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 PROJECT SUMMARY (See instructions): 

A major goal of neuroscience research is to understand the circuits and patterns of neural activity that give 
rise to mental processes and behavior.  Two key steps toward realizing this goal are: i) observing patterns 
of neuronal activity during circuit function, and ii) identifying the neurons and synaptic connections within 
circuits.  A potentially powerful method for understanding the structure and function of neural circuits is the 
use of voltage-sensitive dyes (VSD).  VSD provide opportunities to record simultaneously activity in 
hundreds of neurons.  However, to realize the benefits of VSD recordings, it is essential to develop 
methods for elucidating the underlying neural circuit.  The present proposal will address this challenge by 
developing an integrated method for analyzing circuits.  This integrated methodology will combine VSD 
recordings and an information theoretic approach known as directed information (DI).  The cornerstone of 
DI is the principle of causality.  A causal relationship between two time series (e.g., spike trains recorded 
from neuron A and neuron B) exists if the future activity in neuron B is better predicted given the past 
activity in neuron A.  Some of the advantages of DI over standard correlation analyses are: i) it is nonzero if 
and only if one process causally influences another; ii) it is a model-free measure; iii) it can detect both 
linear and nonlinear causality relationships; iv) its specific value can be interpreted as the strength of a 
causal relationship; v) it can distinguish between inhibitory and excitatory connections; and vi) it has been 
used to analyze a variety of neurophysiological data including fMRI, EEG, and spike trains. 

The initial phase of developing this integrated methodology will utilize a small-brain preparation and will 
elucidate the functional connectomes that underlie two fictive behaviors (Fig. 1).  The small-brain 
preparation is particularly advantageous for these tasks because a wealth of empirical data already exists, 
which describes the behaviors; the preparation is amenable to detailed cellular analyses; and the neural 
circuits that underlie the behaviors have been partly characterized.  Moreover, the preparation manifests 
neural processes analogous to motivational states, decision making, and learning and memory.  The 
Specific Aims of this proposal are: 1) Use VSD to record neuronal activity simultaneously from large 
numbers of individual neurons during two distinct fictive behaviors;  2) Develop methods for using DI and 
VSD data to infer the functional connectomes that underlie these behaviors; and 3) Validate the inferred 
circuits using conventional intracellular recording techniques.  

Recently, the Dean of UTHealth Medical School provided funds for the purchase of a NeuroCMOS-SM128f 
imaging system (RedShirt Imaging, Inc.), which provides the hardware and software for high-speed VSD 
recordings.  By incorporating this new optical recording system into our current facilities, we were able to 
acquire some significant preliminary results.  Our preliminary results clearly indicate that: 1) VSD 
recordings can be used to monitor simultaneously activity in large numbers of neurons during fictive 
behaviors (Fig. 2); and 2) DI analyses can infer the causal relationships among neurons in small neural 
circuits (Fig. 3).  Our ultimate goals are to apply this integrated methodology to analyze functional 
connectivity in the mammalian brain. 

RELEVANCE (See instructions): 
This UT System BRAIN Seed Grant is a critical step toward building the foundation for future research on 
large-scale network functions with single-cell resolution.  To accomplish this goal, a new research 
partnership was established among an interdisciplinary team including: Dr. Byrne (UTHealth), whose 
laboratory will contribute to VSD and conventional recordings of neural activity; Dr. Nagayama (UTHealth), 
whose laboratory will contribute to neuronal visualization, functional imaging, and analyses of network 
dynamics; and Dr. Aazhang (Rice University), whose laboratory will contribute to the development and 
application of signal and information processing.  By integrating VSD recordings and DI analyses, this 
proposal will provide a transformative methodology for identifying and analyzing neural circuits.  Our 
ultimate goal is to identify functional connectivity in the mammalian brain.  Consequently, we envision 
preparing a program project grant or center grant that will apply DI analyses to several mammalian brain 
systems, such as: olfactory glomerulus (Dr. Nagayama, UTHealth); thalamocortical circuitry (Dr. M. 
Beierlein, UTHealth); cortical circuit modules (Dr. V. Dragoi, UTHealth, and examining changes in the 
human brain during and after seizures (Dr. N. Tandon; UTHealth).  An important aspect of future projects 
will be a core computational and theoretical component headed by Dr. B. Aazhang (Rice University). 

 


