 V& T
o 4
) %
g ' ¢
) X
i
F AR Nl
* 4

\\: ‘\. “
Remember:
‘ v,.
all color is bas
on.grey value

&'

e

ed

Sample :3 color staining

balanced imaging

over/underexposure

4

v

"palette’mode visualizing
Over/under exposure

Red: overexposed
Blue: underexposed

Confocal Microscopy Course SLU. ZEN BLACK. D.
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Blinded by the light
Or lost in the dark

12



Image quality — over/underexposure

Dimensions | Player Graphics

Z-Position 1 i :
»
Zoom w1 = N f
Channels —
' Single Channel _| Range Indicator 5 2 e E
. : ! 2)
B
"y
i i;'“;‘
% <
A
Confocal Microscopy Course SLU. ZEN BLACK. D. 13
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Image quality — over/underexposure Blinded by the ligh

Or lost in the dark

»y L

Input Levels:

Lost in the dark

INpuc Leveis:
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Imaging — Nyquist theorem in 2D

Sampling of | ‘
the signal

Generated

image

Undersamplig,
wrong information
gained

Optimal sampling (2.3
times),
correct information
gained

Oversampling?, same information
gained like with optimal sampling,
but more time, computer power,
storage etc. Involved, photons per
pixel might be too low...




Imaging — Nyquist theorem

Nyquist found that in order to reconstruct a pure sine wave, it must be sampled at least
twice during each cycle of the wave, or at two-times the temporal frequency.

Sample rat 1/ cycle Sample rat 1,5/ cycle

A A\f\/\f\/

','\ i . ~‘

7’
Ne
l
R

Sample rat 2/ cycle Sample rat > 2/ cycle ( @ sine wave !)




4_Si:x'ellu7“§patial frequency

& T e -1 maging — Nyquist theorem
—>
- LLL LLL LLL light pattern of Specimen versus different pixel size
% AN VFaN VN
ﬁ imi iI=mli 0Bl BUT:
2,3 pixel / spatial frequency Nyquist calculator by Huygens* calculates for
-—s - == ——= 63x/1.4 N.A. and Refr.Index (n) 1.5, CONFOCAL
% N
ﬁ |' ‘| |' ‘| |' | Huygens: XY: 42,42,
LEICA: XY: 63,63,
2 pixel / spatial frequency ZEISS: XY: 96 96
— — — — — V4 V4
% ‘ V ‘ L\ e.g. dx=Aex/8nsin(NA) (Confocal) = 41,2
ﬁ e dx= Aem / 4n sin(NA) (widefield) = 87,2
1 pixel / spatial frequency
<> I e For Z formula and more information see
Source:
V AN VAN V&N
ﬁ imi =i sl



http://www.svi.nl/NyquistRate

Image quality: pixel size and optical zoom

C) In its original size

A) sAdkhy 1

...................

__________________

¢

Images taken according to Nyquist,

and scan speed 7, avg 2, 63x/NA1.4

A) Zoom 1.0, 2048x2048px, scan : 16 sec
B) Zoom 2.0, 756x756px, scan: 8.0 sec

C) Zoom 4.0, 376x376px, scan : 2.8 sec
D) Zoom 4.0, 1024x1024px, scan : 7.8 sec
—A, B, C— normal sampling

- D, oversampling but not better resolution




Image quality - Average

Average mode: instead of “reading the speciment” only once, one can “read it” 2, 4, 8, 16
times. And average these 2 or 16 images into one.Better signal to noise ratio = better image.
...BUT Bleaching might occur...

The “average” can be combined with “pixel dwelling time” - the timeof how long the laser excites
the pixel/voxel and hence how much time. There is for the objective /PMT to gather emitted
photons. ... BUT Bleaching might occur ...

wi® X "

~ ~
R R X *
B i o J

Scan 1x Scan 2x Scanibx Scan 8x



Image quality: bit depth

Analog Imaging Analog and Digital Signals
r". r_/,,-‘- T 5 -

Analog
Sine Wave

How detailed can we represent
the different intensities of light?

Equival . . .
uvalent Binary  Pulse Where is the limit to detect?
Pixel Quantization - "x” Photons PEr pixel
I
DOOEEEREE - Background noise of detector

-
El

o

What is needed in detail/sensitivity?

NESEEEED
EEEEEER
EHHEEEE
HENEEHE
EE=EHEH
ESEEEE

EEErEEER
S AEEm
(e ofwfefefels]nfelefslela]]s]
aucBEHEBEHE
BEBEEBEHA
BERBEEBEEBH

BEEOBEERRRRRERNE
e GEaRRnan

I mEEEN

=71 mem
i1t
o

Pacholsky/Bid



Grayscale Resolution and Digital Image Appearance

Image quality: bit depth

Acquire your image with appropriate grey level
(8bit at least) tolrepresent different intensity levels .

Bit Depth and Gray Levels in Digital Images

2 Bit 4 Bit 6 Bit 7 Bit 8 Bit 10 Bit Apportionment m/ (d) f '
| i | Q.\ ‘ , : .. )

A
i
)

of photons

—12 or 16 (4096 — 65536 grey levels )bit images
would also allow you e.g. to enhance features
lying in the dark to stretch them into the light...
266 1,024 : " : : ]
-2 High bit might also result in more information

Gray Level§ =i
(Bit Depth) Coming from noise not signal

Confo




The Image

Information on image



optimal_ speed 07.lsm @

[

>

Notes

User
Scaling X
Scaling Y
Scaling Z
Image size
Dimensions
Scan mode
Zoom
Objective
Pixel dwell
Average
Master gain
Digital gain
Digital offset
Pinhole

Filters

Beam splitters

Lasers

biovis
0.157 pm

0.157 um

x: 428, y: 130, 8-bit

x: 66.85 pm, Y: 20.19 pm
plane

6.3

Plan-Apochromat 20x/0.8 M27
3.78 us

1

405

1.00

0.00

53 pm

493 -574

MBS : MBS 488
MBS_InVis : MBS 690+

488 nm :5.0%

Image / Channel information

original Images stores meta-data:
information about pixel/voxel size,
image mode, user, Laser/filter,
opbjective used.

RE:USE this info for future application
On same or related instrument

(do not try to reuse settings from
LSM510 on LSM780...)



LSM image M

O =

Split

lf'\fC

Image presentation: Colors

Channel Split = free choice

of color per channel
... Same brightness in GREY might

appear NOT the same in different
Colors for human eye....

visualize

Comparing channels

Pacholsky/BioVis

In contrasting

color pairs

Red vs Green

Confocal Microscopy Course SLU. ZEN BLACK. D.

Z-Position

Channels

Dimensions | Player Graphics

O e TE

|- -

Single Channel



Image presentation: Look Up Table LUT

e FEET W3y

Dimensions | Player Graphics

Z-Position 1
Zoom i = 13“ ale
Channels B -

| Single Channel

Standard LUTs

M Orange
M Rainbow
I % | Rainbow2
B Spectrum
¥ Red Green Blue

All LUTs
Ml Range Indicator

Ll

' Ran

»9

Confocal Microscopy Course SLU. ZEN BLACK. D.

Pacholsky/BioVis

Bleaching before and after

100x imaging same area with
Widefield microscopy.

Test sample is a strong stain and so
bleaching might be subtle

and only clearly be see in

LUT (look-up-tables)

Intensities of emission are shown in LUT
Black to white
LUT= Blue, over green, yellow, red

You might not see the subtle changes
But would like to compare Intensities
Between image 1 and 2?

Be aware...

26



6kg of Light

Intensity measurement



Comparing different slides for intensity:

- Sample | : no staining

- Sample II: secondary Ab (incl Fluorophore) only, to define background
- Samples Ill: your actual sample

- Imaging: NO over, or under exposure

- Imaging: same settings on instrument (Gain, Laserpower etc.)

- Make notes IF something needs to be changed for later normalizations
- Use ROl to define e.g. nucleus and integrated intensity

for more details on proper image analysis :
— Centrum For Bildanalys (Carolina Wahlby)
— see also .pdf about Image J link:
— Other sources Imaris, Amira
—> as for ZEN, see next slide

http://sciencetechblog.com/2011/05/24/measuring-cell-fluorescence-using-imagej



Measuring Cell Fluorescence using ImageJ

Image J can be downloaded for free from here
http://rsbweb.nih.gov/ij/download.html
Here is a very simple guide for determining the level of fluorescence in a given

region (e.g nucleus)

http//rsbweb.nih.gov/ij/download.html



Workspace Configu

Maintain Macro Tools Window Help

File View Acquisition

1T @ B %

][ I et ‘ l T I =) L () l ‘)_] [- Seen 1ol R L i =
I.,J ks (1) ucams) ' E_u |

° o I_
© ~

L




The big view

2D 3D imaging



213um

6um beads in agarose gel w water objective ...PSF

i IlI
\d

[} e ’
W,

-_—

0

218um
219um ’ g = ’
& F
225m o o o >
(o4 o o O C O
o & o O O 0
- Q Q S )| :
231pm & & o % *
O Q Q Q 9 !
23 7um
243um B

Confocal Micrd

A

\J

scopy Course SLU/ZEN BLACK. D.
Pacholsky/BioVis

Point Spread Function
PSF is real

sample preparation
microscopic set up™
are parameter

who usually worsen
it

* Wavelength

e N.A.

e Ref.Index

e and more ~



Imaging with LSM

p s

possibilities
Confocal Microscopy Course SLU. ZEN BLACK. D.
Pacholsky/BioVis
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From Optical sectioning to 3 D reconstruction

Optical slice from certain

M :
depth in sample any slices from

adjacent depths
| = L 3D reconstruction
1 3 " —=~ == ofallslices
4 / -_— } 2
_ i i » o <
: f %—-/ <
] i‘ "S—’ <
: - o
[ R & / = =
£ ‘ -~ "—‘k,——’ <
/ \\> . %—-’ <
= 2
{
For optimal settings erning resolution k

Some parameters have to fit.
See Nyquist theorem

Confocal Microscopy Course SLU. ZEN BLACK. D. : =
., i RY!
Pacholsky/BioVis .



Bleaching

Bleaching before and after

100x imaging same area with
Widefield microscopy.

Test sample is a strong stain and so
bleaching might be subtle

and only clearly be see in

LUT (look-up-tables)

Intensities of emission are shown in LUT
Black to white
LUT= Blue, over green, yellow, red

You might not see the subtle changes
But would like to compare Intensities
Between image 1 and 27?

Be aware...

Confocal Microscopy Course SLU. ZEN BLACK. D.

Pacholsky/BioVis =



7, we can show every 3rd slide for example ...

‘z. 4 1 ' |
- S F o E ~

Confocal Microscopy Course(SLU. ZEN BLACK. D.
Pacholsky/BioVis




Input image  veptp MO fli gfp 48 hpf.2

Output Image veptp MO fli gfp 48 hpf_Subset.2
©

ery 3rd, s"t’a‘ ing from, 10 en 30 (of 44)
0ose via mouse click in gKaI_Ie

Confocal Microscopy Course SLU. ZEN BLA




3D information from LSM images

Orthogonal view 3D surface reconstruction

P, & 3 }' . i S £/ N

3D information , dashed lines 3 dimensional reconstruction
in blue, red, green indicate position of image

In ZXY d nd are mova blgnfocal Microscopy Course SLU. ZEN BLACK. D.

: . 38
Observe that light could not’penetrate’ riaterialcon certain areas*®



3D information from LSM images

Color depth coding

e — —

0 5 10 15 20 25 30 35 40 pm

Overlay of all (or selected) optical
slices into one merged image with
colors indicating their depths

Maximum Intensity Projection (MIP)

Overlay of the maximum intensity
voxels of all (or selected) optical
slices into one merged image
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X Position

Y Position

Z Position

Pitch

Yaw

191

191 |

23

4%

)

F

b

-

3

|
|
|
|
A
| |
|
||
||
[P
2
. .
|
||
|
||
|}
||
|
|
u
|
||
1
N
i
|
S
|
|

y
—
.
.
avr

*. .. Createinside views by using Cut
' Or do this directly whilst imaging in
”line mode” plus "Z-Stack” =====mmmmnen:

Cut allows for inside view, in case you
' Know how to orientate yourself
o, e In your sample

() .4:3'3 Try 90 onPitch and Yaw *

Cut
X Position fi s il e Mid
Y Position fl 187 |7 ‘mid
Z Position f 23 T ‘Mid
pPitch N 90 |5 . 07

Oewfocal Microscopy Coie SI¥. 7N BLACK. D.

. 43
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You want great, quick an easy 3D, 4D Reconstruction and image analysis on the fly
- IMARIS (or AMIRA, which has a steeper learning curve

- December 3, Rudbeck Lab, Farheus Saten;4MARISSeminar 09:30 — 11:00 and workshop

Pacholsky/BioVis



ITn the mix

Linear unmixing



Dealing with fluorescence

400 SO0 S50 =00

Simultaneous exitation of all three fluorophores or “unspecific” emission filter setiings might lead
to cross excitation and bleeding through Solution : 1. separatable fluorophore combination
2. sequential scan and optimal filter setting
3. ”linear unmixing” for "Blue/Green/Red”



Lambda Scan with 2PM via QUASAR detector of LSM710

Exitation
405
488
633

[—

[~

[ ical grid disp
ASAR has 32~I

< Each single QUA

erses incoming light into
ighly sensiti
%%Cﬂé’tecto

ve (GaAsP) detectors

r collects ”its range”

Tetmrs

47



Lambda Scan with 2PM via QUASAR detector of LSM710

Linear Unmixing

determines relative
contribution

of each fluorophore
for every pixel

of the image.
recalculates

image for
fluorophores used

Image after unmixing

S .,.,g‘/

nnnnnnn

Emussice wayelengh Regon )

vy

420
430
440
449
459
449
479

Emission wavelength

02
0»
o4
03
N
14
14

b e A
=T Bands = o
Regon 2 Region 2
£2 1038
110 1501
110 190 4
115 2042
148 0h-4
128 2177
189 192 4

~ Suggestion emission collection

. /3 I\
- e
512 591
’ CeE——
d £ L
639 698

™\

. /o
415 444



Lambda Scan with 2PM/LSM — linear unmixing

2PM Excitation 800nm S s = Suggestion emission collection
| IG‘ey = 512 591
Image over-contrasted ' i . &30 695
for viewing purpose s T 415 44

. '._.l'

e

T %, gy , Confocal Ml*py Course SL’U yA=\
5 ‘ cholsky/BioVis
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bleed through 2PM lec...mix.Ism @

Intensity
250

200 +
am

Gallery

‘ 150
Histo

Coloc

100
i

Profile

i
| M S
AA 50 7 1
Unmixing
&l

1
/
Info

T T
500 550
Region 1 Region2 —

T
600
Emission wavelength (nm)
Region 3

¥ o e -
Dimensions | Display Graphics

v Unmixing | Extract
T Elulecy
Zoom e o f ™ Dye D
Tools QQ Q:r ¥ _| Interpolation Region 1
Region 2 I
e ANANANANARARIES i
_| Single Channel Quick Color Setup

Palette . Reuse £%  Crop

4

¥ Auto scale
v Weighted unmixing

| Show channels with statistical confidence

Confocal MicroscoShansheaaebwith residpaty ACK. D.

Save to spectra datal'l,)gscer.].OISA(lXé ﬁr'%‘/}ftf Linear Unmixing

51



bleed through 2PM lec...mix.Ism @

2D

Lambda

Gallery

Coloc
Profile

44

Unnﬁxing

Dimensions

Zoom

Tools

Channels

Palette

o
D
m
Q.
e
e
=
O
[ =
=
N
0
<

o
e}
5
pus |
=
=,
m

Intensity
250 .
B Sit back relax
[
L ... And compare
200 I‘
| The spectra made manual
|
|
| < versus automated
\I
|
100 — ||
;l Automatic Component Extraction x
M . ’I } l“»,y Number components 3 | S
| /£ \
—— I | k"l.‘ (0] Cancel
0 = =, T T T T
450 500 550 600 650 700
Emission wavelength (nm)
ACE 1 ACE2 —  ACE3
Display Graphics ¥ Unmixing | Extract
9= S S jalen ol
s S 2 = i | fl Dye Color + V Table Diagram
Qg Qi ¥ ACE1 _ ¥ Lambda coffed
ACE 2 ! 7
CERCERRENNENNRT ACE 3 R e -

Single Channel

1

Quick Color Setup

¥/ Auto scale

v Weighted ullmixing

Show chan

Confocal Microscopy Course SUShaa¢tain
Pachotsky/BroVis

Save to spectra database.. | Auto find /ACE.. Linear Unmixing

Reuse %% Crop = e :
= * Is with statistical confidence
[ith residuals

52



ZEN BLACK poaching through the program




Exit strategy

Options for exporting data



Options on Exporting data
- 1. full resolution (= full resolution with graphics)
- 2. raw data ( =2 full resolution , no graphic)
- 3. contents of image window (as you see it on screen size)
- export options general: - A) file format
» % =2 B) single plane (one image out of a stack)
— C) series (all images from e.g. stack)

Export

Tagged Image File v

-_—
Full resolution image window - single ple '~

Raw data - single plane
Raw data - series

Contents of image window - single plane . . .
Conterts of inage window:- serles - specific options for 1.2.3. see slides

T —————— i — - “specific option” for stack/series:

. .
- open stack in ZEN as gallery view
- export as gallery by using 1.2.3.
- in combination with B

Select file name and save ... Cancel

Confocal Microscopy Course SLU. ZEN BLACK. D.

. 55
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full resolution

— Exports image as seen - in full resolution

-2 in file format you choose

— as RGB (RED GREEN BLUE channel)

— any graphics will be exported (measure bar)

= Problem: more then 3 colors (4t color appears
in all channels of RGB

— problem: BF is overlaid to all RGB channels

—> any graphics appears in all RGB channels

2 o = =
o a’ ReB . bl
- = o [ v 3
e ol
=1
-

a

: B E

T (]
A T 5 3

a2

. Red ks

g B8 9 8
F 5

T cawass Pacholsky/BioVis

—

—*éifi Mi:;}oscopy Course SLU. ZEN BLACK. D.

Solution to the problems:

Join 3 colors as RGB on screen in ZEN
Take away grphics

Export as RGB

take image with graphics, 4t" color or BF
Export it as RGB

Work on in Photshop in combining or
Cut/paste measure bar




Confocal Microscopy Cou .
Pacholsky




RAW DATA
— Exports image as seen - in full resolution

-2 in file format you choose iesnro NG =
—> OPTION : choose which ZEN channel E
is on which RGB channel
- NO graphics will be exported (measure bar) = I
—> Problem: only 3 colors get exported per export
(RGB) =
Solution to the problems: e
Choose the ZEN channels for RGB export wr e e
any more color export /separate/combined =1

For measure bar export choose full resolution export



fullresR.tif @ gallery.tif @

(]
2D

Its a stack but export is set for image seen

Tagged Image : -

Raw data - single plane

® RGB-image Palette-image

Red channe Chl-T1 ~
.: Gre C C = e v’
Blue channel Ch1i-T2 '+~
5 o
2.5D
o
3D =
Select file name and save ... Cancel
A
Histo
-
Yimensions | Display Player Gfaphics -
Z-Position 1 r 44 2531 || P
Foin o Sl e = et 91 L
Tools T - ] Interpolation
Chi-T1 Ch1iT2 Confocal Microscopy Course SLU. ZEN BLACK. D
Channels — - Py : o B

Pacholsky/BioVis



Maintain Macro Tools Window Hel .
” Image window content

) - Exports image as seen

9 @ KB %

fullresR.tif @ contentimage window.tif @

=

2D
o™

Split

Gallery

2

Ortho

=

2

3D
4
Histo
! A |
Dimensions | Display Player Graphics

Z-Position 1 fl

Zoom = o0 L &

Tools T LT _| Interpolation

ThiTT Ty Confocal Microscopy Co|
Channels = = PacholsH
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ZEN BLACK poaching through the program
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New generated image,
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to be combined with the green

channel
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ZEN BLACK poaching through the program

Red to show more clearly the
Details / information of the image




Don t be rude

The F Word techniques



FRAP, iFRAP, FLIP, FLAP, FRET, FLIM, ”F”otoactivation/inactication, FCS

All techniques beside FRET are Live Cell imaging techniques

Fluorescence recovery after photobleaching (FRAP) FRAP
Initial condition Photobleach 1. Stained ceII,
FeRoRE necovery 2. Time lapse (TL) start
3. ROl drawn
4. ROI bleached
5. TL ends when bleached

ROl reaches equilibrium

(5]
(&)
[ ==
O
QO
w
D
—
o
=
(1

— Check for generel bleaching
during TL (neighbouring cells)

|= (le=-lo)/(li-lo) = mobile fraction,
Kinetic analysis (rate constant, t (half)needs.curve.fittings and module...



Photoactivation /uncaging

UV light

a

Membrano
Scavenger

Cytoplasm

'rCJ

CALI chromophore Assisted Light inactivation

Membrane
Cytoplasm

Such "effect” might happen
per se during live cell imaging

KillerRed

http://www:celmigration.org/resource/imaging/imaging_approaches_photomanipulation.shtml



Intensity

FRET Detection of in vivo Protein-Protein Interactions

B'ue .'n
Fluorescent %
Protein *he
380 Nanometer
Excitation
—_—

SR No Green
sy Fluorescent
Protein
Emission
at 510

Separated 5%
) = Nanometers

Protein e
Molecules GFP

]
Intermoleculgr Association

BFP
Figure 2

Blue 2
Fluorescent
Protein
380 Nanometer
Excitation

Green
Fluorescent
Protein
Emission at
510 Nanometers

Molecule 1 Molecule 2

\ /

Absorbangel

Wavelength

FRET, in general

1. Samples:

- FTRET ”pos.pair”

- FRET ”"neg. Pair”

- FRET donor “single”

- FRET aceptor "single”

2. Imaging setup

Analysis

Increased Stokes shdfita Microscopy Course SLU. ZEN
Pacholsky/BioVis

- Ex Donor - Em Donor
- Ex Aceeptor - Em Acceptor
- Ex Donor - Em Acceptor

See pdf FRETLSM780 for
acceptor photobleaching,
simple FET approcah



FRAP

FRET Detection: Acceptor Photobleaching

Acceptor photobleaching:
a simple FRET detection method

De-quenching of the donor after
selective photobleaching of the
acceptor causes an increase in
donor emission that can be readily
quantified.

=
w
c
2
£
@
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8
@
e
S
=]
=

r38EB3Y EBWrse SLU. ZEN BT AERn 2Ty e Contr - TAC 19022013


http://www.jove.com/video/2568/fluorescence-recovery-after-photobleaching-frap-fluorescence-tagged
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3339873/

Anybody else here?

Colocalization



Brief overview to colocalization
Many names and coefficients. Which one to use?

Correlation = Pearson Coefficient ; ‘
- linear relationship between pixel intensities ‘ - ‘ .
- Chlup & Ch2 upor Chldown & Ch2 down

- Ch1l up & Ch2 down = Exclusion -
0,25

2R
M ..

— values between 1 (Correlated), 0 (random), -1 (Exclusion)

Meanders coefficient
-2 ratio (%) of how much of Ch1 is overlapping with Ch2
- do not confuse it with Meander overlap coefficient
MOC...

Many coefficients on the market and very-confusing names often used wrongly in literature...



ORIGINAL ARTICLE

Cytometry

PART A

Quantifying Colocalization by Correlation: The Pearson
Correlation Coefficient is Superior to the Mander’s
Overlap Coefficient

Jeremy Adler, Ingela Parmryd*

Noise and Colocalization in Fluorescence
Microscopy: Solving a Problem

Jeremy Adler," Fredrik Bergholm,? Stamatis N Pagakis,® and Ingela Parmryd.
1. Cell Biology, The Wenner-Gren Institute, Stockholm University, Sweden. 2. Dept. of Numerical Analysis and Computer Sciences,
KTH, Stockholm, Sweden. 3. Biological Imaging et Biomedica? Researcti Foihtiation Academy of Athens, Athens, Greece.

Pacholsky/BioVis




scattergram

66e

Figure 1. Colocalization, scattergrams, and regions of interest
(ROI). A: Two images and their log frequency distribution histo-
grams. For each pixel in the pair of fluorescent images, the two
intensities are used as the coordinates of an entry in the scatter-
plot. This shows the relationship between the two fluorophores.
Pixels from the whole area, including areas outside the cell are
ROl | PCC | SRC [MOC] IcQ included. A grayscale look up table shows the frequency of occur-

All 71 .76 | .85 | .31 : : Y -

61 60 185 135 rence of each pairs of intensities. Note that a white background
Cell 63 | .63 | .85 | .30 has been used for the scattergrams and that the fluorescent
Nucleus .00 .00 | .94 | .01

images have been contrast stretched for display purposes, but

that the histograms and scattergrams show the original distribu-

Baﬁg;u:d mzin max | mes ig tion. B: Correlation megsurements an.d the background intensﬁty.

mage2 | 0 | 13 | 5.8 | 1.9 C. Scattergrams for different ROIls (inserted top left), showing

which pixels were included in the analysis: the nuclear ROl is

speckled because an intensity threshold (mean plus twice the
standard deviation) was also employed.

Plasma mmb .45 52 91 21
Perinuclear | .44 52 | 92 | .18

g

. _ —anfgcaLi Microscopy Course SLU. ZEN BLACK. D. 78
Perinuclear Nucleus Pacholsky/BioVis




mensy _ ZEN vs Image J
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W Just Another Colocalisation Plugin — O
Images to analyse: File
y Image A coloc tester.jpg (red)
Image B coloc tester.jpg (green)
Reset zoom
Analysis to perform:
v| Pearson's coefficient v| Overlap coeff., k1 & k2

EEE T wEEESS— aWs

v M1 & M2 coefficients v| Costes' automatic threshold
Van Steensel's CCF v | Cytofluorogram
Li's ICA v| Costes' randomization
Objects based methods
Parameters:
Wide-Field ® Confocal
Get calib. from ImgA Get calib. from ImgB
xy calib (nm) 0
z calib (nm) 0
Write calib. to images
Wavelength A (nm) 0

Wavelength B (nm) 0

NA 0
Refractive index 0
About | Threshold | CCF | Micro. | Costes' rand® Obj.

Plaace chack rad laheled tahe hafara lanunchinn analvsis

Cytofluorogram between coloc tester.jpg (red) a... — =

Edit

(=2
o

~
o

coloc tester.jpg (green)
PN
o

st | save. | copy. |

O

(Fiji Is Just) Image)

Image Process Analyze Plugins Window Help

Oolz|o|~| 4]+ N AR @[] oe|su|wr
(Fiji Is Just) ImageJ 1.48s; Java 1.6.0_24 [32-bit];

5

AVARY

O ( O

coloc tester.jpg (red)... —
500x500 pixels; 8-bit, 244K

coloc testerjpg (gre... — )
500x500 pixels; 8-hit; 244K

R=0,2
Very weak

M1=0.383 _ §

0.113

O

Costes' threshold coloc tester.jpg (red) and colo... —

1.0

08

Pearson's coefficient below

Log
File Edit Font

Pearson's Coefficient:
r=0.209

O

Costes' mask (50%)
0.00x0.00 nm (500x500); RGB; 977K

Overlap Coefficient:
r=0.282

r"2=k1xk2
k1=0.555
k2=0.143

hreshold 34 & 41

Using thresholds (thrA=34 and thrB=41)

Overlap Coefficient:
r=0.959

r"2=K1xk2:
kK1=1.022
k2=0.899

Manders' Coefficients (original):
M =0.818 (fraction of A overlapping B)
M2=0.372 (fraction of B overlapping A)

Manders' Coefficients (using threshold value of 34 for imgA and 41 for imgB):
M1=0.383 (fraction of A overlapping B)
M2=0.113 (fraction of B overlapping A)

Thand

List ‘ Save.. | Copy I
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Anybody else still awake?

The End



