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Abstract

Cryopreservation is a promising biotechnological tool for the long-term conservation of marine invertebrates, yet its
molecular impacts remain insufficiently understood. This review synthesizes current findings on how cryogenic procedures
encompassing controlled slow-freezing, two-step freezing, and vitrification affect molecular structures in marine inver-
tebrates. Cryoinjury caused by intracellular ice formation and osmotic stress remains the primary challenge, especially
in lipid-rich early developmental stages with limited membrane permeability to cryoprotective agents. DNA damage,
including fragmentation and methylation pattern alteration, has been reported in mollusks and corals, while variations in
lipid phase transition highlight membrane destabilization under cold exposure. Cryopreservation also perturbs mitochon-
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