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Neural Basis of Brain Cognition

Li Chengyu”  Yang Tianming”” Gu Yong"? Wang Liping' Xu Ninglong'? Cui He' Wang Zuoren"’
(1 Institute of Neuroscience, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences,
Shanghai 200031, China;

2 Center for Excellence in Brain Science and Intelligence Technology, Chinese Academy of Sciences, Shanghai 200031, China )
Abstract All animals need to process and store relevant information about the external environment, while making decision and performing
actions based on perceived value and risk. In addition, social animals need social cognitive abilities such as empathy, theory of mind and vocal
communication. Furthermore, humans have superb abilities in self-awareness, logical reasoning, consciousness, and language.These cognitive
abilities are critical for animals to successfully find food, avoid predators, and nurture their young. All cognitive abilities are determined by the
function of neurons in our brain. Therefore, the neural basis of cognition is the central question for neuroscience and remains a grand challenge
in human understanding ofnature and or ourselves. After centuries of studies, we now know several principles of neural basis underlying cogni-
tive behaviors: different brain regions participate synergistically in different cognitive behaviors, using local neural circuits and long-range pro-
jections to process information within and among various brain regions, respectively. Learning and memory are mediated by plasticity changes
in the strength and morphology of synapses; neuromodulators (such as dopamine) can modulate activity and plasticity of neural network at
multiple levels and in turn modify cognitive abilities.In the current review we introduce the neural basis of cognition, focusing on sensory per-
ception, learning and memory, decision making, social behaviors, and motor control. We propose that future studies need to combine meso-
and micro-scale analysis for systematic and in-depth understanding of neural basis of cognition. At the mesoscopic scale, we need to construct
the brain-wide connectome in a cell-type specific manner. In addition, functional activity map for different cognitive behaviors are required at
the single-neuron level. Furthermore, we need to use optogenetic and chemicogenetic tools to dissect the causal relationship between activities
of various neural circuits and the cognitive functions. Eventually, we also need manipulate activities of different brain regions and projecting
terminals, while observing global neural dynamics across multiple brain regions. Such combined studies will yield principles of global brain
dynamics for cognition. Furthermore, we need to dissect the connectivity patterns of neurons in a cell-type specific manner and illuminate the
plasticity rule of these cell types in cognitive behaviors. The combined meso- and micro-scopic studies will without question shed new lights
on the neural basis of cognitive behaviors. The efforts will be critical for eventually cracking the mystery of human intelligence. Understanding
neural basis of cognition will provide necessary foundation for curing human brain disorders and promote the development of brain-inspired
intelligence technologies.

Keywords cognition, neural basis, perception, learning and memory, decision making, social behavior, consciousness, motor control
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