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Gyrinocheilus aymonieri is endemic to Yunnan Province, China. Its mouth has evolved a specialized
sucker-like structure as an adaptation to fast-flowing aquatic habitats, representing a remarkable
evolutionary example of environmental adaptation. Here, we present a chromosome-level genome
assembly of G. aymonieri (507 Mb) integrating HiFi, lllumina, and Hi-C sequencing data. The assembly
comprises 24 chromosomes with 92.3% anchoring efficiency. Genome annotation revealed 23.02%
repetitive elements, 24,078 protein-coding genes, and 55,943 transcript isoforms. The good genomic

. collinearity also demonstrates the accuracy of the G. aymonieri genome assembly at the macroscale.

. This high-quality genome will provide a crucial resource for understanding cypriniform evolution and
different ecological adaptation mechanisms.

Background & Summary

Gyrinocheilus aymonieri, a freshwater fish native to Southeast Asia, is commonly known as the “Chinese

algae eater,” “honey sucker,” or “sucking loach” This species belongs to the order Cypriniformes, family

Gyrinocheilidae, and genus Gyrinocheilus'. The family Gyrinocheilidae comprises three small Cypriniform
: species inhabiting fast-flowing mountain streams. In China, it is endemic to Yunnan Province, specifically dis-
. tributed in Menghai and Mengla along the lower Lancang River. The species exhibits a specialized sucker-like
: oral structure for substrate adhesion, facilitating algal scraping from rock surfaces>’.

Cypriniformes comprises four suborders: Cyprinoidei, Catostomoidei, Gyrinocheiloidei, and Cobitoidei.
Gyrinocheiloidei, the smallest suborder, contains solely the family Gyrinocheilidae. This family, confined to
Southeast Asia and China’s Yunnan Province, includes three torrent-adapted freshwater species. Despite

. Cypriniformes’ extraordinary species diversity and broad biogeographic distribution, the evolutionary history of
: this dominant freshwater fish clade remains poorly resolved*. Prior studies employing both molecular and mor-
. phological datasets have yielded conflicting topologies. Phylogenetic hypotheses based on distinct data types—
: nuclear genes versus mitochondrial genes—produce inconsistent placements of basal lineages. Some analyses
: position Catostomidae at the base of Cypriniformes, while others support Gyrinocheilidae as the foundational
* lineage>®. Crucially, phylogenetic reconstructions using mitochondrial markers and limited nuclear loci have
. failed to conclusively resolve the Gyrinocheilidae-Catostomidae relationship’.

The advancement of high-throughput sequencing technologies, particularly single-molecule real-time
(SMRT) sequencing, has enabled rapid expansion of fish genomic resources in recent years®®. These genomic
datasets provide critical insights into evolutionary trajectories across teleost lineages. Among Cypriniformes
suborders, genome assemblies have been established for Cyprinoidei, Catostomoidei, and Cobitoidei, leaving
Gyrinocheiloidei as the sole suborder without genomic representation. Here, we present a chromosome-scale
reference genome for Gyrinocheilus aymonieri generated through an integrative approach combining Illumina
short-read sequencing, PacBio HiFi long-read sequencing, and Hi-C chromatin interaction mapping. This
resource fills a critical genomic gap, enabling comparative analyses to elucidate cypriniform evolutionary pat-

© terns and ecological adaptation mechanisms.
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Library type Tissue Raw data (Gb)
WGS Illumina | Muscle | 48
PacBio HiFi Muscle 17
Hi-C Liver 48
RNA-seq Spleen 3.8
RNA-seq Skin 4.7
RNA-seq Kidney | 4.8
RNA-seq Heart 4.8
RNA-seq Gill 6.7
RNA-seq Eye 5.8
RNA-seq Brain 6.6
RNA-seq Muscle 5.9

Table 1. Statistics of sequencing data for G. aymonieri genome assembly and annotation.
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Fig. 1 Characteristics of the G. aymonieri genome. (a) Hi-C chromatin interaction map of the G. aymonieri
assembly (2n =48). Blue boxes represent anchored chromosomes, while green boxes denote assembled contigs.
(b) Snail plot summary of the assembly statistics and Busco scores for the G. aymonieri genome. Dark grey arcs
display record lengths in descending size order, with plot radius scaled to the longest assembly record (red). N50
and N90 record lengths are represented by dark and pale orange arcs, respectively. A pale grey spiral indicates
cumulative record counts on a logarithmic scale, with white scale lines marking orders of magnitude. The outer
ring (blue/pale-blue) shows GC, AT, and N content distributions binned identically to the inner plot. BUSCO
scores (top right) were assessed against the actinopterygii core gene set (odb10; n = 3,640).

Methods
Sample collection, preparation and sequencing. An adult fish (~18 cm) was obtained in 2022 from
Yunnan Province, China. The sampled fish in this study was permitted by the Ethics Committee of the Institute of
Hydrobiology, Chinese Academy of Science. The tissues including muscle, skin, liver, heart, gill, eye, spleen, and
kidney were collected and preserved in liquid nitrogen until the extraction of DNA and RNA. The muscles tissues
were utilized for DNA sequencing to assembled the genome, while all tissues were utilized for RNA sequencing.
We constructed and sequenced a SMRT cell sequencing library containing fragments approximately
15-20kb in size on a PacBio Sequel II platform. We prepared second-generation sequencing libraries using
[lumina technology (Illumina, San Diego, USA) with 350 bp inserts. We generated RNA sequencing libraries
with an NEBNext® Ultra™ RNA Library Prep Kit (Illumina®) following the manufacturer’s recommendations
and sequenced RNA on an Illumina NovaSeq 6000 platform (Wuhan Frasergen Technology Co., Ltd.), yielding
150 bp paired-end reads. We prepared Hi-C libraries from liver tissue and conducted sequencing on an Illumina
NovaSeq 6000 platform. As a result, 48 Gb of Illumina read data, 17 Gb of PacBio HiFi read data, 43.1 Gb of RNA
read data, and 48 Gb of Hi-C read data were obtained (Table 1).
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Chromosome ID | Number of Contigs | Chromosome Length (bp)
chrl 3 37,919,197
chr2 5 27,489,376
chr3 3 22,705,696
chr4 2 20,456,773
chr5 4 20,320,894
chré 3 20,307,039
chr7 1 20,188,782
chr8 2 20,163,935
chr9 3 19,642,735
chr10 3 18,998,020
chrll 2 18,993,287
chri2 3 18,631,157
chr13 2 18,543,815
chr14 1 17,695,479
chrl5 1 17,460,932
chrl6 2 17,127,520
chrl7 2 17,106,523
chr18 2 16,778,736
chr19 2 16,753,024
chr20 1 16,029,282
chr21 1 15,440,243
chr22 2 15,122,221
chr23 2 14,850,106
chr24 4 19,235,996

Table 2. The assembled chromosome statistical results of G. aymonieri genome.

Type Length (bp) | Percentage (%)
SINE 1,163,773 0.23

LINE 6,964,738 1.37

DNA 28,169,041 5.55

LTR 12,250,045 2.42
Unclassified | 59,626,637 11.76

Others 8,586,155 1.69

Total 116,742,389 23.02

Table 3. Statistics on transposable elements in G. aymonieri genome.

De novo assembly of G. aymonieri genome. A chromosome-scale genome assembly of G. aymonieri
was generated through an integrated approach combining Illumina short-read sequencing, PacBio HiFi long-read
sequencing, and Hi-C scaffolding. The assembly pipeline initiated with HiFi long-read processing in hifiasm
(v0.18.5)'° under default parameters, followed by systematic error correction using SMRT LinK’s gcpp (v11.0)
and three rounds of Racon (v1.5.0)!! polishing. Sequence redundancy was minimized through Purge_haplotigs
(v1.1.2)"? optimization, with residual gaps resolved using TGS-GapCloser'? (v1.2.1). Chromosomal scaffolding
was performed by integrating Hi-C data. Following quality control and adapter trimming with fastp'* (v0.23.4)
software, we aligned the resulting clean paired-end reads to the assembly with BWA-MEM! (v0.7.17), processed
through the Juicer'® (v1.6)-3D-DNA' (v180922) pipeline, and manually curated using Juicebox Assembly Tools'®
(v2.20.00).

The G. aymonieri genome assembly spans 507 Mb with a scaffold N50 of 19 Mb, of which 92.3% was suc-
cessfully anchored into 24 chromosomes (2n =48) (Fig. 1a, Table 2), aligning with prior karyotypic analyses’.
The assembly exhibits a GC content of 40.5% and demonstrates exceptional completeness through BUSCO*
assessment (actinopterygii_odb10, n=3,640), with 98.1% of conserved genes identified as complete (96.6%
single-copy, 1.5% duplicated) (Fig. 1b). These metrics collectively validate the chromosomal integrity and high
contiguity of this chromosome-scale genome resource.

Repetitive element and protein-coding genes annotation in the G. aymonieri genome.
Repetitive element annotation was conducted through an integrated computational pipeline combining de novo
repeat library construction with curated database searches. A custom repeat library was first generated using
RepeatModeler?! (v2.0.4) under default parameters. Subsequent integration of this species-specific library with
the Dfam database (v3.8) enabled comprehensive transposable element (TE) detection via RepeatMasker?
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Fig. 2 Genome annotation and synteny of the G. aymonieri. (a) Genomic landscape of the G. aymonieri.

The rings, from the outermost to the innermost layer, represent the chromosome of the G. aymonieri genome
(A), depth (B), gene density (C), GC density (D), DNA transposons (E), LTRs (F), LINEs (G), SINEs (H), and
Satellite (I). The analysis was conducted using 100-kb genomic sliding windows. (b) The gene synteny map
between genomes of G. aymonieri and Myxocyprinus asiaticus.

Number | Percent (%)
Total 24,078
EggNog 20,438 84.88
Swissprot 19,170 79.62
Annotated TrEMBL 21,515 89.36

NR 21,538 89.45
InterPro 22,490 93.4
Unannotated 1,418 5.89

Table 4. Summary of functional annotations for predicted genes.

(v4.1.5). The analysis revealed 116.74 Mb of repetitive sequences (23.02% genome coverage), with TE composi-
tion dominated by DNA transposons (5.55%), followed by LTR retrotransposons (2.42%), LINEs (1.37%), and
SINEs (0.23%) (Table 3).

Gene annotation was performed through an integrative approach combining ab initio prediction,
homology-based inference, and transcriptomic evidence. Ab initio gene models were generated using Augustus®
(v3.4.0) with parameters trained through PASA?* (v2.5.2)-processed RNA sequencing data. For homology-based
annotation, protein sequences from four cypriniform references (Danio rerio®, Ctenopharyngodon idella®,
Megalobrama amblycephala®, and Misgurnus anguillicaudatus®) were aligned to the genome using Exonerate
(v2.4.0) and GenomeThreader® (v1.7.3) with default splice-site parameters. Transcript-based evidence was
derived from StringTie®® (v2.2.1)-assembled isoforms, which were structurally refined through iterative PASA
analysis. EvidenceModeler®! (v1.1.1) integrated these multi-source predictions using weighted evidence support
(weights: transcript = 8, homology = 6, ab initio = 1), followed by PASA-mediated incorporation of alternative
splicing variants and UTR annotations to produce the final gene set.

For functional annotation of predicted genes, we aligned the predicted genes to the NR (non-redundant
protein database), eggnog®, Swiss-Prot**, TTEMBL*, and InterPro* databases using BLASTP*. In total, we
successfully predicted 24,078 protein-coding genes, and 55,943 transcript isoforms within the genome. Further,
22,660 genes, which accounts for 94.1% of the total number of predicted genes, were successfully assigned with
at least one functional annotation database (Fig. 2a, Table 4).

Genome synteny between G. aymonieri and Myxocyprinus asiaticus. Based on annotated
protein-coding sequences and gene structure annotations, we conducted chromosomal collinearity analysis
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between G. aymonieri (n=24) and Myxocyprinus asiaticus (n=>50) using JCVI*” software (V1.4.17)%. In addition
to the teleost-specific whole-genome duplication (WGD) occurring approximately 350 million years ago (Ma)*4!,
M. asiaticus (a catostomid fish) experienced an ancestral Cat-4R WGD event*2. Synteny analysis revealed that the
M. asiaticus genome could be partitioned into subgenome A and subgenome B. Each chromosome in G. aymo-
nieri corresponds to two homologous chromosomes in M. asiaticus, reflecting the Cat-4R duplication. Notably,
chromosomal fission events were identified between G. aymonieri chromosome 1 and M. asiaticus subgenome
A chromosomes 3/50, as well as subgenome B chromosomes 4/49 (Fig. 2b). In conclusion, the good collinearity
between the two genomes reveals the high quality and completeness of the genome we assembled.

Data Records

The raw data of PacBio HiFi long reads, Hi-C data and RNA-seq data for the eight tissues from G. aymonieri
were submitted to the National Center for Biotechnology Information (NCBI) SRA (Sequence Read Archive)
database with accession number SRP589447* under BioProject accession number PRINA1269254. The assem-
bled genome of G. aymonieri was deposited at GenBank under accession JBPGVV000000000**. Furthermore,
files of the assembled genome, gene annotation were deposited in Figshare database®.

Technical Validation

The BUSCO was used to evaluate the quality of the genome assembly. We assessed assembly completeness using
BUSCO? (v4.1.2) with the reference actinopterygii gene set (n = 3,640). The final genome assembly showed
a BUSCO completeness of 98.1%, consisting of 3,516 (96.6%) single-copy BUSCOs, 55 (1.5%) duplicated
BUSCOs, 24 (0.7%) fragmented BUSCOs, and 45 (1.2%) missing BUSCOs. Comparison of BUSCO results with
Gymnocypris eckloni'® (87.5%) and Beaufortia pingi*’ (97.0%) revealed the high genome assembly quality of
G. aymonieri.

Data availability

The raw sequencing dataset has been deposited to NCBI (PRJNA1269254), the assembled genome of G. aymonieri
was deposited at GenBank (JBPGVV000000000), and the assembled genome and gene annotation has been
deposited to figshare database (https://doi.org/10.6084/m9.figshare.29176637).

Code availability

No specific code was used in this study. The data analyses adhered to the manuals and protocols offered by the
creators of the corresponding bioinformatics tools, the parameter settings of which were outlined in the methods
section.
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