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(b) Thresholding event process density

Figure 8: Event process density. The distribution of the event process density

shown in (a) has a long right tail stemming from areas of elevated damage. These can

be isolated by applying a threshold as illustrated in (b) using �0 = 1.5. In this example

these are the area close to the bottom right corner and an area in the top right of the

centre.

However, lines will dominate the fit of the density  X of the pixel process X whereas

the density  Y fitted to the event process Y is una↵ected by them as illustrated in

Figure 7. For quality assessment purposes we will only use  Y .

We use  Y to identify areas of elevated damage thresholding at

� = qu( Y ) + �0 · IQR( Y ), (3)

where qu is the upper quartile, IQR the interquartile range and �0 a constant chosen

in the context of the data being analysed.

Let D be the union of all areas of elevated damage and let XI�D and YI�D be the

pixel process and the event process restricted to I � D. Our main goal is to examine

YI�D for CSR using the G-, F- and K-functions. We also show the corresponding plots

for XI�D as that confirms the roles of lines and large clusters for the behaviour of these

functions.
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Technology & Data

Point processes are a rich and flexible class of models that can be put to use 
to answer quantitative questions in science and engineering. Determining 
the best way to map a real-world application to the models is not always 
straight forward and the interpretation of any findings needs to be done in 
light of the subject matter interpretation of the point process model. 

We use point processes for to model the location of microtubules in cell 
biology. Image data is collected using  fluorescent microscopic. It captures 
the locations of certain protein species under different conditions. We have 
developed distribution-free procedures to quantify the significance of 
observed differences between the resulting point pattern structures. 

The approach is illustrated by experimental data shedding light on the 
interplay between subcellular structures called microtubules and chemicals 
involved in mitosis.

Microscopic 
images from a 
point process 
perspective

Methods: Technology & Data

T Honnor, A Johanson, J Brettschneider

https://www.wikiwand.com/en/Fluorescence_microscope

filters out all 
wavelengths  of the 
light source, except 
fluorophore’s 
excitation range 

way towards 
specimen: 
reflects excitation 
signal towards 
fluorophore

filters out entire 
excitation range to 
transmits fluorophore’s 
emission range only

labelled with fluorescent protein (e.g. GFP)

return: transmits 
emission signal 
towards the detector 

Fluorescent microscope: 
High intensity light source excites fluorescent species 
tagged onto sample which emits specific wavelength

Introduction

Confocal microscope: 
Geometric optics with pinhole in optically 
conjugate plane in front of the detector to 
eliminate out-of-focus signal. Long exposure 
required, but better focus. Scanning arrange-ment 
to build up image of larger region.

Methods: Point Processes Models

Experimental case study

Conclusions

Exploratory analysis and nonparametric tests

Experimental case study: the collection of test statistics provides evidence that

• Nearby microtubules are bound together (in K-fibers by a mesh-like structure) 

• TACC3 over expression (treatment) is associated with an impact on the mesh
This means, the hypothesised treatment effect could be confirmed
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Result confirmed by formal testing. 
Procedure:
• Based on permutation tests (nonparametric)
• Need exchangeability under the Null under suitable set 

of operations
• Statistics under permutations are identically distributed
• p-values are uniformly distributed (test e.g. with KS)
• Exact or approximate (subset of operations)
• Still significant after Bonferroni adj. for multiple testing

(random subset)

Point process models in conjunction with nonparametric test statistics are suitable methods 
for microscopic image data:
• can deliver results were experiment not interpretable by just eyeballing
• computationally feasible


