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date lesson/lab aula time
14-15 (GF and BT),

01/03/23 |intro aula5A, H2bis 16-17 (NS)
08/03/23 |lessonl aula5A, H2bis 15-18
15/03/23 [lab1 sala microscopia F2, C1 [15-18
22/03/23 |lesson2 aula5A, H2bis 15-18
29/03/23 |lab2 sala microscopia F2, C1 [15-18
05/04/23 |lesson3 aula5A, H2bis 15-18
19/04/23 |lesson4 aula5A, H2bis 15-18
26/4/23 |lesson5 aula5A, H2bis 15-18
3/5/23 |lab3 CIMA center 15-18
10/5/23 |lab4 aula5A, H2bis 15-18




Live imaging

microscopy
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LIVE IMAGING

* Allows study of dynamic processes in real time in stead of
snap-shot of one timepoint

e Results in movie instead of single image

* Dynamic processes of subcellular compartments, cells, cellular networks,
organs, entire animals

Examples for dynamic processes of interest

* Cell migration

* Morphological changes

* Physiological parameters (ion concentrations, vesicle dynamics)
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LIVE IMAGING - CHALLENGES

Keeping cells alive

* physiological environment

* Temperature

* lonic and osmotic environment

* Oxigenation

* pH (ev. CO, concentration for carbonate buffer)
* Mechanical stress

* Phototoxicity

 Chemical toxicity of dyes
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LIVE IMAGING - INCUBATION

Cell Health Short-Term Study Longer-Term Study
Parameter

pH HEPES Buffer CO> Incubator

Objective Lens Warmers
Cell chambers with integrated heating

Temperature Stage Warmers
elements
Enclose microscope within a heated box
Humidity Open cell chambers Tightly sealed cell chambers
: Large volume of Media changes during study
Oxygenation media Large media volume
Osmolarity Soalid chardics Enclose system within a humidified

chamber
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LIVE IMAGING - INCUBATION

Incubation chambers can surround the microscope stand
or just the cell dish. Both can maintain cells at the correct
temperature for long periods of time.
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CONTRASTING TECHNIQUES
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Brightfield

Differential Interference Contrast (DIC)
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PHOTOTOXICITY

The central challenge in live cell imaging — Cells are inherentl
photosensitive!

 Formation of free radicals by fluorophores only exacerbates the problem

* Free radical formation cannot be prevented, only managed by careful tuning of
imaging parameters to reduce light exposure

Live cell imaging requires “gentle imaging” - short exposures of low
intensity lllumination
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FLOURESCENCE LABELLING OF LIVE CELLS

- Detect specific molecules (immunocytochemistry, fluorescent proteins)
- Must keep the specimen transparent
- Targeting live cell (membrane permeability)

- Eventually detect multiple molecules at the same time
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MINIMIZING DAMAGE WHILE GETTING GOOG IMAGES

« Resolution vs Speed vs Sensitivity

« Light Gathering Power and Focus Maintenance
e Which immersion media

e Correct coverslip thickness

e 3D Imaging
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RESOLUTION-SPEED-SENSITIVITY

— Spatial Resolution

e Depends on application B optical magnification and lens apperture
e Smaller and more pixels = higher resolution

— Sensitivity

e Larger pixels = higher sensitivity Resolution
e Higher sensitivity = shorter exposure time
e Shorter exposure time = higher frame rate
e Larger pixels = lower resolution

— Speed
e Less pixels = faster readout
e Faster Readout = higher framerate
e Less pixels = lower resolution Sensitivity
e requires fast readout and high sen5|t|V|tY
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CORRECTION IMMERSION MEDIA

oil immersion objective water immersion objective

NA=1.4 NA=1.2

Using water immersion objectives for samples in liquid media captures more
signal and preserves resolution better than refractive index mismatched oll
immersion objectives.
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SIGNAL-TO-NOISE

* Camera Sensitivity -

 Signal needs to be 2-3x brighter than background noise to be
detected.

Signal-to-Noise Ratios in Fluorescence Microscopy

* Increasing the exposure time (integration time) or increasing
the illumination intensity produces more signal.
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SIGNAL-TO-NOISE

https://scientificimaging.com/knowledge-base/signal-and-noise-quantitative-explanation/
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A fluorescence slide was imaged with the same excitation & filters, but with different camera exposures. The
LOWER SNR image was obtained with a short=2.5ms exposure and the HHGHER SNR image was obtained

with a long=1sec exposure.
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RESOLUTION VS SPEED

512ms 117ms 28ms
1x1 binning 2x2 binning 4x4 binning

Using binning shortens exposure times reducing cell phototoxicity and
fluorophore photobleaching
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CHANGES IN FLOURESCENCE

 Changes of flourescence intesity

 Examples: calcium imaging, vesicle release

 Changes of flouresence localisation

 Examples: Mitochondrial dynamics



IMAGING CHANGES IN [ON CONCENTRATIONS

A commonly performed live flourescence imaging method is ion
imaging (calcium, chloride, magnesium, etc) using either
fluorescent dyes or proteins especially designed to change their

emission behavior upon binding of the respective ion.
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IMAGING CHANGES IN [ON CONCENTRATIONS

dorsal
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Low

BF ventral AAV1/2

Organotypic  spinal Organotypic spinal cord cultures were infected

cord culture at DIV with AAV1/2 at DIV13, expressed calcium

18. DH, dorsal horn; indicator GCaMP7f under control of the

VF, ventral fissure. neuron-specific promotor Synl for 4-6 days.
Image of GCaMP7f fluorescence.

Thalhammer et al, 2022
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SYNAPTIC TARGETING OF GCaMPs

— Syn — —GCaMPs -

GCaMP l Fusion
— Syn GCaMP3 —

l Transfection

Targeted to synaptic vesicles




SYNAPTOPHYSIN-PHLUORIN (SYPHY) — IMAGING OF VESICLE
RELEASE
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CHANGES IN FLOURESCENCE

 Changes of flourescence intesity

 Examples: calcium imaging, vesicle release

 Changes of flouresence localisation

 Examples: Mitochondrial dynamics






OTHER LIVE IMAGING TECHNIQUES

* Vesicle fusion/release (TIRF or pH-sensitive GFP)

* FRAP
* FRET

* Photoactivation/Photoconversion
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RESOLUTION-SPEED-SENSITIVITY

— Spatial Resolution

e Depends on application B optical magnification and lens apperture
e Smaller and more pixels = higher resolution

— Sensitivity

e Larger pixels = higher sensitivity Resolution
e Higher sensitivity = shorter exposure time
e Shorter exposure time = higher frame rate
e Larger pixels = lower resolution

— Speed
e Less pixels = faster readout
e Faster Readout = higher framerate
e Less pixels = lower resolution Sensitivity
e requires fast readout and high sen5|t|V|tY
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Image processing and

analysis
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DIGITAL IMAGES

— 2D structure biult from pixels

— Can be seen as a matrix comprised of m columns and n rows, pixel

location denoted by indes (i,j)

0.0 1 0. (), 177
— for:0</<nand0<j<m

LO | L |, 172

n0| nl 1.1
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RESOLUTION

Microscopy Digital image processing

Rayleigh criterion

The spatial resolution of
an image is the physical
size of a pixel in an image

Sparrow criterion

full width at half
maximum (FWHM)

Airy disks resolvable Rayleigh Abbe Sparrow central Airy disk o
maximum-<,

0.5
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RAYLEIGH CRITERION
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The Rayleigh criterion is the generally accepted, although arbitrary, criterion for the minimum
resolvable detail —the imaging process is said to be diffraction-limited when the first
diffraction minimum of the image of one source point coincides with the maximum of another.
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POINT-SPREAD FUNCTION

 The point spread function (PSF) describes
3D light distribution in an image of a point
source (for a given lens) Airy Disk

Patterns

(b) ‘ (c) |
Point
Spread
Functions

- >

Focal Plane

* An xy slice through the center of the
wide-field point spread function reveals a
set of concentric rings: the so-called Airy
disk that is commonly referenced in texts
on classical optical microscopy

Intensity
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POINT-SPREAD FUNCTION - CONFOCAL
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RESOLUTION - CONFOCAL
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RESOLUTION - CONFOCAL
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Rayleigh criterion cannot be used directly to define the improvement of resolution in a
confocal microscope. The position of the first minimum does not change. The drop in intensity
is much larger, though. In fact, we can move two intensity distributions a little bit closer (1.4
times), and still get the required 20% drop in intensity.
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RESOLUTION - CONFOCAL

-

f(x) The full width at half maximum

FWHM (FWHM) is a parameter commonly
— used to describe the width of a
"bump" on a curve or function. It is
given by the distance between
points on the curve at which the
function reaches half its maximum
value.

fmax

1/2* fmax T
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SIGNAL-TO-NOISE RATIO AND RESOLUTION
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DIGITAL RESOLUTION IN ELECTRONIC PUBLISHING

* Image resolution is measured in pixels per inch (ppi).

® Animage with a resolution of 100 ppi, contains 10,000 pixels in a
Square inch (100 pixels wide x 100 pixels high = 10,000).

® The higher the resolution, the more pixels in the image. A 2-by-2-
inch image with a resolution of 100 ppi would have 40000 pixels.

® The same image with a resolution of 300 ppi would have 360,000
Pixels in the same 2-by-2-inch area.
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DIGITAL RESOLUTION
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SAMPLING THEORY

* Nyquist Theorem
* sampling frequency (f) required to represent the true identity of
the sample: to capture the periodic components of frequency fin
a signal we need to sample at least 2f times

* Nyquist claimed that the rate was 2f; in reality the rate is 2.3f (~at
least 2 times the highest frequency)
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SAMPLING AND NYQUIST
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SAMPLING AND NYQUIST

An image that is digitized at a rate of 600 dpi will only be 300 dpi if
enlarged 2X and printed
» practical sampling guideline for printed images is that the
final image should have at least the resolution of the printing
device

For light and electron micrographs of biological tissue, prints with a
final resolution of 600 dpi will preserve most detail. However, fine
granular structures such as autoradiography silver grains or
colloidal gold particles used in immunolabeling will not be as sharp
as those in a traditional photograph

» the final print resolution may need to be 1200 dpi or higher.
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BIT RESOLUTION OR PIXEL DEPTH

This is a measurement of the number of bits of information per pixel.

The pixel depth will determine how much color or gray scale
Information is available for each pixel.

Greater pixel depth means more available colors and more accurate color

representation.

Pixels in binary images have a depth of 1 (on or off), and are black and white
images

A pixel with a bit depth of 8 has 28, or 256, possible values; and a pixel with a bit
depth of 24 has 224, or 16 million possible values (red=8, green=8, blue=8).

Common values for pixel depth range from 1 to 24 bits per pixel.
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QUANTIZATION

* A set of n quantization levels comprises the integers:
012 .. n-1

® 0 and n-1 are usually black and white respectively, with
intermediate levels rendered in various shades of gray.

® Quantization levels are commonly referred to as gray levels.

® nis usually an integral power of two: n=2b, where b is the
number of bits used for quantization.

* If b=1 then the image is binary
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QUANTIZATION
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(a) Original image (b) Enlarged view from (a) (c) Pixel values of (b)
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Deriving quantitative information from images of biological samples

How many cells
are there in the

outer ring? How high is the

intensity in the
inner ring?

How is the signal in
the blue channel

distributed?
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Nuclei in this
image are ...

... more dense
than in this image.

Use automation for
less subjective
analysis.

Image data source: Pascual-Reguant, Anna. (2021). Immunofluoresce
staining of a human kidney (#2, peri-tumor area) obtained by MELC [I
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Algorithms must be reliable. Visualization helps gaining trust in methods

Original image Label image @)

LE

verlay
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QUANTITATIVE MICROSCOPY IS SUPPOSED TO BE:

Quantitative
* We derive numbers from images which describe physical properties of the observed sample.

Objective

* The derived measurement does not depend on who did the measurement. The measurement is
free of interpretation.

Reliable (trustworthy / validated)
* We are confident that the measurement is describing what it is supposed to describe.

Reproducible

 Somebody else can do the experiment under different conditions and gets similar measurements.
For this, documentation is decisive!

Repeatable
* We can do the same experiment twice under the same conditions and get similar measurements.
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IMAGE ANALYSIS IS PART OF THE EXPERIMENT

e Think about how to analyze your images before starting the
experiment.

e Consider adapting your experiment so that quantitative image
analysis can be performed easily.

e Think about controls, counter-proves, an easy to falsify null-
hypothesis

e Do simple experiments.

e How can you exclude yourself from the experiment?

e Think of blinding yourself or fully automate analysis.

e One experiment usually answers JUSt one or Iess questlons
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COMMON QUESTIONS IN QUANTITATIVE MICROSCOPY

1. Numbers (particles, spots, nuclei. etc)
2. Morphometry (length, Feret diameters, roundness, etc)
3. Densitometry (intensity base analysis on fluorophores)

4. Colocalization

5. Live imaging & tracking
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FIJI — freely available image anal\ysm program
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The same image can be displayed in different ways by adjusting the

contrast settings or the LUT.
 Nevertheless, despite the different appearance, the values of the pixels

are the same in all three images.

(c) Fire LUT
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(b) Grayscale (high contrast)
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Frames (f): |1

Note: c*z*t must equal 1

UnitorLengtn: 163
Pixel Width  |0.1070000

Pixel Height [0.1070000

Voxel Depth:  |0.1070000

Frame Intarval: |0 52€
0.0

64.2 um
600 px

64.2 um
75 px

Origin (pixels)

I~ Global

OK Cancel

I~ Global

oK | cancel |

64.2 um 64.2 um

(a) 600 x 600 pixel image and its properties (b) 75 x 75 pixel image and its properties

Centro —_y

.
| J

a Interdipartimentale Y i & UNIVERSI TA IR Dipartimento di
c' I m a di Microscopia t 5 DEGLI STUDI L= Scienze della Vita
Avanzata : i DITRIESTE *

>



2000 -

1500
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0 : ~ ‘
0 100 200 300
(a) 0 dimensional (b) 1 dimensional (c) 2 dimensional (d) 3 dimensional

(f) 5 dimensional
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Umage collectonideconvoiution for Peteyeast-c), 27 16x27
- > -

\ >4 _J i
5 xz 328 e T ) e

xz 27 16x8 82 microns (485 86) 32 D( 163K

(b) Orthogonal views
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(a) Composite image (b) Red channel (c) Green channel (d) Blue channel
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The image Noise The image we
we would like can record
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(b) Mean filter

(a) Speckled image
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Basic Intensity Quantification with Imagel

Images mostly needed to be transformed into quantifiable data

Image) is useful for getting information from images, including pixel
intensity.

There are a number of different ways to get intensity information from
images using the base package of Imagel (no plugins required).
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IMAGE FILTERING

Today

* Filters

* Image math
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FILTERS

An image processing filter is an operation on an image.

It takes an image and produces a new image out of it.

Filters change pixel values.

There is no “best” filter. Which filter fits your needs, depends on the context.

Filters do not do magic. They can not make things visible which are not in the image.

) > .
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Application examples

Noise-reduction

Artefact-removal
Contrast enhancement
Correct uneven illumination
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EFFECTS HARMING IMAGE QUALITY

* Noise is a general term for unwanted modifications that a signal may
suffer during capture, storage, transmission, processing, or conversion.

* In microscopy, image quality suffers from

* shot noise: Statistical variation of the photons arriving at the
camera

* dark noise: Statistical variation of how many electrons are
generated if a photon arrives in a camera pixel (temperature
dependent).

* read out noise: introduced by the electronics, especially the pixel
and the analog-digital-converter

* Physical/optical effects: aberrations, defocus
* Biological/physiological/structural effects: motion, diffusion
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NOISE

* When dealing with noise in microscopic image processing, we mostly mean the noise visible in the

images.
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IMAGE CORRECTION/NOISE REMOVAL

* We need to remove the noise to help the computer interpreting the image

Oh no! | see thousands
of tiny white objects!

7

Ok, it’s just 4 objects.

Thresholding

Blurring

Thresholding

L)

¢ima
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IMAGE CORRECTION/NOISE REMOVAL

* Noise removal using filters

Original image Gaussian blur filtered Median filtered
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LINEAR FILTERS

. . ’ . 172*1
« Linear filters replace each pixel value with a +
linear combination of surrounding pixels
—  Basically, linear filtering is a Convolution
- It needs a kernel (weight template)
— Result: new image where each pixel is
replaced by the weighted sum of pixel
values in the neighbourhood.
- Kernels are matrices describing a linear filter R S IR
Mean filter, 3x3 kernel Y9 19 1/9
1/9 1/9 1/9
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LINEAR FILTERS

* Terminology:
* “We convolve an image with a kernel.”
* Convolution operator: *

- Examples
-  Mean
- Gaussian blur
- Sobel-operator

- Laplace-filter
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LINEAR FILTERS

Linear filters:

' B Convolver... v File Edit Image Analyze Plugins »Win.dow k
I8 oo/ Smooh CuieShit=S | s

‘Straight*. segmented!  Sharpen

- Convolve...
- Allows us to specify our kernel

. Gaussian blur

. Mean
- * Smooth is a 3x3 Mean filter

Open... | Save... |

v Normalize Kernel
[~ Preview

oK l Cancell
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Convolve
Gaussian Blur...
Median...

Mean

Minimum...
Maximum
Unsharp Mask

Variance...

Gaussian Blur 30...
Median 3D

Mean 3D
Minimum 3D

Maximum 3D

Vanance 30...

Show Circular Masks...

Differentials

Kinuahara Filter

/N7
Ao/
ry

i

Find Edges
Find Maxuma
Enhance Contrast. ..

Noise >
Shadows 4
Binary »
| Math L4
| FFT »
Batch »

Image Calculator...
Subtract Background
Repeat Command Ctri+Shift+R

Calculator Plus

Morphology L
Image Expression Parser

Multiple Image Processor

Enhance Local Contrast (CLAHE)
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LINEAR FILTERS

Linear filters:

' B Convolver... v File Edit Image Analyze Plugins »Win.dow k
I8 oo/ Smooh CuieShit=S | s

‘Straight*. segmented!  Sharpen

- Convolve...
- Allows us to specify our kernel

. Gaussian blur

. Mean
- * Smooth is a 3x3 Mean filter

Open... | Save... |

v Normalize Kernel
[~ Preview

oK l Cancell
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Convolve
Gaussian Blur...
Median...

Mean

Minimum...
Maximum
Unsharp Mask

Variance...

Gaussian Blur 30...
Median 3D

Mean 3D
Minimum 3D

Maximum 3D

Vanance 30...

Show Circular Masks...

Differentials

Kinuahara Filter

/N7
Ao/
ry

i

Find Edges
Find Maxuma
Enhance Contrast. ..

Noise >
Shadows 4
Binary »
| Math L4
| FFT »
Batch »

Image Calculator...
Subtract Background
Repeat Command Ctri+Shift+R

Calculator Plus

Morphology L
Image Expression Parser

Multiple Image Processor

Enhance Local Contrast (CLAHE)
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BACKGROUND REMOVAL

* Differentiating objects is easier if their background intensity is equal.

Subtract
background
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BACKGROUND REMOVAL

* Depending on the effect we want to correct for, it might make sense to divide an image by its

background.
Original image Extracted Subtracted Image divided by

background background background
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BACKGROUND REMOVAL

I zfish_nucl_env-2 4 (50%) — (W) X
T56X738 plkals; B-hIt 545K

* Process > Subtract background...

* The rolling ball radius should be a bit larger than the objects you are
analyzing.
* Try the preview checkbox while changing parameters!

15 zfish_nuc_env-141 (50%) or O X
756X738 plkls; kIt §45K

1" Subtract Background... X
Rolling ball radius: {50.0 pixels

I~ Light background
[~ Create background (don't subtract) |
[ Sliding paraboloid [ zfish_nucl_env-3.4f (50%)] - N X

: . 7561738 plkzls; E-hit 545K
I” Disable smoothing . -

oK | cancel | Heip |

:lla Vita




BACKGROUND REMOVAL

* Plugins > Integral image filters > Standard deviation

* Process > Image calculator

X

[iI' Standard Deviation

Blockradius x: |60 pikels
Blockradiusy: |60 pitels

/

[0' Image Calculator

’-Iﬁggg_" Zfish_nucl_env-1 tif v

X

Operation: | Divide

2

yhﬁsh_nucl_enwz.tlf Ll

[V Create new window
v 32-hit (float) result
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MATHEMATICAL OPERATIONS ON IMAGES

* |t might be hard to differentiate objects from single images...

centro

Interdipartimentale NIVE RS|TA IR Dipartimento di
di Microscopia 2 DEGLI STUDI =< Scienze della Vita
Avanzata ’ DITRIESTE A




MATHEMATICAL OPERATIONS ON IMAGES

* Segmentation of nuclei can be improved by subtracting a channel visualizing nuclei envelope from the
nuclei channel.
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MATHEMATICAL OPERATIONS ON IMAGES

* Use the Image Calculator to subtract, add, multiply or divide images.

' Cl-crop2d famed RFP G.. — O X
140155 cm (149x155); 16-bit 45K

' Result of C1-cropad far... - (] X
140155 cm (149x155); 16-bit 45K

X

Image Calculator

W [01-crop2c1_farred_RFP__GFP_21091?1-12.tif_v_l
7 Operation: Subtract LJ

Image2; |C3-crop2d_farred_RFP_GFP_2100171-124if v| | __

[ C3-crop2d famed RFP G.. — O
140155 cm (1459x155); 16-bit 45K

lv Create new window

/ [ 32-hit (float) result

0K l Cancel| Help|

woiuv
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DIFFERENCE OF GAUSSIAN (DoG)

* Improve image in order to detect bright objects.

Gaussian blur (sigma = 2)

>

Noise reduced image subtract

Original image DoG-Image
Gaussian blur (sigma = 6)
Background image
) Y Centro R
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DIFFERENCE OF GAUSSIAN (DoG)

* Example
DoG

images

dog-4-7

dog-7-7

Interdipartimentale
di Microscopia
Avanzata

dog-1-10 dog-1-13

dog-4-10 dog-4-13

']

dog-7-10

dog-10-10 dog-10-13
dog-13-10 dog-13-13
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NON-LINEAR FILTERS

« Non linear filters also replace pixel value inside as
rolling window but in a non linear function.

«  Examples: order statistics filters

Min

Median

Max

Variance

Standard deviation

75
67

50

I ¢ima

85 60
73 91
88 59
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Interdipartimentale
di Microscopia
Avanzata

s
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NON-LINEAR FILTERS

«  Non linear filters also replace pixel value

File Edit Image BEGEaS

Analyze Plugns Window

inside as rolling window but in a non linear | 0l czlco] 4 smoon Gueshies
= “Straight* segmem;; Sharpen
function. - Find Edges
. Find Maxima
+  Examples: i okt
M . Noise »
- In Shadows >
. Bm'y »
- Median e ;
FFT »
M ax Convolve . Fiiters »
- Va rla nce Gaussian Blur... astch %
| Medan.. Image Calculator...
Mean.. Subtract Backaround
1" embryos.jpg (green|-2 - ] X ' embryos.jpg (green|-2 - =] X M ion an ki
- 285,76 poxols; 8-bt 77K _ B s Repeat Command Ctri+Shift+R
Unsharp Mask_ Calculator Plus
r Variance... I Momeviogy '
: Image Expression Parser
Gaussuan. Blur 30... Muttiple Image Processor
Median 30 Enhance Loral Contrast (CLAHE)
Mean 3D
Minimum 3D
Maxumum 30D
Variance 30...
Show Circular Masks...
4 'y Differentials
.‘ - K“vmhig\,‘,gf'i!\ L 25 «»  Dipartimento di
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LAPLACE FILTERS

* Second derivative of a Gaussian blur
filter

* Used for edge-detection and edge
enhancement

* Also known as the Mexican-hat-filter

0.20 1
0.15 1

0104

ooo{ =

Cimal

0.015

0.010

D005

D000

-0.010

-0.013

15t derivative

2nd derivative

sl = ~
,,"'/ \V'u e /,// \‘. / \\.
/ \'. \ /,' \\.
/ \ 0.0000 \ [
/ \ \ |
/ ‘\ I‘l ‘/
| 0.0 J
\ / -0.0005 \ [
\‘ ’// 'I. f
\ / \ |
\ -0.0010 I
{ X §
\ / \ |
\ / N
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LAPLACIAN OF GAUSSIAN (LoG)
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Basic Intensity Quantification with Imagel

Images mostly needed to be transformed into quantifiable data

Image) is useful for getting information from images, including pixel
intensity.

There are a number of different ways to get intensity information from
images using the base package of Imagel (no plugins required).
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File Edit Image Process Analyze Plugins Window Help

Oozof 4+~ Alajol]] | [¢lala/s] | [»
x=31.36, y=35.52, value=2941
r_'r‘, Rat_Hippocampal_Neuron-0002 g@

81.92%81.92 pm (512x512); 16-bit; 512K

Quantify Gray Levels Across
an Entire Image or Single
Object/Region

Dipartimento di

“2L%
....-’.: Scienze della Vita




File Edit Image Process Analyze Plugins Window Help

Ojof@ o<« |+xAlx|el0]] | [2&l@|a] | |»
¢ Rat_Hippocampal_Neuron-0002 L [:jﬂu

81.92%81.92 pm (512x512); 16-hit; 512K

If you want to Ilimit vyour
measured area to just your object
you draw a region of interest

(ROI) around your object with
one of the drawing tools (in the
toolbar) and then

Analyze

Measure
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CrayVals
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(a) Original image (b) Mean filtered
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(a) Original image (b) Gaussian o = 2 (c) Gaussian 0 = 5

Original image
Gaussian sigma=2

3000
Gaussian sigma=5

[
o
o
(=]

Intensity

1000

Pixal

(d) Profile plots of the intensity in the red channel of the image
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Datecled phoons

Datecled phoons

brightness
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File Edit Image Process Analyze Plugins Window Help

Oof@ ol <4+~ alalo0)] | |2]al@a] | |»] Alternatively, you can go to
Scrolling tool (or press space bar and drag)
Analyze > Set Measurements

A ‘
al

81.92%81.92 pm (512x512); 16-hit; 512K

5‘”Threshold =0t and Check Off the bOX next to

“Limit to Threshold.”
Then use
Default v | |Red hd |mage > AdJUSt >Thre5h0|d

Iv Dark background [ Stack histogram

Auto I Apply ] Reset | Set |

to highlight the area you want to
analyze, and then
>Analyze
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* You can use Analyze > Plot Profile to create a plot of intensity
values across features in your image.

* |nthe example below, the plot gives the intensity values along the
line drawn across three cell processes.

File Edit Image Process Analyze Plugins Window Help

o njalalol«l+/s AR olO] | |o]slalel | |»

Ll

Distance (um)

¢ Rat_Hippocampal_Neuron-0002 Q@ h
'81.92x81.92 pm (512x512); 16-hit, 512K

Gray Value
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To Quantify Gray Levels for Each Object in
Images with Multiple Objects

' ¢ modified blobs sample Q@ d _IoB% d

256x254 pixels; 8-hit {inverting LUT); 64K

256x254 pixels; RGB, 254K 256%254 pixels; 8-hit, 64K

-

convert to grayscale create a binary image, Process > Binary >

Watershed
I ¢ima
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Analyze > Analyze Particles

e

¢ Analyze Particles

-

I~ Display Results
v Clear Results
IV Summarize

|~ Add to Manager

Size (pixel"2). | O-Infinity

Circularity; | 0.00-1.00

Show: | Nothing .;‘_"]{

|

|~ Exclude on Edges
™ Include Holes
|~ Record Starts

0K | Cancell

£ f .

File Edit Font

256x254 pixels; 8-bit; 64K

¢ | |/l
256x254 pixels; 8-hit (inverting LUT); 64K

slice

|Count |Total Area |Average Size |Area |~

modified blobs sample 72

{£]

¢ima
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21286.00

295 64 327 |

¢

256x254 pixels; 8-hit 64K

@7@ ) @l
D@@ @ @@
@@ 6 &

£ Results B@W
File Edit Font
[Area ]Mean | &
1 71 216.76
2 181 196.73
3 646 22785
4 426 23320
5 465 23589
6 330 21284
7 273 225350
g8 74 175.39
9 264 19243
10 221 21010
11 25 156.68
12 485 21086
13 639 186.82
14 92 179.97
15 216 21579
16 432 22984
17 139 18753
18 803 21534
19 234 20485
20 407 21948
21 257 22314
22 345 21114
23 149 20560
24 398 20722
25 284 22837
26 100 20666
27 245 19883
28 4% 22019
29 272 21067
30 187 216.59
31 454 22526
v
S i 5
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An simple image analysis workflow for detecting and measuring small spots,
applied to the red channel of the sample image Hela Cells.

(a) Original image (c) Apply filters

g —
7 Rewdts R X

File Ear Font Resulls o

ageE (Mean  (SDes  [Mn Mac 04
189 22 173219 : M70 ‘»;:'t' «an 349.029
ie0 37 1510459 3685040 926 2380 375628

{161 N 1296273 62680 1903 1471 382494
162 25

163 25

{164 =3

" 166 43

U 55

{1

3
]
=l
72 44
. L .
A . % 1173 37
L]
LRI 4

(d) Apply threshold (e) Refine detection  (f) Relate (e) to (b) (g) Measure o
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(a) Image (b) Low threshold (c) High threshold
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20833

Count: 75702 Min: O
Mean: 601.936 Max: 2933
StdDev. 483.337 Mode. 236 (1164)
Bins: 256 Bin Width: 11.457
(b) Histogram of (a) (c) Threshold applied to (a)

171
Count: 75702 Min: 171
Mean: 601.913 Max: 2282
StdDev. 425.297 Mode. 318 (4747)
Bins: 256 Ein Width: 8.24€
(d) Gaussian filtered image (e) Histogram of (d) (f) Threshold applied to (d)
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(a) Original image

(d) Median filtered image

(b) Otsu’s threshold

(e) Result of (a)-(d)
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Image) How to Measure Mean Fluorescence Intensity
Over Timelapse Image Stack

https://youtu.be/GHvndpGQKe4

Short introduction to histogram processing

https://youtu.be/nIRhHbO4u_k
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