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GRADUATE COURSE PROPOSAL 
Catalog Description:  Course on developing computer models of the nervous system, with modules on neurophysiology of membrane channels, and simulating behavior with neuronal simulations, and morphological analysis of neuroanatomy and connectivity.
· Course Designation: NEUR 634 Computer Modeling of Neurons and Networks (3:3 :0)

· Credit Hours: 3

· Prerequisite: Neur 602; co-requisite: Neur 603
JUSTIFICATION

Course Objectives: To introduce the objectives, philosophy and methodology of neuronal modeling. The course instructs students in the use of some of the more popular neural modeling software packages.  Students learn the syntax of several software packages, how to create neurons from subcellular components, and how to create networks by connecting neuron models.  To enhance understanding, the course is taught in a computer classroom, where students can practice immediately what the instructor explains.  Take home assignments provide for additional practice in computer modeling, and for the final project students create their own models. The computational neurophysiology component includes modules explaining how to create models of membrane channels, neurons and neuronal populations, and how to run simulations of their activity and behavior. The computational neuroanatomy component will include up to three modules: one for morphological tracing, one for morphological analysis, and one for morphological simulations and/or network connectivity.  Creating and simulating neural models also reinforces the concepts learned in NEUR 602 and NEUR 603, by illustrating how activity patterns are modulated by different types of membrane channels or different types of neuron connections.
Course Necessity:  This course provides key underpinnings for computational approaches to neuroscience.  This is the only course that teaches students how to use computer software to model neurons and the brain.  Therefore this course is an essential elective for students interested in computational neuroscience.

Course Relationship to Exiting Programs: The proposed course is a key course for the computational neuroscience concentration.  It introduces students to computational approaches in Neuroscience, and thus provides essential content for students interested in attending graduate school and pursuing a career in computational Neuroscience research.

Course Relationship to Existing Courses: There is no similar course at GMU.  

SCHEDULING and PROPOSED INSTRUCTORS

· Time of Next Offering: Spring 2009
Proposed Instructor: Kim Blackwell

· 



SAMPLE SYLLABUS
NEUR 634  Computer Modeling of Neurons and Networks
Course Objectives: To introduce the objectives, philosophy and methodology of neuronal modeling. The course instructs students in the use of some of the more popular neural modeling software packages.  Students learn the syntax of several software packages, how to create neurons from subcellular components, and how to create networks by connecting neuron models.  To enhance understanding, the course is taught in a computer classroom, where students can practice immediately what the instructor explains.  Take home assignments provide for additional practice in computer modeling, and for the final project students create their own models. The computational neurophysiology component includes modules explaining how to create models of membrane channels, neurons and neuronal populations, and how to run simulations of their activity and behavior. The computational neuroanatomy component will include up to three modules: one for morphological tracing, one for morphological analysis, and one for morphological simulations and/or network connectivity.  Creating and simulating neural models also reinforces the concepts learned in NEUR 602 and NEUR 603, by illustrating how activity patterns are modulated by different types of membrane channels or different types of neuron connections.
Format:  The course meets three hours a week, in a combination of lecture and electronic laboratory.  The first hour of each class will consist of a lecture on the neuronal component to be modeled.  The lecture for the remaining class will describe how those components are modeled, including specific syntax and interaction with other neuronal components.  Each student is expected to repeat on their own computers the modeling commands demonstrated by the instructor.  At the end of the class period a copy of the practice commands will be turned in to the instructor.  Homework will consist of using the commands and components to create novel models or simulations.

The final project consists of development of a model using one of the software packages presented in class.  The student is required to develop the model, run simulations, and write a report describing the model and the simulation results.  Projects will be presented orally on the last day of class.

Grading/Requirements:  In class model construction (20%), homework (40%), final project (40%)

Syllabus Topics:

Overview: Goals of neuronal modeling

Module 1: GENESIS. Creating single compartment models

Module 1: GENESIS. Membrane channels and action potentials

Module 1: GENESIS. Multi-compartment models

Module 1: GENESIS. Synapses

Module 1: GENESIS. Neuronal Networks

Module 2: NEURON. Graphical Interface, simulation control

Module 2: NEURON. Multi-compartment models

Module 2: NEURON. Membrane channels 

Module 2: NEURON. Synapses

Module 3: Tracing morphology of neurons using Neurolucida 

Module 4: Analyzing neuronal morphology using L-measure

Module 5: Creating virtual neurons using L-Neuron

Textbook: 

Required: The Book of GENESIS. Free Internet Edition (2003) James M. Bower and David Beeman.,  The NEURON Book (2006) Nicholas T. Carnevale and Michael L. Hines  










