Neural Codes

Introduction: One of the most relevant questions asked by computational neuroscience is how neurons encode and transmit information.  While the mechanisms underlying sensory transduction, the process by which neurons turn the presence of stimuli from the external environment into an electrical signal, are relatively well understood, the meaning of these spike trains, particularly in higher order brain regions, is still largely a mystery.  In this lab, we will examine several examples of different codes that neurons could employ in order to communicate some quality of a particular stimulus.  It should be noted that these are relatively basic, single-neuron expressions, and that true information processing within the brain invokes far more complicated coding schemes, which take into account not only single unit events, but also network interactions.  Nonetheless, these primers should provide a solid introduction to the relevant concepts.

Part 1: Rate Code

1) Load the BioNB330 Software Program.

2) Click on “Tutorial 3: Neural Codes” in the Main Menu.

3) Read the introduction, and proceed to the first model.

4) The parameters presented in this tutorial are very similar to those used for the leaky integrate-and-fire neuron of lab 1.  Attached to this neuron is a current clamp electrode, with a delay of 10 ms and duration of 80 ms.

Questions:

1) What is the resolution of the neuron (i.e. what is the smallest change in stimulus amplitude that can be detected)?

2) Write an equation that could represent this neuron and make sure to explain your notations. Is there a test you can perform to test if your equations match the neuron? 

Part 2: ISI Code

Click “Next Coding Scheme” to move onto the ISI tutorial.

Vary the stimulus intensity from 1 nA to 25 nA.  Plot the rate of firing (number of spikes divided by the stimulus duration, 80 ms) as a function of stimulus intensity. 

Over the same range of stimulus intensity, plot the length of the shortest interspike interval (ISI) as a function of intensity.

Questions: 

1) Which code provides for a more unique input-output curve (unique in the sense that for any given input, there is a distinct output?)

2) Does a neuron employing this coding scheme have the same problem with stimulus saturation as the rate code neuron?  Are there any limits to the range of stimuli which can be encoded by this neuron?

Part 3: ISI and Rate Code

1)  Click “Next Coding Scheme” to move onto the next tutorial.

2) Create another set of input-output plots, graphing once again both firing rate and ISI as a function of stimulus intensity.  Is either coding scheme necessarily better or worse in this case?

Part 4: First ISI Code

1)  Click “Next Coding Scheme” to move onto the next tutorial.

2) Plot first interspike interval as a function of stimulus intensity.

Questions: 

1) What significant advantages does this coding scheme have over the other three examined?

2) Why might it be useful for a neuron to alter its rate of adaptation?

