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A. Personal Statement 
 

My laboratory aims to understand how specific spatial and temporal patterns of network dynamics 
are generated, transferred, and integrated within the cortical circuitry, as well as how these dynamics 
influence behavior. A necessary technical step to achieve this aim is to develop a technique that 
allows us to: i) monitor endogenous patterns of activation and thus map the activity of large numbers 
of neurons with high spatial (< 1 micron) and temporal (~1 ms) resolution within the intact brain; and 
ii) replicate or alter these endogenous patterns of activation by artificially manipulating the electrical 
activity of specific cells in space and time.  

 
Over the past ten years, we have been working on a particular technique, patterned illumination 
using ‘wave-front engineering’ and we have been pioneering its application in living rodents to 
achieve our dual goal. We first designed and built a “patterned illumination module”, a compact, 
simple optical path that can be easily implemented with commercial two-photon scanheads to allow 
spatial shaping of laser light. We validated this approach for calcium imaging at high frame rates (up 
to 70 frames/s) from multiple cells simultaneously and demonstrated that this technique can be used 
for photo-uncaging MNI glutamate in arbitrary two dimensional patterns in cultured neurons. We 
reported the first application of this optical set-up for in vivo experimental conditions in living rodents, 
using wave-front modulation to provide inertia-free focus control, i.e., dynamically focusing in depth 
while keeping the objective in a fixed position. As a necessary step towards the development of an 
optical system that allows the generation of artificial patterns of network activation in vivo, we applied 
our patterned two-photon illumination microscope to map the activity of cortical cells with millisecond 
temporal resolution and subcellular spatial resolution in the scanless configuration. We also validated 
the scanless approach in GRIN lens-based endoscopes for fast imaging in deep brain regions. 
Moreover, we combined scanless imaging of GCaMP6 signals in population of neurons with wide-
field single-photon optogenetic stimulation of the inhibitory opsin Archaerhodopsin. More recently, we 
combined two-photon holography to stimulate neurons expressing blue light-sensitive opsins (ChR2 
and GtACR2) with two-photon imaging of the red-shifted indicator jRCaMP1a in the mouse neocortex 
in vivo. We demonstrated efficient bidirectional control of neural excitability across cells types and 
layers with holographic stimulation and improved spatial resolution by opsin somatic targeting. 
Moreover, we performed simultaneous two-photon imaging of jRCaMP1a and bidirectional two-
photon manipulation of cellular activity with negligible effect of the imaging beam on opsin excitation 
(no crosstalk). We also conceived and validated a method to significantly increase the signal-to-noise 
ratio in population GCaMP6s imaging. The method was validated in anesthetized and awake mice 
and it led to more precise identification of functional neuronal ensembles.  

 
 



In addition to the contribution to technology development described above, we have applied 
advanced optical approaches to dissect out the cellular circuits underlying spontaneous network 
oscillations and sensory-evoked circuit dynamics in the mouse cortex. We used optogenetics, which 
allows the remote control of cellular excitability with light, to investigate the role of excitatory and 
inhibitory neurons in the propagation of cortical network dynamics and the control of cortical state, 
using slow oscillations as an experimental model. For example, by combining selective expression of 
excitatory and inhibitory opsins in layer V and layer II/III pyramidal neurons with electrophysiological 
recordings in vivo, we showed that activation/inactivation of a subset of pyramidal neurons located in 
layer V, but not layer II/III, was sufficient and necessary to generate and attenuate slow oscillations, 
respectively. Based on patch-clamp recordings, we proposed that the differential role of layer V and 
II/III in the regulation of slow network activity is linked to the differential ability of these neurons to 
propagate prolonged depolarization within and across cortical layers. These results are of 
importance because they represent the first demonstration that the cortex is endowed with layer-
specific excitatory circuits that have distinct roles in the coordination of ongoing cortical activity. More 
recently, we provided the first direct demonstration that, during somatosensation, layer V pyramidal 
neurons in the mouse primary somatosensory cortex not only relay sensory information to higher 
order brain areas as posited by the “canonical” model of cortical function, but they actively sculpt 
local cortical processing, leading to temporal sharpening of responses to sensory inputs.  
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D. Research Support 
 

 Ongoing Research Support 
 
 
NIH (U19 NS107464)   Fellin (PI)     10/1/2018-7/31/2024 
Readout and Control of Spatiotemporal Neuronal Codes for Behavior 
The goal of this project is to investigate the neural code underlying sensory perception and to develop 
highly efficient technologies for large-scale patterned optogenetic manipulation  
Role: PI 
 
Marie Skłodowska-Curie (MoWS)  Fellin (PI)   11/1/2020-10/31/2022 
Modelling of Whole-brain Slow oscillatory dynamics in physiology and pathology 
The goal of this project is to develop a whole-brain model that recapitulates large-scale slow oscillatory 
dynamics 
Role: co-PI 
 
Marie Skłodowska-Curie (MoWS)  Fellin (PI)   11/1/2020-10/31/2022 
Modelling of Whole-brain Slow oscillatory dynamics in physiology and pathology 
The goal of this project is to develop a whole-brain model that recapitulates large-scale slow oscillatory 
dynamics 
Role: co-PI 
 
H2020 Research and Innovation Framework Programme, Fellin (PI)  2021-2025. 
Role: PI 
 
Chan Zuckerberg Initiative Advancing Imaging Through Collaborative Projects, Fellin (PI) 2023-2024. 
Role: co-PI 
 
 

 Completed Research Support 
 



Compagnia di San Paolo  Fellin (PI)    31/07/2009-31/01/2014 
  
New players in visual cortical plasticity in vivo: role of interneurons and astrocytes. 
Role: Co-investigator 
 
Telethon Foundation GGP10138 Fellin (PI)    01/01/2011-02/28/2014 
Interneuronal dysfunction in  genetic epilepsies: insights from a mouse model of severe myoclonic 
epilepsy of infancy 
Role: PI 
 
IIT interdisciplinary project   Fellin (PI)    03/15/2013-03/14/2015 
Microfabricated endoscopes for the optical probing of deep brain microcircuits with structured light. 
Role: PI 
 
IIT interdisciplinary project   Fellin (PI)    03/15/2014-03/14/2016  
Super-resolution deep functional brain imaging of cortical layers in vivo. 
Role: PI 
 
FP7-HEALTH (DESIRE)  Fellin (PI)    11/01/2013-10/31/2017 
Development and Epilepsy - Strategies for Innovative Research to improve diagnosis, prevention and 
treatment in children with difficult to treat Epilepsy 
The goal of this project is to identify the mechanisms of brain development, maturation, and plasticity 
relevant in disease onset and progression 
Role: PI 
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The role of patterned activity in neuronal codes for behavior  
The goal of this project is to determine the neural code underlying visual perception in mouse V1 
Role: co-PI 
 

Marie Skłodowska-Curie (ETIC) Panzeri (PI)     07/01/2015-06/30/2017 
Encoding and Transmission of Information in the Mouse Somatosensory Cortex 
The goal of this project is to develop a novel theoretical framework to investigate how the mammalian 
cortex encodes sensory information 
Role: co-PI 
 

Flag-Era, Human Brain Project (SLOW-DYN) Sanchez-Vives (PI)  12/01/2015-11/30/2017  
Slow Wave Dynamics: from experiments, analysis and models to rhythm restoration 
The goal of this project is to develop a data-constrained model of the generation of slow oscillations 
Role: co-PI 
 
ERC (NEURO-PATTERNS)    Fellin (PI)  10/01/2015-09/30/2020 
How neuronal activity patterns drive behavior: novel all-optical control and monitoring of brain neuronal 
networks with high spatiotemporal resolution 
The goal of this project is to develop technologies to perform fast scanless imaging and patterned 
optogenetic manipulation of neuronal circuits 
Role: PI 
 
Marie Skłodowska-Curie (ESNECO)   Panzeri (PI)   7/1/2020-6/30/2022 
Estimation of Neural Code from the Electroencephalogram (EEG) 
The goal of this project is to develop mathematical methods to interpret how the EEG is generated by 
specific neural features  
Role: co-PI 
 
Marie Skłodowska-Curie (MoWS)   Panzeri (PI)   11/1/2020-10/31/2022 
Modelling of Whole-brain Slow oscillatory dynamics in physiology and pathology 
The goal of this project is to develop a whole-brain model that recapitulates large-scale slow oscillatory 
dynamics 
Role: co-PI 


