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Chapter 1

How to install the plugin ?

First, close ImageJ in case the software is already running. Copy and paste the MetroloJ.jar
file into the ImageJ/Plugins folder. Download the iText library by following this link.
This library will be used by the plugin to generate pdf reports. Copy and paste it into

the ImageJ /Plugins folder. Restart ImagelJ.

A MetrolodJ entry should appear under the ImageJ’s plugins menu. It contains 2 entries:

e Generate PSF report;
e Generate co-alignement report;.

To report any bug you may find while using this plugin, please click here.


http://prdownloads.sourceforge.net/itext/iText-2.1.5.jar
mailto:fabrice.cordelieres@gmail.com,cedric.matthews@ibdml.univ-mrs.fr ?subject=Bug%20found%20in%20MetroloJ&body=%0ABug%20description:%0A%0AHow%20did%20it%20happen:%0A%0ACopy/Paste%20the%20content%20of%20the%20log%20window%0A%0AVersion%20of%20ImageJ:%0A%0AVersion%20of%20Java:

Chapter 2

Generate CV report

2.1 How to generate the images 7

2.1.1 How to prepare the sample 7

There is no real sample preparation, the only required material is detailed here after.

What do I need ?

o Fluorescent slides: made of fluorescent plastic, the fluorescent slide provides
the user with a uniformly labelled sample. They might be ordered from Omega
Opticals or Microscopy Education.

o Alternatively, large diameter uniformly labelled beads might also be used and
prepared as explained under the “Generate co-alignement report” section (6.1.1).

2.1.2 How to acquire the image ?

The following chart (see fig. 2.1) summarizes the procedure for optimal image acquisi-
tion, in order to determine the CV of several PMTs on a confocal microscope.


https://www.omegafilters.com/index.php?page=prod_rslides_pro
https://www.omegafilters.com/index.php?page=prod_rslides_pro
http://www.microscopyeducation.com/fluorrefslides.html

| Set the scanning mode to XYZ
v

| Set the zoom to reach a proper sampling rate

¥

| Adjust the laser output to its minimum

v
Adjust z position

¥

No

Surface of the
slide found ?

Adjust the gain for all PMTs
v

No

Images close
to saturation ?

| Set the acquisition averaging to 1

¥
| Acquire the images (one per PMT)

¥

| Generate the report using MetroloJ
v

Figure 2.1: Acquisition of the images for CV measurement (confocal).




2.2 What does it do ?

1.

w

Ll

7.

8.

The plugin measures the average intensity (u) and the standard deviation (o) of
the gray levels within a user defined region of interest (ROI) for each image of a
stack corresponding to acquisitions made for each PMT to compare.

. It calculates the coefficient of variation (CV) as follows:

o
oV == (2.1)
1
The normalized CV is then calculated as the ratio of the current image’s CV over

the minimum retrieved CV over all images.

How to use it ?

Start ImagelJ;

Open a stack of images containing the acquisitions made with the PMTs to analyze;
Launch the plugin by going to Plugins/MetroloJ/Generate CV report

In case the image has not been spatially calibrated, a message error pops up: click
on Ok. In the calibration dialog box provide the appropriate values, then re-launch
the plugin;

. The plugin’s interface should appear (see fig. 77);

Figure 2.2: Generate CV report: the interface.

. Choose the microscope’s type, enter the emission wavelength, the numerical aper-

ture of the objective and the pinhole aperture. Sample informations and some
comments might also be provided using the appropriate boxes. Ticking the “Save
image/plots/data” will generate:

e a jpeg panel containing all the analyzed images overlayed with the user defined
ROIs;

e a jpeg image of the intensity distribution (histogram) for each image, within
the user defined ROlIs;

e a zip file containing the user defined ROIs;

e two files containing tabulation separated values of the histograms, and for the
data used to calculate the raw and normalized CVs (excel files);

Click on Ok: a new dialog box appears, inviting the user to choose a folder where
all data will be saved;
The pdf report is generated, and appropriate files saved.



2.4 What’s on the report ?

The CV report is composed of two pages (see an example of report on fig. 2.3) based
on the informations provided by the user. It is composed of up to 6 sections:

Figure 2.3: Generate CV report: an example of report.

e ROIs used for measures: montage composed of the images acquires using each
PMT, overlayed with the user defined ROIs used for measurements;

e Microscope infos: summarizes informations about the acquisition system and
the image’s calibration;

e Histograms: plot of the gray level distributions within the user defined ROIs for
each image;

e C'Vs table: contains for each image the p and o values, as well as the ROI size
(expressed in number of pixels), the raw and normalized CVs;

e Sample infos (optional): contains the informations entered by the user in the
“Sample infos” section of the interface;

e Comments (optional): contains the informations entered by the user in the
“Comments” section of the interface;

2.5 Known issues (to date...) and workarounds (if any...)

None...yet.

To report any bug you may find while using this plugin, please click here.


mailto:fabrice.cordelieres@gmail.com,cedric.matthews@ibdml.univ-mrs.fr ?subject=Bug%20found%20in%20MetroloJ&body=%0ABug%20description:%0A%0AHow%20did%20it%20happen:%0A%0ACopy/Paste%20the%20content%20of%20the%20log%20window%0A%0AVersion%20of%20ImageJ:%0A%0AVersion%20of%20Java:

Chapter 3

Generate field illumination report

3.1 How to generate the images 7

3.1.1 How to prepare the sample ?

There is no real sample preparation, the only required material is detailed here after.

What do I need ?

o Fluorescent slides: made of fluorescent plastic, the fluorescent slide provides
the user with a uniformly labelled sample. They might be ordered from Omega
Opticals or Microscopy Education.

3.1.2 How to acquire the image ?

The following chart (see fig. 3.1) summarises the procedure for optimal image acquisition,
in order to determine field illumination homogeneity on a confocal microscope.


https://www.omegafilters.com/index.php?page=prod_rslides_pro
https://www.omegafilters.com/index.php?page=prod_rslides_pro
http://www.microscopyeducation.com/fluorrefslides.html

| Set the scanning mode to XYZ
v

| Set the zoom to reach a proper sampling rate

v

| Adjust the laser output to its minimum

¥
Adjust z position

No

Surface of the
slide found ?

Adjust PMT’s gain
v

No

Image close
to saturation ?

| Set the acquisition averaging to 2-4
v
| Acquire the image

¥

| Generate the report using MetroloJ
v

Figure 3.1: Acquisition of the image of a field to determine illumination’s homogeneity
(confocal).
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What does it do ?

The plugin generates a normalized view of the image. Its maximum intensity pixel
being set to 100%, an iso-intensity map is drawn, the intensity step between two
successive areas being set by user.

. The maximum intensity pixel coordinates, the image barycenter’s coordinates and

the barycenter of the 100% region are retrieved.

From the input image, the plugin will generate and analyze four intensity profiles
along the horizontal and vertical axis and both diagonals passing through the
image’s center.

Raw and normalized intensities of 8 characteristic pixels, corresponding to the 8
intercepts of the lines along which the intensity profiles are retrieved, are deter-
mined.

How to use it ?

Start ImageJ;

Open an image containing the field illumination to analyze;

Launch the plugin by going to Plugins/MetroloJ /Generate field illumination report
In case the image has not been spatially calibrated, a message error pops up: click
on Ok. In the calibration dialog box provide the appropriate values, then re-launch
the plugin;

The plugin’s interface should appear (see fig. 3.2);

800 Field illumination report generator

Steps width (0-100) 10.0

Microscope type @
Wavelength (nm) 580.0
NA 1.40
Pinhole (AU} 1.00

Sample infos Comments:

Scale bar (um) 1

™ save image/plots/data

 —" | ——
(_Cancel ) OK

Figure 3.2: Generate field illumination report: the interface.

Choose the microscope’s type, enter the emission wavelength, the numerical aper-
ture of the objective and the pinhole aperture. Sample informations and some
comments might also be provided using the appropriate boxes. Ticking the “Save
image/plots/data” will generate:
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e a jpeg image of the illumination pattern;

e a jpeg image of the intensity profiles;

e two files containing tabulation separated values of the intensity profiles, and
for the profiles associated statistics (excel files);

7. Click on Ok: a new dialog box appears, inviting the user to choose a folder where

all data will be saved;

8. The pdf report is generated, and appropriate files saved.

3.4 What’s on the report ?

The field illumination report is composed of two pages (see an example of report on fig.
3.3) based on the informations provided by the user. It is composed of up to 6 sections:

Normalised intensity profile:

12 aoiit 2010 14:17
Field illumination report on Field illumination

Microscope infos:

Microscope: Confocal
Wavelength: 510.0 nm

NA: 1.4

Sampling rate: 1.0x1.0x1.0 pixel
Pinhole: 1.0 Airy Units

Centers' locations:

Image centre

Coordinates | (256.0, 256.0)

Distance to {

image centre

Centreof | Centre of the | Centre of the
intensity | max intensity | 100% zone |

(274366, (338.799,
370451y | 263.0.441L0) | 3569755y

23.369m 185.132um 98.702p:m

Intensity profiles:

250

o

0B Jop-ieoromight: Red
Top-rightbonom-left Green
Hotzantale: Blue
ertcale: Magenta

o

300 200 EC) [] 1 200 300
Distance to image contar
Profiles' statistics:
Location Intensity Intensity relative to max
Maximum found at
(263,441) 55 10
Top-left corner 39 0.153
Top-right corner 175 ] 0.686
Bottom-left corner 175 0.686
Bottom-right corner 177 0.694
Upper bound, middle 182 0714
pixel - .
Lower bound, middle
pixel 230 0902
Left bound, middle pixel 131 0.514
Right bound, middle 234 0.878
pixel = i

Figure 3.3: Generate field illumination report: an example of report.

e Normalized intensity profile: normalized view of the field illumination, in false
color, separated into iso-intensity zones which step width is user defined;
e Microscope infos: summarizes informations about the acquisition system and

the image’s calibration;




e Centers’ location: contains the coordinates of points of interest: the image
center, the centre of intensity, the center of maximum intensity and the centre of
the 100% zone. It also displays the distances between the 3 later and the image’s
geometrical center;

e Intensity profiles: contains a plot of the intensity profiles along the the horizon-
tal and vertical axis and both diagonals passing through the image’s center;

e Profiles’ statistics: contains both raw and normalized intensities of 8 character-
istic pixels, corresponding to the 8 intercepts of the lines along which the intensity
profiles are retrieved;

e Sample infos (optional): contains the informations entered by the user in the
“Sample infos” section of the interface;

e Comments (optional): contains the informations entered by the user in the
“Comments” section of the interface;

3.5 Known issues (to date...) and workarounds (if any...)

None...yet.

To report any bug you may find while using this plugin, please click here.
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Chapter 4

Generate PSF report

4.1 How to generate the images ?

4.1.1 How to prepare the sample ?

This sample preparation is aimed at obtaining an array of fluorescent beads, well appart
one from the other, and stably stuck to a coverslip.

What do I need ?

o Fluorescent beads: their outer diameter should be below the resolution of the
system to test. Two types of beads might be used:

— Mono-labelled beads. ex: Molecular Probes’ PS-Speck, Ref. P-7220. How-
ever, their diameter of 0.17um is a bit high for high NA objectives...

— Multi-labelled beads. ex: Molecular Probes’ TetraSpeck, Ref. T-7279. Their
diameter of 0.1um is ideal, though having multi-labelled beads may lead to
weaker signals...

Regular slides;

Regular coverslips: type 1.5 i.e. 0.17mm thick, either polylysine coated or not;
If applicable, Poly-L-lysine solution (0.1 % (w/v) in H20) ex: Sigma-Aldrich,
Ref. P8920;

Ethanol,

Regular distilled water;

Mounting medium: should be the same as for the regular, biological samples.
Avoid using DAPI containing mounting media;

e Nail polish: only in case the mounting solution is not a setting medium.

How doIdo ?

1. Clean the coverslip and the slide using ethanol;
2. Dilute the polylysine stock solution to 1/5";

14


http://probes.invitrogen.com/media/pis/mp07220.pdf
http://probes.invitrogen.com/media/pis/mp07279.pdf
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3. Poor a sufficient amount of the diluted polylysine solution onto the coverslip surface
(typically, 200ul for a 24x24mm coverslip) and leave to coat for 15-30 minutes. The
solution hardly covers the full surface, so don’t hesitate to use the pipet’s tip to
force the polylysine into the coverslip’s corners;

4. Rince the coverslip 2-3 times in distilled water, then drain off the liquid;

. Use a vortex to mix the beads’ stock suspension;

6. Dilute the beads suspension in water. Here are some tips and facts:

t

e Typically, 200ul for a 24x24mm coverslip will be requiered;

e In general, the 0.1um TetraSpeck should be diluted to 1/1,000, the PS-Speck
from 1/10,000 to 1/40,000;

o It is advised to first dilute the beads to 1/1,000, then make further serial
dilution to achieve the appropriate beads’ density on slide.

e Tests should be done to define the appropriate dilution ratio;

e Always vortex the suspensions between and after dilutions;

7. Poor a sufficient amount of the diluted beads suspension onto the coverslip surface
and leave to sediment for at least 30 minutes. The solution hardly covers the full
surface, so don’t hesitate to use the pipet’s tip to force the suspension into the
coverslip’s corners;

8. Rince the coverslip 2-3 times in distilled water to remove the unattached beads,
then drain off the liquid;

9. Mount the coverslip on the slide by using the mounting medium. In case of non
setting media, the coverslip should be sealed onto the slide using nail polish, while
avoiding the latter to come under the coverslip.

NB: Other methods exists in order to produce beads slides, involving dilution in
ethanol and leaving the suspension to evaporate. In this case, tests of higher beads
dilution might be required. Please note that already prepared beads slides are commer-
cially available (see TetraSpeck Fluorescent Microspheres Size Kit mounted on slide).
However, this kind of preparation doesn’t always match with the real in situ resolution
as the mounting medium might be different from the one used in everyday acquisitions.

4.1.2 How to acquire the image ?

The following chart (see fig. 4.1) summarises the procedure for optimal image acquisition,
in order to determine the resolutions on a confocal microscope.
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| Set the scanning mode to XYZ
¥

| Set the zoom to reach a slight oversampling rate

v

| Adjust the laser output to its minimum

v
Adjust z position

v

No

Centre of the
bead found ?

Adjust xy position

!

No

Centre well
centred on pixels ?

5

| Set the acquisition’s top and bottom

v
| Adjust PMT’s gain

¥

No

Image’s centre close
to saturation ?

| Set the acquisition averaging to 2-4
¥
| Acquire the stack

¥
| Generate the report using MetroloJ

Figure 4.1: Acquisition of the image of a PSF for resolutions determination (confocal).
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What does it do ?

. The plugin will generate a maximum intensity projection of the stack along the

z axis. The (x, y) coordinates of the maximum intensity pixel (MIPix) are then
collected. A X7 cross-section is generated, along a line passing through the pre-
viously determined 2D MIPix. From this image, the z coordinate of the MIPix is
defined.

The z slice is set to the z MIPix coordinate. The x profile and y profile are collected
along the line passing through the MIPix. The z profile is collected on the XZ view,
along the line passing through the MIPix.

All three profiles are fitted to a Gaussian, using the following equation and ImageJ’s
built-in curve fitting function:

—(z—c)?

y=a+ (b—a)*xe 22 (4.1)

. The resolution i.e. the full-width at half-maximum (FWHM) is calculated as fol-

lows for each profile, based on the parameters retrieved from the fitting:

FWHM = 2d+\/2in(2) (4.2)

The theoretical resolutions are calculated as follows, depending on the microscope’s
type:

0.61 * )\emission

TYresol,wide— field = T (43)
Zresol,wide— field = % (44)

0.4 % Aepnissi
LYresol,confocal = W (45)

1.4 )\emission

Zresol,confocal = N A2 (46)

How to use it ?

. Start ImagelJ;

. Open a stack containing exactly one bead;

. Launch the plugin by going to Plugins/MetroloJ /Generate PSF report

. In case the stack has not been spatially calibrated, a message error pops up: click

on Ok. In the calibration dialog box provide the appropriate values, then re-launch
the plugin;

. The plugin’s interface should appear (see fig. 4.2);
. Choose the microscope’s type, enter the emission wavelength, the numerical aper-

ture of the objective and the pinhole aperture. Sample informations and some
comments might also be provided using the appropriate boxes. Ticking the “Save
image/plots/data” will generate:

17



800 PSF report generator

Microscope type | Confocal =

Wavelength (nm) 580.0
NA 1.40
Pinhole (AU) 1.00

Sample infos Comments

™ Save image /plots/data

Cancel oK

Figure 4.2: Generate PSF report: the interface.

e a jpeg image of the side-views;

e three files containing tabulation separated values of the x, y and z profiles
(excel files);

e a file containing tabulation separated values of the report’s summary.

7. Click on Ok: a new dialog box appears, inviting the user to choose a folder where
all data will be saved;
8. The pdf report is generated, and appropriate files saved.

4.4 What’s on the report ?

The PSF report is composed of two to three pages (see an example of report on fig. 4.3)
depending on the informations provided by the user. It is composed of up to 8 sections:

e Profile view: image composed of three maximum intensity projections, XY, XZ
and YZ;

e Microscope infos: summarizes informations about the acquisition system and
the image’s calibration;

e Resolution table: carries both the resolutions determined by fitting and the
theoretical, calculated ones;

e x profile and fitting parameters: contains a plot of the intensity profile along
the x axis and the fitted curve. On the right side of the graph stand the fitting
parameters:

— equation against which the profile is fitted;

— number of iterations: self-explanatory;

— sum of residuals squared: sum of the differences between the original intensity
values and the fitted ones, squared;

— standard deviation: standard deviation of the residuals;

18



7

16 avril 2009 21:24

PSF profiler report on My PSF tif

Profile view:

Microscope infos:

Microscope: Confocal

Wavelength: 580.0 nm

NA: 1.4

Sampling rate: 0.112x0.112x0.1 ym
Pinhole: 1.0 Airy Units

Resolution table:

FWHM Theoretical
- 4 0.251 ym 0.166 jm
X 0.26 pm 0.166 ym
z 0.753 jim 0.414 jim

X profile & fitting parameters:

1900 Dots: measured
Line: fitted
=
<
)
2 500
-4
2
£
0 10 20
X (um)

Y profile & fitting parameters:

1000

Intensity (AU)
o
2
3

Dpts: measured
Line: fitted

0 10

20

Y (wm)

Z profile & fitting parameters:

Intensity (AU)
o
E
B

Dots: measured
Line: fitted

Figure 4.3: Generate PSF report: an example of report.

Fitted on y = a + (b-a)*exp(-(x-¢)A2/(2*d"2))
Number of iterations: 485 (8000)
Number of restar 2)

nared: 11530.2429
Standard deviation: 6.

RA2: 09927

Parameters

a=1356.7427

b=1024.0978

c=14.1057

d=0.1066

Sum of residuals

Fitted on y = a + (b-a)*exp(-(x-c)*2/(2*d"2))
Number of iterations: 532 (000)
Number of restarts: 2 (2)

Sum of residuals squared: 12035.9240
Standard deviation: 6.8702

RA2: 09927

Parameters

4=569917

b=1031.3087

c=183514

d=0.1105

Fitted on y =a + (b-a)*exp(-(x-c)*2/(27d"2))
Number of iterat 5

Number of restarts: 2
Sum of residuals squared: 116116.2975
Standard deviation: 58.4396
RA2:09617

Parameters

a=1110574

b=983.7723

€= 13568

d=03198

— the correlation coefficient R? (gives indication on the fitting goodness).
— the Gaussian’s constants a to d (see 4.1), ¢ being the position of the beads

centre along the x axis;

e y profile and fitting parameters: same as previous along y axis;
z profile and fitting parameters: same as previous along z axis;
Sample infos (optional): contains the informations entered by the user in the

“Sample infos” section of the interface;

e Comments (optional): contains the informations entered by the user in the

“Comments” section of the interface;

4.5 Known issues (to date...) and workarounds (if any...)

None...yet.

To report any bug you may find while using this plugin, please click here.
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Chapter 5

Generate axial resolution report

5.1 How to generate the images 7

5.1.1 Prepare the sample

This sample preparation is aimed at fixing a reflective surface on a slide, overlaid by
mounting medium, topped by a coverslip.

What do I need ?

o Single reflector mirror: ex: Edmund optics’ 4-6 Wave Mirror 20mm x 20mm
Enhanced Aluminum, Ref. NT43-872.

Ethanol,;

Glue;

Regular slides;

Mounting medium: should be the same as for the regular, biological samples.
Avoid using DAPI containing mounting media. Alternatively, immersion oil
might also be used as a mounting solution;

e Regular coverslips: type 1.5 i.e. 0.17Tmm thick;

e Nail polish: only in case the mounting solution is not a setting medium.

How do I do ?

1. Clean the coverslip, the mirror and the slide using ethanol;

2. Glue the mirror to the coverslip. Warning: make sure that you glue the glass side
of the mirror ! Alternatively, setting mounting medium might be used to stick the
mirror on the slide;

3. Wait for the glue to set;

4. Mount the coverslip on the slide/mirror by using the mounting medium (or im-
mersion oil). Remove excess of solution by pressing firmly on the coverslip. In case
of non setting media, the coverslip should be sealed onto the slide or the mirror
(depending on its thickness) using nail polish.
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5.1.2 How to acquire the image ?

The following chart (see fig. 5.1) summarises the procedure for optimal image acquisition,
in order to determine the axial resolution on a confocal microscope.

5.2

1.

o=

o ot

What does it do ?

After the user has defined a rectangular ROI, the plugin will generate an average
intensity projection of the image along the y axis.
The resulting 1D intensity profile is then fitted to a Gaussian, using the following
equation and ImagelJ’s built-in curve fitting function:
7(wfc)2

y=a+ (b—a)*e 2@ (5.1)
The axial resolution i.e. the full-width at half-maximum (FWHM) is calculated as
follows, based on the parameters retrieved from the fitting:

FWHM = 2d+\/2in(2) (5.2)

. The theoretical resolutions are calculated as follows, depending on the microscope’s

type:

2 % Aemissi
Zresol,wide— field = % (53)

1.4 /\emission

Zresol,confocal = T (54)

How to use it ?

Start ImageJ;

Open the image of the z profile;

Launch the plugin by going to Plugins/MetroloJ/Generate axial resolution report
In case the image has not been spatially calibrated, a message error pops up: click
on Ok. In the calibration dialog box provide the appropriate values, then re-launch
the plugin;

. The plugin’s interface should appear (see fig. 5.2);

Select the position of the ROI and adjust its width;

Choose the microscope’s type, enter the emission wavelength, the numerical aper-
ture of the objective and the pinhole aperture. Sample informations and some
comments might also be provided using the appropriate boxes. Ticking the “Save
image/plots/data” will generate:

e a calibrated jpeg image of the profile, including the ROI’s outlines;

e a file containing tabulation separated values of the z profile (excel files);

e a file containing tabulation separated values of all the numerical data from
the report.
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| Set the scanning mode to XZY

| Set the zoom to its maximum I

!

| Fully open the pinhole

!

|Adjust the laser output to its minimum

!

| Set the detection to reflexion mode I

|

| Adjust z position

!

No

Reflexion plane
found ?

| Set the pinhole to one Airy unit

]

| Adjust PMT’s gain

]

No

Image close
to saturation ?

| Set the acquisition averaging to 2-4

!

| Acquire z profile

!

| Generate the report using MetroloJ

Figure 5.1: Flow chart: Image acquisition for axial resolution determination (confocal).
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a0 Axial resolution report generator

ROI Position (=) RIPTT
ROI Width | ) s

Microscope type | Confocal &

Wavelength (nm) 561.0
NA 1.40
Pinhole (AU) 1.00

Sample infos Comments

™ save image/plots/data

Cancel ){ OK

Figure 5.2: Generate axial resolution report: the interface.

8. Click on Ok: a new dialog box appears, inviting the user to choose a folder where

all data will be saved;
9. The pdf report is generated, and appropriate files saved.

5.4 'What’s on the report ?

The axial resolution report is composed of two pages (see an example of report on fig.

5.3). It is composed of up to 6 sections:

e Profile view: a calibrated image of the profile, including the ROI’s outlines;

e Microscope infos: summarizes informations about the acquisition system and
the image’s calibration;

e Resolution table: carries both the ROI’s position, as well as axial resolutions
(experimental and theoretical);;

e z profile and fitting parameters: contains a plot of the intensity profile along
the z axis and the fitted curve. On the right side of the graph stand the fitting
parameters:

equation against which the profile is fitted;

number of iterations: self-explanatory;

sum of residuals squared: sum of the differences between the original intensity
values and the fitted ones, squared;

standard deviation: standard deviation of the residuals;

the correlation coefficient R? (gives indication on the fitting goodness).

the Gaussian’s constants a to d (see 4.1), ¢ being the position of the beads
centre along the x axis;

e Sample infos (optional): contains the informations entered by the user in the
“Sample infos” section of the interface;
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20 avril 2009 18:50
Axial resolution report on My z profile.tif

Profile view:

Microscope infos:

Microscope: Confocal
Wavelength: 561.0 nm

NA: 14

Sampling rate: 0.02x0.02x0.02 jm
Pinhole: 1.0 Airy Units

Resolution table:

RO from (230, 0) to (280, 512)

‘ ErnEa
resolution
[ z [ oss2um | od01um |

Z profile & fitting parameters:

200

Intensity (AU)

oo

Dots: measured
Line: fited

Fitted on y = a + (b-a)*exp(-(x-c}*2/(2*d"2))
: 311 (8000)
Number of re: 22y

Sum of residuals squared: 340603059
Standard deviation: 8.1642
RA2:0.9741

Parameters:

a=227117

b =236.6907

c=5.1212

d=03617

Figure 5.3: Generate axial resolution report: an example of report.

e Comments (optional): contains the informations entered by the user in the
“Comments” section of the interface;

5.5 Known issues (to date...) and workarounds (if any...)

None...yet.

To report any bug you may find while using this plugin, please click here.
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Chapter 6

Generate co-alignement report

6.1 How to generate the images 7

6.1.1 How to prepare the sample ?

This sample preparation is aimed at obtaining an array of fluorescent, multi-labelled
beads, well appart one from the other, and stably stuck to a coverslip.

What do I need ?

o Fluorescent beads: their outer diameter should be well above the resolution of
the system to test. Two types of beads might be used:

— Uniformly labelled beads. ex: Molecular Probes’ 4um TetraSpeck, Ref. T-
7283. However, their diameter is a bit small for low NA objectives...

— Non-uniformly labelled beads (inner core carrying one fluorescence, outer ring
another). ex: Molecular Probes’ FocalCheck.

Regular slides;

Regular coverslips: type 1.5 i.e. 0.17mm thick, either polylysine coated or not;
If applicable, Poly-L-lysine solution (0.1 % (w/v) in H20) ex: Sigma-Aldrich,
Ref. P8920;

Ethanol,;

Regular distilled water;

Mounting medium: should be the same as for the regular, biological samples.
Avoid using DAPI containing mounting media;

Nail polish: only in case the mounting solution is not a setting medium.

How do I do ?

1. Clean the coverslip and the slide using ethanol;

2. Dilute the polylysine stock solution to 1/5;

3. Poor a sufficient amount of the diluted polylysine solution onto the coverslip surface
(typically, 200ul for a 24x24mm coverslip) and leave to coat for 15-30 minutes. The
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solution hardly covers the full surface, so don’t hesitate to use the pipet’s tip to
force the polylysine into the coverslip’s corners;

4. Rince the coverslip 2-3 times in distilled water, then drain off the liquid;

Use a vortex to mix the beads’ stock suspension;

6. Dilute the beads suspension in water. Here are some tips and facts:

o

Typically, 200ul for a 24x24mm coverslip will be requiered;

In general, the beads should not be diluted much from 1/10 to 1/100;
Tests should be done to define the appropriate dilution ratio;

Always vortex the suspensions between and after dilutions;

7. Poor a sufficient amount of the diluted beads suspension onto the coverslip surface
and leave to sediment for at least 30 minutes. The solution hardly covers the full
surface, so don’t hesitate to use the pipet’s tip to force the suspension into the
coverslip’s corners;

8. Rince the coverslip 2-3 times in distilled water to remove the unattached beads,
then drain off the liquid;

9. Mount the coverslip on the slide by using the mounting medium. In case of non
setting media, the coverslip should be sealed onto the slide using nail polish, while
avoiding the latter to come under the coverslip.

NB: Other methods exists in order to produce beads slides, involving dilution in
ethanol and leaving the suspension to evaporate. In this case, tests of higher beads dilu-
tion might be required. Please note that already prepared beads slides are commercially
available (see FocalCheck Fluorescent Microspheres Size Kit mounted on slide, Ref. F-
24633 (6pum beads) and Ref. F-24634 (15um beads)). However, this kind of preparation
doesn’t always match with the real in situ resolution as the mounting medium might be
different from the one used in everyday acquisitions.

6.1.2 How to acquire the image ?

The following chart (see fig. 6.1) summarises the procedure for optimal image acquisition,
in order to determine the co-alignement quality on a confocal microscope.

6.2 What does it do ?

1. The plugin will generate two summed intensity projection of the stack along the y
and z axes;

2. On each projection, histogram segmentation is done on the log of intensities, aiming
at separating two populations of intensities (background and signal);

3. Each projection is thresholded is order to highlight the “signal pixels’ population”;

4. An ellipse is fitted to those pixels (i.e. to the bead’s outline), and the coordinates
of its centre of mass is determined.
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| Set the scanning mode to XYZ
¥

| Set the zoom to reach a slight oversampling rate

v

| Adjust the laser output to its minimum

v
Adjust z position

v

No

Centre of the
bead found ?

Set the acquisition’s top and bottom

¥

No

Stack encompass
ALL channels ?

Adjust PMT’s gain

No

Image’s centre close
to saturation ?

5

| Set the acquisition averaging to 2-4
¥
| Acquire the stack

v

| Generate the report using MetroloJ
v

Figure 6.1: Acquisition of the image of a multi-labelled bead for co-alignement quality
determination (confocal).
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5. Once all coordinates have been retrieved for each channel, distance between the
centre from channel A and centre from channel B is calculated (in fact, all combi-
naisons of distances are calculated):

dista_p = \/(a:B—a:A)2+(yB—yA)2+(zB—zA)2 (6.1)

6. For each couple of coordinates, a reference distance 7.5 is calculated. This distance
is quite easy to determine in 2D as it corresponds to the xy resolution: while
considering the centre of the structure on image A, a structure of image B will be
co-localized if it is present within a circle traced around centre A of a radius equal
to the xy resolution. Due to the disparate resolutions over the three dimensions,
this distance is not so easy to calculate in 3D. However, the answer might come
from the observation of the factor limiting the resolution: the PSF (Point Spread
Function) and more precisely the first Airy disc which might be approximated in
3D as having an ovoid shape (see fig. 6.2).

O
%0\ Y
v

V4

}
|

¥
//

resol °y

A B C

z

resol®

Figure 6.2: Generate co-alignement report: How is the reference distance calculated ?
(A) Centres of objects A and B are draw a a red and green sphere, respectively. The
PSF is schematised in light yellow, while the first Airy volume appears in dark yellow.
The former width, height and depth define the resolution along the 3 axis; (B) A and B
are not co-localized as 7 > r,..¢; (C) A and B are co-localized as 1 < 7pq.

Hllustration from Cordeliéres and Bolte, ImageJ User and Developper Conference Pro-
ceedings, 2008, Luxembourg.

Therefore in 3D, the reference distance is calculated by considering a reference
point and fitting a 3D ellipse around it for which the two characteristic radii corre-
spond to x/y and z resolutions. In this matter changing from Cartesian coordinates
to Polar coordinates make it more easy to calculate the reference distance. The
two characteristic angles, the azimuth ® and the zenith © (see expressions 6.2
and 6.3) are first calculated, based on the coordinates of the two centres to anal-

yse. Knowing this orientation, as well as the x, y and z resolutions (res2, res,
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and res] respectively), the distance from the reference centre to the border of the
ovoid shape 7,.f is calculated (see expression 6.4). The inter-centre distance r is
then compared to this reference distance to assess if co-localization occurs (see fig.

6.2C) or not (see fig. 6.2B).

& = arccos T 7A (6.2)
V(@B —24)? + (yp — ya)?
© = arccos s (6.3)

V(&g —xa)? + (yp — ya)? + (25 — 24)?
Tref = \/(res; x sin © x cos ®)? + (res; x sin © x sin @)2 + (resg x cos ©)? (6.4)

6.3 How to use it ?

. Start ImagelJ;
. Open two or three stacks containing exactly one bead;
. Launch the plugin by going to Plugins/MetroloJ /Generate co-alignement report

. The plugin’s interface should appear (see fig. 6.3);

W N

.00 Co-ali report generator

Title of report Some title

Stack 1 | My FocalCheck-Channel Ltif  [§]

stack 2 | My FocalCheck-Channel 2.tif |4
Microscope type | WideField |4

Wavelength 1 (nm) 400.0

Wavelength 2 (nm) 500.0
NA  1.40
Pinhole (AU) 1.00

Sample infos Comments

™ save image/plots/data
Cancel 0K

Figure 6.3: Generate co-alignement report: the interface.

5. Enter a title for the report, choose which stack should be used for analysis (under
“Stack 3”, “none” might also be used), the microscope’s type, enter the emission
wavelength for each stack, the numerical aperture of the objective and the pinhole
aperture. Sample informations and some comments might also be provided using
the appropriate boxes. Ticking the “Save image/plots/data” will generate:

e a jpeg image of the side-views;
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e a file containing tabulation separated values of all the numerical data from
the report.

6. Click on Ok: a new dialog box appears, inviting the user to choose a folder where
all data will be saved;

7. In case the stack selected under “Stack 1”7 has not been spatially calibrated, a
message error pops up: click on Ok. In the calibration dialog box provide the
appropriate values, then re-launch the plugin;

8. The pdf report is generated, and appropriate files saved.

6.4 What’s on the report ?

The co-alignement report is composed of two to three pages (see an example of report
on fig. 6.4) depending on the informations provided by the user. It is composed of up
to 7 sections:

Pixel shift table:

Shift Red (Ref) | Green (Ref.y | Resolutions | Centres' Titles
(pix.) (pix.) coord.
17 avril 2009 16:03 0 00 155 1835 My
! Red 0 55 155 1690 | FocalCheck-
Co-Alignement report 0 -15 0408 55 Channel 1 1if
Some title 0.0 0 1937 183.5 My
Green 55 0 1937 1745 | FocalCheck-
L5 0 051 70| Channel 2.1
Profile view:
_ Distances table (uncalibrated):
Dist. _ Green | Resolutions | Centres' —
(pix.) (pix.) coord.
155 183.5 My
Red . 5701 155 1690 | FocalCheck-
0.408 55 | Channel Luif
1937 1835 My
Green 5701 . 1937 1745 | FocalCheck-
051 70| Channel 2.1
Distances table (calibrated):
[ bist. b | e
(Ref. dist.) Red Green | Re ‘;2:“:"“’ Cenires Titles
im
i 0.174 183.5 My
Red bvird 0.174 1680 | FocalCheck-
0.408 55 | Channel Luif
_— 0218 183.5 My
: e 5 2 5 alCheck-
Microscope infos: Girgn 0.479) e e [t

Microscope: WideField
Wavelengths: 4000, 500.0 nm
NA: L4

Sampling rate: 0.112x0.112x1.0 ym

Figure 6.4: Generate co-alignement report: an example of report.

e Profile view: image composed of three maximum intensity projections, XY, XZ
and YZ;

e Microscope infos: summarizes informations about the acquisition system and
the image’s calibration;

o Pizxel shift table: considering as a reference the channel stated at the beginning
of each row, each column show how much pixels separate one channel from the
reference along x, y and z axis. This information might be useful to compensate for
chromatic aberration using image processing softwares. On each row, resolutions
and centre’s coordinates are given for the reference channel;
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e Distance table (uncalibrated): contains distances calculated between two chan-
nels, while not taking into account the actual images’s calibration;

e Distance table (calibrated): contains distances calculated between two chan-
nels, while taking into account the actual images’s calibration. The distance
printed between bracket is the reference distance (see 6.2 and 6.4);

e Sample infos (optional): contains the informations entered by the user in the
“Sample infos” section of the interface;

e Comments (optional): contains the informations entered by the user in the
“Comments” section of the interface;

6.5 Known issues (to date...) and workarounds (if any...)

None...yet.

To report any bug you may find while using this plugin, please click here.
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