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BinlanYang?, Sheng Zhang'* & Haiyang Liu®?2>

. The giant pangasius (Pangasius sanitwongsei) is a critically endangered freshwater species with

. considerable ecological and economic significance in Southeast Asia and southern China. However, the
lack of a high-quality reference genome has limited studies on its genetic adaptation and conservation
strategies. Here, we present a chromosome-scale genome assembly of P. sanitwongsei, generated
using PacBio HiFi long-read sequencing and Hi-C chromatin conformation capture. The final assembly
spans 808.85 Mb, with a contig N50 of 18.70 Mb and a scaffold N50 of 28.10 Mb, achieving a BUSCO

. gene completeness of 99.15%. A total of 23,469 protein-coding genes were annotated, and 96.97% of

. the genes were functionally characterized. This high-quality genomic resource provides crucial insights
into the adaptive evolution of Pangasiidae catfishes and offers a valuable foundation for conservation
genomics, adaptive evolution, population genetics, and sustainable aquaculture development.

: Background & Summary
. Pangasius sanitwongsei, commonly known as the giant pangasius or giant freshwater catfish, belongs to the order
Siluriformes, family Pangasiidae, and genus Pangasius'. This species is endemic to freshwater ecosystems in
Southeast Asia, with a distribution concentrated in the Mekong and Chao Phraya River basins?. Pangasius sanit-
: wongsei is one of the largest freshwater fish in the world, with individuals reaching lengths of over 3 meters and
: weights of up to 300 kilograms?. It inhabits deep-water environments and exhibits an omnivorous but predom-
. inantly carnivorous diet, feeding mainly on fish, shrimp, crabs, and other aquatic organisms®. Sexual maturity
is typically reached at 3~4 years of age, and spawning migrations occur between April and May each year®. A
: distinctive morphological feature of P. sanitwongsei is the filamentous extension of the first soft ray in the dorsal,
© pectoral, and pelvic fins, making it a highly recognizable flagship species within the Pangasiidae family®.
: Pangasius sanitwongsei possesses substantial economic value in aquaculture due to its tender flesh, appealing
. taste, and rapid growth rate’. Additionally, its broad head, graceful swimming behavior, and distinctive fin mor-
: phology contribute to its ornamental appeal, making it a favored species among aquarium enthusiasts®. These
attributes underscore the species’ potential for both commercial aquaculture and ornamental fish development.
. However, in recent years, wild populations of P. sanitwongsei have undergone a dramatic decline, primarily due
to overfishing, environmental pollution, habitat degradation, and the construction of hydropower infrastruc-
© ture® ! As a result, the species is currently classified as Critically Endangered (CR) on the IUCN Red List of
. Threatened Species and was designated as a National First-Class Protected Aquatic Wildlife Species in China in
2021.

Previous research on P. sanitwongsei has primarily focused on resources conservation'?, breeding>', taxon-
omy'15, and genetic diversity’. Molecular resources such as the complete mitochondrial genome and micro-
satellite markers have been developed'®-'%. In recent years, substantial progress has been made in the genomic
research of the Pangasiidae family, including species such as Pangasianodon hypophthalmus'-2'. These genomic
studies have provided a solid foundation for investigating phylogenetic evolution, developmental genes, and

- fatty acid-binding proteins. However, despite its ecological and economic importance, genomic resources for
. P sanitwongsei remain extremely limited. The only available assembly was generated from short-read Illumina
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Sequencing Type | Method Raw data (Gb) | Read Length
Short-reads DNA 89.96 150bp PE
Long-reads PacBio HiFi 43.79 20.94kb (N50)
Short-reads Hi-C 138.52 150bp PE
Short-reads RNA 11.74 150bp PE

Table 1. Statistics of sequencing data.
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Fig. 1 The K-mer (k=17) distribution and genome size estimation of Pangasius sanitwongsei genome.

data and scaffolded into pseudochromosomes through reference-guided alignment to the P. hypophthalmus
genome?. As a result, a true chromosome-level genome assembly has not yet been available for this species.

Here, we present a first high-quality chromosome-level genome assembly of P. sanitwongsei, generated using
a combination of PacBio HiFi long-read sequencing, MGI short-read sequencing, and Hi-C scaffolding. The
assembled genome spans 808.85 Mb with a scaffold N50 of 28.10 Mb, and a BUSCO completeness score of
97.77%. This high-quality genome provides a valuable resource for evolutionary study, genetic analysis, and
molecular breeding of this species.

Methods

Sample collection and DNA extraction. A mature male Pangasius sanitwongsei was obtained from the
Aquatic Species Introduction and Breeding Center of Guangxi. Muscle tissue was collected for genomic DNA
extraction using the DNeasy Blood and Tissue Kit (Qiagen, USA), following the manufacturer’s instructions. The
integrity and concentration of the extracted DNA were assessed by 1% agarose gel electrophoresis and quanti-
fied 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-2024-026).

Genome sequencing. For short-read sequencing, a 350 bp paired-end library was prepared using the
MGIEasy PCR-Free DNA Library Prep Set (BGI, China) and sequenced on the DNBSEQ-T7 platform (MGI,
China), generating 89.96 Gb of paired-end raw sequencing data (Table 1). Long-read sequencing was con-
ducted using the PacBio Sequel II system with the SMRTbell Express Template Prep Kit 2.0 (Pacific Biosciences,
USA), yielding 43.79 Gb of high-fidelity (HiFi) reads with an average read length of 20.94kb (Table 1). For Hi-C
sequencing, approximately 1 g of muscle tissue was used for in situ chromatin proximity ligation with the DpnII
restriction enzyme, following the manufacturer’s protocol (GrandOmics, China). The resulting Hi-C library was
sequenced on the DNBSEQ-T7 platform (MGI, China), producing 138.52 Gb of raw Hi-C data (Table 1).

RNA extraction and transcriptome sequencing. Total RNA was extracted from ten tissues (muscle,
liver, spleen, kidney, intestine, heart, brain, swim bladder, testis, and skin) using TRIzol reagent. RNA integrity
was assessed using an Agilent 2100 Bioanalyzer, and concentrations were measured with a NanoDrop 2000 spec-
trophotometer. Equal amounts of high-quality RNA from each tissue were pooled to construct a strand-specific
cDNA library using the MGIEasy PCR-Free DNA Library Prep Set (BGI, China). The library was sequenced on
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Feature Value
Assembly genome length (Mb) 808.85
GC (%) 39.36
contigs number 160
contig N50 (Mb) 18.70
contig N90 (Mb) 5.02
scaffolds number 53
scaffold N50 (Mb) 28.10
scaffold N90 (Mb) 20.09
Longest scaffold (Mb) 46.06
Average scaffold length (Mb) 15.26
Number of chromosomes 30

Table 2. Summary statistics of Pangasius sanitwongsei genome assembly.
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the DNBSEQ-T7 platform (MGI, China), generating 11.74 Gb of transcriptomic data for genome annotation
(Table 1).

Genome size and heterozygosity estimation. To estimate the genome size of P. sanitwongsei, a k-mer
analysis was performed using high-quality MGI short-read data. First, Jellyfish v2.3.0%* was used to calculate the
frequency of 17-mers and generate the k-mer frequency distribution. The resulting data were then analyzed with

SCIENTIFIC DATA|

(2026) 13:130 | https://doi.org/10.1038/s41597-025-06445-z 3


https://doi.org/10.1038/s41597-025-06445-z

www.nature.com/scientificdata/

Fig. 3 Features of the Pangasius sanitwongsei genome. From outside to inside: (a) The 30 pseudo-chromosomes,
(b) GC content, (c) Gene density, (d) Repeats content, (e) LTR content, (f) LINE content and (g) DNA-TE
content.

GenomeScope v2.0%, which estimated the genome size to be 670,343,425 bp, with a heterozygosity rate of 0.256%
and 61.7% unique sequences (Fig. 1).

Genome assembly. The genome was de novo assembled using Hifiasm v0.19.5% with default param-
eters, resulting in 160 contigs with a total length of 808.85Mb and a contig N50 of 18.70 Mb (Table 2). For
chromosome-level scaffolding, a hybrid strategy integrating Juicer v1.6%® and 3D-DNA v201008%” was employed.
The workflow began with indexing of the contig-level assembly using BWA v0.7.17%, followed by Juicer analysis
to identify restriction enzyme cutting sites. Clean Hi-C paired-end reads were mapped to the contigs using Juicer,
and 3D-DNA was applied according to standard protocols to generate the initial chromosome-scale assembly.
Manual curation was performed in two rounds using Juicebox v1.11.08% to adjust chromosome boundaries and
correct scaffold misassembles, ultimately yielding a high-quality assembly with 30 chromosomes (Figs. 2, 3). The
curated assembly was subsequently reprocessed with 3D-DNA to generate per-chromosome scaffolds Fig. 4. The
final genome assembly comprised 53 scaffolds, with a maximum scaffold length of 46.06 Mb and a scaffold N50
of 28.10 Mb (Tables 2, 3).
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Fig. 4 Four types of TE sequence divergence distribution diagram annotated by RepeatMasker.

Pseudomolecule Length (bp) Contig number | GC content(%)
Chr01 39752580 4 39.51
Chr02 36355055 6 39.26
Chr03 36017024 3 39.24
Chr04 46057073 7 39.30
Chr05 33517209 5 39.30
Chr06 33803822 6 39.17
Chr07 26188897 2 39.96
Chro08 32738081 4 39.66
Chr09 30900743 3 39.11
Chr10 20683005 4 39.26
Chrl1 26177216 5 39.37
Chr12 16334559 4 39.33
Chr13 21189289 4 39.52
Chr14 25957842 4 39.25
Chrl5 22153762 4 39.14
Chrl6 23321922 3 39.57
Chrl7 31116038 6 39.22
Chr18 35524820 9 39.29
Chr19 28100061 7 39.33
Chr20 26921474 3 39.10
Chr21 28771072 4 39.16
Chr22 25267160 3 39.24
Chr23 21137666 3 39.12
Chr24 20857103 11 39.41
Chr25 19637615 5 39.27
Chr26 20085813 6 39.53
Chr27 26242051 2 39.00
Chr28 21599743 4 39.02
Chr29 16349843 4 39.37
Chr30 10008409 2 39.78
Total 802766947 137 39.36

Table 3. Pseudo-chromosome length statistics after Hi-C assisted assembly of Pangasius sanitwongsei.

Repeat annotation. Given the biological importance of tandem repeats, a genome-wide survey of repet-
itive elements was conducted using GMATA v2.2.1* and Tandem Repeats Finder (TRF) v4.10.0°}, both with
default parameters. GMATA was employed to specifically detect simple sequence repeats (SSRs) with short repeat
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DNA 189440298 23.43
LINE 63918510 791
LTR 38704290 4.79
SINE 8910003 1.10
Satellite 6977313 0.86
RC 6877667 0.85
Unknown 5593553 0.69
Total 321165151 39.71

Table 4. Repetitive sequences in the genome of Pangasius sanitwongsei.

Gene 23,469 14,818.67
Exon 9.42 173.59

Intron 8.42 1,565.06
Database Number Percentage (%)
Swissprot | 19,768 84.20

KEGG 22,291 84.23

KOG 18,193 94.98

GO 16,135 77.52

NR 22,758 68.75

ALL 22,807 96.97

Table 5. Gene structures and function annotation of Pangasius sanitwongsei.

InterPro

units, while TRF was used to identify a broader range of tandem repeats. For dispersed repetitive elements, the
pipeline began with MITE-Hunter* to identify miniature inverted-repeat transposable elements (MITEs), gen-
erating a dedicated MITE library. The genome was then hard-masked (repetitive regions were replaced with
“N”), and RepeatModeler® was used for de novo identification of additional repeat elements to construct a
RepMod.lib library. Unclassified elements within RepMod.lib were subsequently categorized using TEclass v2.4%.
Comprehensive repeat library was compiled by integrating MITE.lib, RepMod.lib, and Repbase?®. This combined
library was then used to annotate repetitive sequences across the genome using RepeatMasker.
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Type Number | Percent (%)
Complete BUSCOs (C) 3609 99.15
Complete and single-copy BUSCOs (S) 3594 98.74
Complete and duplicated BUSCOs (D) 15 0.41
Fragmented BUSCOs (F) 11 0.30
Missing BUSCOs (M) 20 0.55

Total BUSCO groups searched 3,640 100.00

Table 6. BUSCO analysis of the genome assembly.

The repeats annotation results revealed that dispersed repeats accounted for 38.94% of the genome (Table 4).
Among the transposable elements (TEs), DNA transposons were the most abundant (23.43%), followed by long
interspersed nuclear elements (LINEs, 7.91%), long terminal repeat (LTR) retrotransposons (4.79%), and short
interspersed nuclear elements (SINEs, 1.10%). In total, repetitive sequences spanned 321165151 bp, representing
39.71% of the genome (Table 4).

Gene prediction and function assignment. Gene annotation was performed using a comprehensive
three-tiered evidence integration pipeline, incorporating transcriptomic data, homology-based evidence, and
ab initio predictions. Transcriptomic evidence was obtained by aligning Illumina RNA-seq reads to the genome
assembly using HISAT2 v2.2.1%, followed by transcript assembly with StringTie v2.2.3%. Putative coding
sequences (CDS) were predicted using TransDecoder v5.7.1% with default parameters. Homology-based anno-
tation utilized protein sequences from five evolutionarily conserved species, with protein-to-genome alignments
conducted using miniprot. For ab initio gene prediction, BRAKER v2.1.5"! was employed, integrating Augustus
v3.5.0* and GeneMark-ETP v1*. The three sources of evidence were integrated using EVidenceModeler v2.1.0%,
resulting in 23,469 high-confidence protein-coding genes. These genes had an average length of 14,818.67 bp, an
average coding sequence length of 173.59 bp, and contained an average of 9.42 exons per gene (Table 5).

Functional annotation of the predicted proteins was conducted using Diamond v2.1.10*° against the
Swiss-Prot’®, KEGG", KOG*, GO*, and NR* databases, with an e-value cutoff of le-5. A total of 22,807 genes
were successfully annotated, accounting for 96.97% of all predicted genes (Fig. 5 and Table 5).

Data Records

All sequencing and assembly data generated in this study have been deposited in public repositories. The raw
sequencing datasets, including MGI short-read, PacBio HiFi, Hi-C, and RNA-Seq data, are available in the
NCBI Sequence Read Archive (SRA) under the accession number SRP579478°!. The chromosome-level genome
assembly has been deposited in NCBI GenBank under the accession GCA_051225755.1°2. In addition, the
genome annotation files including the GFF annotation file, predicted coding sequences, and protein sequences
can be obtained from Figshare®.

Technical Validation

Assessment of genome assembly.  The accuracy of the P. sanitwongsei genome assembly was evaluated
by assessing its completeness using the conserved metazoan gene set actinopterygii_odb10 from BUSCO v5.8.3%*.
The analysis revealed a high level of completeness, with an overall score of 99.15%. Specifically, 98.74% of the
genes were complete and single-copy, 0.41% were complete and duplicated, 0.30% were fragmented, and 0.55%
were missing. These results indicate that the P. sanitwongsei genome assembly is of high quality (Table 6). The ear-
lier genome for P. sanitwongsei was assembled exclusively from Illumina short reads and scaffolded through refer-
ence-guided alignment to Pangasianodon hypophthalmus®. Although reported as a chromosome-scale assembly,
it was constructed without long-read sequencing or Hi-C data, and the resulting assembly contains 29 chromo-
somes with a BUSCO completeness of 97.58%. These limitations reduce its reliability for structural genomic anal-
yses, evolutionary studies, and high-quality gene annotation. In contrast, our newly generated assembly integrates
PacBio HiFi long-read and Hi-C technologies, anchors 30 chromosomes, and achieves a markedly higher BUSCO
completeness of 99.15%, providing a substantially improved and more robust genomic resource for downstream
applications.

To further assess assembly accuracy, mapping rates of PacBio HiFi, Illumina short reads, and RNA-seq data
were calculated by aligning them to the final assembly using Minimap2 v2.24%, BWA v0.7.17?® and HISAT2
v2.2.1%, respectively. The mapping rates were 99.71% for PacBio, 99.06% for Illumina, and 97.23% for RNA-seq
reads, further validating the high quality and completeness of the assembled genome.

Genome synteny analysis. To investigate whole-genome synteny, we performed MCscan v0.8 analysis using
the CDS sequences of annotated protein-coding genes from Pangasianodon hypophthalmus'® and P. sanitwongsei.
Gene-level syntenic relationships were subsequently visualized with JCVI v1.1.12%. The collinearity analy-
sis revealed a substantial level of conserved synteny between the two genomes, supporting the accuracy and
completeness of our assembly (Fig. 6A). Furthermore, we conducted a whole-genome alignment between P.
sanitwongsei and P. hypophthalmus using MUMmer v4.0.0°, and visualized structural variation and syntenic
relationships with SyRI®, which revealed extensive DNA-level syntenic blocks alongside discrete regions exhibit-
ing pronounced sequence divergence (Fig. 6B).
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Fig. 6 Gene-level synteny (A) and DNA-level synteny (B) between Pangasius sanitwongsei and Pangasianodon
hypophthalmus.

Data availability

The raw sequencing datasets have been deposited in the NCBI Sequence Read Archive under accession
SRP579478"!. The assembled P. sanitwongsei genome is available in GenBank under accession GCA_051225755.1%2,
and the corresponding genome annotation files has been archived on Figshare (https://doi.org/10.6084/m9.figshare.
29715215)%,
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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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