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Figure 1 Life cycle of reef-building corals. A: The spawning corals
give birth to oocytes and sperms in the spawning season (hermaphrodite
corals release egg-sperm bundles); A’: the brooding corals release
planulae directly; B: self incompatibility is found in most of the
hermaphrodite corals, in vitro fertilization happens only when the
oocytes encounters sperms from different colony. C: formation of two
germ layers after gastrulation; D: the established endosymbiosis with
Symbiodiniaceae through horizontal transmission; D’: in some species,
the offspring could obtain Symbiodiniaceae through germ cells; E: the
planulae attach to suitable reef substrates; F: development of primary
polyp after the metamorphosis; G: most reef building corals undergo
asexual reproduction through budding
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Figure 2 Structure of single coral polyp and functional cell types. Most reef building corals are colonial animals, composed by numerous polyps.
Here showed a hermaphrodite stony coral, with sperm and oocytes developed in the mesentery. Besides, several specialized cells were shown,
including cnidocytes, mucocytes, calicoblasts, and dinoflagellate symbiotic cells
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Figure 3 Illustration of biomineralization process in reef-building corals. Ca”™" and the dissolved inorganic carbon from the sea water were
transported by coral cells, with the skeletal organic matrix proteins synthesized and secreted. At the same time, they were enriched in the extracellular
calcifying matrix between the coral cells and the attaching substrates, where the process of biomineralization is completed. DIC, Dissolved inorganic

carbon; SOMPs, Skeletal Organic Matrix Proteins
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Reef-building corals are the key animals in the ocean ecosystem. During the evolution, reef-building corals have evolved important
ecological functional traits, such as endosymbiosis with Symbiodiniaceae and biomineralization, which help maintain the biodiversity
and ecological functions of coral reef ecosystem. Considered as the sister group of Bilateria, reef-building corals belong to Cnidaria,
and play important roles in phylogenetic evolution. Numerous researches about cnidarian germ layers, body axis and functional cell
type diversity have provided novel perspectives in the origin and adaptive evolution of corresponding traits in bilaterians. In this
review, we summarized the current research advances in reef-building corals, focusing on the evolutionarily developmental regulation
mechanisms underlined the key ecological traits, including the diversification of cell types and function, formation of germ layers and
body axis, reproductive strategies, endosymbiosis and biomineralization. We also proposed several research interests in reef-building
corals, including molecular basis of key ecological traits, germ cell development and sex determination, and stem cell and
regeneration.
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