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Researchers were first able to visualize neurons over 150 years ago with the 

invention of a groundbreaking new histological technique called Golgi 

staining. The vast diversity of neuronal morphology in different regions of 

the brain and even within specific subclasses of neurons was immediately 

apparent. Much progress has been made toward understanding how 

neurons develop their morphologies and how dendritic morphology impacts 

neuron function in the intervening years. Even so, many outstanding 

questions remain to be explored. 

A number of neurological and neuropsychiatric disorders, such as autism 

spectrum disorders, learning disability, and Alzheimer’s disease, are 

associated with changes in neuronal morphology but the exact relationship 

between altered morphology and disease states is unclear (reviewed in 

Kulkarni and Firestein 2012). Are morphological changes a cause or a 

symptom of disease? How do morphological defects impact how a neuron integrates into a circuit, if at all? Initial 

characterization of morphology in these and many other conditions has already been completed. However, data from 

high-resolution imaging of calcium currents within single neurons and computational modeling studies suggest that even 

very subtle changes in neuronal morphology can impact neuronal function. In order to begin to uncover the ways in 

which morphology, development, and disease states interact, new tools are required to analyze dendritic structure.  

To this end, I have optimized a protocol for making 3D reconstructions of 

one type of neuron, pyramidal cells in the superficial layers of the visual 

cortex, and developed a suite of analyses to describe these structures. 

With this method, I have been able to uncover previously unknown 

changes in neuronal morphology resulting from loss of function of the 

gene Rem2 using a transgenic mouse model. Rem2 loss of function (Rem2-

/-) results in more dendritic branches that tend to extensively overlap, but 

does not alter the mean length of branches (compare to wildtype, WT). 

This work has also suggested that Rem2 interacts with sensory experience 

to sculpt the mature morphology of neurons in this area of the brain. In 

the future, I would like to develop more sophisticated analyses to identify 

“morphological syllables,” repeated branching motifs or series of motifs in 

dendritic arbors. I am also interested in analyzing the branching structures 

of dendritic arbors to investigate whether loss of a gene or altered sensory 

experience may impact branching statistics.  

 

 

 

  


