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OPEN ' A near telomere-to-telomere
paTaDEscrIPTOR  Jenome assembly of Pterocryptis
cochinchinensis

Weiting Chen'-3, Yugian Ouyang?3, Yuqin Fan?, Feng Huang! & Chao Bian?™

Pterocryptis cochinchinensis is a small freshwater catfish distributed across the Southeast Asia and

. southern China. It plays an important role in maintaining inland aquatic biodiversity and serves as a

: valuable model for phylogeographic research. However, its genomic resources are still limited. Here,

. we report a near-complete telomere-to-telomere genome assembly of P. cochinchinensis, generated

: by combining MGl short reads (40.6 Gb), PacBio HiFi reads (51.9 Gb), Oxford Nanopore ultra-long reads
(15.0Gb), and Hi-C data (88.8 Gb). The final assembly spans 931.7 Mb, with a contig N50 of 31.4 Mb,
and was anchored onto 28 chromosomes. Repetitive sequences account for 46.9% of its genome, and
31,353 protein-coding genes were annotated. BUSCO assessment indicated a genome completeness of
96.7%. This high-quality reference genome will represent a valuable resource for conservation genetics,
aquaculture improvement, and comparative genomics within Pterocryptis, contributing to biodiversity
preservation and the sustainable utilization of freshwater fish resources.

: Background & Summary
. Pterocryptis cochinchinensis is a small freshwater catfish, typically inhabiting slow-flowing mountain streams
. or freshwater caves, and occurring in Thailand, Myanmar, Vietnam, and southern China'2. Formerly assigned
© to the genus Silurus®, it has since been reclassified to Pterocryptis*. As a characteristic freshwater species of
. Southeast Asia, P. cochinchinensis holds considerable significance for taxonomic classification, ecological studies,
and biodiversity assessment of inland aquatic ecosystems. Moreover, with its relatively wide distribution across
southern China, it represents an ideal model for investigating the phylogeography of freshwater fishes in this
region®.
: P, cochinchinensis is distinctly different from most common native catfish species. The dorsal surface is dark
. brown to purplish, the ventral surface is pale gray, and fins are light gray (Fig. 1). It bears two pairs of bar-
: bels, with the maxillary barbels extending to the base of the pelvic fins. The species typically inhabits clear,
. well-oxygenated streams with gravel or sandy substrates, suggesting high sensitivity to environmental distur-
: bance. P. cochinchinensis exhibits pronounced photophobic behavior, remaining hidden under rocks or among
aquatic vegetation during daylight and becoming active at night. It is carnivorous, feeding on aquatic insects,
© small fish, and crustaceans. In recent years, wild populations have shown a marked decline, primarily due to
. their narrow habitat range and high sensitivity to water quality degradation, raising concerns about potential
. regional endangerment. To date, no effective large-scale aquaculture techniques have been developed, and this
species is mainly encountered through small-scale capture in the wild.
: However, comprehensive research on this species remains limited, with existing knowledge of its molecular
. biology, genetics, and ecology still relatively scarce. This lack of information restricts our ability to gain deeper
. insights into its biological characteristics and evolutionary patterns and hampers efforts in conservation, uti-
. lization, and breeding. Previous studies included only a single article reporting the complete mitochondrial
genome. Phylogenetic analyses based on complete mitochondrial genomes and cytochrome b (Cyt b) sequence
data further confirmed that P. cochinchinensis is more closely related to other members of the genus Pterocryptis
© than to species of Silurus, consistent with previous morphological phylogenetic studies®. Recent work has pro-
duced a genome assembly for P. cochinchinensis using Oxford Nanopore long reads and Illumina short reads,
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Fig. 1 A Circos plot illustrating the main genomic features. From the outermost to the innermost circles show
28 chromosomes, gene density, GC content, and repetitive sequence density in the P. cochinchinensis genome
assembly.

alongside chromosome-level assemblies for multiple Silurus species, enabling detailed tracing of the evolution
of the sex chromosome and the sex-determining gene amhr2y across the Silurus genus and providing a valuable
framework for comparative and evolutionary studies within Siluriformes’.

In this study, we present a near-complete telomere-to-telomere (T2T) genome assembly of P. cochinchinensis
that provides a robust foundation for comparative genomics, population genetics, and functional gene discovery.
This comprehensive genomic resource also underpins conservation and sustainable management strategies, and
opens new avenues for applications in aquaculture, biotechnology, and ecosystem services. Given its ecological
sensitivity and potential role as an indicator species for stream health, further integrated studies on the biology,
genetics, habitat preferences, and population dynamics of P. cochinchinensis are of both theoretical and practical
significance.

Materials and Methods

Sample collection, library construction, and genome sequencing. All methods in this study
are reported in accordance with ARRIVE guidelines and were performed in accordance with relevant guide-
lines and regulations under the approval of the Animal Ethics Committee of Jiaying University (Approval No.
JYDWLL2026-01).

A female P, cochinchinensis individual with 2.5 years old was collected from Shaoguan, Guangdong Province,
China. Fresh muscle tissues were dissected and subsequently subjected to a series of genomic analyses, includ-
ing DNA extraction, library construction, and whole-genome sequencing using multiple sequencing platforms.

For short-insert sequencing (~350bp), the paired-end libraries were constructed, and paired-end sequencing
was subsequently performed by the DNBSEQ-T7 sequencing platform (MGI Tech, BGI). Approximately 40.6 Gb
of short-read sequencing data was generated. Low-quality bases, duplicated reads, and adapter sequences were
filtered out using Fastp v0.21.0 with default parameters®. SMRTbell HiFi sequencing libraries were constructed
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Parameter Value
HiFi reads (Gb) 51.9
ONT reads (Gb) 15.0
Hi-C reads (Gb) 88.8
RNA-seq data (Gb) 11.3
Genome size (Mb) 931.7
Contig N50 (Mb) 314
BUSCO 96.7%
Protein BUSCO 94.3%
Merqury QV score 434
Repeat ratio 46.9%
Gene number 31,353
Average gene length (bp) 13,190.9
Functional gene number 28,079

Table 1. Statistics of the T2T genome assembly and annotation.
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Fig. 2 Genome-wide Hi-C heatmap of the P. cochinchinensis genome.

with the SMRTbell Express Template Prep Kit 2.0 (Pacific Biosciences, Menlo Park, CA, USA), and then
sequenced on the PacBio Sequel II platform (Pacific Biosciences, Menlo Park, CA, USA). A total of 51.9 Gb
of HiFi reads was generated (Table 1). For ONT ultra-long sequencing, the library was constructed using the
Ligation Sequencing 1D kit (SQKLSK109, Oxford Nanopore Technologies, Oxford, UK) and subsequently
sequenced on a PromethION instrument (Oxford Nanopore Technologies, Oxford, UK), yielding a total of
15.0 Gb of ONT sequencing data (Table 1). Hi-C libraries were prepared using the GrandOmics Hi-C Kit with
DpnlI digestion, and sequenced on an DNBSEQ-T7 platform (MGI, Shenzhen, China), generating approxi-
mately 88.8 Gb of raw reads (Table 1). All resulting reads were subsequently integrated for high-quality genome
assembly.

Total RNA was extracted from muscle tissue of P. cochinchinensis using TRIzol Reagent (Invitrogen,
Waltham, MA, USA). RNA concentration and purity were assessed with a NanoDrop 2000 spectrophotometer
(Invitrogen, USA), and RNA integrity was evaluated using an Agilent 2100 Bioanalyzer (Agilent Technologies,
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ChrID | ChrLength (bp) | Gap number | Telomere number | GC (%) | Centromere start | Centromere end
Chrl 48,944,905 0 2 38.7 13,571,522 13,739,542
Chr2 47,593,778 0 2 39.0 35,780,539 35,942,907
Chr3 44,243,564 0 2 38.9 7,130,821 7,319,996
Chr4 42,061,174 0 2 38.8 26,479,697 26,866,086
Chr5 39,365,477 0 2 38.6 36,923,148 37,034,095
Chré 38,563,929 0 2 389 17,387,551 17,496,483
Chr7 37,186,343 1 2 38.7 434,933 886,934
Chr8 36,451,459 0 2 39.0 348,620 456,698
Chr9 35,506,938 0 2 38.7 1 210,973
Chr10 34,187,571 0 2 38.9 32,507,973 32,835,408
Chrll 34,267,867 0 2 38.8 2,990,272 3,166,949
Chr12 31,427,384 0 2 39.1 6,686,242 7,232,397
Chr13 31,297,520 0 2 38.8 28,121,295 28,250,123
Chr14 31,020,200 0 2 39.2 201,714 330,483
Chrl5 30,086,553 0 2 38.8 482,674 691,501
Chrlé6 29,179,150 0 2 38.8 27,176,469 27,302,460
Chr17 28,270,690 0 2 389 4,324,197 4,608,079
Chr18 26,708,902 0 2 39.0 17,955,900 18,088,625
Chr19 25,228,651 1 2 39.1 3,448,407 3,568,860
Chr20 24,397,128 0 2 38.9 22,674,791 22,815,622
Chr21 23,458,928 0 2 38.8 22,21,141 2368,025
Chr22 22,936,506 0 2 39.1 331,681 513,016
Chr23 22,160,249 0 2 39.0 11,189,874 11,358,141
Chr24 21,814,211 0 2 39.0 12,630,630 12,771,046
Chr25 21,658,472 0 2 39.2 7,311,528 7,520,124
Chr26 21,471,095 0 2 39.0 2,184,795 2,294,763
Chr27 18,816,046 0 2 39.1 10,787,383 10,976,346
Chr28 12,347,523 0 2 39.1 1,889,202 2,021,044

Table 2. Summary of assembled chromosomes in the P. cochinchinensis genome.

Santa Clara, CA, USA). Only RNA samples with an RNA integrity number (RIN) > 7.0 were used for subsequent
library preparation. cDNA libraries were generated using DNA nanoball (DNB) technology for the DNBSEQ
platform (MGI Tech, BGI-Shenzhen, China) and sequenced in paired-end mode on the MGISEQ-2000 platform
(MGI Tech) with a read length of 150 bp.

Genome size prediction, genome assembly and evaluation. A k-mer-based approach was applied
to investigate the genomic characteristics of P. cochinchinensis, utilizing the short-insert sequencing reads’. The
genome size of P. cochinchinensis was estimated via the 17-mer depth frequency distribution analysis using the
formula: genome size = K, m/Kgepin» Where the K, denotes the count of 17-mer number derived from sequenc-
ing reads, and the K, represents the peak depth of k-mers at the highest frequency. Through k-mer analysis,
we estimated that its genome size is approximately 863.9 Mb, with an estimated heterozygosity of 0.5% and repeat
ratio of 31.3%.

The initial assembly was performed by using NextDenovo v2.5.2!° with default parameters. Hi-C sequencing
reads were aligned to the draft contig assembly using Bowtie2 v2.4.5'!, and valid interaction pairs were extracted
with HiC-Pro v2.8.1!% Contig anchoring and orientation were performed using Juicer v1.5 and 3D-DNA
v170123™. Juicebox v1.11.08" was used to visualize the Hi-C contact matrices, correct errors in the assembly,
and remove redundant contigs. Gap filling was performed using LR_GapCloser v1.1' and TGS-GapCloser
v1.0.1". Telomeric and centromeric regions were identified using the TeloExplorer and CentroMiner modules
implemented in the quarTeT software'®. The final genome assembly was 931.7 Mb in size, with a contig N50 of
31.4Mb (Table 1), and was anchored onto 28 pseudochromosomes (Figs. 1, 2). We ultimately identified a com-
plete set of 56 telomeres, with telomeric sequences present at both ends of each chromosome, and centromeres
detected on all 28 chromosomes (Table 2).

The completeness and accuracy of the final assembly were evaluated using Benchmarking Universal Single
Copy Ortholog (BUSCO v5.4.5)" with the actinopterygii_odb10 database and Merqury®, respectively, yield-
ing 96.7% complete BUSCO genes and a Merqury QV score of 43.4 (Table 1), corresponding to a per-base
accuracy of approximately 0.9999543. These results indicate the high quality and completeness of our genome
assembly.

Repeat element annotation and gene annotation. For repeat annotation, A de novo repeat
library was constructed using RepeatModeler v2.0.41*' and LTR-FINDER v1.0.6** both with default parame-
ters. RepeatMasker v4.1.7%° was applied against both the Repbase TE v21.01% and the de novo repeat library
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Fig. 3 Genome distribution across whole P. cochinchinensis genome.

to identify and mask repetitive sequences. Additionally, we used RepeatProteinMask v4.1.7%* implemented
in RepeatMasker to detect the TE-relevant proteins. We also predicted tandem repeats using Tandem Repeat
Finder v4.09%.

For gene annotation, transcriptome-based prediction and homology-based prediction were integrated
to achieve a comprehensive annotation of gene structures. For transcriptome-based prediction, the pooled
RNA-seq reads were mapped to the reference genome using HISAT2 v.2.2.1%, followed by transcript assembly
using Cufflinks v2.2.1%”. For homology-based prediction, homologous protein sequences from four species were
downloaded from the NCBI database, including Danio rerio (Zebrafish; GCF_000002035.6)*, Oryzias latipes
(Medaka; GCF_002234675.1)%, Kryptopterus vitreolus (Glass catfish; GCA_044706155.1)* and Hemibagrus
wyckioides (GCF_019097595.1)%!. These homologous proteins were aligned to the assembly of P. cochinchinensis
using tBLASTn* with an e-value < 107>, respectively. The resulting alignments were refined and used for gene
structure prediction with GeneWise* v2.4.1. All gene models predicted by the above methods were integrated
into a non-redundant gene set using Evidence Modeler (EVM v1.1.1)**. Functional annotation of the predicted
genes was performed using four public databases: TTEMBL*, Swiss-Prot®, InterPro*’, and KEGG®. The anno-
tation of protein-coding genes in the P. cochinchinensis genome resulted in a total of 31,353 genes. These genes
were annotated in functional databases, with an average mRNA length of 13,190.9 bp, containing an average of
8.7 exons per gene and an average exon length of 186.5bp. Notably, 89.6% (28,079) of the predicted genes were
mapped to at least one functional database from above indicated four databases, highlighting the reliability of
the gene annotation for P. cochinchinensis (Table 1, Fig. 3).

A comprehensive annotation of non-coding RNAs (ncRNAs) was performed using multiple approaches.
Transfer RNAs (tRNAs) and ribosomal RNAs (rRNAs) were predicted using tRNAscan-SE v2.0.12% and
RNAmmer v1.2%, respectively. Furthermore, other conserved ncRNA elements, including miRNAs, snRNAs,
and snoRNAs, were annotated by searching against the Rfam database v14.10* using the cmscan program
implemented in Infernal v1.1.4*!. Finally, 4,649 ncRNAs were annotated, including 343 miRNAs, 1,448 tRNAs,
1,737 rRNAs and 1,121 snRNAs (Table 3).
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Type Copy Average length(bp) | Total length(bp) | % of genome
miRNA 343 100.4 34,454 0.003698
tRNA 1,448 75.5 109,255 0.011727
rRNA 1,737 100.8 175,168 0.018801
18S 204 202.0 41,198 0.004422
rRNA
28S 179 2529 45,261 0.004858
5S 1,344 65.2 87,594 0.009402
snRNA 1,121 147.6 165,473 0.017761
CD-box 99 136.7 13,529 0.001452
snRNA
HACA-box 37 162.4 6,010 0.000645
splicing 976 148.8 145,267 0.015592

Table 3. Non-coding RNA annotation of the genome of P. cochinchinensis.
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Fig. 4 Genome synteny relationship of S. aristotelis (top), S. lanzhouensis (middle) and P. cochinchinensis
(bottom).

Chromosomal synteny analysis. To investigate the chromosomal differences among P. cochinchin-
ensis, Silurus lanzhouensis and Silurus aristotelis, we performed a comparative chromosomal synteny anal-
ysis. The data of S. lanzhouensis and S. aristotelis were downloaded from NCBI database (S. lanzhouensis:
GCA_039877035.1; S. aristotelis: GCA_946808225.1). The assemblies of the three species were used as input
datasets for interspecific synteny analysis with MUMmer v4.0.0 betal*>. Homologous alignments between the
two genomes were conducted using the Nucmer module. Alignment blocks with a sequence identity greater
than 90% and a length exceeding 2 kb were retained for downstream analysis. Finally, chromosomal syn-
teny relationships and structural variations were ultimately visualized through RectChr (https://github.com/
BGI-shenzhen/RectChr).

The extensive chromosomal synteny was observed among three species, with the connecting lines covering
most of the chromosomes. Their genomic structures have retained a certain degree of conservation. The crossing
of chromosomal connection lines and the corresponding fragments in the diagram indicate some structural
variations (Fig. 4).

Data Records
The final assembled genome and detailed annotation and protein files are openly available in the Figshare repos-
itory (https://doi.org/10.6084/m9.figshare.30244429)".

The genomic sequencing data for P. cochinchinensis has been archived in the National Genomics Data Center
(NGDC) database, accessible via the BioProject accession PRJCA047698*, and also deposited in to NCBI with
accession number: GCA_054855095.1%. The raw sequencing reads are available in the NCBI Sequence Read
Archive (SRA) under the accession numbers*®: SRR37059788 (Hi-C), SRR37059789 (HiFi), SRR37059790
(ONT) and SRR37092960 (RNA).

Technical Validation

We generated a near-T2T assembly for P. cochinchinensis. It contains 28 chromosomes that comprised a total
length of 860.7 Mb with a contig N50 of 31.4 Mb. Genome completeness was evaluated with BUSCO v5.4.5 in
genome mode using MetaEuk as the gene predictor and the Actinopterygii_odb10 lineage dataset. The analysis
revealed that 96.7% (3,523) of the BUSCO genes were complete, comprising 95.1% (3,463 ) single-copy and 1.6%
(60) duplicated genes, with 0.4% (16) fragmented and 2.9% (101) missing. When assessed at the protein level,
the BUSCO v5.4.5 analysis using the same dataset demonstrated a completeness of 94.3% (3,430), with 92.2%
(3,355) single-copy and 2.1% (75) duplicated, while 0.9% (34) were fragmented and 4.8% (176) were absent.
These research findings fully demonstrate the high completeness and excellent quality of the P. cochinchinensis
genome assembly and gene annotation. The high quality and reliability of the constructed genome assembly
were further validated by a Merqury QV score of 43.4.
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Data availability

The raw sequencing data are available in the NCBI SRA under accession numbers*®: SRR37059788 (Hi-C),
SRR37059789 (HiFi), SRR37059790 (ONT) and SRR37092960 (RNA). The genome assembly is available at
NCBI with accession GCA_054855095.1*° and the annotations are available at Figshare (https://doi.org/10.6084/
m9.figshare.30244429)%.

Code availability
All genome assembly and gene annotation were conducted strictly following the standard guidelines and
protocols of the respective bioinformatics tools. No custom code was developed for this study.
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