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Learning outcomes of the course

* What is Imaged and Fiji

 Basic features of image analysis using this
software
— Add annotations
— Intensity measurements
— Drift corrections
— Measure distances
— Co-localization analyses
— Basic features of analyzing time-lapse images



What is ImageJ and FIJI?

* ImageJ and FIJI are freeware used for
image analysis in life sciences

* Freeware: nobody will ask you money for

Its use.
Collaboration

The Fiji project is driven by a strong desire to improve the tools available
for life sciences to process and analyze data. To this end, Fiji collaborates

closely with the following projects:

Y S sy

>

Imaged2 Bio-Formats OME HManager KNIME




How to get started?

Step 1

' 4 Imagel S
& C A [} imagej
home | news | docs | download | plugins | resources | list | links

ImagEJ Search

Image Processing and Analysis in Java

Features

News
Documentation
Download

Plugins

Developer Resources
Applets/'Web Start
Mailing List

Links

e 0 9o 0 0 0 0 O 0

This page has been visited 1,177,868 times. Send comments
to wsr@unih. gov. Disclaimer

Step 2

& Download X

C A [ imagejnihgov/ij/download.html

home | news | docs | download | plugins | resources | list | links
Download

Platform Independent

To install Imagel 1.48 on a computer with Java pre-installed. or to upgrade to the latest
full distribution (including macros. plugins and LUTs). download 1j148.zip (3MB) and
extract the Image]J directory. Use the Help=Update ImageJ command to upgrade to
newer versions.

Mac OS X

Download Image] 1
ImageJ64. which

later. Instructior

as a double-clickable Mac OS X application. Includes
in 64-bit mode on Intel Macs running O8 X 10.5 or

Download! 8 bundled with 64-bit Java (40MB) or with 32-bit Java (46MB).
Both versis va 1.6.0_24 from Oracle. Instructions.

Windows

Download ImageJ 1.48 bundled with 64-bit Java (25MB: requires 64-bit Windows).
32-bit Java (28MB) or without Java (SMB). Can't use an installer because you lack
administrator privileges? Image] is also available as a ZIP archive (ij148-jdk6-64 zip
or 1j148-jdk6-32 zip). Instructions.

Documentation

Tiago Ferreira's comprehensive Image] User Guide is available as an 8MB PDF
document and as a ZIP archive. The online JavaDoc API documentation is also
available as a ZIP archive.

Source Code
The Imagel Java source consists of 120.000 lines of code in 350 files. It is available
online and as zip archives.

Example Images
31 downloadable sample images and stacks are available in ImageT's File=Open
Samples submenu. These images. and more. are also available as a 8. 2MB zip archive

You can also browse the Image] download directory at imagej.nih gov/ij/download’. Refer to the
release notes for a list of new features and bug fixes.

top | home | news | docs | download | plugins | resources | list | links



Interface of the software

r_é Image) E@g
File Edit Image Process Analyze Plugins Window Help
B o[l <l |/ [ a 0] #] /s |0] #]0] 4]

Stacks Menu

File Edit Image Process Analyze Plugins Window Help
B o|c|o| 44|+ A|a || 2] mfsw|wi| g4 ]a|4]>

Developer Menu




Assume that you have a time-
lapse image. So what is next?

* Check the size of the image
(dimensions should be at least
512x512 dpi during image
acquisition; French et al., 2008-
course literature)

* Do you need to analyze it?



How do I know which is the size
of my image

IEN | ZEN 2012

File View Maintain Maco Tools Window Help

(%] TSN2 TIPE 30 min 5.avi © T Images and Documents

Processing

TSN2 TIPB 30 min 5 3 blsm

0.25 MB
Method Ib.ism
Maximum intensity projection
0.25 MB
TSN2 .. 5.avi

Color-coded projection
Image calculator

Average 202U0001 €c
Filter EEREH

-

lon Concentration S A 0227 um View Edit Help

Correlation

Modify Series
HDR- imaging s % 463,y 512, time: 18, channels: 2, 8-bit
Channel Alignment

Copy
— Scan | plane, time series

x:104.99 pm, y: 116.12 um

Method Parameters L 37
Plan-Apochromat 20u/0.8 M27
175 ps
line 4

Ch1:928
Ch2:535

Ch1:431-504
€h2:529 - 595

MBS : MBS 458/514
MBS_InVis : MBS -405
458 nm :50%

514 nm - 0.3000 %




Open your file with FIJI

« FIJI is compatible with ‘czi’

(Fiji Is Just) Image) =8 2

W (Fiji Is Just) Image) = | B | S File Edit Image Process Analyze Plugins Window Help
— . B olz|o|~<]4] £ Ala] @] 2] ofse]ur] g 4] 0] £
Edit lmage Process Analyze pmglns indoy H8|p “More Tools" menu (switch toolsets or add tools) ‘

\4|»

-

New

\n|>>

Dev |Slk |LUT| | | | -

|A|O\|{“'p|/‘ St f 4 & | & [ TSM2 TIPE 20 min 5.avi (=] & o]
Open... (S L8N | selections (right click to switch) ‘ 7178, 600:854 pieels; RGB, 27W8
Open Next Cirl+Shifi+O

Open Samples 4
Open Recent 4
Import 4
Export 4

Close Ctri+W
Close All

Save Cirl+S
Save As 4
Revert Cir+R

Page Setup...
Print._ Cirl+P

Quit

Fix Funny Filenames
Make Screencast




My image is ‘drifting’. What shall
I do?

(Fiji Is Just) Image) = 8 = W0 (Fiji Is Just) Image) S| B
’%’h‘é‘r"g"rggr/przej ’jia"y;j z\'”‘g{m ;i"“;‘:‘] Sie"im 014]8]8]5N]> File Edif Image Process Analyze [0 Window Help
“More T;ols“ menu (s\;mch tou\s;ts or add tools) B ‘ ’E O,‘ = | Q_J:"| -7 é..| B o N ‘ A| Macros 3 | & ‘ & | & | B
Scrolling tool (or press space bar and drag) | Shortcuts »

[5" TSN2 TIP8 30 min 5.avi “:'—Hilléj .

118, 600x664 pixels; RGB, I77TMB Utilities '
New »

1-| Compile and Run...
Install... Ctrl+Shift+M
Install Plugin.__.
3D Viewer
Analyze ’
Bio-Formats v
Color Inspector 3D
Examples 4
Feature Extraction 4
ImagesD 4
Integral Image Filters 4
LOCI 4
Landmarks 4
Optic Flow v
Process 4
Descriptor-based registration (2d/3d)
SPIM Registration »| Elastic 4
Scripting } | Manual landmark selection (3d)
Segmentation v| Descriptor-based series registration (2d/3d + t)
Stacks v| TurboReg
Stitching *| Unwarpl
Time Lapse } | Align Image by line ROl
Tracking | Rigid Registration
H Dw d Des i t WD rk? Transform *| Moving Least Squares

Utilities b bUnwarpJ
Volume Viewer Linear Stack Alignment with SIFT
Debug Register Virtual Stack Slices

* We are using Rigid body transformations e | correct ap an

» http://bigwww.epfl.ch/thevenaz/stackreg/




If you have channels you can split
them

(Fiji Is Just) Image) =HAC T (Fiji Is Just) Image)

File Edit Image Process Analyze Plugins Window Help

File Edit Process Analyze Plugins Window Help

[Eold e bl 2| oot £ |4 @ 4] [H ol a4+ 5| Ala] o] z] osfu] g | 4| 6] &[>
Stright’, 56 s right click ta switch) . | Wand (tracing) taol
Show Info... Cirl+l
Color +| Split Channels 2
Stacks *|  Merge Channels... -
Hyperstacks *| Armrange Channels... 11180003604 plke!s38; bi:o B ME
Crop Clrl+ShifteX Channels Tool . Ctri+Shift+Z SI ST
Duplicate Ctri+Shift+D Stack to RGB
Rename... Make Composite
Scale... Ctr+E | Show LUT
Transform » Display LUTs
Zoom b EdRLUT
Qverlay »| Color Picker... Ctri+Shifi+K
Lookup Tables *| Colour Deconvolution
Annotate Dichromacy
Drawing Simulate Color Blindness
Video Editing Retinex
Replace Red with Magenta
GEED Replace Red with Magenta (system clipboard)
Cole RGBioLab
Convolve RGBtoYUV
ThREET Average Color
RGB to CIELAB
RGB to Luminance
Set Color By Wavelength




Lets add time stamps

(Fiji Is Just) Image) |i|ﬂ|éj

File Edit

fg (I Type

Process Analyze Plugins Window Help

p| 2] o=

(Fiji 1s Just) | Adjust , 124 [64- blt]
— | Showlnfo._. Cirl+l
TSN2 TIE =B =%
Properties... Ctri+Shift+P

17/18; 600xE

Color 3

Hyperslacks » Delete Slice

Crop Ctrisshifax | e SlIce ]

Duplicate... Ctrissniftsp | Trevious Slice [<]
Set Siice...

Rename...

Scale..

Ctri+E Images to Stack

Transform » Stack to |mag85

Zoom » Make Moﬂtage...

Overlay v\ Reslice []...

p— Orthogonal Views  Ciri+Shift+H
Z Project...

AEER " 3D Project..

DiEning Plot Z-axis Profile

Video Editing Label

Statistics

Axes

Convert Tools

Convolve
Threshold

Radial Reslice

Dynamlc Reslice
Series Labeler
Kalman Stack Filter
Reslice 72
ViewsD

(Fiji Is Just) Image)

=

Pg

File Edit Image Process Analyze Plugins Window Help

I8 o)z~

Dev|Stk‘UJT

Magnifying glass (or use "+" and "-" keys)

Time Stamper

Starting Time:

B
T ]

iy
=
=

Interval:
X Location:
Y Location:

Font Size:

I '00:00" format:

Decimal Places:

11

Or with a suffix Suffix: C

¥ Anti-Aliased text?

OK Cancel

£




Calculation of interval time

View Maintain  Macro Tools Window Help

= N
image for oL feul on:
b £ ] -] mage for course calcul _ons.czl '@ e
Processing
] y
20
Method
View Edit Help
Maximum iftensity projection
Color-coded profection z .
1
age caloul
Image calculator - ' :
Average b
Filter

Linear unmixing

lon Concentration

Correlation

Modity Series

HOR- imsging

channel Alignment
» Copy

Method Parameters.

1ons
Telext
-] n
9 (18], 306=
AL oy = ] 1
i ] ; 1
Chi cha
- _ b
Single Channal Range Indicanor
Dimensions - Dispiay =
el s
= ’.\ 130 Auto ‘Min/Max Best Fit
(i =
e o ot
-
Single Channel REnge Indicator ______-—-"




i (Fiji Is Just) Image) [E=R R

File Edit Image Process Analyze Plugins Window Help

W (Fiji Is Just) Image)

o B OER

File Edit Image Process Analyze Plugins Window Help

—

I8 o|z|o| <4+

N A o] 2] oo

w1 0|4]8]4]x]>

Magnifying glass (or use "+" and "-" keys)

¢ Time Stamper

Starting Time:
Interval:

X Location:

Y Location:

Font Size:

I '00:00" format:

Decimal Places:

¥ Anti-Aliased text?

o |

iy
=
=

T 177

B
T[E

Orwith a suffix Suffic. |sec

Cancel

£

I8 o c|o| <4l +x[Ala|@|s]| fs|u] o] 48] &[>
Polygon selections
[5 TSN2 TIPE 30 min 5.avi (green) = | = 2

3/18; 600x664 pixels; &-hit; 6.8ME




Set up scale bars

(Fiji Is Just) Image)

(=] s

E O,| G Type

Freehand se Adjust

~— Show Info... Ctri+l

Color
Stacks
Hyperstacks

Crop Ctri+Shift+X
Duplicate... Cirl+Shift+D
Rename...

Scale... Ctri+E
Transform

Zoom

Overlay

Lookup Tables

Annotate
Drawing
Video Editing

Axes
Convert
Convolve
Threshold

t o4

-

3

& Frsil ELHELEE 5), 6-bit, 5.1MB

File Editmprocess Analyze Plugins Window Help

pl | ofoufenl g |4 ]a] 2

\n|>>

Pl |

= =]

{Fiji Is Just) Image) = B B
File Edit Image Process Analyze Plugins Window Help
IH O|c|o| <& 4| Al o] 2] ofsw|ut| g] 4 | & ] &>

Properties..__..

I Image for course calculations.czi
c /21118, 105.21x116.35 pixels (463x512); 8-hit, 8.1MB

Image for course calc...

Channels (c); |2
Slices (z):
Frames (1) |18

Mote: c*z*t must equal 36

ixel
Unit of length: P

Pixel width: |0.2272404
Pixel height: |0.2272404
Voxel depth: |1.0000000

Frame interval: 1sec
Origin (pixels). (0,0

I~ Global

OK Cancel




(Fiji Is Just) Image)

B EER=>

File Edit Image Process UENEN Plugins Window Help

o) | of5 4]+

Magnifying glass (or use "+" and

Image for course cal
/26118, 108.21x11

C 4
rel |

Measure Ctri+M Slkv||-UT,| ¢ |/ |& |1/

Analyze Particles...

\1|>>

Summarize

Distribution._. i

Label

Clear Results

Set Measurements...

Calibrate...
Histogram
Plot Profile
Surface Plot...
Gels

Ctri+H
Ctri+K

Tools

3D Objects Counter
3D OC Options
Colocalization
Color Histogram
Directionality
Shape Index Map

Optic Flow 4
Helmholtz Analysis
3D Surface Plot
Classification

Local Thickness

QuickPALM L4 ﬂ
Sholl Analysis... I |
Topod L

1. If you have 'CZI' files

7 (Fiji Is Just) Image) =8| ¥
File Edit Image Process Analyze Plugins Window Help
Lo/l £ |+ Ala| @] 2] ofsw|u| o] 4]a]4]N]>
x=49.54, y=19.54, z=0, value=27
* Image for course calculations.czi =8 =
c1/2t1/18;105.21x116.35 pixels (463x512); 8-hit; 8.1MB
| Set Scale e |

[~ Global

Scale: 4.4006 pixels/pixel

Distance in pixels: |[ERI00E
Known distance: |1.0
Pixel aspect ratio: [1.0

Unit oflength:  |pixel
Click to Remove Scale

OK Cancel | Help




2. If you do not have 'CZI' files
(e.g. 'avi' files etc.)

i (FijiIs Just) Image) = &8 =
File Edit Image Process Analyze Plugins Window Help
OO|z|O £+ A|a|@] 2] bxfsw|ut] g |4 ]| 4] N]>

x=44.99, y=17.72, z=0, value=37

Image for course calculations.czi
c1/2E1M8; 105.21x116.35 um (463x512); 8-hit, 8. 1MB

Distance in pixels: |463

Known distance: |105.21
Pixel aspect ratio: ’107

Unit of length:  |unit
Click to Remaove Scale

[~ Global

Scale: 4 4007 pixelsiunit

OK Cancel | Help

==

bl |




Adding the scale bar on the image

Step 1: select where you want the scale bar
ROI (region of interest) Step 2: do the following

i Is Just) Image) (Fiji Is Just) Image)

|_n::i|§|-§3- |£‘Eléj

mfellaficiPNPAES

Edit Image Process Analyze Plugins Window Help
NPNRNEIPIR

*Rectangular® or rounded rectangular selections (right click to switch)

LuT

AV AR PR

Image for course calculations.czi

c1/2 11018, 105.21x116.35 um (463x512); &-hit, 8. 1MB

File Edit Image ProcessPIugins Window Help

I8 o z|o|s |4+

Magnifying glass (or use "+" and

Image for course calcu
12 t118, 1056 21x116.]

Measure Cirl+M
Analyze Particles...
Summarize
Distribution...

Label

Clear Results

Set Measurements...

Set Scale...

Calibrate...

Histogram Ctrl+H
Plot Profile Ctri+K
Surface Plot...

Gels

\Q|>>

su |wi| 0| 4| & ] 4

»

3D Objects Counter
3D OC Options
Colocalization
Color Histogram
Directionality
Shape Index Map
Optic Flow
Helmholiz Analysis
3D Surface Plot
Classification
Local Thickness

I want my scale bar here

Fractal Box Count...
Analyze Line Graph
Curve Fitting. .

ROI Manager...
Calibration Bar...

Synchronize Windows

PointPicker
Sync Windows
»|  Sync Measure 3D

-

¢4 = Eil— QuickPALM 5, 2l
bl | | : Sholl Analysis... ! [+
TopoJ »



Step 3: this box appears.

Image for course calculations.czi
c2 118,105 21x116.35 um (463x612); 8-bit;, 3.1MB

[ ] ScaleBar Plus.

Width inpm: |20
Heightin pixels: |10

Font size: 8

Wik

[~ SerifFont [ Owerlay

[~ Label all slices

Color:  |White -
Background: |Mone hd
Location:

At Selection -

[ Hide Text

Step 4: adjust ‘color’ and...done.

Image for course calculations.czi

c 4 o

| B ﬂ

cAE LA B, 105.21%116.35 um (463x517), 5-bit, 8.1MB

0] ScaleBar Plus

co4]

[ 3R]

Width in pm:
Height in pixels:

Font size:

»cmon

Background:

Location:

¥ Bold Text [ Hide Text
™ SerifFont v Overlay

¥ Label all slices

S|

A

Black -

White -

At Selection -




Now I can make dimension
measurements

T (FijiIs Just) Image) | 5] e B i S =tiinage (=] B

File Edit Image Process Analyze Plugins Window Help

File Edit Image Process Analyze Plugins Window Help

Qlo|z|ofzE £l+IxAla @] 2] oxfsu|wi| g |48 ] 4] |> Qlojc|ofE 4|+ Ala|ofF] ofsfuw| s[4 ]|a] 4] ]>
Straight, segmented ¢ Straight Line fows (right click to switch) x=41.81, y=34 54, z=0. value=205
Segmented Line T =] e |

[i" Image for course calculations.czi
c1/261/18; 105.21x116.35 pixels (463x512); 8-hit, 8.1ME

(463x512), 8-hit, 8.1MB

Arrow tool

bl | B c

=




(Fiji Is Just) Image)

=il

File Edit Image Process |Gl Plugins Window

ol ol <+ T

*Point* or multi-point (right click t

Image for course calculations.czi

c. /21118, 105 21«1 16.35 pixels (463x512), 8-hit §.1N

c o4

ral |

Analyze Particles...
Summarize
Distribution. ..

Label

Clear Results

Set Measurements.

Set Scale...
Calibrate__.

Histogram Ctri+H
Plot Profile Ctrl+K

Surface Plot .
Gels
Tools

3D Objects Counter
3D OC Options
Colocalization
Color Histogram
Directionality
Shape Index Map
Optic Flow
Helmholtz Analysis
3D Surface Plot
Classification
Local Thickness
QuickPALM

Sholl Analysis...
TopoJ

Help
e un] 4|8 4 x| »

re)

Font Results

RawlntDerm

e




Adjusting colors

ey
File Edit [[iEr g Process Analyze Plugins Window Help
oolc e v B | owlsn i
. *Straight”, s¢ Adjust i \:‘!Elﬂ. ILE'TF
ST e ‘ =NECE X wiprokZgfpiins line et ‘ = Show Info Cirisl :r:y
CI2E2122, 67 46XE 745 IXElS (31 2x512), 8-bit, 1115 17212722, 67 46x67.48 pixals (51 2%512), 8-, 115 e et
1 Stacks o L=
Hyperstacks »| Spectrum
3-3-2RGB
Crop CHr+Shift+Xx Red
Duplicate. crisnineD | o
Rename Blue
Scale CIrttE &
Translorm e
Zoom ' Yellow
Qveriay o E——
16 colors.
Annotate * 5ramps
Drawing *| Gshades
Video Editing *| blue orange ich
— .| brgbecmyw
Convert Geal
Convolve Cyan Hot
Threshold y| edges
gem
glasbey
dow
Green Fire Blue
HiLo
IcA
ICA2
a3
Magenta Hot
Orange Hot
phase
physics
Rainbow RGB
Red Hot
royal
e i sepia
Y| o e
y thal

Solution: Use grey scale images



sepia

C1-TSN2 TIP8 30 min 5.czi

118, 105.21x116.35 pixels (463x512); 8-hit, 4.1MB

Invert LUT
B (Fiji s Just) Image) Kyl e =
File Edit Im Process Analyze Plug Fire
daolc Twe v| Grays AP AN E
“Point™ or mi Adjust N Ice
Show Info._. Ctri+l
Properties. .. Ctrl+Shift+P Sl
Color 4 Rt
[ Green
Hyperstacks Bl s 1- d 7
aturated:
Crop Ctri+Shift+X Magenta
Duplicate Ctri+Shifi+D Yellow o @ =
REEDS. RediGreen ———
Scale... Cir+E
Transform ToEeTs
T .| &ramps
Overlay b 6 shades
blue orange ich
gy
Annotate +| cool
Drawing »| Cyan Hot
Video Editing »| edges
AXES y| 9EM
Convert glasbey
Convolve glow
I Green Fire Blue
HiLo
ICA
ICA2
ICA3
Magenta Hot
Orange Hot
phase
physics
Rainbow RGB
Red Hot
royal




What is a Look Up Table
(LUT)?

[ (Fiji Is Just) Image) =B

File Edit [iEE00 Process Analyze Plugins Window Help

D,\OJC Type >D|/‘Dev_8(k_\.u‘r' g|/‘@,|dg|\q‘»
Text tool (do| Adjust R
Show Info... Ctri+l
Properties... Cirl+Shift+P
[ Lookup Tab Split Channels =|B] =
T032KE50 PHE  gtacks v| Merge Channels...

Hyperstacks v/ Arrange Channels...
crop CirieShiftsx | Channels Tool.. Clri+Shift+Z

i Duplicate Ctri+Shift+D | Stack to RGB . I _
Rename... Make Composite Spectum
Scale... Cir+E | Show LUT _
Qverlay v Color Picker... Ctri+Shift+K Vellow RediGreen

- Lookup Tables +|  Colour Deconvolution _
Annotate Dichromacy 6 shades blue arange ich
Drawing Simulate Color Blindness _ _
Video Editing R Retinex Cyan Hot edges

- Replace Red with Magenta
RS ' Replace Red with Magenta (system clipboard) Green Fire Blus

- Bapit RGBtoLab
Convolve RGBtoYUV

- UITEETEN ' Average Color .

Magenta Hot i RGB to CIELAB
RGB to Luminance
Ranbow RGH Set Color By Wavelength sepla
thallium Thermal
unionjack Yellow Hot




Highlighting certain signal
Intensities

i (5 I Just) Imae) b= ] = e (Fiji Is Just) Image) (=16
File Edit | Process Analyze Plugins Window Help File Edit @ Process Analyze Plugins Window Help
mifelfa : ARV E jolc Tye IR APV AR VAANES
(Fiji Is Just) | Adjust , 16-bit *Point* ar my Adjust ' lick to configure)
Show Info... ctis | 20t Show Info... Cirl+l
Properties..  CrisShiftep | S-Oif Color =Bl X ——— Properies . Clri+Shift+P | ———
Color g lHesasdr o Cl'TE_ Spiit Channels
i 118,10
Stacks r| RGB Stack Stacks ¥ Merge Channels. ..
Hyperstacks »| HSB Stack Hyperstacks *| Arrange Channels...
Crop Ctri+ShiftsX Crop Ctri+Shiftsx | Channets Tool... Ctri+Shift+2
Duplicate. .. Ctri+Shift+D Duplicate. .. Ctrl+Shift+D Stack to RGB
Rename... Rename... Make Composite
Scale... Ctri+E Scale... Ctri+E Show LUT
Transform 4 Transform v| Display LUTs
Overlay 4 Qverlay » | Color Picker... Ctri+Shift+K
Lookup Tables 17 Lookup Tables v Colour Deconvolution
Annotate ' Annotate Dichromacy
Drawing : Drawing Simulate Color Blindness
Video Editing > Video Editing Retinex
Replace Red with Magenta
ot ' RS Replace Red with Magenta (system clipboard)
Convert Convert RGBtoLab
Convolve Convolve RGBiOYUY
Threshold Threshold Average Color
RGB to CIELAB
= ﬂ_‘ j RGB to Luminance
Set Color By Wavelength




Are my colors in linear range?

C1-TSM2 TIPS 20 min 5.czi = B %
7118 105.21%116.35 pixels (463x51 2): 8-bit. 4 1NB

C1-TSN2 TIPS 20 min 5.czi = B =&

1018, 105.21x116.35 pixels (463x512); 8-hit, 4.1MB

]

Qpen...

Initial Entry (O 1
| ' : Save...
Red: x| i cot
e
Green: 4| * |g
Blue: 4| o

T3

i

Invert...

OK Cancel

1

OK Cancel

>al |

]




-
C2-Image for course caleulations.czi =8 x [ C2-Image for course calculations.czi E@ﬁ

/18, 105.21x116.35 pixels (463x512); 6-hit, 4.1MB /18, 105.21x116.35 pixels (463x512); 8-bit, 4.1MB

bl | o




Types of color blindness

Tanomaly tow blue) Twagical Monachromacy



Simulate color

[ (Fiji Is Just) Image) =
File Edit Process Analyze Plugins Window Help
Pl oefenlun] g |4 (&) 4>
Adjust v
| Show Info... Ctrl+l
I properties . Ctrisshiftep  futeranore == = W
Split Channels
Stacks »|  Merge Channels...
Hyperstacks v Arrange Channels.
Crop Clri+ShifteX Channels Tool... Ctri+Shift+Z
Duplicate. .. Ctri+Shift+D Stack to RGB
Rename... Make Composite
Scale... Ciri+E Show LUT
Transform »| Display LUTs
Zoom v Edit LUT...
Overlay v| Color Picker... Cri+Shift+iK
Lookup Tables »| Colour Deconvolution
[— § ocnomacy |
T Simulate Color Blindness
Video Editing Retinex
Replace Red with Magenta
AXES Replace Red with Magenta (system clipboard)
LRI RGBtoLab
Convolve RGBtOYUY
Threshold Average Color

RGB to Luminance

Set Color By Wavelength

blightness

—

[i)i Dichromacy v1.0

Simulate |Deuteranope j

Protanope

Deuteranope

W
i CFEEITritannple

DK | Cancel|




i (FijiIs Just) Image) =

T (Fiji Is Just) Image) o5 ) File Edit Image Process Analyze Plugins Window Help
File Edit Image Process Analyze Plugins Window Help |:L|O|S|@ 7 A—H’Z »\|A| O\|{ﬂ-?| = | De“.|8"‘. LU'I;| ﬁ | ‘! | & | 4 |\1 |>>
I8 olc|oln|alw/N|Aala|o] 2] ofsw|u] s |4]a]|&]%]> %=231, y=206, value=003,003.004 (#030304)
*Rectangular® or rounded rectangular selections (right click to switch)
1 Cl-Image for course calculations.czi-Deuteranope = |E RS
Image for course calculations.czi =8 = 463x512 pixels; RGE; 9261

c1/2 11018, 105.21x116.35 um (463x512); &-hit, 8. 1MB

c 4 ]
P | i \




Designate structures on your
iImages

(Fii Is Just) Image) [E=RE (Fij Is Just) Image) | B
File Edit Image Process Analyze Plugins Window Help

|| Ll Ale @] oofswfur| | 4] &4 ]

Straight, segmented | Straight Line 'ows” (right click to switch)

File Edit \mage Process Analyze Plugins Window Help
Dev|5xk|UJT

5=

Palmbrush Tool

Segmented Line P —
DCPL2KOroot23 o nd Line = DCP1 2 KO root 2 30 min 1.czi (300%) =8 =
113,27 31x37.40 pixe|

1/13; 27.31x31.40 pixels (207x238); 8-hif, 625K

I am interested on this spot



(Fiji Is Just) Imagel

E=E——

File Edit Image Process

Cjo|z|ofA [+

Scrolling tool {or press space bar

DCP1 2 KO root 2 30 min 1.czi (30
1/13; 27.31x31.40 pixels (207x238);

Plugins Window Help
osm g |ur| 7|4 |& |4 [N

Analyze Particles. ..

Measure

Summarize E

Distribution...

Label
Clear Results

Set Measurements...

Set Scale...
Calibrate...
Histogram
Plot Profile
Surface Plot...
Gels 4

0001-0093-0062

Ctri+H
Ctri+K

Save XY Coordinates...

3D Objects Counter Fractal Box Count...

3D OC Options
Colocalization »

Analyze Line Graph
Curve Fitting....

Color Histogram

Directionality SEIB -

Shape Index Map Calibration Bar...

Synchronize Windows

Optic Flow »

Helmholtz Analysis PointPicker

3D Surface Plot Sync Windows
Classification ¥ Sync Measure 3D

Local Thickness
QuickPALM
Sholl Analysis.__.
Topol

~|  Addf
Update

Delete

Rename...

Measure
Deselect

Properties...
Flatten [F]

Maore =
W Show All
| Labels

My spot is
moving...

(Fiji Is Just) Image)

o B3R

File Edit Image Process Analyze Plugins Wind

Olo||oF £ |+ /x| Ala|o|C|

x=8.31, y=12.67, z=1, value=12

Stk

Help
| g 4o 4]%]>

7
“
DCP1 2 KO root 2 30 min Lezi (300%) /

T3, 27,3131 40 pikels (207x238), B-bit, 625K

t=10

When time changes

@7 ROI Manager

0001-0093.0062( < dd [y
0002-0083-0065 Update
Delete
Rename...
Measure
Deselect
Properties..
Flatten [F]
More =
¥ Show All
~ |l Labels




m (Fiji Is Just) Image)

File Edit

Qo)

Freehand se

=NNER X

Process
Type

Adjust

Show Info...
Properties...
Color
Stacks
Hyperstacks

Crop
Duplicate. ..
Rename...
Scale .
Transform
Zoom

Overlay
Lookup Tables

Annotate
Drawing
Video Editing

Axes
Convert
Convolve
Threshold

Pl |

Analyze Plugins Window Help

Ctri+l
Ctrl+Shift+P

Ctrl+Shift+X
Ctri+Shift+D

Ctri+E

» "p|/‘ Deuv|8tkv

»

B AVAR-IVIRNE

|1 ROIManager. = =l =

=

0001-0073-0039 |=|  Add[

v 0002-0066-0048 Update
0003-0063-0094

' 0004-0083-0060 |=|__ Delste

v 0004-0070-0115 Rename...
0004-0039-0052 Measure
0004-0023-0089 S
0004-0061-0078
0004-0105-0084 | | Properies...
0004-0072-0024 Flatien [F]
0001-0274-0093 —

R 0003.0058.0133 | | ==
0007-0058-0133 :

D 0008-0058-0133 |~ |l Labels

4 Add Selection...
Add Image. ..

Ctri+B

Hide Overlay

»

Show Overlay
'
' ToROI Manager
» | Remove Overlay

List Elements

Flatten Ctrl+Shift+F
»| Labels...
Overlay Options. ..

Overlay Manager

(Fiji Is Just) Imagel

Tiff...
Edit Image Process A Gif
New g Jpeqg...
Open... CLLLO N P Image. .
Open Next Ctrl+Shift+O =
Open Samples " RawData._.
Open Recent g

Import
Export

Close
Close All
Save

Revert

Page Setup...
Print._.

Cuit

Fix Funny Filenames

Make Screencast

Ctri+wW

Ctri+3

Ctri+R

Ctri+P

Image Sequence. .
2
AL
BMP...
PNG...
PGM. ..
FITS...
LUT...
Selection..
X¥ Coordinates. ..
Results. ..
Text...

Analyze. .
DF3 ..
Mrrd ..







Do my structures co-localize?

Are the intensities of green and red correlating:

Pearson's correlation coefficient. Requires linear
relationship between the two channel intensities.
Mander's coefficient. Proportional to the amount of
fluorescence of the co-localizing objects in each
component, which is dependent on the intensities of
the signals.

Spearman'’s rank coefficient. Pearson correlation
coefficient coefficient between ranked variables



Plot profiles of the intensi

(Fiji Is Just) Image)

||:| E] ||

File Edit Image ProcessPIugins Window Help

Qloja|ofE 4]+

Scrolling tool (or press space bar

C2-Image for course calculations.czi =

1718, 105.21%116.35 pixels (463x512), 8-bit, 4 TMB

>4l |

Ctrl+M
Analyze Particles.

Measure

Summarize
Distribution...
Label

Clear Results

Set Measurements. ..

Set Scale..
Calibrate...
Histogram
Plot Profile
Surface Plot...
Gels

Tools

Ctri+H
Ctri+K

3D Cbjects Counter
3D OC Options
Colocalization
Color Histogram
Directionality
Shape Index Map
Optic Flow
Helmholtz Analysis
3D Surface Plot
Classification
Local Thickness
QuickPALM

Sholl Analysis. ..
Topod

AErIYNE

L

Image for course calculations.czi
05.21x116.35 pixels (463x512), B-hit, 4. 1MB

Add[t]
Update

Rename...

Measure
Deselect

3
Properties...

Flatten [F]

& Save XY Coordinates. ..

Fractal Box Count.__ More =

[ Show All
~ [ Labels

-

Analyze Line Graph

Curve Fitting...

Scale Bar_..

]

Calibration Bar_..

Synchronize Windows

PointPicker
Sync Windows
Sync Measure 3D




(Fiji Is Just) Image)
File Edit Image Process Analyze Plugins Window Help

'_Z| e | 4 Q, [ &M | 2 | Dev | Stk | LuT g\ 4 | & | & | “u

0001-0228-0222 [~ Add [i]

Deselect
Properties...
Flatten [F]
More =
[ Show All
=|[ Labels




(Fiji Is Just) Image)

File Edit Image Process Analyze Plugins Window Help

oo, Al @) 2] oelswjwr| g | 48] 4>

| 4|+

(Fiji Is Just) Imaged 2.0.0-rc-15/1.49j10; Java 1.6.0_24 [64-bit];

i C2-Image for course calculations.czi

1018, 105.21x116.35 pixels (463x512); 8-bit, 4 1MB

>l |

I select this window
and the ROI from the
ROT manager and the
line appears here

1 C1-Image for course calculations.czi

000102280222 ||
1 I

)

Add [f]
Update

Delete

Rename...

Measure
Deselect

Properties...

Flatten [F]
More =
[ Show All

[« Labels

118, 105.21%116.35 pixels (463x512); 6-BiTt, 4.1MB

: —_—




Select each window and then
‘analyze’->'plot profile’

(Fiji Is Just) Image)

b= i) e

C2-Image for course calculations.czi

=

1/18; 105.21x116.35 pixels (463x512); 8-hit; 4. 1MB

Analyze Particles...
Summarize
Distribution. .-

Label

Clear Results

Set Measurements...

Set Scale...

Calibrate...

Histogram Ctri+H
Plot Profile Ciri+K
Surface Plot...

Gels

Tools

3D Objects Counter
3D OC Options
Colocalization
Color Histogram
Directionality
Shape Index Map
Optic Flow
Helmholtz Analysis
3D Surface Plot
Classification
Local Thickness
QuickPALM

Sholl Analysis...
TopoJ

File Edit Image ProcessPIugins Window Help
Cl| O.‘ = | Q’DI; A ‘ -4 Measure Clri+M

Text tool (double-click to configur

SEPVIRYINE

[mage for course calculations.czi =8 = 1

36 pixels (528x255); 8-hit; 131K

10

20 30 40 50
Distance (pixals)

» [ave;l Copy... w




{Fiji Is Just) Image) = B

File Edit Image Process Analyze Plugins Window Help
QlO|z|ofFE 4|« A|a|o| A oxfs|un| |4 o] 4] |>
*=8.17. y=89.92

[ESEEE™SC)

Plot of C1-Image for course calculations

BB.30x215 57 pixels (528x255) 8-bit, 131K

150

C2-Image for course calculations.czi

1118, 105.21x116.35 pixels (463x512); 5-bit, 4. 1MB

Gray Value

) 10 30
Distance (pixels)

Saue...| Copy... | Live ‘ H=8.18, ¥Y=150.6




-

[1i Plot of C2-Image for course calculations

i Plet Values

I

File Edit Font

X v

o.000a 233466
0.2272 249029

{|04545 2566R3

06817 266938
09020 27,7359
1.1362  2Z9.0568

1.3634 305716
1.5907 316278

66.3%9x1 44 56 pixels (528x255); 8-hit, 131K
100
[ak)
=
G
=
=
i 50
i] 10 20
Distan
List | SEI'u'E...| Cnpy...| Live | ¥=24.77, YI

1.8179  355.B6BBY

2 NaAs7 F[R111
4

v|1

Click on the 'list' button and take the values

that appear in the 'plot value’ box to Excel

sheet and plot them




Ok! I need some math now!

-

L

\
5




[i (Fiji Is Just) Image)

[ESTEERE=)

File Edit JIIEREY Process Analyze Plugins Window Help

mifelfa

(Fij Is Just)

Type D
Adjust »
Show Info... Ctrl+l
Properties... Ctri+Shift+P

2] xfse]w o] |8 4]~]>
S

24 [64-bit];

Split Channels

Stacks *|  Merge Channels. .
Hyperstacks *| Arrange Channels. .
crop Cirisshiftex | Channets Tool... Cirl+Shift+Z
Duplicate. .. Cirl+Shift+D | Stack to RGB
Rename. .. Make Composite
Scale... Cir+E | Show LUT
Transform »| Display LUTs
Zoom »| Edit LUT...
Overiay »| Color Picker... Cirl+Shift+K
LOOKUp Tables 4 Colour Deconvolution
Annolaie ,| Dichromacy
Drawing o Simulate Color Blindness
Video Editing y Retinex
Replace Red with Magenta
Axes " Replace Red with Magenta (system clipboard)
Sopvell RGBtoLab
Convolve RGBtoYUV
Threshold 4

Average Color
RGB to CIELAB
RGB to Luminance

Set Color By Wavelength

[8 (Fiji Is Just) ImageJ

(oo e

File Edit
Ojoja|o|~

Image Process

P
Al | - Measure Cirism |5

*Point™ or multi-point (right click t

lugins Window Help
tk"l-u.l;‘ ﬁ ‘J|&‘&‘\‘>>
=

Analyze Particles. .
Summarize
Distribution. .

Label

Clear Results

Set Measurements.

Set Scale._..
Calibrate. ..
Histogram
Plot Profile
Surface Plot...

Gels 4

Ctri+H
Ctri+K

Tools 4

3D Objects Counter
3D OC Options

Colocalization

Color Histogram
Directionality

Shape Index Map

Optic Flow 4
Helmholtz Analysis

3D Surface Plot

Classification 4
Local Thickness 4
QuickPALM 4
Sholl Analysis. ..

Topol 8

re)

Colocalization Threshold

Colocalization Test

Coloc 2




Data presentation of
colocalization and some regular

A GFP-TSN2  RFP-Rbp47b Merge GFP-TSN2 RFP-UBP1 Merge

.
1 5 colocalisation C2-Image for course ca...|. = | & i‘E—I

Li-Ch1 -

Control

GFP-TSN2 RFP-DCP1 Merge GFP-TSN2 RFP-DCP2 Merge

W Heat stress

Control

]

]

g
Spearman’s rank correlation value 0. 70764861 - 0
Spearman’s correlation t-statistic 2068.8426 §
t-statistic degrees of freedom 4267006.000 T
Manders M1 (no threshold) 0.996

C . D

Manders M2 (no threshold) 1.000 100 W SG

0,8 1 PB
Manders M1 (threshold) 0.846 : g’g ] 80
Manders M2 (threshold) 0.889 - E 021 60
: -0,2 1 .

List Copy PDF ¥| Log 04 40
5 + -D,S 1
-0,8 1

] 20

0

TSN1  TSN2

(] |
- -
%]

PSC coefficient
=)
Foci (%)

TSN1/SG
TSN1/PB
TSN2/SG
TSN2/PB




Fluorescence recovery after
photo-bleaching

pre post: Os 10s 60 s

>
=
n
c
0]
—
=

_—

time






Analyzing FRAP data

Use the rectangle to

Select the ROIL =5 to select the ROI

Olq Select the ROI manager

(Fiji Is Just) ImageJ = | ] (Fiji Is Just) Image) L= ) {F el = e
File Eadit Image Process Analyze Plgins Window Help File Edit Image Process Analyze Plugins Window Help Fie Ed image Process ’c’m.:,.r,: Pugins  Window  Help
Bolzlol<al«/n ala|o]| 2] ofsefu 8] 48] 2] ||| [E Olz|o|<|£] w5 Al || 2] oufss|ur] 4|48 &]%]> B Ol |o| |44 Measwe o Balin] 2|88
Ry | selections {right click to switch) (Fili Is Just) ImageJ 2.0.0-rc-16/1.49{10; Java 1.6.0_24 [64-bit]; *Paint® or multi-paint (nght click |  Analyze Parickes ko)

Rounded Rectangle Tool | ArTrmED i
Distribution
124512), B-bit, 1 5WB 150, 106,37 pixels (512512); B-bit 158 Label

Clear Resulls
Sat MeasUraments

Higtogram

Piot Profile
Surtate Piot

G '
D save XY Coordinates

Fractal Box Count

30 Objects Counter
3D 0C Op

Anatyze Line Graph

oM

Colocalization

Color g

. Scale Bar
Direcbonality

Shape Index Map i

Synchronize Windows

Optic Flow ¢
Heimholtz Analysis PointPicker
D Surface Piol Sync Windows
Classification v Sync Measure 30
Local Thickness ’
\ ’ QUICKPALM v
Shall Analysis

Topod ¥



2. Click on 'show all’ and

'labels’

.
[iF ROI Managerl = (=]

0001-0195-0256 |~ |

F

Add [f]

pdate

Rename...

Measure

Deselect

Properies...

Flatten [F]

Mare =

¥ Show All

v Labels

This is
my ROTI

3. Select 'more’ and on
drop-down menu select
'‘Multi measure’

p
i ROI Manager[ = | [l _Ig

0001-0195-0256 |~

Add [t]

pdate

Delete

Rename...

Measure

Deselect

Froperdies

|

Open...

Save...

Fill

Draw

AMD

OR (Combine)
XOR

Split

Add Particles
Multi Plot

Sort

Specify...
Remove Positions...
Labels...

List

Interpolate ROIs
Translate...
Help

Options...




* 4 You end up with an intensity
measureme n-'- -l-ab I e Make sure that ‘integrated density’ is

selected (Results-> Set measurements...)

= &

(Fiji Is Just) Image) =

File Edit Image Process Analyze Plugins Window Help
[=[elfaiioFaP AL ARNVNENL VIV CAES CAPA VAR SV e
(Fiji Is Just) ImageJ 2.0.0-rc-15/1.49j10; Java 1.6.0_24 [64-bit];

Results
File Edit Font Results 3
IntDen1  |RawintDen1 =] e Moo e
1 " Mean gray value
2 3185.145 73929 [~ Standard deviation [~ Modal gray value
3 2803204 67385 [ Min & max grayvalue | Centroid
4 2843.792 66006 )
5 0844227 GED1E | I~ Center of mass I~ Perimeter
B 9894 GF9  G5562 [ Bounding rectangle [ Fitellipse
7 2843404 65997 I” Shape descriptors [~ Ferets diameter
a 2845477 GEO4S Iv Integrated density [ Median
g 2878.302 EG6E07 " Skewness I™ Kurtosis
10  2883.687 66932 I Area fraction ™ Stack position
11 2866.066 66523
12 2893.898 67169 [~ Limitto threshold |~ Display label
13 2898422 67274 I InvertY coordinates [ Scientific notation
14 2938.188 68197 [l Add to overiay
16 2009.581 £7533
16 2919102 67734 Redirect to: ’m
12 oo oo o|| || osomtnscss 0 [
M Cancel ﬂ




« 5. Copy and paste the data from the table to
an Excel file e i see (or i

B C D E F l H
Time

ROOTL Value IntDen
1 194,068,542,827 46,903,794,809  147,164,748,018
2 64,253,054,902 35,820,844,291 28,432,210,611 o[ 2
3 75,289,241,916 40,871,302,754 34,417,939,162 3 34
a 81,892,248,723 42,638,963,217 39,253,285,506 6 39
5 82,836,871,509 43,901,577,833 38,935,293,676 9 38
6 85,820,383,084 44,696,557,406  41,123,825,678 12 a1
7 93,050,020,848 47,801,654,091  45,248,366,757 15 a5
8 91,413,298,197 48,690,160,673 42,723,137,524 18 42
9 88,990,948,675 50,888,045,375 38,102,903,300 21 38
10 91,114,011,770 50,579,406,246 40,534,605,524 24 40
11 91,937,049,445 49,662,841,562 42,274,207 883 7 40
12 89,813,986,350 50,785,165,665 39,028,820,685 30 a2
13 85,988,731,699 53,609,681,325 32,379,0650,374 33 a5
14 85,876,499,289 54,470,129,804 31,406,369, 485 36 50
15 #7,662,865,153 52,524,768,025 35,138,097,128 39 52

Normalized
intensity (my
intensity-
background)



Use curve fitting

Abscissa File Edit Format WCLES Window Help
Inspector... {ra8l
Axis... {ra8x -
Formula... {+38F
A Inicio Diseno Tablas Parameter ... | Datos Revisar Programador
; Editar | Formula Output... {+380 Alineacién Numero Formato
. [#] Rellenar ~ |Calibri (Guerps  DataViewer... 08D | = aber | 5 Ausartexo v [Nomero Normal Correcto Incorrecto Neutra Ad
Plir o s | Tool Box... 8T |[=| (=[5 T + 0% oo | SO Condicional Celda vine Nota Sal
Pegar & L Recipe... fgR L= == i} % MO0 pormary
se AN ) f;-[_ Text | S
VIS R R B Markar > E F G [ J [ s s o [ M
% range over all #R
BN ROOT1 Value IntDen background Time ROOT1 Value  IntDen
5 | 1 194,068,542,827 46,903,794,809  147,164,748,018 118,732,537,407
6 | 2 64,253,054,502 35,820,844,291 28,432,210,611 0 28 1017958417 16,816,156,146
7 | edce UNTITLED i2 3 0.141630563 98,7!
8 55 16 3
=] 5 5
o] s
1] 50 7
1z i
13 0
14 ] 1
5] B
16 40 I3 formula
177 prev. ~ insert
% a5 52-(52-28)"(1/(e*(@"x))) E
20|
2_1 30 25
22 | 0 11 15.6811313 3
23| 3 0
24 25 : 3 3
E 0 10 9 a7
26| LN one curve select 12 “
27| ,631,850 15 48
28 | '82)999,562,384  47,900,838,841 18 a7
129 | pasteboard | 86,643,420,759 44,930,374,927
30 tmp 86,783,711,272 44,649,793,902 o
31| 91,675,173,821 36,980,579,197 36 a 0.04557 it x
32 91,918,344,044 33,753,897,400 30 33 I
33 93,227,722, 34,530,171,572 33 34
34 ,010,863 37,027,342,701 36 37 1 2926
35| _perform on selection above 96,426,305,858  27,889,753,962 39 2 1088
36 | delete... 3 1269
137 | e 4 1380
38| sort by selection up #2 34,679,814,786  174,904,858,767 157,667,831,084 5 1424
39| E sort by selection down 3 33,697,781,196 17,237,027,683 Y 17 11.3769257 41,058,356,772 6 142,
40 sort by x-data #a 33,697,781,196 25,626,400,354 3 25 0.260410488 7 1435
41| move backward #s5 34,670,462,085 29,461,007,706 3 25 8 1585
4z | move forward #e 31,986,236,938 35,147,449,829 9 35 9 146,3(
43 | swap with x-data ®7 32,191,996,357 37,373,392,633 12 37 10 1486
44 | duplicate as plotted 33,641,664,990 44,846,200,620 15 44 11 152,40
45 | create... 32,453,871,981 45,117,428,945 18 45 12 15,7
46 | convelution... 33,866,129,811 44,378,565,577 21 44 13 1667
47 | - correlation - 33,389,142,067 47,885,828,399 24 47 14 1631
33,445,258,272 50,541,995,443 27 50 15 167,50
12 84,707,411,681 33,435,905,571 51,271,506,110 30 51 16 1584
13 91,581,646,813 32,350,992,272 59,230,654,541 33 59 17 1631
14 88,354,965,016 34,305,706,751 54,049,258,265 36 54 18 1653
15 91,254,302,283 32,958,917,828 58,295,384,455 9 58 18 1594
16 91,647,115,719 32,902,801,622 58,744,314,097 2 58

144 ~ - | Ubp2KO WT ] WT FRAP | DCP1 | DCP Coller ] Rbp Coller ] Total J Total2 | 2KO complement | + J

/.Paste

your data

here

8. Set up your equation
F(t) = F
Fo)*exp(-t*a)

inf (Finf -
8. Select
‘mark as fit

data’



Presentation of FRAP data and
control experiments required

>

Post-bleach

Pre-bleach 0

PIN2-EGFP

B C

—= 80, " = 100,

S 60 2

& 3

S 401 = 50

o] o

a5 20 L=y - -

sl ©

e b = 0

= WT  rswd | WT wd e WT rswd
Epidermis Cortex




Forsters resonance energy
transfer (FRET)

d Spectral overlap

No FRET FRET
Donor  Acceptor Donor  Acceptor Correct orientation
emission excitation emission excitation
Susila No FRET
bl 405 gn
8| v
b Distance <10 nm 3 _.E””_E y
Mo FRET FRET
405 nm
4&5511 z (\ 405 nm FRET
o | 4::- - |
O g T | 2 >
M o | c 9 o
| J \_‘_l :
|




Acceptor photo-bleaching

(Fiji Is Just) Image)

(o[ [t

File Edit

[=felfz

Scrolling too

Type
Adjust
Show Info...

Properties...

Stacks
Hyperstacks

Crop
Duplicate. .
Rename.
Scale...
Transform
Zoom

Qverlay
Lookup Tables

Annotate
Drawing
Video Editing

Axes
Convert
Convolve
Threshold

Process Analyze Plugins Window Help

»
Ctri+l
Cirl+Shift+P

r

b

Ctri+Shift+X
Ctri+Shift+D

Ctri+E
»
3

r

r

p| 2] oefonin] ¢ 4 8] &

\,|>>

i (Fiji s Just) Imagel

=

File Edit Image Process Analyze Plugins Window Help

CEEEE

&4 Ala|o] 2] ofsu]ur

AVARIP AR s

(Fiji Is Just) ImageJ 2 0.0-rc-15/1.49j10; Java 1.6.0_24 [64-bit];

( TSN2 TIPS 20 min S.czi = B 2

C1-TSN2 TIPS 30 min S.czi = B %

C€2-TSN2 TIPG 30 min 5.czi

OIS L0 211 6,35 pixels (463x512), 8-hit; 8.1MB

Split Channels

Merge Channels__

Arrange Channels...

Channels Tool Ctrl+Shift+Z

Stack to RGB
Make Composite
Show LUT
Display LUTs
Edit LUT

Color Picker Ctri+Shift+K

Colour Deconvolution
Dichromacy

Simulate Color Blindness
Retinex

Replace Red with Magenta
Replace Red with Magenta (system clipboard)
RGBioLab

RGBioYUV

Average Color

RGB to CIELAB

RGB to Luminance

Set Color By Wavelength

1/18;105.21x116.35 pixels (463x512); B-bit 4 1MB

T8 105 21%116 35 pivels (463x512); B-bIE. 4.1WE




FE i b5 Just) Image) et LUT
Fiji Is Just] Image) = 8] ®
(Fiji Is Just) Image. v Eoi ORI Frovess Anhze P A
File Edit Image Process Analyze Plugins Window Help oG Type . —
o/ |oE £+ Ala o] 2] ofsu|ut] ¢ 4|8 4] x]> [ g i
sl = i Lo W (Fiji Is Just) Image) lsl=)
r= =3 = 2 r hvow ind rie
|x B R s tiaes |l [ = = S0 BRI File Edit Image Process Analyze Plugins Window Help
ol e B o|c|o|<|<|+ || Ala|o]#] msfu|g|4]a] 4]~
[ (5 c1-TSN2 TIP8 30 min 5.0 el S tacks e (Fiij Is Just) Imaged 2 0 0-rc-15/1 49/10: Java 1 6.0_24 [64-bit]: |
1/18; 105.21x116.35 pixels (463x512); 8-bit; 4.1MB Hyperstacks ' Green
o Cutsnme | BRe C1-TSN2 TIP8 30 min S.czi = 8] %
i = 7718, 105.21x116.35 pixels (463x512
Duplicate CirisShiflsD - g
Rename Magenta
Scale Cireg | Yellow
Transtonm y RediGreen
Zoom *| 18 colors
Overiay | 8ramps
|| Lookup Tabies [ & shades
blue orange kb
Annotate '
Drgbemyw
Drawing ¥
cool
A »
Video Edting Cyan Hot
gem
glasbey
qlow

Green Fire Blue
HiLo

ica

ICAZ

A3

Magenta Hol
Orange Hot
phase
Physics
Rainbow RGD
Red Hot

royal

\ sepla

smart

thal
hallum
Thermal
unioniack
Yellow Hot




(Fiji Is Just) Image) =8 =

|F|Ie Edit Image Process Analyze Plugins Window Help

IH olx|o|<|4| =[N Ala|o]2] x|s|w|s|s]a]L]]~
(Fiji Is Just) Imaged 2.0.0-rc-15/1.49j10; Java 1.6.0_24 [64-bit];
i C1-TSN2 TIPS 30 min S.czi C2-TSN2 TIPE 30 min S.czi = B8 =8
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Calculate FRET efficiency
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Further reading

nttp://fiji.sc/Cookbook
nttp://fiji.sc/Time Stamper
ttp://fiji.sc/Annotating Images

http://occm.otago.ac.nz/resources/Making-a-Look-Up-
Table---LUT.pdf

http://fiji.sc/Image Intensity Processing
Abscissa software http://rbruehl.macbay.de/

FRAP theory (Balinski paper in the course literature)

http://jcs.biologists.org/content/114/21/3885.full.pdf+
html
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http://occm.otago.ac.nz/resources/Making-a-Look-Up-Table---LUT.pdf
http://occm.otago.ac.nz/resources/Making-a-Look-Up-Table---LUT.pdf
http://fiji.sc/Image_Intensity_Processing
http://rbruehl.macbay.de/
http://jcs.biologists.org/content/114/21/3885.full.pdf+html
http://jcs.biologists.org/content/114/21/3885.full.pdf+html

Where does ‘F(t) = Finf — (Finf —
FO)*exp(—t*a)’ comes?

Assuming that molecule 4 can bind reversibly to a spatially-
fixed site B to form a complex AB. then the reaction
equilibrium is given by

Fron

A+B ;(<—_> AB (Al)
off

The forward reaction rate (units: M s71) is
Yon = koﬂ[A][B] (A:)

where kon is the bimolecular association rate constant (units:
M1 s71) and the reverse reaction rate (units: M s71) is

roft= kot AB] (A3)

where kofr is the unimolecular dissociation rate constant (units:
s1) and all the bracketed quantities are the molar
concentrations of the indicated species. At equilibrium these
two rates are equal (Fon=tof) and the corresponding association
equilibrium constant, K, is defined by

koo  [4B]e 1
K=— = = = " (Ad)

where the subscript ‘e’ indicates the concenfration at
equilibrium. Given the reaction in Eqn Al. the rate of
formation of 4B at any arbitrary time is given by

d[AB] i}

— = kon[A4][B] — kost[AB] . (AS)
In the FRAP experiments, we use a brief laser pulse to
photobleach the fluorescent species 4 when it is bound to B,

Balinski et al., 2001 (see
course literature)

so that at time t=0. [AB] will be 0. We assume that the
photobleaching has little effect on the fluorescence of [A4]
because the bleached 4 subunits readily leave the bleached
region by diffusion and are replaced by unbleached subunits at
an equivalent concenfration. Also. it is assumed that the
amount of 4 that is bleached is small compared with the total
amount in the cell. Assuming that Eqn Al has reached
equilibrium prior to the bleaching event at t=0. and that [4] and
[B] are unaffected by the bleaching process, then

[4] =[4]e and [B] = [B]e (A6)
so that by combining Eqns A4 and A6

kot AB
Kop = M _ (A7)
[4](B]
Substituting Eqn A7 info Eqn AS.
d[AB]
dt

= kot A][B]e — kot AB] . (A8)

Assuming that [AB]=0 at t=0. then the solution to equation A8
is given by
[4B]
[4B].

=1 — g il (AD)

which applies regardless of the degree of binding site saturation
at equilibrium. Therefore, given the stated assumptions, the
rate constant for FRAP recovery is identical to the dissociation
rate constant, Kof.
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