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【Purpose and Background of the Research】 
How does the brain perform complex information 

processing? How does the brain alter neural circuits 
through learning and acquire complex functions? Our first 
goal is to elucidate what kind of information each neuron 
receives and combines it to output complex information, as 
an elementary process of information processing in the 
brain. Our second goal is to elucidate how the information 
input to each synapse changes, as an elementary process of 
learning and memory. We will further elucidate the 
learning rules of synaptic plasticity from the viewpoint of 
information, and how the learning rules relate to the 
changes in the function of the cell.  

In order to achieve both goals, we will develop a spine 
level functional imaging method using optogenetics, 
visualize the information input to each synapse, observe 
the change continuously, and elucidate the elementary 
processes of information processing and learning and 
memory at synapse level. Furthermore, in combination 
with cell population imaging, we will elucidate how these 
elementary processes contribute to learning as a whole 
network. Finally, we will activate the cell population 
artificially using optogenetics, and examine whether the 
activity of the cell population has a causal relationship with 
perception and learning. As described above, in multiscale 
from the synapse level to the whole brain level, we will 
elucidate the principles of information processing and 
learning rules of the brain. 

 
【Research Methods】 

(1) Develop functional imaging method of spine level 
using optogenetics 
We will develop a method to comprehensively examine 
what kind of information is input to thousands of synapses 
of each neuron. 
(2) Elucidate the elementary processes of information 
processing in the brain 
We will develop a method to systematically investigate 
nonlinear complex receptive fields of neurons in higher 
visual area using deep learning. By combining the method 
of item (1), we will elucidate what kind of information 
each neuron in higher visual cortex receives and combines 
it to output complex information such as the shape of an 
object. 
(3) Elucidate elementary processes of learning in the brain 
and learning rules 
While the animal learns a new figure over time, we will 
observe changes in the selectivity of neurons in the higher 
visual cortex, and observe changes in the information input 

to the individual spines of the cells over time. We will 
clarify the learning rules of synapse from the viewpoint of 
information. 
(4) Elucidate changes in information representation by 
cell population associated with learning and memory 
In (3), we will clarify how the information input to 
individual neurons changes with learning. Here, we will 
further clarify how it contributes to learning as a whole 
network. 
(5) Develop methods of photo-suppression at the area 
level and photo-activation of cell populations  
In order to examine the causal relationship between the 
activity of the cell population and perception and 
learning, we will develop methods of photo-suppression 
and photo-activation. 
(6) Verify causality between cell population activity in 
higher visual cortex and perception and learning  
Using the methods developed in (5), we will examine the 
causal relationship between cell population activity and 
perception and learning. 
 

【Expected Research Achievements and 
Scientific Significance】 
We will clarify what kind of information each neural 

cell in the higher visual area receives and combines it to 
output complex information, and the learning rules of 
synaptic plasticity from the view point of information. 
We expect that the elucidation of the principle of 
information processing and the learning rule about the 
information will lead to the development of a new 
algorithm of artificial intelligence. 
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