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Background 

The goal of this session, entitled “Genetic Basis of Cognition”, is to discuss how 
we can study and understand the molecular basis of the mind, including cognition and 
emotion.  

We now know our mental activity is dependent on the activity of the brain, 
and relationship between the psychological phenomena and corresponding brain 
regions is well understood using neuroimaging. Such field called cognitive 
neuroscience has grown up as a large research community. However, it is still not easy 
to connect such knowledge to the phenomena at the molecular level, and subjective 
experience rather than objective behavior, is still difficult area of the study. 

The brain is assembled by many types of neurons and glial cells, and these 
cells communicate with each other using neurotransmitters. It is evident that 
whatever goes on in our mind is a reflection of physical phenomenon of activity of 
neuronal cells and interaction of chemical neurotransmitters. 

Understanding the molecular neurobiological basis of the mind is one of the 
ultimate goals of neuroscience. Although we are still far away from characterizing the 
causal link between molecules and the mind, we have made significant progress in 
understanding the genetic basis of cognition and emotion, thanks to the recent 
developments in technologies. 
 
Overview of the session 

In this session we will see recent progress in the field and discuss how we can 
study the mind at the molecular level. We present three lines of research. Dr. Naoki 
Matsuo will present his current research on the molecular basis of memory using 
genetically engineered mice. Dr. Yulia Kovas will present the recent progress of her 
research on the genetic basis of mathematical abilities and intelligence in normal 
human subjects. I will present molecular neurobiological study of mental disorders. 
Studies using experimental animals, normal human subjects, and patients are 
complementary and we believe that the audience will gain comprehensive knowledge 
in this field.  
 
 



Molecular neurobiological study of mental disorders 
Let me describe my research on a disorder of emotion in more detail here. 

Studies on the genetic basis of emotion are difficult because emotion is subjective 
experience and is hard to quantify. To study molecular neurobiological basis of mental 
disorders may be an alternative strategy. We focused on monozygotic twins discordant 
for bipolar disorder (manic-depressive illness) to identify the molecular basis of 
bipolar disorder; we searched for the genes differentially expressed in blood cells of 
the twins. Our analysis showed that reduced induction of XBP1 (x-box binding protein 
1) may play a role in the pathophysiology of bipolar disorder. This molecule is known 
to be induced when the demand for protein folding is increased in a cytoplasmic 
organelle called endoplasmic reticulum. We found that XBP1 is important for the 
extension of neurites induced by BDNF (brain-derived neurotrophic factor). Recent 
studies have also shown that mood stabilizing drugs increase the expression of BDNF 
and enhance neurogenesis. The findings suggest that structural changes of neurons in 
response to the environment may be involved in the control of emotions.  
 
Perspective in the field 

The aim of this field is to clarify the molecular neurobiological mechanisms of 
our own thought and emotion that we experience in our everyday life. In other words 
we are trying to understand ourselves.  

However, can we really understand the "mind" at the molecular level?  Even 
if we would be able to describe the real-time dynamics of tens of thousands of 
molecules in billions of neurons in the human brain, can we understand the mind 
from that information? Such a deluge of information  would be beyond our 
comprehension. If we want to know the "mind" from that information, the only way 
may be to observe the behavior of a robot driven by that information to simulate the 
human behavior！ 
 
References 
Hayashi A, Kasahara T, Iwamoto K, Ishiwata M, Kametani M, Kakiuchi C, Furuichi T, 
Kato T. The role of brain-derived neurotrophic factor (BDNF)-induced XBP1 splicing 
during brain development. J Biol Chem. 2007 Nov 23;282(47):34525-34. 
 
Kakiuchi C, Iwamoto K, Ishiwata M, Bundo M, Kasahara T, Kusumi I, Tsujita T, 
Okazaki Y, Nanko S, Kunugi H, Sasaki T, Kato T. Impaired feedback regulation of 
XBP1 as a genetic risk factor for bipolar disorder. Nat Genet. 2003 Oct;35(2):171-5. 
 
 


