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A. Personal Statement 

I study the mechanisms underlying systems-level brain dynamics and their meaning for behavior.  Our focus is 
on how local neocortical transformations in vivo optimize sensory representation and perception. Examples of 
recent work include the finding that gamma oscillations can enhance sensory performance (Siegle, Pritchett 
and Moore, 2014), and the use of 2-photon imaging methods to track activity in large volumes of neurons, 
allowing us to identify ensembles of neurons whose dynamics predict perception (Deister et al., in revision) and 
stimulus novelty (Voigts et al., in revision) on a trial-by-trial basis. 

We have also contributed significantly to technique development for the in vivo study of neocortical dynamics, 
including in the use of optogenetics in in vivo and awake models (Cardin et al., 2010; Desai et al., 2011; Kahn 
et al., 2011; Siegle et al., 2011; Kahn et al., 2013; Siegle et al., 2014). Recent developments include 
engineering a light (< 2g) microdrive for multi-electrode recording with high channel count (64 channels + 3 
fiber optics; Voigts et al., 2013) in mice. A related advance is a low-cost, high-quality open source 
electrophysiology system developed by two graduate students (J. Voigts and J. Siegle; www.open-ephys.org). 
We are also developing, with Dr. Hochgeschwender, new methods for controlling neural circuits using 
BioLuminescent (BL) light to drive OptoGenetic (OG) responses (‘BL-OG’) (Berglund et al., 2016; Gomez-
Ramirez et al., in preparation).  

B. Positions and Honors 

Positions and Employment 
2003-2011  Assistant-Associate Professor, MIT Dep’t of Brain and Cognitive Sciences, McGovern Institute 
2011-2016  Associate Professor, Brown University Dep’t of Neuroscience & Institute for Brain Sciences 
2013-   Board Member, Open-Ephys, A Not-for-Profit Corporation 
2016-   Full Professor, Brown University Dep’t of Neuroscience &  

Associate Director, Brown Institute for Brain Sciences 
 
Honors/Fellowships/Appointments 
1990    High Honors in Neuroscience, Oberlin College 
1995   Angus N. MacDonald Excellence in Teaching Award, MIT 
1997   Fellow, McDonnell-Pew Institute for Cognitive Neuroscience, Dartmouth College 
1998   Fellow, Kira Institute on Science and Values, Amherst College 
1999-2002  Postdoctoral Fellowships, Individual NIH NRSA and McDonnell-Pew Foundation 
2000   Participant, NIH workshop on Opportunities in Cognitive Neuroscience 

http://www.open-ephys.org/


 

2005-   ad hoc reviewer, NIH Sensory-Motor Integration Study Section 
2005   School of Science Prize for Excellence in Undergraduate Teaching, MIT 
2005-2008  Mitsui Career Development Chair 
2008   COSYNE Program Committee 
2008   Group leader, NIH Panel on Neuroprosthetics 
2012   NSF CRCNS Review Panel 
2013   NIH Bioengineering of Neuroscience, Vision, and Low Vision Technologies Study Section 
2013   NIH Special Emphasis Panel RO1 review Study Section, 
2013   NSF/ONR/NIH Workshop on Glia in Learning and Cognition, invited participant/speaker 
2014   NIH BRAIN Initiative reviewer 
2014-   Brown University IACUC committee 
2014-   ad hoc Reviewer, MIT Press 
2014-   Brain Research Foundation Fellow  
2015-2020  NIDA Board of Scientific Counselors (BSC) 

C. Contributions to Science 

1. The Mechanisms and Meaning of Neocortical Dynamics for Perception 
 
The broad hypothesis driving my research is that the fundamental goal of neocortical computation is to provide 
dynamic flexibility based on learned information to make processing optimal on millisecond-to-second time 
scales. To test detailed questions of the mechanisms underlying such dynamics, I study tactile perception and 
its relation to activity patterns in primary somatosensory neocortex of the rodent vibrissa sensory system. To 
test the meaning of such dynamics for perception, I have studied the rodent and human. The focus of our 
rodent work—which is the predominant theme of the lab—are studies using the vibrissa sensory system, a 
model to which we have contributed significantly (see also “New Maps in Sensory Neocortex” below).  An 
important early contribution was the demonstration that despite the canonical view of barrel cortex as a 
‘labeled line,’ and therefore potentially unavailable to rapid neocortical dynamics, SI barrel neocortex actually 
shows substantial rapid dynamics (Moore et al., 1999), facilitated by integration through large subthreshold 
receptive fields (Moore and Nelson, 1998). A central guiding hypothesis we proposed based on vibrissa 
neocortical studies and emerging knowledge of whisking behavior (Moore et al., 1999) was that the neocortex 
has multiple distinct modes driven by the pattern of peripheral input that optimize perception for either 
detection in the non-adapted state, or discrimination following sustained ongoing input (e.g., during whisking 
against an object). These hypotheses built on a long history of more general predictions regarding trade-offs in 
optimal processing (e.g., von Bekesy, 1968) and have recently been strongly and specifically supported by 
work in the vibrissa system by independent laboratories (e.g., Ollerenshaw et al., 2014). 
 
In addition to these contributions to basic understanding of dynamics in afferent sensory information 
processing, we have also studied internally-generated dynamics, including addressing debates regarding the 
origin and meaning of neocortical oscillations. Our recent contributions to the study of gamma oscillations are 
elaborated in the following section. We have also contributed to the understanding of lower frequency rhythms, 
including the alpha oscillation, showing in a series of papers the inverse relationship between detection 
probability and alpha expression and the allocation of alpha to non-attended representations (e.g., Jones et al., 
2010).  We have also examined the thalamic mechanisms underlying emergence of alpha-band activity in 
spindle events (Halassa, Siegle et al., 2011). 
 

a. Moore, C. I., Nelson, S. & Sur, M. (1999) Dynamics of Neuronal Integration in Rat Somatosensory 
Cortex. TINS 22: 513-520. 

b. Moore, C. I. & Nelson, S. (1998) Spatio-temporal Subthreshold Receptive Fields in the Vibrissa 
Representation of Rat Primary Somatosensory Cortex. J Neurophysiol 80: 2882-2892. 

c. Jones, S., Kerr, C., Wan, Q., Pritchett, D., Hämäläinen, M. & Moore, C. I. (2010) Cued Spatial Attention 
Drives Functionally Relevant Modulation of the Mu Rhythm in Primary Somatosensory Cortex. J 
Neurosci.  30:13760-5. 

d. Halassa, M.*, Siegle, J.*, Ritt, J., Ting, J., Feng, G. & Moore C. I. (2011) Selective Optical Drive of 
Thalamic Reticular Nucleus Generates Thalamic Bursts and Neocortical Spindles. Nature 
Neuroscience 14:1118-1120.  PMID 21785436. * co-first authors. 

 



 

 
 
2. The Mechanisms and Meaning of Neocortical Gamma Oscillations 
 
A much debated topic in the study of neocortical function is whether gamma oscillations—30-80 Hz fluctuations 
in activity—directly contribute to sensory processing (e.g., in the allocation of attention), or whether they are 
epiphenomenal ‘exhaust fumes’ that are unrelated to function. In an initial study, we employed optogenetic 
methods to selectively drive fast-spiking (FS) interneurons in neocortex, building on several computational and 
correlative studies to show conclusively that naturalistic gamma rhythms can be produced by synchronization 
of FS firing (Cardin et al., 2009). Initial studies using these methods in genetically modified mice in which 
NMDA receptor activation was knocked down selectively in fast-spiking interneurons showed a variety of 
alterations in natural and optogenetically-induced expression of gamma, effects correlated with behavioral 
deficits in ‘working memory,’ fitting hypotheses relevant to schizophrenia (Carlen et al., 2012). 
 
Subsequent computational modeling captured the dynamics observed in this study and led to proposal of a 
variety of mechanisms underlying transformations in local sensory representations driven by gamma (Knoblich 
et al., 2010). This computational work proposed that neurons should show gain during gamma expression 
even though activity in fast spiking activity is high (building on elegant computational work by Sejnowski, 
Tiesinga, Kopell and colleagues, and on intracellular neurophysiological recordings by Gray and colleagues). 
Our recent study (Siegle, Pritchett and Moore, 2014) demonstrated that optogenetic induction of FS-gamma 
drives enhanced probability of sensory detection of difficult-to-perceive stimuli, in agreement with the view that 
this dynamic can aid processing in much the same way that attention enhances processing of such inputs. Our 
most recent study employs 2-photon imaging of large numbers (hundreds) of neurons simultaneously, finding 
that gain and correlations in small numbers of these neurons predict the detection of sensory stimuli (Deister et 
al., in revision), a finding in agreement with prior computational models predicting these transformations are 
signatures of local gamma expression.  

a. Cardin, J., Carlén, M., Meletis, K., Knoblich, U., Zhang, F., Deisseroth, K., Tsai, L.-H. & Moore, C. I. 
(2009) Activation of Fast Spiking Interneurons Induces Gamma Oscillations and Shapes Sensory 
Transmission. Nature 459:663-7.  

b. Carlén M., Meletis K., Siegle J., Cardin J., Futai K., Vierling-Claassen D., Rühlmann C., Jones S., 
Deisseroth K., Sheng M., Moore C. I.*, Tsai L.-H.* (2012) A critical role for NMDA receptors in 
parvalbumin interneurons for gamma rhythm induction and behavior. Mol Psychiatry 17:537-48. *Co-
corresponding. 

c. Knoblich, U., Siegle, J., Pritchett, D. & Moore, C. I. (2010) What do we gain from gamma? Local 
dynamic gain modulation drives enhanced efficacy and efficiency of signal transmission. Front Hum 
Neurosci. 4:185. 

d. Siegle, J. H.*, Pritchett, D.* & Moore, C. I. (2014) Gamma-range synchronization of fast-spiking 
interneurons can enhance detection of tactile stimuli. Nature Neuroscience. * co-first authors. 17:1371-
9. PMCID PMC4229565. 

3. Discovery of New Maps in Sensory Neocortex: Basic Advances in Understanding Vibrissal Sensing 
 
Crucial to using the vibrissa sensory system as a model for neocortical dynamics was determining specific 
basic properties of its organization and functionality. We therefore have devoted significant effort to advancing 
our knowledge of the spatial organization of neocortical maps and the natural sensory statistics experienced 
during vibrissal sensing. 
 
A motif of high-resolution visual neocortical areas is the presence of multiple, overlying maps, demonstrating 
intercalated columnar organization for distinct features.  The vibrissa barrel neocortex (SI) of rats and mice is a 
sensory neocortex that similarly processes high-resolution sensory information, but had not previously been 
found to posses multiple maps, begging the question of whether such maps are a feature of high-resolution 
systems or are a specific property of the organization of visual information.  We discovered 2 new maps that 
overlie the well-described somatotopic ‘barrel column’ map in vibrissal SI:  A direction ‘micro-columnar’ map, in 
which a pinwheel-like organization exists for the direction of vibrissal motion (Andermann and Moore, 2006) 
and a frequency ‘macro-columnar’ map, in which sets of barrel columns were found to preferentially represent 
different frequencies of vibrissal motion, including in the awake and freely behaving animal (Neimark et al., 
2003; Andermann et al., 2004; Ritt et al., 2009).  These findings not only advanced the understanding of the 
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basic architecture of this well studied model system, but also provide direct evidence that columnar 
organization may be a key feature of high-performance sensory systems (vibrissal sensing in mice and vision 
in visual mammals).  These studies were also among the first to record the high-frequency signals transmitted 
by the vibrissae that are now widely regarded as crucial to sensing in this system. These studies were the first 
to provide real numbers as to the size (e.g., velocity) of micromotions in free natural sensing using high-speed 
videography (Ritt et al., 2008; see also studies by Feldman and colleagues and Hartmann and colleagues). 
 

a. Neimark, M., Andermann, M., Hopfield, J. & Moore, C. I. (2003) Vibrissa Resonance as a Transduction 
Mechanism for Tactile Encoding. J Neurosci 23:6499-6509.  

b. Andermann, M., Ritt, J., Neimark, M. & Moore, C. I. (2004) Neural Correlates of Vibrissa Resonance: 
Band-Pass and Somatotopic Representation of High-Frequency Stimuli. Neuron 42:452-463. 

c. Andermann, M. & Moore, C. I. (2006) A Sub-Columnar Direction Map in Rat Barrel Cortex. Nature 
Neuroscience 9:543-551. 

d. Ritt, J., Andermann, M. Moore, C. I. (2008) Embodied Information Processing: Vibrissa Mechanics and 
Texture Features Shape Micro-Motions in Actively Sensing Rats. Neuron 57: 599–613. PMCID: 
PMC4391974. 

 
4. The Hemo-Neural Hypothesis 

We have proposed a major new theory regarding neuromodulation underlying neural processing (Moore 
and Cao, 2008).  Specifically, we have predicted that rapid and localized dynamics in vascular motion (e.g., 
those that drive the fMRI signal) may directly impact neurons, altering their processing state. We have 
recently developed a suite of new optogenetic tools for selective vascular regulation and integrated them 
with 2-photon microscopy of calcium dynamics to directly test this prediction. We have found (Brown et al., 
in revision) that selectively induced local vasodilation does indeed drive unique and consistent responses 
in a significant sub-population of neocortical neurons, and that these dynamics evoked by optogenetic 
vascular manipulations predict the variance relative to endogenous (e.g., sensory-evoked) vascular events, 
in support of key predictions of our prior hypothesis.  

a. Moore, C. I. & Cao, R. (2008) The Hemo-Neural Hypothesis: On the Role of Blood Flow in Information   
Processing.  Invited Review, J Neurophys 99:2035-2047.  

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4391974/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4391974/

