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Siniperca obscura is an economically valuable and ecologically significant species in China, yet the lack of
comprehensive genomic resources has hindered genetic studies and breeding efforts. In this study, we
present a high-quality, chromosome-level genome assembly for S. obscura, generated by integrating
PacBio HiFilong-read sequencing with Hi-C scaffolding. The final assembly spans 734.12 Mb, with
99.85% of the assembled bases anchored and oriented onto 24 chromosomes. It achieves a contig N50
of 24.59 Mb and a scaffold N50 of 30.62 Mb, with high genome completeness further demonstrated

by a BUSCO score of 99.37%. We predicted 23,225 protein-coding genes, with a 99.12% BUSCO
completeness, and 98.50% of the genes were functionally annotated. Approximately 30.54% of the
genome sequences were classified as repeat elements. This high-quality reference genome provides a
valuable resource for advancing molecular breeding, comparative genomics, and evolutionary studies
of S. obscura and closely related species.

Background & Summary

Siniperca obscura is an economically valuable and ecologically significant freshwater species endemic to China,
classified within order Perciformes, family Sinipercidae, and genus Siniperca’. This species primarily inhabits the
benthic to mid-water layers of freshwater systems and has stringent water quality requirements. As a carnivorous
predator, it preys on small fish and shrimp, playing a vital role in maintaining the stability of freshwater ecosys-
tems?. S. obscura has high market demand due to its tender, boneless flesh, demonstrating considerable potential
for aquaculture development. Additionally, the distribution of S. obscura across distinct river basins, coupled
with the historical classification of different geographic populations as separate species, makes it an ideal subject
for comparative genetic studies’. However, wild populations of S. obscura have significantly declined in recent
decades due to hydrological engineering, overfishing, and water pollution®. As a result, it has been designated as
a protected species by several provincial governments (e.g., Hunan Province). Despite its urgent conservation
needs and the growing demand for aquaculture, comprehensive genomic studies on S. obscura remain lim-
ited, significantly hindering advancements in conservation strategies, adaptive evolution studies, and molecular
breeding research.

Currently, research on S. obscura primarily focuses on mitochondrial DNA sequence analysis®, SSR molec-
ular marker development®”’, and the exploration of its evolutionary relationships>**°. Despite these advance-
ments, a deeper investigation into its genomic features is essential to enhance our understanding of its biology
and improve its applications in aquaculture. In recent years, significant progress has been made in the genomic
research of the Sinipercidae family, including species such as the Siniperca chuatsi'®'?, Siniperca scherzeri®,
Siniperca knerii** and Siniperca roulei’. These genomic studies have provided a solid foundation for research on
adaptive evolution, predatory behaviour, and sensory-related genes. However, S. obscura, a key species in the
genus Siniperca, still lacks a high-quality reference genome, which limits further research on its adaptive evolu-
tion, population genetics, and comparative genomics with other Sinipercidae species.

In this study, we present the first chromosome-level genome assembly of S. obscura, generated by inte-
grating PacBio long-read sequencing, Hi-C chromatin conformation capture, and high-throughput tran-
scriptomic data. The assembly demonstrates high continuity and completeness and includes annotations for
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Types Method Raw data (Gb) Clean data (Gb)
DNA MGI 75.26 73.74

DNA PacBio 35.58 35.29

DNA Hi-C 121.48 117.57

RNA MGI 23.22 21.76

Table 1. Statistics of sequencing data.
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Fig. 1 Genome survey of S. obscura was conducted using 21-mer analysis with GenomeScope2.

23,225 protein-coding genes. This dataset not only serves as a valuable resource for evolutionary studies within
Sinipercidae but also facilitates applied research in molecular marker development, disease-resistant trait selec-
tion, and wild resource conservation.

Methods

Sample collection and DNA extraction. A male S. obscura was collected from a tributary of the Yangtze
River in Qimen County, Huangshan City, Anhui Province, China. Genomic DNA was extracted from muscle
tissue using the Qiagen DNeasy Blood and Tissue Kit (Qiagen, USA), following the manufacturer’ instructions.
DNA integrity and purity were assessed through 1% agarose gel electrophoresis, and the concentration was meas-
ured using a NanoDrop One spectrophotometer (Thermo Scientific, USA). All procedures strictly followed the
guidelines approved by the Ethics Committee of the Pearl River Fisheries Research Institute, Chinese Academy of
Fishery Sciences (Approval No. PRFRI-2024-023).

Genome sequencing. For short-read sequencing, a 350 bp insert-size library was prepared from sheared
DNA using the MGIEasy PCR-Free DNA library prep set (BGI, China) and sequenced on the DNBSEQ-T7
platform (MGI, China), generating 75.26 Gb of PE150 raw reads. For long-read sequencing, high-fidelity (HiFi)
libraries were constructed with the SMRTbell Express Template Prep Kit 2.0 (Pacific Biosciences, USA) and
sequenced on the PacBio Sequel II system, producing 35.29 Gb of PacBio HiFi long reads with an average length
of 18.21 kb. Additionally, Hi-C libraries were prepared from approximately 1g of S. obscura muscle tissue using
the GrandOmics Hi-C kit (DpnlI digestion) and sequenced on the DNBSEQ-T7 platform (MGI, China), result-
ing in 121.48 Gb of Hi-C data (Table 1).
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RNA extraction and transcriptome sequencing. For comprehensive genome annotation, RNA was
extracted from ten tissues (spleen, kidney, brain, muscle, ovary, liver, intestine, heart, gill, and swim bladder).
RNA quality was evaluated using both a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific) and an
Agilent 2100 Bioanalyzer. Equal amounts (1 pg per tissue) of RNA were pooled to construct a cDNA library
with the MGIEasy PCR-Free DNA library prep set (BGI, China), followed by PE150 sequencing mode on the
DNBSEQ-T7 platform (MGI, China). This resulted in 23.22 Gb of transcriptomic data to support genome
annotation.

Genome size and heterozygosity estimation. MGI raw reads were quality-filtered and
adapter-trimmed using fastp v0.23.4'¢ with the parameter -1 50, yielding a total of 73.74 Gb of clean data. The
clean reads were then used for genome size estimation of S. obscura through k-mer analysis. A 21-mer frequency
table was generated using Jellyfish v2.3.0'” and subsequently analyzed with GenomeScope v2.0'8. The analysis
revealed an estimated genome size of approximately 704.61 Mb, with a heterozygosity rate of 0.42% and repeat
content of 15.3% (Fig. 1).

Genome assembly. Raw PacBio HiFi reads were filtered prior to assembly by removing reads shorter than
100 bp, and a total of 35.29 Gb of high-quality HiFi data were retained. The genome of S. obscura was assembled
using the filtered HiFi reads with Hifiasm v0.19.9" under default parameters, generating an initial contig-level
assembly of 735.19 Mb, with a contig N50 of 24.73 Mb and a maximum contig length of 34.67 Mb. Raw Hi-C
reads were filtered using fastp v0.23.4'¢ with the parameter -1 50, yielding 117.57 Gb of clean data. Hi-C-based
scaffolding was performed using Juicer v1.6”° in combination with the 3D-DNA pipeline v20100821%". Briefly, the
contig-level assembly was indexed with BWA v0.7.17%, and clean Hi-C paired-end reads were aligned to the con-
tigs to generate contact maps. This procedure produced 242.51 million uniquely mapped read pairs, correspond-
ing to a unique mapping rate of 59.92%. After stringent filtering, 110,460,838 non-redundant valid interaction
pairs were retained, accounting for 45.55% of the uniquely mapped alignments (detailed statistics are provided
in Supplementary Table S1). Initial chromosome-level scaffolds were generated using 3D-DNA under default
parameters. Chromosome boundaries and misassemblies were subsequently refined through manual curation
using Juicebox v1.11.08%. As a result, 99.85% of the assembled sequences were successfully anchored and ori-
ented onto 24 chromosomes (Figs. 2, 3). The final assembly comprised 43 scaffolds, with a maximum scaffold
length of 38.30 Mb and a scaffold N50 of 30.62 Mb (Tables 2, 3).
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Fig. 3 Features of the S. obscura genome. From outside to inside: (a) GC content, (b) Gene density, (c) Repeats
content, (d) LTR content, (e) LINE content, (f) DNA-TE content.

Metric Contig-level | Chromosome-level
Assembly genome length (Mb) | 735.19 734.12
GC (%) 40.42 40.42
contigs number 132 127
contig N50 (Mb) 24.73 24.59
contig N90 (Mb) 3.89 4.20
scaffolds number 132 43
scaffold N50 (Mb) 2473 30.62
scaffold N90 (Mb) 3.89 27.17
Longest scaffold (Mb) 34.67 38.30
Number of chromosomes 24

Table 2. Summary statistics of S. obscura contig-level and chromosome-level genome assembly.
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Chromosome Length (bp) Number of Contigs
Chro01 38,295,284 3
Chr02 36,747,327 5
Chr03 35,686,122 4
Chr04 34,240,585 4
Chr05 34,171,263 6
Chr06 33,394,294 9
Chr07 32,981,857 6
Chr08 32,369,141 10
Chr09 31,985,866 4
Chrl0 32,241,401 11
Chrl1 30,471,572 1
Chrl2 30,621,129 3
Chrl3 30,530,749 2
Chr14 29,727,018 6
Chrl5 29,749,904 3
Chrl6 29,574,930 10
Chrl7 29,860,058 3
Chr18 28,313,692 1
Chr19 27,518,391 6
Chr20 27,167,291 3
Chr21 28,418,504 2
Chr22 24,393,381 3
Chr23 24,053,660 2
Chr24 20,485,290 1
Total 732,998,709 108

Table 3. Summary statistics of S. obscura genome assembly.

Genome proportion

Repeat class Total length (bp) (%)

DNA 81,935,614 11.16
LINE 58,374,657 7.95
SINE 3,571,906 0.49
LTR 17,819,282 2.43
Satellite 2,552,444 0.35
Unknown 71,065,081 9.68
Total 224,193,574 30.54

Table 4. Composition of repetitive elements in the S. obscura genome.

Repeat annotation. We conducted a comprehensive repeat analysis using multiple computational methods.
For tandem repeats, GMATA v2.2.1?* and Tandem Repeats Finder v4.10.0%° were used to identify Satellite repeats,
which covered 0.35% of the genome. Dispersed repeats were characterized using an integrated pipeline. First,
MITEs? were detected with MITE-hunter to create a MITE library. The genome was then hardmasked and ana-
lyzed with RepeatModeler v2.0.6” to generate a de novo repeat library (RepMod.lib). TEclass was used to classify
unknown repeats in RepMod.lib, which was subsequently combined with MITE.lib and Repbase v19.06 to con-
struct a combined repeat library. RepeatMasker v4.1.6% applied this library for genome-wide repeat annotation.
The analysis revealed that 30.54% of the genome consists of dispersed repeats (Table 4). DNA transposons were
the most abundant (11.16%), followed by LINEs (7.95%), LTR retrotransposons (2.43%), and SINEs (0.49%). In
total, repetitive sequences accounted for 224,193,574 bp (30.54%) of the genome (Table 4, Fig. 4).

Gene prediction and function assignment. Gene prediction was performed through an integra-
tive approach combining transcriptomic evidence, homology-based methods, and ab initio predictions. Raw
RNA-seq reads were first quality-filtered and adapter-trimmed using fastp v0.23.4 with the parameter -1 50, yield-
ing a total of 21.76 Gb of clean data. For transcriptome-guided annotation, clean RNA-seq reads were aligned
to the genome using HISAT2 v2.2.1%, followed by transcript assembly with StringTie v2.2.3". Transcript mod-
els were further refined using PASA v2.3.3%, and coding sequences were predicted with TransDecoder v5.7.1%.
Homology-based gene predictions were performed using protein sequences from five evolutionarily related tel-
eost species (Oryzias latipes, Danio rerio, Takifugu rubripes, Siniperca chuatsi, and Micropterus salmoides). All
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Fig. 4 Four types of TE sequence divergence distribution diagram annotated by RepeatMasker.

Gene structure statistics

Feature Count / average Average length (bp)
Gene 23,225 15,842.44

Exon 10.26 (average) 175.8

Intron 9.26 (average) 1,516.76
Functional annotation summary

Database Annotated genes Proportion (%)
Swissprot 20,242 87.16

KEGG 22,558 97.13

KOG 18,632 80.22

GO 16,546 71.24

NR 22,852 98.39

ALL 22,877 98.50

Table 5. Statistics of gene structure and functional annotation in the S. obscura genome.

protein sequences were retrieved from the NCBI database and aligned to the S. obscura genome assembly using
miniprot v0.13** with stringent alignment parameters. For ab initio gene prediction, we used BRAKER v2.1.6%,
integrating Augustus v3.5.0° and GeneMark-ETP v1.31%, trained on reference proteins from the OrthoDB v123
database. The integrated annotation pipeline yielded 22,333 genes supported by RNA-seq evidence, 23,256 genes
via homology-based search, and 25,109 genes through de novo prediction. These three evidence-based gene
sets were merged using EVidenceModeler v2.1.0%, resulting in a final consensus set of 23,225 high-confidence
protein-coding genes. The final gene models featured an average gene length of 15,842.44 bp, an average coding
sequence (CDS) length of 1,803.12bp, and a mean of 10.26 exons per gene (Table 5).

Functional annotation of the predicted protein sequences was conducted using Diamond v2.1.10% against
the SwissProt*!, KEGG*, KOG*, GO*, and NR* databases, with an e-value cutoff of le-5. A total of 22,877
genes were annotated, representing 98.50% of all inferred genes (Fig. 5 and Table 5).

Data Records

The raw sequencing reads of all libraries have been deposited into NCBI SRA database via the accession num-
ber PRJNA1245649. The assembled genome has been deposited at Genbank under the accession number
GCA_049996615.1%7. Moreover, data of the genome annotations, predicted coding sequences and protein
sequences are available at Figshare*.

Technical Validation

Assessment of genome assembly. The completeness of the S. obscura genome was evaluated using
BUSCO v5.7.1* against the actinopterygii_odb10 lineage. The assembly exhibited exceptional integrity, with
99.37% of the benchmark genes detected (99.23% single-copy, 0.14% duplicated, 0.52% fragmented, and 0.11%
missing; Table 6). Further quality assessment via Merqury v1.3* with HiFi reads yielded a QV of 63.22 (error rate
4.76 x 10—7), while CRAQ v1.10°! analysis indicated a scaffold anchoring quality (S-AQI) of 99.05%. Detailed
per-chromosome metrics are provided in Supplementary Table S1, confirming high chromosomal accuracy
and continuity. Additionally, BUSCO evaluation of the predicted proteome against the same database yielded a
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Fig.5 Venn diagram of function annotations from various databases.

Complete BUSCOs 3617 99.37 3608 99.12
Complete Single-Copy BUSCOs | 3612 99.23 3582 98.41
Complete Duplicated BUSCOs 5 0.14 26 0.71
Fragmented BUSCOs 19 0.52 9 0.25
Missing BUSCOs 4 0.11 23 0.63
Total BUSCO groups searched 3640 100 3640 100
Database actinopterygii_odb10 actinopterygii_odb10

Table 6. BUSCO analysis of the genome assembly and gene annotation.

completeness score of 99.12% (98.41% single-copy and 0.71% duplicated), further validating the high quality of
the gene models (Table 6)

To evaluate assembly consistency, mapping rates were determined by aligning PacBio HiFi, Illumina, and
RNA-seq reads to the final assembly using Minimap2 v2.24%%, BWA v0.7.17%* and HISAT2 v2.2.1%, respectively.
The mapping rates were 99.78% for PacBio, 99.18% for Illumina, and 97.36% for RNA-seq reads, further vali-
dating the high quality and completeness of the genome. Correspondingly, to assess the structural accuracy of
gene models, the genomic distribution of RNA-seq alignments was analyzed via Qualimap v2.3%. This revealed
that 70.41% of the reads mapped to exonic regions, with only 4.68% in introns and 24.91% in intergenic regions,
thereby confirming the robust transcriptional support and structural reliability of the predicted gene structures.

Genome synteny analysis. To investigate whole-genome synteny, the chromosome-level genome assembly
of S. chuatsi'? was aligned to that of S. obscura using MCscan v0.8>, and the syntenic relationships were visual-
ized with JCVI v1.1.12%. The collinearity analysis revealed a high degree of conserved synteny between the two
genomes, supporting the high quality and completeness of our genome assembly (Fig. 6).
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Fig. 6 A synteny analysis of the chromosomes among genomes of S. obscura and S. chuatsi.

Data availability

All data generated in this study have been deposited in public repositories and are freely available. Raw
sequencing data, including PacBio HiFi, Hi-C, MGI short-read, and transcriptome datasets, are available in
the NCBI Sequence Read Archive under accession number PRJNA1245649%. The chromosome-level genome
assembly of Siniperca obscura has been deposited in NCBI GenBank under accession GCA_049996615.14". The
corresponding genome annotation files have been deposited in the Figshare repository*.

Code availability
No special codes or scripts were used in this work, and data processing was carried out based on the protocols and
manuals of the corresponding bioinformatics software.
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