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Overview

ALocalisation microscopy

ASpot detectiorg icy plugin
ATracking icy plugin

ATrajectory analysis MATLAB GUI



Localisation Microscopy

A Superresolution technique to overcome the diffraction limit of light
A Resolves molecules within the diffraction limited region by separating them in time
A High resolution, ~20 nm, in all spatial dimensions
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Can be used for localisation and tracking of single molecules



Particle Detection Reconstruction

https://www.youtube.com/watch?v=RE70GuMCzww



Mark Bates et al. Science 2007;317:1749-1753



Localise imaged
molecules
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Photo bleach active
molecules

Repeat the activation
process

Stochastic activation of single molecules can be used for tracking of single molecules




Question: Dynamics of transcription factor

AStudy the d?/namlcs of DNANdIng transcription factor for Notch pathway
In Drosophl asalivary glands to calculate:

A Different diffusion states
AOccupatlon of these diffusion states
A Dwell times and transition probabilities of these states

AStudy these parameters under different conditions i.e. when the pathway is
active or inactive



Raw Data

A Labelled with a phot@onvertible proteinmEOS
A Nuclei were imaged 280 um deep inside the tissue

Goal: Detect and track single molecules



Spot Detection

AFreely available as an icy
plugin
ABased on wavelet transforms

Almportant step before
tracking
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Detector

r+ Spot Detector -

Settings Detector ‘
Input | UDWTWaveletDetector v

[ nPre Processing I i@ Detect bright spot over dark blackgroundg

Region of Interest (O Detect dark spot over bright blackground

Filtering Examples of input image that would use this setting:
Output
Display

(] Display binary image (before filtering)
[ ] Force use of 2D Wavelets for 3D
[_] compute Wat considering ROls

Size of spots to detect: (scale and sensitivity)
Scale enabled Sensitivity Object size
[)Scalel 1000 ~1 pixel
EI Scale 2 85 ~3 pixels
(] Scale3 (1000 ~7 pixels
| Removescale , Add scale |

Hé‘}’: : 7- ,‘Start Detection |




Spot Detectiorg RO

Sequenceoperation  Image)  Detection & Tracking  Processing Tools Plugins
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Tip: Remove detection areas with black rois

Start Detection




Spot Detectior Display and Output

Settings Output
Input Excel output settings:
Pre Processing Automatic XLS file naming
Detector ) Enable Automatic
Region of Interest The XLS file will be saved in the 'save’ folder of the original image. The file name will be 'originalfilename.xls'. If an
Filtering XLS file already exists, it will be replaced.
Output
Display

Append data to existing files.

Append all data to a single file
Enable Specific file

XML output settings:
Enable XML export

Export to ROI

V| Remove previous spots rendered as ROI
Export original image with ROIs and detection
Export binary image

| Export to SwimmingPool

Help Start Detection




27|

28 |Detection i Surface  x y z t min intens max intens average intensity
29 | 0 4 322 302.75 0 0 236 255  248.25
30 | 1 6 376.8333 281.1667 0 0 200 255 2426667
31| 2 1 277 217 0 0 205 205 205
32 3 2 197.5 192 0 0 255 255 255
33 | 4 2 361.5 328 0 1 205 246 2255
34 5 1 321 303 0 1 225 225 225
35 | 6 3 391.6667 287.3333 0 1 220 241 230.3333
36 | 7 4 378.5 280.5 0 1 195 255 23775
37 | 8 1 302 255 0 1 255 255 255
38 | 9 3 164.6667 229.6667 0 1 210 255 240
39 10 3 201.6667 224.6667 0 1 189 251 227
40 | 11 1 276 218 0 1 255 255 255
41 12 4 198.5 192.5 0 1 236 255  246.75
42 13 1 323 304 0 2 241 241 241
43 14 9 376.8889 280.3333 0 2 220 255 245.8889
44 | 15 1 382 273 0 2 255 255 255
45 16 3 256.3333 230.6667 0 2 225 255 245
46 | 17 2 164.5 230 0 2 255 255 255
47 | 18 2 202.5 226.5 0 2 251 255 253
48 | 19 1 386 218 0 2 255 255 255
49 | 20 1 223 179 0 2 251 251 251
50 | 21 4 378 281.5 0 3 230 255 2425
51| 22 2 382 2745 0 3 246 255 250.5
52 23 6 255.1667 231.8333 0 3 255 255 255

Detection Results, Excel file

Next Step: Tracking



Trackingg ICY Plugin

A Based on Multiple hypothesis
tracking

A Imports detection results from
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Spot Tracking
File Interface Info

The particle tracking method links through time a
set of spatial locations (detections). First create a

Ll detection set using the Spot Detector plugin and

then select results in the box below.

Run the Spot Detector plugin
Detection set from t:0 to t:400 #detection(s): 1542 v
% The Multiple Hypothesis Tracking (MHT) method
‘ link detections through time to form tracks. It
./,h " requires a number of parameters to proceed.
Please, either:

Estimate parameters | Load existing parameters

s Tracking results will be automatically exported to

Choose a name for the results:

mhtTracks-Run1

2

_tPrcss ‘Run tracking' to proceed with the track
- extraction process (this can take from a few

\; seconds to several minutes).
Run tracking . '
|| S
2 particle tracking:
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Parameter Estimation and Tracking




