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Abstract

Biology is a discipline that studies the basic characteristics of
organisms, describes basic phenomena and explores fundamental
principles of life. Thanks to the rapid progress in molecular biology
and other disciplines, the research paradigm of modern biology has
shifted from macroscopic to microscopic, from phenotypic description
to the investigation of correlation and causation. The development of
cutting-edge technologies and methodologies has greatly promoted the
frontier research in life science and will continue to greatly accelerate
the understanding of the essence of life. Meanwhile, the convergence of
multidisplinary fields, like biology and mathematics, physics, chemistry,
information science, technology science as well as engineering science,
has produced interdisciplinary sciences including system biology,
synthetic biology and biomedical imaging, contributing to the exploration
of the endless frontiers in understanding life. Biological research is
the foundation for life and health security, agriculture and food safety,
environment and ecological civilization, making it a major contributor
of our national economy and a guardian of people’s livelihood, strategic
security and sustainable development.

This book describes the scientific significance and development

status of biology, and analyzes the trend of progression. In addition,
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the key directions in the field of biology and related sub-disciplines
in China from 2021 to 2035 are highlighted, including the critical
scientific questions, the goals and the priority areas, with suggestions of
corresponding policies and measures to promote biological research.

Oriented towards the scientific frontiers and the major national
interests in the coming 15 years, the critical areas in biological research
include but are not limited to the following: the evolutionary mechanism
of important biological traits; the principle of phenotypic plasticity and
environmental adaptation; multi-scale and multi-process integration
of ecosystem’s structural complexity, functional diversity and system
stability; biological studies based on single cell and single molecule
techniques; pathogenicity, drug resistance and transmission mechanisms
of pathogenic microorganisms; plasticity of cell fate and organ
regeneration; cell fine structure and visualization; the establishment and
inheritance of genetic and epigenetic information; ontogeny and aging
mechanism; immune response and regulation; cognitive process and
neural basis of behavior and psychology; structure, function and dynamic
interactions of biological macromolecules; nutrient metabolism and
regulation network; gene editing, delivery and molecular manipulation
technology; intelligent biomaterial-based engineered tissue construction,
mechanical regulation and medical applications.

The integration of multidisciplinary fields will greatly promote the
rapid development of biology and provide more possibilities for frontiers
exploration and innovative evolution. Meanwhile, deep integration of
biology with other disciplines has opened up many new directions.
The emerging cross-fields include: synthetic biology and artificial life;
biogeoecological research on the pattern and evolution of biodiversity
and ecosystem’s functional traits; artificial intelligence and intelligence
enhancement based on brain cognitive inspiration; mechanism and

simulation of photosynthesis and biological nitrogen fixation; organoid

Xiv



Abstract

bionic construction and virtual organ modeling.

Life science lies in the frontiers of scientific research nowadays,
with the constant emergence of new ideas, technologies, and methods,
making it one of the most active areas in the international cooperation.
Recommended important international cooperation directions include:
biodiversity, life evolution and the response and adaption of wild animals
and plants to global climate change; large-scale ecosystem process
networking observation and function prediction ecology; systematic
analysis of human phenotype group and genetic mechanism of healthy
phenotype formation; perception and function of immune system to
pathogenic microorganisms and danger signals; big data sharing and

analysis system construction of global biodiversity and health omics.
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