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[bookmark: _Hlk148881031]Figure S1. Analyses of transposable element (TE) insertion times and pairwise sequentially markovian coalescent (PSMC). 
(A) TE insertion times in scleractinian coral genomes (table S7). The insertion times of TE families, including DNA, LINEs, LTRs, and SINEs, within scleractinian coral genomes predominantly spanned the Cenozoic era, displaying distinct genus-specific patterns. (B) PSMC analysis of 16 coral genomes over the past 10 Myr (table S7). The PSMC analysis indicates that the effective population size of scleractinian corals peaked at 1.8 Ma, coinciding with the transition between the Gelasian and Calabrian stages. These stages correspond to the two subdivisions of the Pleistocene epoch in the geological timescale: the Gelasian stage, from 2.58 Ma to 1.80 Ma, and the Calabrian stage, from 1.8 Ma to 774,000 years ago ± 5,000 years (42). Parameter settings: μ (mutation rate per base pair per generation) = 4 × 10⁻⁹, and g (generation time) = 3 years (13). PSMC analysis provides limited resolution for the recent past (less than 10⁴ years) (13). OfaMX and OfaPAN are distributed in the western Atlantic region, while the other scleractinian corals are distributed in the Indo-Pacific region. Abbreviations are listed in table S7.


Fig. S2
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Figure S2. Chromosomal collinearity analysis among scleractinian corals and other cnidarians.
In this analysis, all selected genomes are the chromosome-scale NCBI RefSeqs (National Center for Biotechnology Information reference genome models), with the genomes of A. muricata, M. foliosa, M. capricornis, and P. verrucosa newly assembled in this study.


[bookmark: OLE_LINK16]Fig. S3
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Figure S3. Collinearity analysis of the ANTP-class homeobox gene family.
(A) Distribution of genomic loci of ANTP-class homeobox genes across chromosomes of scleractinian corals and N. vectensis. (B) ANTP-class homeobox gene groups in the genomes of scleractinian corals and N. vectensis. The distribution of genomic loci of homeobox genes in the genomes of scleractinian corals and N. vectensis is highly conserved and remarkably consistent (A), and these genes can be divided into seven across-chromosome corresponding groups (B): 1. Hox group (Chr. 12, 1, 8, 10, and 64035 in the genomes of A. muricata, M. foliosa, M. capricornis, P. verrucosa, and N. vectensis, respectively); 2. ParaHox group (Chr. 5, 9, 4, 14, and 64043, corresponding order as above); 3. NKL group 1 (Chr. 4, 3, 6, 1, and 64039, as above); 4. NKL group 2 (Chr. 11, 5, 14, 13, and 64035, as above); 5. NKL group 3 (Chr. 10, 2, 2, 4, and 64041, as above); 6. NKL group 4 (Chr. 1, 13, 13, 6, and 64034, as above); and 7. NKL group 5 (Chr. 3, 4, 11, 2, and 64037, as above). Within the Hox and NKL groups, tandemly duplicated genes (TDGs) are abundant, such as the Meox genes in the Hox groups. Notably, across all five genomes, the Hox genes (green) are confined to a single chromosome, except for a satellite Hox4 gene (bold and green) located in NKL group 1, suggesting an ancestral trait of the hexacorallian genome. Chr.: Chromosome.
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[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK83]Figure S4. Basic ancestral linkage group (ALG) analysis in the sponge Phakellia ventilabrum (Pven).
(A) Dot plot of P. ventilabrum (Pven) scaffolds (x-axis) versus BCnS_LGs (y-axis). Each dot represents a reciprocal best-hit ortholog identified by Diamond BLASTP (2,641 orthologs across 25 Pven scaffolds and 29 BCnS_LGs). Dot opacity reflects synteny significance using Fisher’s exact test (FET), with solid dots indicating FET p ≤ 0.05 and translucent dots indicating p > 0.05. Dx and Dy mark potential synteny breaks.  (B) As in (A), but plotted as chromosomal base pair coordinates rather than as a gene index, to better visualize gene-poor regions.  (C) Table showing the prevalence of ALG gene groups for each chromosome/scaffold pair. FET p-values correspond to whole-chromosome significance and do not reflect correlation between chromosome pairs and gene groups.  (D) Table of chromosome-scale significance values for synteny (independent of gene-group information).  (E) Table of FET p-values for sub-chromosomal compartments, assessing potential correlations between chromosome arms and other regions.
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[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK78][bookmark: OLE_LINK255]Figure S5. Maximum-likelihood phylogeny of the phylum Porifera (sponges).
[bookmark: OLE_LINK15][bookmark: OLE_LINK24][bookmark: OLE_LINK276][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK30][bookmark: OLE_LINK86][bookmark: OLE_LINK261][bookmark: OLE_LINK262]The tree was reconstructed from a concatenated supermatrix of 1,542 orthologous genes (517 single-copy and 1,025 multi-copy genes, corresponding to 2,515,160 amino acids or 7,545,480 bp). Congruent topologies were recovered from both amino-acid (pep) and nucleotide (CDS) alignments. All nodes received 100% bootstrap support. Colored bars on the right indicate the four major classes of Porifera (Demospongiae, Hexactinellida, Calcarea and Homoscleromorpha). Asterias amurensis (Bilateria) is shown as an additional reference taxon; Bolinopsis microptera (Ctenophora) was used as the outgroup.
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[bookmark: OLE_LINK239][bookmark: OLE_LINK240][bookmark: OLE_LINK244]

[bookmark: OLE_LINK288]Figure S6. ALG synteny and karyotype evolution across Cnidaria and early Bilateria.
(A) Ribbon diagrams showing conserved ALG syntenies within Cnidaria. During cnidarian evolution, multiple irreversible fusion-with-mixing events (ALG_F + Eb + Qb; ALG_B1 + B2; ALG_N + A2; ALG_J1 + Qa; ALG_B3 + A1b; ALG_O2 + Qd; ALG_R + Qc) reduced the ancestral karyotype from N = 28 to N = 21 in the cnidarian common ancestor. (B) Ribbon diagrams showing conserved ALG syntenies within Deuterostomia. Early deuterostome evolution involved irreversible fusion-with-mixing of ALG_A1a + A1b, ALG_Qa + Qc + Qd, and ALG_Ea + Eb, yielding an ancestral karyotype of N = 24. (C) Ribbon diagrams showing conserved ALG syntenies within Spiralia (Protostomia). Early spiralian evolution was marked by irreversible fusion-with-mixing of ALG_A1a + A1b, ALG_H + Qa + Qc + Qd, ALG_K + O2, ALG_Ea + Eb, ALG_J2 + L, and ALG_O1 + R, resulting in an ancestral karyotype of N = 20. (D) Dot plot of ALG synteny (gene indices) between Hydra viridissima (Hydrozoa, Anthoathecata) and BCnS_LGs. Despite the conserved N = 21 karyotype in most cnidarians, H. viridissima shows extensive cross-chromosomal redistribution of ALGs (e.g., ALG_I, H, D, G, L and Ea spread across two chromosomes), indicating lineage-specific rearrangements. (E) Dot plot of ALG synteny (gene indices) between Symsagittifera roscoffensis (Xenacoelomorpha, Acoela) and BCnS_LGs. As the sister group to Nephrozoa (or Ambulacraria), Xenacoelomorpha has undergone multiple rounds of chromosomal fusions and rearrangements, resulting in near-complete loss of ancestral ALG-chromosome correspondence.


Fig. S7
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[bookmark: OLE_LINK271][bookmark: OLE_LINK272][bookmark: OLE_LINK273][bookmark: OLE_LINK281][bookmark: OLE_LINK285]Figure S7. Maximum-likelihood phylogeny of Scleractinia based on ALG orthologous genes.
[bookmark: OLE_LINK274][bookmark: OLE_LINK275]The phylogenetic tree was reconstructed from a concatenated supermatrix of 2,791 orthologous genes derived from ALGs across 28 scleractinian coral species (corresponding to 2,204,307 amino acids or 6,612,921 bp; table S6). Identical topologies were recovered from both amino-acid (pep) and nucleotide (CDS) alignments, with all nodes receiving 100% bootstrap support. The sea anemone Nematostella vectensis was used as the outgroup.


Fig. S8
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[bookmark: OLE_LINK294][bookmark: OLE_LINK295][bookmark: OLE_LINK292][bookmark: OLE_LINK293][bookmark: _Hlk223629543][bookmark: OLE_LINK319]Figure S8. ALG synteny and karyotype evolution in Deuterostomia.
[bookmark: _Hlk223705755](A) Echinodermata. (B) Hemichordata. (C) Cephalochordata. (D) Olfactores (Urochordata). (E and F) Olfactores [Vertebrata (Agnatha)]. Bilateria (Nephrozoa) comprises two major clades: Deuterostomia and Protostomia. Deuterostomia is subdivided into clade Ambulacraria [phylum Hemichordata + phylum Echinodermata] + phylum Chordata [subphylum Cephalochordata + clade Olfactores (subphylum Urochordata + subphylum Vertebrata)] (r). Dot plots show conserved ALG syntenies across deuterostome taxa, highlighting progressive chromosomal fusions and rearrangements from the bilaterian ancestor. In the clade Cyclostomata, ALG analysis of the lamprey Petromyzon marinus genome indicates a third round of whole-genome duplication (3R) following the ancestral 2R event, followed by hybridization (backcrossing) between 3R and 2R lineages. This resulted in the extant genome, which exhibits a diploid structure with evolutionary accumulated hexaploidy features.

Fig. S9
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[bookmark: OLE_LINK362][bookmark: OLE_LINK312][bookmark: OLE_LINK313][bookmark: OLE_LINK353][bookmark: OLE_LINK988]Figure S9. ALG synteny and karyotype evolution in Gnathostomata.
[bookmark: OLE_LINK326][bookmark: _Hlk226481156][bookmark: OLE_LINK355][bookmark: OLE_LINK356][bookmark: OLE_LINK361] (A and B) Dot plots showing conserved ALG syntenies and evolutionary changes in the clade Chondrichthyes (cartilaginous fishes). (C and D) Dot plots showing conserved ALG syntenies and evolutionary changes in the clade Osteichthyes (Actinopterygii, ray-finned fishes). (E and F) Dot plots showing conserved ALG syntenies and evolutionary changes in the clade Osteichthyes (Sarcopterygii, lobe-finned fishes, including Tetrapoda). The early ALG configurations across the major gnathostome branches: Chondrichthyes and Osteichthyes (Actinopterygii and Sarcopterygii), indicate a common ancestor that underwent 2R whole-genome duplication without immediate rearrangements. This ancestor possessed a mosaic of chromosomal features that subsequently diverged through lineage-specific genomic reorganizations, consistent with recent paleontological evidence (56). Notably, ALG distributions have remained remarkably conserved from lungfish to humans within Tetrapoda (table S6), while preserving the ancestral mode of genome rearrangements (F). This pattern reveals fundamental differences in genomic diversification mechanisms between early vertebrates (such as gnathostome fishes) and later-evolving clades (such as birds).

Fig. S10
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[bookmark: OLE_LINK1]Figure S10. ALG synteny and karyotype evolution in Protostomia.
(A) Dot plots showing conserved ALG syntenies and evolutionary changes in the clade Trochozoa. (B) Dot plots showing ALG evolutionary changes in the clade Polyzoa. (C) Dot plots showing ALG evolutionary changes in the clade Platyzoa. (D) The clade Scalidophora (e.g., Priapulus caudatus) currently lacks high-quality chromosome-scale genomes, precluding ALG analysis. (E) Dot plots showing ALG evolutionary changes in the clade Nematoida. (F) Dot plots showing ALG evolutionary changes in the clade Panarthropoda. Protostomia comprises two major clades: Spiralia (Trochozoa + Lophotrochozoa [Polyzoa + Platyzoa]) and Ecdysozoa (Cycloneuralia [Scalidophora + Nematoida] + Panarthropoda).

Fig. S11
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Figure S11. Pan-genomic analysis of scleractinian corals.
(A) Pan-genome accumulation curves for scleractinian corals showing the number of gene families in the pan-genome and core genome as a function of sample size. As the number of sampled genomes increases, the core genome contracts while the pan-genome expands. (B) Presence–absence heatmap of gene families across scleractinian coral species (blue, present; yellow, absent). Each row represents one species and each column one gene family. (C) Venn diagram showing the distribution of core and unique gene families among scleractinian corals based on clustering analysis. (D) Venn diagram of core genes identified through pan-genomic analysis of scleractinian corals. Species abbreviations in (B) and (C) are listed in table S7.


Fig. S12
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[bookmark: OLE_LINK40][bookmark: OLE_LINK41]Figure S12. scRNA-seq analysis of the stony coral M. foliosa, M. capricornis and P. verrucosa.
[bookmark: OLE_LINK44][bookmark: OLE_LINK131][bookmark: OLE_LINK132](A, C, E) t-SNE projections of single-cell transcriptomes from adult colonies of M. foliosa (A), M. capricornis (C) and P. verrucosa (E), colored according to the 12 major cell clusters. (B, D, F) Bubble plots showing expression of representative cell-type marker genes across the 12 clusters in M. foliosa (B), M. capricornis (D) and P. verrucosa (F). In B, D, and F, the size of each bubble corresponds to the percentage of cells in a cluster expressing a particular gene, while the intensity of color represents the average scaled gene expression level within each cluster. During the enzymatic dissociation step for single-cell sampling, colonies of M. foliosa, M. capricornis and P. verrucosa secreted large amounts of collagen, substantially prolonging digestion times (i.e. 2 h, 3 h and 45 min, respectively) relative to the 15 min required for A. muricata branches (Materials and Methods). Consequently, the resulting datasets were confounded by strong stress-induced transcriptional changes and did not faithfully reflect native in situ cellular states. These scRNA-seq profiles therefore displayed lower sensitivity than those obtained for A. muricata and S. pistillata and were unsuitable for deeper downstream analyses. Nevertheless, even after such pronounced stress responses, the selected marker genes retained highly specific and sensitive expression patterns, underscoring their robustness as cell-type markers and the evolutionary conservation of core physiological functions.


[bookmark: OLE_LINK53][bookmark: OLE_LINK54]Fig. S13
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[bookmark: OLE_LINK52][bookmark: OLE_LINK55]Figure S13. Basic scRNA-seq analysis of A. muricata.
(A) Heatmap of gene expression patterns across all 24 cell clusters in A. muricata, encompassing every cell in the dataset. Each column represents one cell cluster and each row an individual gene. The complete gene expression matrix is provided in table S8. (B to D) Bubble plots showing expression of selected gene sets across the 24 cell clusters: (B) genes universally expressed at high levels in all clusters, (C) ALG genes expressed at high levels across all clusters, and (D) genes encoding carbonic anhydrase and calcium channels, which lower levels of gene expression for carbonic anhydrase and calcium channels. In B to D, bubble size corresponds to the percentage of cells within each cluster expressing the gene, and color intensity represents the average scaled expression level.


Fig. S14
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[bookmark: OLE_LINK92][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK56][bookmark: OLE_LINK57]Figure S14. Common cellular regulation in A. muricata.
(A) CytoTRACE analysis in component space. Blue boxes in the left panel highlight regions of interest (red, less differentiated; blue, more differentiated), and cell types are labelled in the right panel. (B) Trajectory plots in component space for individual clusters (C11, C10, C12, C5, C9) and the merged view. Black curves and numbered points (1–3) mark the inferred differentiation paths and key transition stages. (C) Main pseudotime trajectory with cells coloured by developmental progression (pseudotime score 0 to 25). Numbered points (1–3) denote successive stages along the path. (D) Top, ridge plots showing the distribution of pseudotime values for each cluster; bottom, heatmap of gene expression dynamics ordered by increasing pseudotime, with cells grouped by cluster on the right. (B to D) Pseudotime analysis demonstrating a continuous differentiation trajectory from neurons 1 (C0) to cnidocytes along the path C0 → C11 → C10 → C12 → C5 → C9. (E) Gene expression dynamics of marker genes along the pseudotime trajectory. The x-axis represents pseudotime, indicating the progression of cellular development, while the y-axis shows the normalised expression levels of selected genes. Cells are colored by cluster identity, with smoothed trend lines overlaid.


Fig. S15
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[bookmark: OLE_LINK124]Figure S15. Cell–cell communication networks of the fibroblast growth factor (FGF) signaling pathway in A. muricata.
(A to C) Two-dimensional visualiszations of FGF signalling networks among the 24 cell clusters. Circle plots (A, B) and force-directed network (C) illustrate the strength of intercellular communication, with line thickness and colour intensity proportional to communication probability. Gastrodermal cells (C8) (A, C) and immune cells (C15) (B, C) are identified as the primary sources of FGF ligands. (D) Bar plot quantifying the relative importance of each cell cluster as sender, receiver, mediator or influencer within the FGF signalling pathway (colour intensity denotes importance). (E) Heatmap of communication probabilities from sender clusters (rows) to receiver clusters (columns) in the FGF signalling network. (F) Bar plot showing the relative contribution of each ligand–receptor (L–R) pair to overall FGF signalling strength. (G) Dot plot of specific FGF–FGFR ligand–receptor interactions, with dot colour indicating communication probability and size representing statistical significance (P < 0.01). Analyses were performed using CellChat.
[bookmark: OLE_LINK126][bookmark: OLE_LINK127]
Fig. S16
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[bookmark: OLE_LINK130]Figure S16. The SIDT1 tetramer in scleractinian corals and its function in transporting miRNA precursors (pre-miRNA) across cell membranes.
(A) t-SNE visualisation of SIDT1 expression across cell clusters. (B) Phylogenetic analysis of SIDT1 across metazoans, visualised as a neighbour-joining tree. Scleractinian corals are highlighted in magenta. (C) Structural comparison of SIDT1 from scleractinian corals with the human orthologue (UniProt: Q9NXL6). Structures are shown for A. muricata (white), M. foliosa (cyan), M. capricornis (green), P. verrucosa (grey) and human Q9NXL6 (yellow). (D) Three-dimensional structure of A. muricata SIDT1 monomer, colored by domain: extracellular (magenta), transmembrane (green) and intracellular (red). (E) Cross-section through the SIDT1 tetramer in the closed state prior to pre-miRNA binding. The four subunits are colored yellow, green, magenta and orange. (F) Molecular dynamics simulation of pre-miRNA translocation through the central channel of the SIDT1 tetramer. Initial interaction of pre-miRNA (red) with the tetramer embedded in a phospholipid bilayer (cyan) is shown. The free-energy profile and representative conformational snapshots illustrate translocation from the upper water layer (Z = 130 Å) to the lower water layer (Z = –70 Å), with free energy referenced to zero in the upper layer. The function of SIDT1 in pre-miRNA transport was first reported by Hunter and colleagues (76,126). Although early reconstructions suggested a tetrameric assembly (125) while recent cryo-EM studies supported a dimeric form (128), systematic reconstruction and molecular dynamics simulations (Materials and Methods) demonstrate that only the tetrameric structure is competent for pre-miRNA translocation across the membrane.


Fig. S17
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[bookmark: OLE_LINK136][bookmark: OLE_LINK989]Figure S17. The intracellular digestion mechanism in BCnS lineage.
(A) ALG analysis of BCnS lineage members exhibiting an intracellular digestion mechanism (table S6). (B) Gene expression patterns (GEPs) of intracellular digestion cell types within the BCnS lineage. C5 represents peptidocytes in S. lacustris, while C22 corresponds to type-3 symbiocytes in A. muricata (Fig. 6C). In amphioxus (Branchiostoma), the addition of trypsin (a serine protease) enhanced the efficiency of intracellular digestion; however, trypsin is prone to auto-activation and may degrade the digestive-tract epithelial cells themselves during single-cell sampling experiments, making the interpretation of single-cell data from amphioxus digestive-tract tissues challenging (Materials and Methods) (129). Therefore, in this study, we selected more reliable expressed sequence tag (EST) data to conduct the relevant analyses.


Fig. S18
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Figure S18. Genome survey and the removal of exogenous sequence contamination.
(A) K-mer analysis using next-generation sequencing (NGS) data. K-mer (K = 17) analysis was applied to estimate genome size and heterozygote frequency of the studied stony corals (table S1). The presence of a heterozygous peak preceding the highest homozygous peak in the K-mer curves suggests that the genomes of the four samples are high-heterozygosity diploids. The x-axis is depth (×); the y-axis is the proportion that represents the frequency at that depth divided by the total frequency of all depths. (B) Depth (×)-related guanine plus cytosine (GC) content analysis. Contigs extracted from the yellow boxes were selected for nucleotide (NT) alignment analysis. The results showed that there were obvious GC separations in the four surveyed genomes, indicating the presence of exogenous sequence contaminations, notably endosymbiotic Symbiodiniaceae, symbiotic algae, and other microorganisms. The x-axis represents the GC content, and the y-axis is the sequencing depth. (C) The effect of removing exogenous sequence contamination. After removing the exogenous sequence contaminations, the GC contents are within the normal range (tables S1) and the scatter plot shows no distinct GC separation, indicating that there are no significant exogenous contaminations in the genomes. 


Fig. S19
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[bookmark: _Hlk162900617]Figure S19. The results of Hi-C, TE distribution, gene structure and genome structure.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK9][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK45][bookmark: _Hlk205474902] (A-D) The Hi-C maps, TE distributions, gene structures and genome structures of A. muricata (A), M. foliosa (B), M. capricornis (C), and P. verrucosa (D) genomes. In the Hi-C maps, all four stony corals are diploid (33-35), with a chromosome number of n=14. In the TE distributions, the regulation of M. foliosa, and M. capricornis are more similar to each other than either is to the other corals sampled, indicating a genus-level characteristic. In gene structure, the circos plot from outer to inner represents: 1) chromosome sequence; 2) alternative splicing sites (stacked bar chart, different colors represent different types of alternative splicing—light blue for RI, green for A3, yellow for A5, purple for SE, red for MX, brown for AF, dark blue for AL); 3) alternative polyadenylation (APA) sites; 4) distribution of novel transcripts, with red indicating the highest density; 5) distribution of novel genes, with red indicating the highest density; 6) density distribution of lncRNA; 7) fusion genes, indicated by purple lines (same chromosome) and yellow lines (different chromosomes) showing gene fusion events. All full-length transcriptomes used in gene structure analyses reached saturation (Table S3), indicating that no fusion genes were detected in the full-length transcriptome of M. foliosa (B). In genome structure, the tracks from outer to inner: chromosomes at 1Mb scales (Chr), gene density (Gene), GC density (GC), transposable element density (TE), tandem repeat sequence (TRF) density, and miRNA density. The genome size of A. muricata, M. foliosa, M. capricornis, and P. verrucosa is 487.3, 789.3, 809.3, and 353.4 Megabase (Mb), respectively, with corresponding chromosome-scale scaffold N50 values of 30.8, 50.2, 54.1, and 25.7 Mb (table S1). The genomes were assessed using the Benchmarking Universal Single-Copy Orthologs (BUSCO) software (version 5.7.1). Out of 954 metazoan orthologous single-copy genes, the BUSCO score for complete genes is 96.4%, 96.5%, 96.4%, and 97.2% (table S1).
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