Image analysis
From algorithms to
artificial intelligence
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Fluorescence microscop

Western blot

Ma et al. Heliyon, 2020
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Image: 2D intensity map

Image: 2D representation
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Fluorescence Microscopy
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What to analyze”

Cell size

Expression level

Localization
C Mean molecules/cell by immunoblotting (x10,000)
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Analysis steps

Object recognition (segmentation) /

|

Feature Measurements

|

Tracking

Adapted from Stylianidou et al. Molecular Microbiology, 2016



How to analyze”

Manual analysis

/ Algorithm
Automated \

Artificial intelligence



Manual analysis

Advantages

+ High precision

+ Great flexibility

+ Easy access

+ Semi-automation possible

Disadvantages

- Low throughput

- Time consuming

- Low number of cells
- Bias in cell selection




What is a yeast cell?




Contest: human vs machine




Thresholding

3D map

210 pm

line scan

Background




Next steps

Morphological operations

erosion dilation




Next steps

|dentify individual objects




Next steps

Pb touching objects... watershed transforms

Distance transform of ~bw Watershed transform of D

' The Mathwork
Distance transform Watershed ¢ VIaHIWOrEs

h=40

h=160
Real world example... | W
imagej.net/
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Feature Measurements

Cell geometry Cell Intensity
* Area « Mean intensity
« Major / Minor axis « Max / Min intensity
« Angle « Standard Deviation
* Perimeter « Texture
- Solidity - Entropy

- Multiple channels
« Cellular regions: Cytoplasm vs nucleus



Tracking

s

C3

C3

Ulman et al. Nature Methods, 2017

Tracking performance degradation

Tracking: following A as function of accuracy
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Fluorescent proteins

© CFPEM @ CFPEX mCitrineEM @ mCitrineEX @ mCherryEM @ mCherryEX @ miRFPEM @ miRFP AB

433nm
@ CFP EX: 0.87
@ mCitrine EX: 0.03
@® mCherry EX:  0.00
@ miRFP AB: 0.06

400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800
click and drag to zoom, shift-click and drag to pan
fpbase.org

Fluorescent proteins have very wide spectra
=> difficult to combine more than 4 in the same experiment
=> Avoid using fluorescence for segmentation


http://fpbase.org

Transmission Image
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Other

Active contours

Graph cuts

Intensity

Membrane profile

approaches

Figure 6: Segmentation of a test image using GAC/snakes. Results are shown
at 4 different stages of the segmentation.
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Mayer et al. Current Protocols in Molecular Biology
2001



Artiticial Intelligence

ImageNet 80’000 “words” 500-1000 images per word
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J. Deng et al. IEEE Computer Vision and Pattern Recognition, 2009
from 30% errors to 3% error in 6 years

- Large diversity in images improves training
- Great increase in accuracy from Neural Networks

Testing GooglLeNet...



Neural network

U-Net
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23 Layers:
 convolution
pooling
Rectified Linear Unit (ReLU)



Neural network

RELU RELU ELU RELU RELU RELU
CONV | CONV CONV CONVl CONVlCONVl
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Neural network

Manual training: example

ImageNet:
Amazon mechanical turk:
49’000 people during 3 years

Before including After including
mutants mutants
Yea/. :‘rN‘w*’k-’s :’\VN"('_“.‘;
; /.‘ — 4 ! : -
8’500 segmented yeast cells s 2 Tl 2
. i r » r A l & I )
Including mutants | a G\ 7 T AN
Trained on phase contrast images | J

Data augmention

https://medium.com/analytics-vidhya/data-augmentation-in-deep-learning-3d7a539f7a28



CellPose
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Conclusions

Manual segmentation
- Precision but low throughput

Algorithmic segmentation Al-based segmentation
- High throughput - High throughput

- No perfect algorithm - Impressive performance
- Lacks flexibility - Manual training!

Other uses of Al in image analysis:
e data improvements
e classification
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