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Images for Curvilinear Feature Detection
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Outline
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Course Review
• Two main topics have been covered so far.

- Biological imaging techniques
- Biological image analysis

• Biological imaging techniques
- Contrast generation; Imaging resolution
- Different imaging modalities

• Biological image analysis
- Feature detection; Image segmentation
- Feature tracking
- Image alignment (registration)

• The rest of the course will focus on biological
applications and informatics techniques.
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Axonal Cargo Transport (I)

• Axonal transport is critical to survival and function of neurons.

• Axonal transport provides a powerful model of intracellular transport.
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Axonal Cargo Transport (I)

Brown, Nat. Rev. Mol. Cell Biol., 2000
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Axonal Transport Dysfunction Implicated in 
Neurodegenerative Disease

• Dementia is a loss of brain
function that occurs with certain
diseases.

• It is estimated that today 35.6
million people worldwide live with
dementia

• The number is expected to
increase significantly by 2050.

• Axonal transport defects have
been strongly implicated in many
neurodegenerative diseases.

http://www.searo.who.int/en/Section1174/Section1199/Section1567/Section1823_8066.htm



Imaging Axonal Transport
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The Eukaryotic Cell
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Alberts et al, MBoC, 5/e



12Mitochondrial transport, Courtesy of James Lim, LBNL



Molecular Motor Machinery of Axonal Transport

Adapted from Schliwa & 
Woehlke, Nature, 422:759, 
2003
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Potential Mechanisms of Axonal Transport Defects
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Microtubule Associated Protein Tau in Axonal Transport

Ballatore et al, Nat. Rev. Neurosci. 2007
Morris et al, Neuron, 2011
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[tau]

How does tau modulate axonal transport?



A Drosophila Model of Alzheimer’s Disease

• Two pathological hallmarks of AD: Aβ plaques & tau tangles
• Control: 

SG26.1 GAL4/+; UAS-APPYFP/+  transport is driven by kinesin-1
SG26.1 GAL4/+; UAS-SynGFP  transport is driven by kinesin-3

• Mutants: 
SG26.1 GAL4/+; UAS-APPYFP/+; UAS-wt hTau/+     
SG26.1 GAL4/+; UAS-APPYFP/+; UAS-R406W hTau/+

Wittmann et al, Science, 2001
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Why Nanometer Resolution?

• Nanometer resolution is essential to axonal transport 

characterization. 
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Q-dots F-beads

Detection Resolution Validation



Tracking Vesicle Movement Using Computer 
Vision Techniques (I)



Tracking Vesicle Movement Using Computer 
Vision Techniques (II)
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Tau Overexpression Differentially Affects Axonal 
Transport
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Quantification of Cargo Population
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Ctrl
hTauWT

hTauR406W



APP Vesicle Transport and its Impairment is 
Region-Specific 
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Transport Impairment is Cargo-Specific



Axon Swelling and Vesicles Accumulation
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Summary

• Computational analysis of biological imaging data is crucial
to understanding the underlying biological processes.

• The biological questions to be addressed usually define
how the images should be analyzed.

• To obtain quantitative measurements is often the first step.

• Statistical analysis and data mining techniques are often
used to understand the measurement data.

• The fundamental challenge: to infer the underlying
molecular mechanisms from measurements.



Challenge: To Infer Mechanisms from Behaviors
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Questions?


