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Astrobiology aims to study the origin, evolution, and distribution of life in the universe, while the space
environment provides a unique experimental platform for exploring the origins of life. Research on the
origin of life universally recognizes three key stages: (1) evolution from inorganic small molecules to
organic small molecules (amino acids, nucleotides, etc.); (2) polymerization of organic small molecules
into biological macromolecules (proteins, nucleic acids, etc.); and (3) assembly of macromolecules into
protocells with metabolic and replicative capabilities, among which the origin of molecular homochirality
represents a central challenge. This paper systematically reviews recent experiments related to the origin of
life conducted on the International Space Station, the Chinese Space Station, and various satellite and
probe platforms, with emphasis on the formation and stability of prebiotic chemical substances, adaptation
mechanisms of life to extreme space environments, and detection of prebiotic materials in extraterrestrial
samples. Research has demonstrated that peptide chains and other macromolecular precursors can be
synthesized under the unique conditions of space, various microorganisms exhibit remarkable tolerance to
extreme environments, and pristine asteroid samples contain essential organic molecules for life but with
racemic characteristics. These findings provide critical evidence for understanding the three key stages of
life's origin, evaluating the possibility of extraterrestrial life, and exploring the origin of molecular
homochirality. Furthermore, this paper discusses technical challenges and proposes future directions
including in-situ real-time analysis, long-duration exposure experiments, chirality amplification
mechanisms, and interdisciplinary integration.
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