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Triplophysa scleroptera is an endemic fish species in Qinghai Lake and the upper reaches of the Yellow
. River. However, studies on conservation and evolutionary genetics were seriously impeded by the
. absence of a reference genome. Here, by using PacBio HiFi sequencing and Hi-C assembly technology,
. we assembled a chromosome-level genome of T. scleroptera, with a total length of 660.22 Mb and
. 99.82% of the sequence anchored to 25 chromosomes. The contig N50 and scaffold N50 were 9.09 Mb
. and 24.38 Mb, respectively. The evaluation using BUSCO indicated the genome assembly to be 96.40%
: complete. About 33.41% of the genome consists of repeat elements. We predicted 26,168 protein-
. coding genes in the genome, and 99.02% of them were functionally annotated. This high-quality
. reference genome would serve as a valuable genomic resource for advancing evolutionary conservation
. genetics studies in this species.

: Background & Summary

. The genus Triplophysa (Cypriniformes: Nemacheilidae) encompasses more than 160 species, making it the larg-
. est group within the family'. The Triplophysa fishes are among the highest altitude-distributed fish species in
. the world, and together with the Schizothoracinae fishes, they constitute the main body of the fish fauna of the
© Qinghai-Tibet Plateau (QTP)2. T. scleroptera is an endemic fish species in Qinghai Lake and the upper reaches
. of the Yellow River, and typically inhabits the shallow bays of the lake and slow-flowing sections of the river.
 However, with the intensification of environmental changes and human activities, populations of fishes (e.g. T.
. scleroptera) in these regions face tremendous challenges’. For example, hydropower projects along the upper
. reaches of the Yellow River have disrupted the river connectivity, resulting in habitat fragmentation and gene
- flow disruption for fish species®. Additionally, the introduction of more than ten non-native fishes, such as the
. topmouth gudgeon (Pseudorasbora parva) and rainbow trout (Oncorhynchus mykiss), affects the population
: dynamics of native fish species through competition and predation®. Hence, the conservation of the germplasm
* resources of T. scleroptera is an urgent task. However, its basic genetic information such as genetic diversity
. and structure remains limited. As one of the few fishes that are simultaneously distributed and adapted to both
. Qinghai Lake and the upper reaches of the Yellow River, T. scleroptera is an ideal species for studying population
. adaptation and evolution in these regions. However, the scarcity of a high-quality reference genome of T. sclerop-
. tera has hampered studies on the adaptation and evolutionary history in this species, as well as our understand-
. ing of its current population status.

In this study, by using approximate 22.51 Gb of Pacbio HiFi reads and 108.93 Gb of Hi-C reads, a
. chromosome-level genome of T. scleroptera was assembled, with the final assembled genome size of 660.22 Mb
. and the twenty-five chromosomes contributing 659.01 Mb.

Methods

Sample collection, library construction and sequencing. All experiments were approved by the
: Animal Care and Use Committee at the Institute of Hydrobiology, Chinese Academy of Sciences. A mature
. female T. scleroptera with a body weight of 22.05 g and a body length of 12.80 cm was collected from the Heima
- River estuary in the Qinghai Lake basin. Genomic DNA was extracted from fresh muscle tissue using the Qiagen
. DNeasy Blood and Tissue Kit (Qiagen, USA) and used for whole-genome sequencing, including short-read, long-
. read and Hi-C sequencing. Total RNA was extracted from nine tissues, including liver, spleen, kidney, heart,
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Fig. 1 Genome size estimated by GenomeScope using 19-mers.

brain, muscle, skin, ovary and gill, and used for transcriptome sequencing. The purity and concentration of the
DNA and RNA were evaluated with a Qubit 3.0 Fluorometer (Thermo Fisher Scientific, USA).

Short-read libraries with 350 bp insert size were constructed using the Nextera DNA Flex Library Prep Kit
and sequenced on the Illumina Novaseq. 6000 platform (Illumina, USA) with a paired-end 150-bp (PE-150)
strategy. For PacBio HiFi sequencing, long-read libraries were prepared using the SMRTbell Express Template
Prep Kit 2.0 following the manufacturer’s instructions and then sequenced using the PacBio Sequel II platform
(Pacific Biosciences, USA). The Hi-C library was constructed using the GrandOmics Hi-C kit with the DpnlII
restriction endonuclease (GrandOmics, China) following the manufacturer’s protocol and sequenced with a
PE-150 strategy on the Illumina Novaseq 6000 platform. The Illumina and PacBio sequencing data were filtered
using fastp (v0.20.0)® and the CCS algorithm (v3.4.1), respectively, to obtain the clean data for analysis. In total,
22.51 Gb of clean PacBio HiFi data, 108.93 Gb of clean Hi-C data were obtained for the genome assembly. In
addition, 31.96 Gb of clean short-read sequencing data were obtained for the genome survey.

To facilitate genome annotation, RNA-seq libraries were constructed using a mixed RNA sample with the
TruSeq RNA Sample Prep Kit (Illumina, USA) following the manufacturer’s instructions. The libraries were
sequenced with a PE-150 strategy on the Illumina Novaseq. 6000 platform and yielded 12.65 Gb of clean
sequencing data.

Genome survey and assembly.  The genome size, heterozygosity and duplication ratio were estimated
based on the clean short-read sequencing data using Jellyfish (v2.3.0)” and GenomeScope (v2.0)%. As deter-
mined from 19-mers histogram, the estimated genome size of T. scleroptera was 632.75 Mb, with a heterozygous
ratio of 0.22% (Fig. 1). The clean HiFi data (35 x sequencing depth) contained 1.5 million reads with an aver-
age read length of 14.9 Kb, the maximum read length of 52.3 Kb and a read N50 of 15.1 Kb. The initial contig
assembly based on the clean HiFi data by Hifiasm (v0.16.1)° yielded 547 contigs with a total length of 660.20 Mb
and an N50 of 9.09 Mb (Table 1). The contigs was then scaffolded with Hi-C reads using Juicer (v1.6)'° and
3D-DNA pipeline'’, to achieve a near-chromosome level. Subsequently, manual curation and correction were
performed based on chromosome interaction strengths using Juicebox software (v1.11.08)'2, to ultimately obtain
a chromosome-level genome. The final assembled genome size was 660.22 Mb with a scaffold N50 of 24.38 Mb
(Table 1), and 659.01 Mb of the sequence (99.82%) was anchored to 25 chromosomes (Table 2). The chromosome
numbers were assigned based on the chromosomal collinearity with T. dalaica (GCF_015846415.1)"3, to facili-
tate further genomic studies among Triplophysa species. The Hi-C heatmap clearly showed interactions between
the 25 chromosomes, with strong signals near the diagonal, indicating the high-quality of the pseudochromo-
somes assembly (Fig. 2). The statistics of the assembled genome were similar to those of published Triplophysa
genomes'*~1° which were also assembled based on HiFi and Hi-C data (Table 1). The mitochondrial genome,
which was assembled using our previous described procedures>'¢ based on short reads, was 16,572 bp in size, with
13 protein-coding genes, 22 tRNAs and 2 rRNAs (Fig. S1).

Repetitive sequence annotation. Repetitive sequences were annotated by using both de novo prediction
and homology-based methods'”'8. RepeatModeler (v2.0.1)" was firstly employed to detect repetitive elements.
LTR sequences were also predicted using LTR_retriever (v2.9.0)°. These de novo predicted sequences were then
merged with the RepBase library and deduplicated to create a repeat library. RepeatMasker (v4.1.2)?! was uti-
lized to identify final repetitive elements. In addition, tandem repeats were identified using MISA (v2.1)*? and
TRF (v4.09)*. In total, 220.59 Mb (33.41% of the genome) of repetitive sequences were identified, including LTR
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Feature Triplophysa scleroptera | Triplophysa dalaica® | Triplophysa rosa' | Triplophysa tibetana'®
Assembly genome length (Mb) 660.22 607.91 684.8 652.9
GC (%) 38.87 39 395 39
Number of contigs 547 166 6,299 1,325
Contig N50 (Mb) 9.09 9.27 0.38 3.05
Contig N90 (Mb) 0.75 — — 0.22
Number of scaffolds 357 141 1,038 293
Scaffold N50 (Mb) 24.38 23.6 24.84 24.89
Scaffold N90 (Mb) 19.68 — — 21.05
Number of chromosomes 25 25 25 25
Max chromosome length (Mb) 46.28 36.52 40.13 39.52
Min chromosome length (Mb) 18.20 16.5 16 —
percentage grfr‘;‘;de"ﬁdes assigned | 9 8395 96.30% 94.52% 98.70%

Table 1. Summary statistics of the assembled genome of Triplophysa scleroptera and other published
Triplophysa genomes.

Chromosome | Length (bp) Contig number (bp) | Gene number
Chr01 37,178,414 18 1219
Chr02 30,591,935 14 1178
Chr03 31,721,367 15 1414
Chr04 32,640,930 29 1300
Chr05 46,279,922 29 1493
Chr06 26,972,843 27 974
Chr07 26,445,896 18 1196
Chr08 25,493,853 20 843
Chr09 25,600,424 24 975
Chr10 33,851,409 47 1026
Chrll 23,998,962 14 877
Chr12 25,679,262 9 1121
Chr13 24,730,667 39 935
Chr14 25,304,596 14 871
Chrl5 23,370,065 10 950
Chrl6 23,586,636 32 798
Chrl17 23,923,161 23 873
Chr18 23,386,455 20 1063
Chr19 22,015,722 16 950
Chr20 21,328,367 18 915
Chr21 22,323,180 15 847
Chr22 22,098,943 29 895
Chr23 20,771,475 14 719
Chr24 18,201,912 22 798
Chr25 21,513,396 15 924

Table 2. Chromosome lengths and features.

transposons (6.30%), LINE transposons (3.99%), DIRS transposons (1.37%), SINE transposons (0.30%), DNA
transposons (14.93%), Tandem Repeats (6.47%) and other types of elements (Table 3 and Fig. 3).

Gene prediction and function assignment.  Gene prediction of T. scleroptera was performed through
three methodologies, including homology-based prediction, transcriptome-based prediction, and ab initio pre-
diction?**. GeMoMa (v1.7)* was employed for gene prediction based on protein homologous, utilizing protein
sequences from a model species and three species of the same genus: Danio rerio (GCF_000002035.6)%, T. dalaica
(GCF_015846415.1)"%, T. rosa (GCF_024868665.1)'* and T. tibetana (GCA_008369825.1)"°. Two approaches were
adopted for transcriptome-based prediction: 1) the first involved assembling transcripts using Hisat (v2.1.0)*
and StringTie (v2.1.4)%, followed by gene prediction with GeneMarkS-T (v5.1)*; 2) the second utilized Trinity
(v2.11)* for transcript assembly, and PASA (v2.4.1)* for gene prediction. The ab initio prediction was performed
using Augustus (v3.1.0)** and SNAP (v2013.11.2927)*. The prediction results from the three methodologies were
integrated and refined using EVM (v1.1.1)** and PASA (v2.4.1). A total of 26,168 genes were predicted in the
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Fig. 2 Genome-wide Hi-C heatmap of Triplophysa scleroptera.

LTR 140,892 41,610,846 6.30
LINE 77,292 26,360,518 3.99
DIRS 13,873 9,048,992 1.37
Transposable elements SINE 16,435 1,984,512 0.30
DNA transposon 518,912 98,596,998 14.93
Unknown 1,281 290,987 0.04
Total 768,685 177,892,853 26.94
Tandem Repeats 207,148 42,692,684 6.47
Total Repeats 975,833 220,585,537 33.41

Table 3. Summary of repetitive sequences in the genome of Triplophysa scleroptera.

SCIENTIFICDATA|  (2025) 12:1082 | https://doi.org/10.1038/s41597-025-05122-5 4


https://doi.org/10.1038/s41597-025-05122-5

www.nature.com/scientificdata/

Chroq

a Lo o 0/7
! g \'Ze

1 <l iy 4
N
il 4 %y,

a Chromosome ideograms

b TE density
0.794

0
c S1SR density

0.004
d Gene density
66

0
e GC content
53.972

/0 Q\\\\\ 34.77
QL Y p, \ AR
2 LA RN X
‘*\ 0 10 g gy WS NS
2% @Y U A WA W Y e <
5" g&/ﬁl// //ﬂ/I”I I TR \\‘“\\ \‘ ‘\o‘@
%

\ » ®©
I ] \\\w
7% \””// i gy S

o @NO“&%
o

C My o
hr 73 M " Toh! Sl oM 20\2;\\(\0

Chri2-  chrit

Fig. 3 Circos plot showing characteristics of the Triplophysa scleroptera genome. Tracks from the outer to the
inner layers represent the 25 chromosomes (a), transposable element (TE) density (b), tandem repeat (SSR)
density (c), gene density (d) and GC density (e), and each line in the inner circle connects paralogous genes on
different chromosomes.

Item Value Datab Number of tated genes
Number of genes 26,168 Nr 25,079
Total length of genes (bp) 359,564,642 Swissprot 16,931
Average length per gene (bp) 13,741 TrEMBL 25,896
Number of exons 256,613 COG/KOG 16,387
Average exon number per gene 9.81 KEGG 22,550
Average length per exon (bp) 2385 Pfam 23,276
Number of introns 230,445 eggNOG 22,027
Average intron number per gene | 8.81 GO 22,466
Average length per intron (bp) 11,355 All 25911

Table 4. Summary of predicted genes and function annotation based on different databases.

genome, with an average length of 13,740.62 bp, an average coding sequence length of 1,728.74 bp, and an average
exon number of 9.81 (Table 4). In addition, 23,232 tRNAs, 16,118 rRNAs and 198 miRNAs were identified by
using tRNAscan-SE (v1.3.1)%, barrnap (v0.9)*® and Infenal (v1.1)¥, respectively.

Gene functional annotations were carried out by aligning the predicted sequences against entries in data-
bases of Nr, Swissprot, TrTEMBL, COG/KOG and KEGG using Diamond (v 2.1.1)*%, Pfam using Hmmscan®,
and eggNOG using eggNOG-mapper (v2)*, The GO terms for genes were obtained from the corresponding
Swissprot entry. As a result, 25,911 genes (99.02%) were functionally annotated in at least one database, and
10,910 genes 41.69%) were annotated in all databases (Table 4).

Data Records

The sequencing data of T. scleroptera, including the PacBio long-read data, and Illumina Hi-C data and
RNA-seq data have been deposited in the NCBI Sequence Read Archive (SRA) database under the accessions
SRR32801341%, SRR32801340* and SRR32234133%, respectively, with the associated BioProject accession
of PRJNA1219334*. The assembled genome sequences have been deposited in the NCBI GenBank with the
accession number GCA_049739055.1%. Moreover, data of the genome annotations, including predicted coding
sequences and protein sequences have been deposited at Figshare®.
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Assembled genome Predicted genes
Type Number Percent (%) Number Percent (%)
Complete BUSCOs (C) 3,489 95.85 3,494 95.99
Complete and single-copy BUSCOs (S) | 3,420 93.96 3,428 94.18
Complete and duplicated BUSCOs (D) | 69 1.90 66 1.81
Fragmented BUSCOs (F) 20 0.55 23 0.63
Missing BUSCOs (M) 131 3.60 123 3.38
Total BUSCO groups searched 3,640 100.00 3,640 100.00

Table 5. BUSCO analysis of the assembled genome with HiFi data and predicted genes.

Technical Validation

Evaluation the genome assembly and gene annotation. The quality of the genome assembly and
the integrity of the gene annotation of T. scleroptera was evaluated by Benchmarking Universal Single-Copy
Orthologs (BUSCO, v5.4.3)*” based on the conserved Actinopterygii gene set (actinopterygii_odb10). The anal-
ysis of assembled genome based on HiFi data showed that 96.40% of all BUSCOs were assembled, including
95.85% and 0.55% of BUSCOs which were completely and partially assembled, respectively (Table 5). In addition,
the results of analysis of predicted genes showed that 96.62% of all BUSCOs were predicted, including 95.99% and
0.63% of BUSCOs which were completely and partially predicted, respectively. These results indicated a high level
of completeness for the genome assembly the gene annotation.

Code availability

No specific code or script was used in this work, and all commands and pipelines used in data processing
were performed based on the manuals and protocols of the applied bioinformatic software. The versions and
parameters of all used software programs were described in the Methods section.
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