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OPEN: Chromosome-level genome
patapescripTor  @assembly of the marble goby
(Oxyeleotris marmorata)

Haiyang Liu®%?%, JiajunYao'3, Mengdan Dong'3, Meisheng Yi%3 & Wei Liu%3™

. The marble goby (Oxyeleotris marmorata) is an important aquaculture species in South China

: and Southeast Asia due to its strong adaptability and rapid growth rate. However, the lack of

. comprehensive genomic resources has hindered in-depth genetic studies and breeding programs. In this
. study, we generated a high-quality, chromosome-level genome assembly of marble goby using PacBio
. HiFilong-read sequencing and Hi-C technologies. The final assembly spans 1,068.42 Mb, with 95.51%

. of the genome anchored to 23 chromosomes. The assembly exhibits a contig N50 of 13.72Mb and a

. scaffold N50 of 45.09 Mb. Genome completeness was assessed with a BUSCO score of 98.19%. A total

. of 22,964 protein-coding genes were predicted, with a BUSCO completeness of 96.15%, and 99.25%

. ofthe genes were functionally annotated. Approximately 51.80% of the genome is identified as repeat
. elements. This high-fidelity genome assembly provides a valuable resource for molecular breeding,

. comparative genomics, and evolutionary studies of marble goby and related species.

: Background & Summary

. Marble goby (Oxyeleotris marmorata), also known as the Thai goby or Thai marble goby, belongs to the order
© Perciformes, family Eleotridae, and genus Oxyeleotris"2. It is native to several Southeast Asian countries, includ-
. ing Thailand, Malaysia and Indonesia, and has gradually been introduced to other regions such as China’s Pearl
. River Delta**. This species is benthic and burrow-dwelling, typically inhabiting freshwater bodies with clear
. or moderately flowing water®. Among species within the genus Oxyeleotris, the marble goby exhibits superior
. growth rates and maximum body size. Individuals can reach up to 65 cm in length and weigh as much as 5kg,
. although the typical market size ranges from 500 to 1000 g. The species is highly valued for its tender, low-fat,
. and nutritious flesh, and is widely appreciated for its taste. In Asian markets, marble goby commands a pre-
© mium price, ranging from 10 to 20 USD per kilogram, underscoring its considerable economic importance’.
© Since its successful introduction to China in the 1980s, significant progress has been made in artificial breeding,
. seedling cultivation, and aquaculture techniques*. Over the past few decades, marble goby farming has expanded
. significantly across South China, establishing it as one of the most important high-value aquaculture species.

: Previous research on the marble goby has primarily focused on population genetics, aquaculture, reproduc-
* tion, and nutritional feed development*°. In the field of population genetics, mitochondrial DNA sequencing
. has been widely used®'?, along with genetic background analysis using mitochondrial DNA polymorphism'!-*?
. and microsatellites'. Notably, male marble gobies at two years of age exhibit an average body weight that is
© 56.3% higher than that of females, indicating pronounced sexual dimorphism's. However, cytogenetic analyses
* have not identified any sex-linked heteromorphic chromosomes in this species!®. Law et al. used amplified frag-
. ment length polymorphism (AFLP) technology to develop a sequence-characterized amplified region (SCAR)
: marker specific to females, providing preliminary insights into sex-related genetic markers'’. Nevertheless, due
: to the lack of a high-quality chromosome-level reference genome, the precise chromosomal location and func-
. tional context of this marker remain unresolved. Additionally, Liu et al. identified key genes such as vasa, dmrt1
. and foxI2, which are involved in germ cell development and sex differentiation in marble gobies'>'8. However,
. the specific roles of these genes in sex determination have yet to be fully elucidated. Thus, the development of
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Fig. 1 Genome survey of Oxyeleotris marmorata was conducted using 17-mer analysis with GenomeScope2.
The estimated genome size was 847.18 Mb, with a heterozygosity rate of 0.213% and repeat content of 49.8%.

a high-quality reference genome is essential for facilitating genetic analyses of economically important traits,
identifying candidate genes, and improving breeding efficiency in this species'*-?!. Currently, genomic resources
for the genus Oxyeleotris are extremely limited, and no assembled genome has been reported for Oxyeleotris
marmorata.

To address these limitations and establish a foundation for future genetic research, we successfully assem-
bled the first chromosome-level reference genome of marble goby using Illumina short reads, PacBio HiFi long
reads, and Hi-C scaffolding data. The assembled genome spans approximately 1,068.42 Mb, with a contig N50 of
13.72 Mb. The final chromosome-level assembly consists of 23 chromosomes, and a total of 22,964 genes were
annotated. This high-quality genomic resource provides important insights into the biological characteristics
and functional genomic research of the marble goby, and serves as a valuable reference for future phylogenetic
and evolutionary studies within the genus Oxyeleotris.

Methods

Sample collection and DNA extraction. A mature female marble goby was collected from Zhuhai,
Guangdong, China. Genomic DNA was extracted from muscle tissue using the Qiagen DNeasy Blood and Tissue
Kit (Qiagen, USA), following the manufacturer’s instructions. DNA integrity and purity were assessed through
1% agarose gel electrophoresis, and the concentration was measured using a NanoDrop One spectrophotometer
(Thermo Scientific, USA).

Genome sequencing. For short-read sequencing, a 350 bp insert-size library was prepared from sheared
DNA using the Illumina DNA Prep kit (Illumina, USA) and sequenced on the NovaSeq 6000 platform (Illumina,
USA), generating 56.79 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 36.15 Gb of continuous long reads with an average length of 15.59kb.
Additionally, Hi-C libraries were prepared from approximately 1 g of marble goby muscle tissue using the
GrandOmics Hi-C kit (DpnlI digestion) and sequenced on the NovaSeq 6000 platform, resulting in 116.83 Gb
of Hi-C data.

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 TruSeq Stranded mRNA Prep Kit (Illumina), followed by PE150 sequencing mode on the NovaSeq 6000 plat-
form. This resulted in 16.70 Gb of transcriptomic data to support genome annotation.

Genome size and heterozygosity estimation. The genome size of the marble goby was estimated
through k-mer analysis of Illumina clean reads. A 17-mer frequency table was generated using Jellyfish v2.3.0%
and subsequently analyzed with GenomeScope v2.0%. The analysis revealed an estimated genome size of approx-
imately 847.18 Mb, with a heterozygosity rate of 0.213% and repeat content of 49.8% (Fig. 1).
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Feature Value
Assembly genome length (Mb) 1,068.42
GC (%) 40.15
contigs number 640
contig N50 (Mb) 13.72
contig N90 (Mb) 0.97
Longest contig (Mb) 33.87
scaffolds number 332
scaffold N50 (Mb) 45.09
scaffold N90 (Mb) 36.56
Longest scaffold (Mb) 64.39
Number of chromosomes 23

Table 1. Summary statistics of Oxyeleotris marmorata genome assembly.
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Fig. 2 Hi-C interactive heatmap of 23 chromosomes in Oxyeleotris marmorata genome.

Genome assembly.  The genome was assembled using Hifiasm v0.19.5* with default parameters, producing 640
contigs with a total length of 1,068.42 Mb. The maximum contig size was 33.87 Mb, with an N50 of 13.72 Mb (Table 1).
For scaffolding, we employed an integrated approach combining Juicer v1.6%* and 3D-DNA v201008%. After indexing
the contig-level genome with BWA v0.7.17%, Hi-C reads were mapped to generate restriction site data. The 3D-DNA
algorithm was used for initial chromosome assembly, followed by manual refinement of chromosome boundaries and
scaffold correction using Juicerbox v1.11.08%. This process resolved 23 chromosomes (Figs. 2, 3) and yielded a final
assembly of 332 scaffolds, with a maximum scaffold size of 64.39 Mb and an N50 size of 45.09 Mb (Table 1, Table S1).

Repeat annotation. We conducted a comprehensive repeat analysis using multiple computational meth-
ods. For tandem repeats, GMATA v2.2.1* and Tandem Repeats Finder v4.10.0°° were used to identify simple
sequence repeats (SSRs) and broader tandem repeats, which covered 0.74% and 1.18% of the genome, respec-
tively. 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 analyzed 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 construct a combined
repeat library. RepeatMasker v4.1.6* applied this library for genome-wide repeat annotation. The analysis
revealed that 41.44% of the genome consists of dispersed repeats (Table 2). DNA transposons were the most
abundant (22.30%), followed by LINEs (10.29%), LTR retrotransposons (5.58%), and SINEs (1.83%). In total,
repetitive sequences accounted for 553,425,772 bp (51.80%) of the genome (Table 2, 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.
For transcriptome-guided annotation, Illumina RNA-seq reads were aligned to the genome using HISAT2
v2.2.1%, followed by transcript assembly with StringTie v2.2.3%. Transcript models were further refined
using PASA v2.3.3%, and coding sequences were predicted with TransDecoder v5.7.1%. Homology-based
predictions were generated by aligning protein sequences from five evolutionarily related teleost species
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Fig. 3 Features of the Oxyeleotris marmorata genome. From outside to inside: (a) The 23 pseudo-chromosomes,
(b) GC content, (c) Gene density, (d) Repeats content, (e) LTR content, (f) LINE content, (g) DNA-TE content.

Type Number | Length % of the genome
LINE | 527,519 109,974,357 | 10.29

SINE | 218,628 19,556,198 | 1.83

LTR 387,914 59,656,698 | 5.58

DNA | 1,659,577 | 238,273,688 | 22.30

RC 70,427 15,313,100 | 1.43

Total | 2,864,065 | 442,774,041 | 41.44

Transposable elements

Tandem Repeats 71,484 12,643,223 | 1.18
Simple repeats 48,436 7,911,036 0.74
Other 16,091 5,701,831 0.53
Unknown 428,682 83,265,206 | 7.79
Low complexity 730 179,763 0.02
Total Repeats 3,508,811 | 553,425,772 | 51.80

Table 2. Repetitive sequences in the genome of Oxyeleotris marmorata.
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Fig. 4 Four types of TE sequence divergence distribution diagram annotated by RepeatMasker.

Item Number Average length (bp)
Gene 22,964 18,806

Exon 9.97 (average) 176

Intron 8.97 (average) 1,900
Database | Number Percentage (%)
Swissprot | 21,533 93.77

KEGG 14,917 64.96

KOG 15,565 67.78

GO 15,602 67.94

NR 22,624 98.52

ALL 22,791 99.25

Table 3. Gene structures and function annotation.

(Boleophthalmus pectinirostris®, Epinephelus lanceolatus*, Lates calcarifer®!, Danio rerio*?, and Oryzias
latipes*®) using miniprot** with stringent alignment criteria. 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 v12* database. The three evidence sources were integrated using EVidenceModeler
v2.1.0%, resulting in a final consensus set of 22,964 high-confidence protein-coding genes, with an aver-
age gene length of 18,806 bp, an average coding sequence length of 1,755 bp, and an average of 9.97 exons
per gene (Table 3).

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 22,791
genes were annotated, representing 99.25% of all inferred genes (Fig. 5 and Table 3).

Data Records

The raw sequencing reads of all libraries have been deposited into NCBI SRA database via the accession num-
ber PRINA1115919%. The assembled genome has been deposited at Genbank under the accession number
GCA_040285405.1°7. Moreover, data of the genome annotations, predicted coding sequences and protein
sequences are available at Figshare®.

Technical Validation

Assessment of genome assembly. The accuracy of the marble goby genome assembly was evaluated by
assessing its completeness using the conserved metazoan gene set ‘actinopterygii_odb10’ from BUSCO (v5.4.3)%.
The analysis demonstrated high completeness, with an overall completeness of 98.19%. Specifically, 97.14% of the
genes were complete and single-copy, 1.04% were complete and duplicated, 0.71% were fragmented, and 1.10%
were missing. These findings indicate the high quality of the marble goby genome assembly (Table 4). Next, the
assembly accuracy was assessed by calculating the mapping rates of PacBio, Illumina, and RNA-seq reads aligned
to the final assembly using Minimap2 v2.24%, BWA v0.7.17%” and HISAT2 v2.2.1%°. The assembly exhibited high
mapping rates for PacBio (99.85%), Illumina (99.13%), and RNA-seq (95.38%) reads. These comprehensive anal-
yses validate the high quality of our genome assembly.
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Fig. 5 Venn diagram of function annotations from various databases.

Type Number Percent (%)
Complete BUSCOs (C) 3574 98.19
Complete and single-copy BUSCOs (S) 3536 97.14
Complete and duplicated BUSCOs (D) 38 1.04
Fragmented BUSCOs (F) 26 0.71
Missing BUSCOs (M) 40 1.10
Total BUSCO groups searched 3,640 100.00

Table 4. BUSCO analysis of the genome assembly and genes.

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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