Supplementary materials and methods
DNA and RNA extraction
Using the standard phenol-chloroform method [1], genomic DNA was extracted from the muscle tissue and examined using 1% agarose gel electrophoresis, Qubit 4 (Invitrogen, USA), and Agilent qPCR (Mx3005P, USA). High-quality DNA was taken for library preparation. In addition, fresh tissues from the skin, heart, adipose, liver, and brain were removed and preserved in RNA preservation solution (Absin Bioscience Inc.). Total RNA was extracted from these tissues of D. delphis with the RNeasy mini Kit (Qiagen, German). The extraction was carried out following the manufacturer’s protocol, and the RNA was qualified by Agilent qPCR. In general, RNAs of each sample that qualified with RIN ≥ 5.3 and total amount ≥ 0.4 μg were used for subsequent transcription and library sequencing.
Library construction and sequencing
The process for constructing single molecule real-time (SMRT) PacBio genome sequencing libraries was as follows: high molecule genomic DNA was first randomly fragmented into ~20 kb target sizes, after which damage and end repair, blunt-end adaptor ligation, and size selection were conducted. Finally, the constructed libraries were sequenced on the PacBio Sequel II platform (California, USA).
As for the construction of Hi-C library of D. delphis muscle tissues, genomic DNA in muscle tissue was first fixed with paraformaldehyde, then homogenized in tissue lysis buffer, treated with the restriction endonuclease MboI, marked with biotin, proximity ligated to generate chimeric junctions, and finally purified and fragmented. The Hi-C library was then sequenced on the Illumina Hiseq platform (USA).
RNA from the five main tissues was sequenced to assist genome annotation.The mRNAs that contained a polyA tail were enriched from the total RNA using the magnetic beads method, then divalent cations were used in the NEB fragmentation buffer. The obtained mRNAs were randomly fragmented, and the library was constructed using the NEB method of library construction. The NEBNext® Ultra™ RNA Library Prep Kit for Illumina® (USA) was used to construct the library according to the manufacturer’s instructions. Qubit was used for preliminary quantification, then the library was diluted to 1.5 ng/μl. Agilent 2100 was used to detect the library’s fragment lengths, and qRT-PCR was used to quantify the library’s effective concentration (> 2 ng/μl). Finally, the constructed library was sequenced by PE150 on the Illumina Hiseq platform (USA). All genomic DNA and RNA sequencing were conducted by Novogene Co., LTD (Beijing, China).
Genome assembly
The genome size, heterozygosity, and repeat rate of D. delphis were estimated using a K-mer based analysis (k = 17) [2] conducted according to the Jellyfish approach [3]. SOAPdenovo v2.04 [4] was used for de novo pre-assembly of the D. delphis genome. Single-pass long reads were pre-assembled before genome assembly. The longest reads were selected as the seed reads, then Daligner [5] was used to align all reads to the seed reads, and the consensus of mapped reads was generated using LASort, LAMerge, and pbdacgon for assembly [6]. The pre-assembled long-read data of D. delphis were used during assembly by FALCON v0.3 [7] with the Overlap-Layout-Consensus algorithm. Quiver smrtlink v5.0.1 [8] was used to revise the high-quality consensus. In addition, the Illumina data were aligned with the high-quality consensus using BWA v0.7.8 [9]. The assembled genome sequence was revised by Pilon [10] and the Illumina reads were trimmed by Trimmomatic v0.33 [11].
BWA was used to align the sequenced data from the Hi-C libraries to the assembled genome. Repeated data and unpaired data were removed by SAMtools v0.1.19 [12]. The reads around the enzyme cut sites were selected to assist genome assembly. In the end, the orientation and order of each chromosome were determined according to the interactions between every two contigs and their locations. In order to estimate the completeness and accuracy of the assembled genome, 248 conserved genes from 6 eukaryotic model organisms were selected and subjected to the Core Eukaryotic Genes Mapping Approach (CEGMA v2.5) [13] analysis and the Benchmarking Universal Single-Copy Orthologs (BUSCO v4.1.2) [14] analysis.
Genome annotation
A combined approach involving homology alignment and de novo prediction was used to annotate repetitive sequences. Tandem repeat elements were identified using Tandem Repeats Finder version 4.09 [15] via ab initio prediction. For homology alignments, transposable elements (TEs) were annotated by RepeatMasker version 4.0.7 and its interior script RepeatProteinMask [16] through alignment against the RepBase library v14.06 [17]. For de novo predictions, we used LTR_Finder [18], RepeatModeler version 1.0.10 [19], and RepeatScout v1.0.5 (http://www.repeatmasker.org/) to build a de novo repeat library, which was used for DNA-level repeat identification in the D. delphis genome.
For the prediction of protein-coding genes, Augustus v3.2.3 [20], Geneid v1.4 [13], Genescan v1.0 [21], GlimmerHMM v3.04 [22], and SNAP v2013-11-29 (http://korflab.ucdavis.edu/software.html) were used in the automated gene prediction pipeline. The sequences of homologous proteins were downloaded from the NCBI database and Dropbox (Table S11). We aligned the protein sequences to the genome using tblastN v2.2.26 [23] with E-value ≤ 1e-5, and then matching proteins were aligned to homologous genome sequences and accurate spliced alignments were carried out in GeneWise v2.4.1 [24] to predict the gene structures contained in each protein region. The RNA-seq reads were aligned to the assembled genome by Hisat v2.0.4 [25] to identify exon regions and splice positions. The alignment results were then used as input in Cufflinks v2.2.1 [26] for genome-based transcript assembly.
Gene functions were assigned to the best match identified through aligning the protein sequences to the Swiss-Prot database with BLASTP v2.2.28 (E-value ≤ 1e-5) [27]. InterProScan v5 [28] was used to annotate the motifs and domains via searches against publicly available databases, including PROSITE [29], Pfam [30], PRINTS [31], PANTHER [32], SMRT [33], and ProDom [34]. The Gene Ontology (GO) [35] IDs for genes were assigned based on the corresponding InterPro entries. Protein functions were predicted by transferring annotations from the closest BLAST (E-value < 1e-5) in the Swiss-Prot [36] and NR [37] databases. The Kyoto Encyclopedia of Genes and Genomes (KEGG) [38] was also used to annotate the gene set.
For the annotation of non-coding RNAs (ncRNAs), tRNAs were detected by tRNAscan-SE version 1.23 [39], and all other RNAs were compared against the RFAM database version 12.0 [40] using INFERNAL version 1.1.2 [41].
Gene family, phylogenetic analysis, and divergence time estimation
TBtools [42] was used to filter any repeat annotations in each species. Representative coding regions (CDS) and peptide sequences were extracted from the genome according to the filtered annotations for downstream analysis. We used Orthofinder [43] to cluster peptide sequences for single copy orthologous genes. Gene families (the orthologous groups) were collected from these 17 species according to the gene clustering results.
The protein sequences of single-copy gene families were selected and used in multiple sequence alignment by MAFFT v7.487 [44], and the results were then reversed to the CDS multiple sequence alignment. Three super alignment matrixes were constructed by combining the alignment results of all single-copy genes in three ways: (a) directly linking the alignment results of all single-copy genes; (b) combining the alignment results of all single-copy genes by ligation, and using Gblocks v0.91b [45] to extract conserved sequences; and (c) conserved sequences were extracted from the alignment results of each single-copy gene by Gblocks, and then the conserved sequences were linked. All untreated sites, phase1 sites, and 4D sites (quadruple degenerate sites) were obtained from each super alignment matrix. A total of 9 sets of data were acquired and each set was used to construct a phylogenetic tree in RAxML v8.2.12 [46] with the maximum likelihood (ML) method. Ultimately, the final phylogenetic relationships were determined based on the known relationships among species and the degree of agreement among the 9 phylogenetic trees.
Based on the sequences of the single-copy gene families, the divergence time was estimated using mcmctree v4.9 in the PAML software package [47]. The time calibration points were mainly from the Timetree website (http://www.timetree.org/) and four taxa (Ovis aries, Odontoceti, Delphinidae, and Balaenopteridae) were used in our estimation (Table S10). The specific methods were as follows: (a) 4D sites were extracted from the single-copy genes; (b) the divergence time of related species was obtained using the Timetree website; (c) mcmctree was used to estimate the gradient and Hessian parameters; and (d) the correlated molecular clock and JC69 models were selected to estimate divergence times.
Detection of positively selected genes
Genes from the single-copy gene families were used in the search for PSGs. We used MAFFT v7.487 [44] to perform multiple sequence alignment on the protein sequences in each single-copy gene family, and then the results were reversed to the CDS multiple sequence alignment. During calibration, D. delphis was set as the foreground branch, and the other 16 species were used as background branches. The likelihood values were calculated based on Model A (which assumes that the foreground branch ω undergoes positive selection, that is, ω > 1) and null mode (does not allow the ω of any site value to be greater than 1, that is, ω ≤ 1) separately. Likelihood ratio tests (LRTs) were performed on the above likelihood values using the chi2 program of PAML [47], and significant differences were obtained after p-value correction (false discover rate (FDR) < 0.05). The Bayes empirical Bayes method (BEB) was used to obtain the posterior probability of the positively selected sites (usually > 0.95 is considered as significantly positively selected). In addition, GO and KEGG enrichment analyses were performed using Fisher’s exact test with FDR < 0.05.
Collinearity analysis
The complete protein sequences and annotation of D. delphis and T. truncatus were taken as the input files, and the respective databases of these two species were made using their protein sequences. Then the two databases were blasted to each other with an E-value of 1e-10. The genes with greater than 65% identity were selected to examine collinear relationships between the two species. The chromosome scale collinearity analysis between the common dolphin and bottlenose dolphin genomes was conducted to reveal the evolutionary processes of chromosomes in cetaceans.
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