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Research programme and achievements 

In the last five years, we have developed a fundamentally new model system to study 
how the cortex, the thinking part of the brain, carries out its function. My working 
hypothesis is built around the idea of predictive coding, which postulates that the main 
function of the cortex is to constantly predict what the next moment brings.   
Our model system is centred around a particular cell type, so called Glt+ pyramidal cells.   
Using the multimodal and multiscale biological model system we have built:  

1. We have characterised Glt+ neurons through comprehensive anatomical and 
physiological descriptions.   
2. We have charted their brain-wide input-output connectivity map, i.e. neurons 
providing input to Glt+ neurons and the brain areas to which Glt+ neurons send their 
output.  
3. We have described where different inputs connect to Glt+ neurons on the 
subcellular (dendrite) level. We discovered these input rules are often different from 
the textbook assumptions.   
4. While studying the type of computations Glt+ neurons are capable of, we have 
discovered a surprising diversity in pyramidal neurons. In addition, using 
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computational modelling, we managed to link cell morphology to the diversity of 
information processing found in these neurons.  
5. We have recorded the activity of Glt+ and other pyramidal neurons in the awake 
mouse brain and have shown what visual information they process.   
6. We have built a novel rotation platform, where mice can navigate in 2D and 
rotational space while exploring a visual virtual reality. This platform can be combined 
with optical (2-photon microscopy) and electrical recording from the brain as well as 
optogenetic modulation of brain activity.   

  
Future plans: now that we have the model system ready, the more fundamental questions 
of my lab can be posed. Using the virtual reality system we developed, we will teach 
animals to navigate for reward and record their brain activity during this process. We will 
interfere with brain areas providing relevant input to Glt+ cells and measure how it affects 
the behaviour of the animal. The main goal is to provide the first mechanistic 
understanding and evidence for predictive coding in the mouse brain.                                   

 

Research outputs 

Rancz E. A., Moya J., Drawitsch F., Brichta A. M., Canals S., Margrie T. W. (2015) 
Widespread vestibular activation of the rodent cortex. J Neurosci 35, 5926-34. 
DOI : 10.1523/jneurosci.1869-14.2015 

This paper is the first comprehensive, multimodal evaluation of where vestibular 
information, the sense of balance, is represented in the brain of rodents. We found a very 
widespread representation, including brain areas associated for the first time. The 
vestibular map we produced is used by many sensory and system neuroscientists to 
guide their research.  
   
Galloni, A. R., Laffere, A., & Rancz, E. (2020). Apical length governs computational 
diversity of layer 5 pyramidal neurons. Elife 9:e55761 DOI: 10.7554/eLife.55761 
This is the first paper from my lab. We showed that layer 5 pyramidal neurons, the main 
cell type in the cortex, are functionally more diverse than previously thought. This has 
wide-ranging implications for the modular organisation and cortex and for computational 
capabilities. Furthermore, using numerical modelling, we discovered how the shape of 
neurons governs their computational ability, a simple, yet very powerful finding.   
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