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Images are collections of numbers
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Why quantify or analyze images?

Why can’t we just take images of A and B and show those?

Sometimes that is ok but . . .

e Some things are just hard to see or display well

e Quantification allows greater n numbers, unbiased,
statistics vs “Representative cell shown”

e Major problems with these two things

Subjective brightness

Scotopic
threshold




Image analysis is your friend

(

Seeing isn’t always believing



Common image quantifications

What is the mean intensity of the green channel in wild-type
and knockout?

What is the length or area of a structure in each cell?

How does the intensity of the GFP change over the time-
course?

How is the protein distributed, perhaps relative to a particular
structure?

How many cells, spots . . . are there in the image?
How fast and far does an object move?

How much does the green colocalize with the red?



— Counting . ..
J

. . . The old fashioned way File: Region and count

/

(& i / = )

File Edit Image Process /Analyze Plugins Window Help
O ojz|o| <A A|a| 0] 2|®@[vs|sufur| ¢ | £ |&] |»|

*Paoint* or multi-paint selections (right click to switch)

Dev
b

Double-click on the point tool icon to get options . . .
rfi Point Tool - ﬁ1
MarkWidth: [E  pixels

|- Marks foreground color on image - don’t save after!

_— Records intensity and location, and counts

v Auto-Measure
[ Auto-Mext Slice
[ Addto ROI Manager
Iv Label Points

Selection Color:  |yellow -

DK | Cancel|

Good if you want to mark one point per slice

We’ll come back to this

In multi-point tool (right-click on the icon) numbers
are shown next to points




oy Region based measurements

File: Regions and count

Measure Ciri+m

Analyze Particles._.
space bar and drag)

Summarize
Distribution. ..
Label

< Set Measurements._. )
e ——

v' Measure the diameter of some nuclei

v’ Line profiles - Analyze/Plot Profile or ctrl-K

v" Draw Regions Of Interest around nuclei (right
click on the icons with red triangles)

v Area ¥ Mean gray value
[ Standard deviation | Modal gray value
¥ Min & max grayvalue [ Centroid

[ Center of mass [ Perimeter

[~ Bounding rectangle [ Fit ellipse

[ Shape descriptors [ Ferefs diameter
[ Integrated density [~ Median

[” Skewness [~ Kurtosis

[ Areafraction [ Stack position

[~ Limitto threshold [ Display label
[ Invert Y coordinates [ Scientific notation
[ Add to overlay

Redirectto: [T ~ |
Decimal places (0-8): |3

OK | Cancell Helpl




=8 Edit Font Resulis

s e
Bename. unt.tif 51.302 33659.273
unttif 43930 22095366
unttf 41472 26586.706

Duplicate. ..

4 Fegions and count.tif 32922 31756.143

] Fegions and count.tif 20454 31119.539

n..
Select and right-click on nhumbers to delete any mistakes/duplicates
Results/Summarize gives averages/SD/min/max for each column

Save your measurements as Xls or .csv



What do the numbers mean?

Relative intensity, grey value = nearly arbitrary unit

« Turning grey values into photon number is possible

« Getting absolute numbers of fluorophores is much harder

» FCS/RICS - offer ability to measure abs concentration

» Some structures (eg viruses or centrosomes) can be present a
defined average number of GFP-fusions, image and use as a
calibration



Accuracy and precision

DL

Accurate Accurate Inaccurate Inaccurate
Precise Imprecise Precise Imprecise




The images need to be
taken correctly

« Same settings for anything settable
« Within the dynamic range (no saturation/clipping)

Which modality?
What ever works best for your sample



Limitations of the correctly taken images

[llumination artifacts - is the field
perfectly even?

Day-to-day variation - laser power

(helps to warm them up), bulb age,
alignment of the optics (especially
laser coupling), dirt

Bleaching over t and z

Antibodies - incomplete
permeabilization, non-linearity. FPs
don’t have these problems.



Limitations of the correctly taken images

Fluorophore saturation (confocal)

Bleedthrough, other fluorophore
interactions (eg quenching)

Imaging efficiency over z

Image aberrations - eg chromatic:
colocalization accuracy, spherical:
intensity over z (do all your samples
have the same aberrations?), intensity
and resolution loss

Reagent instability - batch variation
between antibodies, mount, coverslips



Fluorescent protein oddities

Photopathologies - all might not be as simple as we might
like to think - photoconversion, dark-states, odd bleaching

Valentin, G., et al., Photoconversion of YFP into a CFP-like species during acceptor
photobleaching FRET experiments. Nature Methods, 2005. 2(11): p. 801-801.

Valentin, G., et al., Photobleaching of YFP does not produce a CFP-like species that
affects FRET measurements - response. Nature Methods, 2006. 3(7): p. 492-493.

DAPI can PC to green



http://www.ncbi.nlm.nih.gov/pubmed/23418106

Background correction

600

500

400

CellB is 300% of

<« Signal
>igna CellA, not 166%

300

200
<—— Background

100 200 200——

0 . |
CellA CellB

For intensity measurements (especially from CCD images)
you need to take background into account, either

- Measure the mean intensity of the background and subtract that
from objects

- Remove it from your images before quantification . . .



- Background subtraction
S

File: Background
( i Results
2" Background tif l=@] = | File Edit Font Results

399.00x264.00 cm (39902640, 16-hit; 2061

Process/Math/Subtract

Label |Area ‘Mean |St|:1De~«r |Min |Max

1 Background tif 12985 1974499 74084 1768 2403

e

1l Histogram of Background | = | [E] X |

| S

1723 14136
Count: 105336 Min: 1723
Mean: 2337.974 Max: 14136
StdDev: B62.836 Mode: 1936 (19938)
Bins: 256 Bin Width: 43.488

_1.
w1 —

List| Copy| Log| Live |




.. Non-uniform background subtraction

600
500 -
400 -
<—Signal
300 -
200 +
«<——— Background
100 200 200 Darkfield
o
CellA CellB
Flatfield
Process/Subtract Background . .
. 1 Uneven_DAPLLif == X |
Flle : 356445 pixels, B-bit 155K

| ] Subtract Background... 2.
|2
Rolling ball radius: [15 pixels

Uneven_DAPI

[ Light background

I~ {Create background {dont subfract)} C O m p a re by m O u Se =

[ Sliding paraboloid

[V Disable smoothing

over and histogram




Choosing the subset of the image to
measure




Ctri+Z

Ala|®|O|®][e

Selection tools

sw|wi| g | 4|4

v

>

Ctri+X
Copy Ctri+C

Copy to System

5, or arrows (right click to

Paste Ctri+V
Paste Control...

Clear

Clear Cutside

Fill Cirl+F
Draw Ctri+D
Invert Ctri+Shift+
Options 4

Select All

Select None
Restore Selection
Fit Spline

Fit Circle

Fit Ellipse
Interpolate
Convex Hull
Make Inverse
Create Selection

Create Mask

switch)

18000

Original S pFIiit

ne

Properties...
Rotate. ..
Enlarge...

Make Band...
Specify._.
Straighten...

To Bounding Box
Line to Area
Area fo Line
Image to Selection...
Add fo Manager

Ctri+y

Ctr+T

Fit Circle to Image
Select Bounding Box

Select Bounding Box (guess background color)

Points from Mask
Fill ROl holes

Fit Fit Convex Make Create Area to Make B ch>]_
Circle Ellipse Hull Inverse Mask Line Band. .. OLél;XIng

ST

Many ways to modify a region selection




- Wand

y

(& i =)

File: Regions and count

File Edit Image Process_ Analyze Plugins Window Help
O|Q) || <] 4] w8 Al |@|0|®|om[sufur| g |48 |» |

Wand (tracing) tool

e

4-connected 8-connected

Wand Tool —- -

Mode: |B-connected
Tolerance:  |220]

oK | Cancel|

What tolerance works well?
(hint 16 bit image)

Shift-click to count several (same to add manual ROIs)



Threshold

An intensity value above which is an object,
below which is background

File Edit

mifelfs]

*Owval*, elliptic

ji=0[=8 Process Analyze Plugins Window Help

Type

P ®[ofsufun| 7] 4 & |» ]

Overlay

Show Info... Cirl+l
Properties. .. Ctri+3hift+P
Color

Stacks

Hyperstacks

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

Scale... Ctri+E
Transform

Zoom

Brightness/Contrast. Ctri+Shift+C
Window/Level...
Color Balance...
Threshold...

Color Threshold...

Cirl+Shift+T

Size. ..
Canvas Size...
Line Width___

Auto Threshold

Auto Local Threshold

Auto Crop

Auto Crop (guess background color)
Scale to DPI

{1 Threshold

| Default

~lfRed =

v Dark background [ Stack histogram

Autnl Applyl Resetl Setl

b | 12892
K | v |es220



< How should | set the threshold?

y

File: Regions and count

e It’s really important
e Should | use the same value for all my images?

e Lots of different algorithms for auto-threshold -
http://fiji.sc/wiki/index.php/Auto_Threshold



http://fiji.sc/wiki/index.php/Auto_Threshold

y

g ( Undo Cirl+Z

Straigh Cut Ctrl+X
|

Copy Cirl+C
Copy fo System
Paste Ctri+V
Paste Control...

Clear

Clear Outside

Fill Ctrl+F
Draw Ciri+D
Invert Ctri+Shift+
Options 4

Selection based on the above
threshold region

File:

Regions and count

File N0l Image Process Analyze Plugins Window Help

Ala|@|D|@ sl 0| 4]0] |>

s, or arrows (right click to switch)

Select All Ctri+A
Ctri+Shift+A
Ctri+Shift+E

Select None
Restore Selection
Fit Spline

Fit Circle

Fit Ellipse
Interpolate
Convex Hull
Make Inverse
Create Selection

Create Mask

Set your threshold

Create selection

Measure



What to measure?

Pixels or microns . | :
if known \ [']' Set Measurements 2L
T Area ¥ Mean grayvalue <[ Mean intensity Of selection
¥ Standard deviation ¥ Modal gray value (mOde and median be[ow)

C] rCUlarityr aspect v Min & max grayvalue [ Centroid

ratio, SOl]d]ty I+ Center of mass | Perimeter
| [~ Bounding rectangle [ Fit ellipse

B W Shape descriptors [ Feret's diameter <— Longest straight line in selection
v Integrated density [+ Median

Sum of all pixel ——__|

A

intensities in selection W [ Kantnsis

RawIntDen = Z pixels [ Areafraction W Stack position

IntDen = mean X area

[~ Limitto threshold ¥ Display label < Puts image name in the results
5 v Invert Y coordinates | Scientific notation
/ [ Add to overlay
Makes 0,0 be at bottom Redirectto: [None ~]
left Decimal places (0-9): |3_

Ok | Cancel| Help |&

\ )7 It actually does




- Analyze/Analyze particles
J

When you have your threshold optimally set . . .

Analyze/Analyze Particles . . . .

i ™y
7 Analyze Particles | =& |

Size (micron*2): |':"|”ﬁﬂi’ff

[ Pixel units

Circularity: [0.00-1.00

Show: |Outlines |

v Display results | Exclude on edges
v Clear results [ Include holes

[ Summarize | Record stars

[ Addto Manager [ Insitu Show

Ok | Cancel| Help|

How many do you get?



Y Count and measure nuclei

Optimize settings for greater accuracy

File: Regions and count

v' Open image
v' Threshold - repeat with a few values

v Analyze particles - try using the size range and other options

v' What are the different output options - mask, overlay, outlines . . .

v" How many nuclei? What is the average area and intensity?



Using filters to help produce an accurate mask

\\\\\\\\\\\\\\\\

Threshold:
Which is better?
For perimeter?
Intensity?

Outline:




Moving selections/regions between images

Processing and filters can help, but your data is changed

Solution: Move the selections to a raw or accurately processed image

o

y

Open two copies of
Process 1, threshold, Edit/Selection/Create Selection
Select the other raw image, Edit/Selection/Restore Selection

Measure and inspect

File: Regions and count

] Set Measurements ‘l‘

[V Area [V Mean gray value

Or >  Redirectto: [None ~|
Decimal places (0-9): [3—

oK | cancel | Heip|




File Edit

[=]e

||~

A |4

Image Process WA=l

R |AlQ

FIJI region

Text tool

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

Label

Clear Resulis

Set Measurements. .

Set Scale..
Calibrate__.
Ctri+H
Cirl+K

Histogram
Plot Profile
Surface Plot...
Gels

»

manager

File:

Regions and count

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

Topod

-

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

3
ROI Manager ...

Scale Bar...
Calibration Bar...

Synchronize Windows

PointPicker
Sync Windows
Sync Measure 3D

[ ROI Manager L‘:' 5] &% J

Add [i]
Update

Delete

Rename...
Measure
Deselect

Properties...
Flatten [F]
Moare =

[~ Show All
[~ Edit Mode

v Multiple ROls
v Transfer

v Much more



Analyze Particles to ROl manager

1 Analyze Particles | 28 |

Size (micron*2): |':"|ﬂﬂﬂi’f5f

[ Pixel units

Circularity: |0.00-1.00

Show. [Outlines =l

Iv Display results [ Exclude on edges
Iv Clear results | Include holes

[ Summarize [ Record starts

[ Addto Manager [ In situ Show

] | Cancel| Help|

Adds generated outlines to ROl manager allowing transfer to another image

Let’s try using this, and in a 3D example



Count foci

Files: CountFoci_DAPI

CountFoci_f oci

-

11 Find Maxima... A &Jw

Moise tolerance: |25

Outputtype: [Single Points |

[ Exclude edge maxima
[ Light background

v iPreview point selection:

142 Maxima

]9 | Canu:el| Help|

Process/Find Maxima

-

i CountFoci_foci.tif (33.3%)

TEO0x1 200 pikels, 8-hit; 1.8MEB




| v" Threshold CountFoci_DAPI (but don’t press “apply”)
ad v' Process/Binary/Make Binary ,
. v P /Bi /Wat hed (make sure the objects are
rocess/binary atersne black on a white background)
v" Analyze particles and add to manager
(5 oraving o countoct peetar o) | o |

1600x1200 pixels, 8-hit, 1.8MB

é}o 200

O 11 ROI Manager |£IM|
O 0001-0023 - Addf

0002-0071 0
0003-0090 Hpdaic
0004-0091 Delete
0005-0095
0006-0101 Rename...
0007-0135 Measure
0008-0215
0009-0228 peseles
0010-0267 Properties...
0011-0279
0012-0313 Flatten [F]
0013-0339
0014-0362 Hore »
0015-0379 ¥ Show Al
0016-0407
NNA7.NA24 i p Labels

v Apply these ROIs to the find maxima output
v" Measure and look at RawIntDen



Surface render for 3D measurements

Volume visualization by generating an isosurface,
a 3D threshold. All points on the surface have the
same intensity

s BITPLANE




Measuring in 3D

Shall we just make a MIP and count, measure and make 2D
intensity measurements with that?

No we shall not

O O
O
O O
Zv
MP @ ® O )

(Sum or average projections may be ok for some things)



- Y Measure the intensity of some yeast

Files: Yeast stack DIC
yeast stack GFP

Use the DIC as a mask to measure the total GFP (why?)

Some challenges:

e DIC is hard to threshold

Some of the yeast are touching
The GFP images are noisy

The GFP have a high-background
The GFP images are 3D



What we are very good at doing

Can anybody not
count how many
nuclei are here?

This bit tends to be frustrating as we can see how the
program could do a better job then just using a threshold



Segmentation algorithms

Many different methods to using a bit more than the
threshold to choose and separate objects

http://en.wikipedia.org/wiki/Segmentation (image processing)

http://fiji.sc/Category:Segmentation



http://en.wikipedia.org/wiki/Segmentation_(image_processing)
http://fiji.sc/Category:Segmentation

A really useful segmentation algorithm

Thresholded Cells EDOM and UEPs After Watershed Segmentation

Process/Binary
(When th resholded) Process/Binary/Distance Map

Process/Binary/Ultimate Points

Process/Binary/Watershed

Or “Apply” in the
threshold box



~ é '] Mask modification exercise

Files: CountFoci_DAPI
CountFoci_foci

Use the DAPI image and all your skills to make a perfect mask

Process/Binary/ . . . qge.]' ImugeJ IH‘IDQCJ Iﬂlw
ariginal threshold erocde dilate
Fill holes ImageJ ImageJ Lmaged Imagel]
open close autline skeletonize

Manual changes with paint brush

Measure the per cell intensity of the foci channel



Colocalization

Are two proteins in the same place?

All we can say is that they are in the same resolution constrained volume (and
even if both are within 200 nm it doesn’t mean interact or function together)

Bleedthrough = False positive (use
sequential acquisition)

Chromatic aberration = False negative



The peril of yellow=colocalized

Yellow results from a similar intensity of green and red
If green and red happen to be different . ..




The peril of yellow=colocalized

Yellow results from a similar intensity of green and red
If green and red happen to be different . ..

And we aren’t great at judging absolute color



Statistical measures of colocalization

- Colocalized
b
C
-
O
on
X
©)
(o]
o
BB Background?

There are many statistical models of representing the
extent of colocalization

http://support.svi.nl/wiki/ColocalizationTheory



http://support.svi.nl/wiki/ColocalizationTheory

~——

e 4 Visualizing regions with both markers

Files:Colocalization G
Colocalization R

@) Colocalized = GNR

lc > Tg Nl > Tg

v" Open the images

v' Make an Overlay - Green and Red=yellow? - to see what we are dealing with
v" Threshold as you think best for each channel

v" Process/Binary/Make Binary (mouse over black&white images)
v" Process/Image Calculator

Makes a new binary image showing
only regions with both G and R
above threshold

1 Image Calculator | 24 |

A }

Image1: |Colocalization_R.if d
Operation: |AND j
=]

Image2: |Colocalization_G tif
(invert image or LUT if any image is negative)
Iv Create new window
[~ 32-bit (float) result

Ok | Cancel‘ Help|




v" Put the AND image into the color overlay as white
v" Turn on and off using the composite tools
v" What do you think?

. |
5 Colocalization Gtif L= | = | 2 || & colocalization_Riif (=B8] % I s colocalization GRtit | = | B | 22 |
251x238 pixels; 8-hit, 58K 251x238 pixels; RGE; 233K

251x238 pixels; 8-hit, 58K

& Result of Colocalization... l = [E] =
251%238 pixels; 8-hit, 58K




Tracking - following an object over time

Determine the position of the objects - similar to what we have done

Do that for all time points
Determine which of the positions over time are the same object

Time point 1 8 Time point 2



- Tracking (the simple way)
J

If you only have a few or they are very difficult to pick . . .

Manually click on each object over time m

Plugins/Tracking/mTrackJ

« Add several color tracks

 Works in 4D

« Lots of measurements -
eg positions, distances,
velocity, angles. . .




Automation with Macros

File Edit Image Process Analyze

Window Help

ooz 43 Al NI - Clrl+Shift+
Magnifying glass (or use "+" and ™" keys) Sloliclls Dl T

Utilities v Edit..

New v Startup Macros...

Compile and Run...

Install Plugin_..

3D Viewer
Analyze
Examples
Feature Extraction
ImagesD

Integral Image Filters
LOCI

Landmarks

Optic Flow
Process
Registration

SPIM Registration
Scripting
Segmentation
Skeleton

Stacks

Stitching
Tracking
Transform
Utilities

Volume Viewer

3

3

Pencil Tool Options...
Paintbrush Tool Options...
Flood Fill Tool Options...
Set Drawing Color__.

About Startup Macros.
Save As JPEG... []]
Save Inverted FITS

—

i Recorder

(o=

£3

Record: |Macro ~| MName: |Macroijm

Create | ?
run{"Smooth™, "stack™):

run{"Z Project...™, "start=l stop=20 projecticn=[Max Intensity]™);

run("Graya"):
run{"Enhance Contrast...", "saturated=0.4");

run{"&-bit"):
run{"Record...”);

Record a sequence of operations and save mouse clicks




= Macro
J

Process/Multiple Image Processor
EXE)

About

Images/Files_for_macro

Input Folder: | SELECT

Qutput Folder: | SELECT

Images/temp

Resize Percent: 100 ! L

Macro File: | SELECT

crop_rainbow_RGB

Qutput Image Format Type : |TrIT | - |

(6K cancal|

Lm‘ Templates Run Tools Tabs

acrodi - Java
o T
O Python

Lots of extensibility . . . .

O Beanshell

If, else, for, while . . . e

http://fiji.sc/Introduction_into_Macro Programming



http://fiji.sc/Introduction_into_Macro_Programming

Further information

|Juser-guide - pdf covering the basics
http://imagej.nih.gov/ij/docs/user-guide.pdf

Press help and the webpage is quite descriptive on the

function you are looking at, general site is here
http://imagej.nih.gov/ij/

Growing amount on the FlJI website
http://fiji.sc/wiki/index.php/Fiji



http://imagej.nih.gov/ij/docs/user-guide.pdf
http://imagej.nih.gov/ij/
http://fiji.sc/wiki/index.php/Fiji

