
1Scientific Data |         (2025) 12:1119  | https://doi.org/10.1038/s41597-025-05474-y

www.nature.com/scientificdata

Chromosome-level genome 
assembly and annotation of the 
pygmy grasshopper Gibbotettix 
parvipulvillus
Wei-An Deng1,2,3,4, Bo-Wen Zheng1, Cai-Li Teng1 & De-Long Guan   2,5 ✉

Here we present the first high-quality chromosome-level genome assembly for Gibbotettix parvipulvillus, 
a Chinese endemic pygmy grasshopper serving as a significant bioindicator for fragile forest ecosystems 
and exhibiting unique evolutionary adaptations to restricted microhabitats. Combining 47.43 Gb of 
PacBio HiFi, 47.32 Gb of Illumina, and 68.34 Gb of Hi-C sequencing data, we achieved an assembly size 
of 1.42 Gb with exceptional contiguity (contig N50: 100.63 Mb; scaffold N50: 308.03 Mb). The assembly 
anchored 97.88% of sequences to 7 pseudochromosomes, with chromosome 7 identified as the 
X chromosome through reduced sequencing coverage (18.04 × versus ~ 34 × for autosomes). Repeat 
annotation revealed repetitive elements comprise 58.79% of the genome, with LINEs being most 
abundant (14.15%). We annotated 17,220 protein-coding genes with functional information assigned 
to 93.82% of them. The assembly demonstrates high completeness (BUSCO score: 98.8% complete 
genes) and accuracy (read mapping rate > 98.5%). This genomic resource will facilitate research on 
the evolution of winglessness, adaptation to restricted habitats, and conservation genomics of this 
ecologically valuable bioindicator taxon.

Background & Summary
Species within Gibbotettix (Orthoptera, Caelifera, Tetrigidae, Scelimeninae) exhibit distinctive morpholog-
ical characteristics, including remarkably rough body surfaces, prominently elevated pronotum forming a 
humpback-like structure in the anterior half, and the complete absence of both tegmina and hind wings1. This 
wingless condition represents an intriguing evolutionary adaptation that directly impacts dispersal capabilities 
and likely contributes to their restricted distribution patterns2. Most Gibbotettix species are endemic with highly 
localized distributions across China, representing classic examples of species with limited geographic ranges3.

The ecological requirements of Gibbotettix are notably stringent, as they are exclusively found in cool, undis-
turbed forest environments with specific temperature ranges1,3. Their dietary preferences for mosses and humus, 
combined with their limited mobility and specific habitat requirements, position them as valuable bioindica-
tors of environmental health4. The presence and abundance of Gibbotettix species could potentially contribute 
to biodiversity assessment, as arthropod communities are known to respond to environmental pressures and 
habitat changes. The disjunct distribution pattern observed in Gibbotettix species presents a compelling frame-
work for investigating evolutionary processes. These isolated populations likely represent relict distributions 
shaped by historical climate fluctuations, geological events, and subsequent adaptation to local conditions5,6. 

1Key Laboratory of Ecology of Rare and Endangered Species and Environmental Protection, Guangxi Normal 
University, Ministry of Education, Guilin, 541006, China. 2Guangxi Key Laboratory of Sericulture Ecology and Applied 
Intelligent Technology, School of Chemistry and Bioengineering, Hechi University, Hechi, 546300, China. 3Guangxi 
Key Laboratory of Rare and Endangered Animal Ecology, Guangxi Normal University, Guilin, Guangxi, 541006, China. 
4College of Life Science, Guangxi Normal University, Guilin, Guangxi, 541004, China. 5Guangxi Key Laboratory of 
Sericulture Ecology and Applied Intelligent Technology, Guangxi Collaborative Innovation Center of Modern 
Sericulture and Silk, Guangxi Colleges Universities Key Laboratory of Exploitation and Utilization of Microbial and 
Botanical Resources, School of Chemistry and Bioengineering, Hechi University, Hechi, 546300, China. ✉e-mail: 
2023660006@hcnu.edu.cn

Data Descriptor

OPEN

https://doi.org/10.1038/s41597-025-05474-y
http://orcid.org/0000-0001-6866-0943
mailto:2023660006@hcnu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1038/s41597-025-05474-y&domain=pdf


2Scientific Data |         (2025) 12:1119  | https://doi.org/10.1038/s41597-025-05474-y

www.nature.com/scientificdatawww.nature.com/scientificdata/

This fragmented distribution also raises fundamental questions regarding speciation mechanisms and genetic 
diversity maintenance7.

Despite their ecological importance and evolutionary significance, comprehensive genomic studies of 
Tetrigidae, particularly of the genus Gibbotettix, have been notably absent from the scientific literature8,9. 
Previous research has primarily focused on morphological taxonomy and limited ecological observations, with 
molecular analyses largely restricted to mitochondrial markers for phylogenetic placement10–12. This significant 
knowledge gap hampers our understanding of evolutionary processes in this group and limits insights into 
adaptation mechanisms that enable survival in specific microhabitats.

The advent of high-throughput sequencing technologies has revolutionized our ability to investigate 
non-model organisms13,14. Chromosome-level genome assemblies provide unprecedented opportunities 
to explore genome architecture, adaptive evolution, and population genomics of specialized taxa15,16. Such 
high-quality genomic resources are essential for understanding how environmental specialists like Gibbotettix 
have evolved their distinctive traits and ecological requirements.

Here, we present the first chromosome-level genome assembly of Gibbotettix parvipulvillus, a representative 
species of this ecologically important genus. Our assembly spans 1.42 Gb with 97.88% of sequences anchored 
to 7 pseudochromosomes, including the identification of the X chromosome through coverage analysis. The 
assembly demonstrates exceptional contiguity with contig N50 of 100.63 Mb and scaffold N50 of 308.03 Mb, 
substantially outperforming previous Tetrigidae genomes. Repetitive elements constitute 58.79% of the genome, 
with LINEs being the most abundant class (14.15%). We annotated 17,220 protein-coding genes with functional 
information successfully assigned to 93.82% of them. This high-quality genomic resource provides an essential 
foundation for investigating the genetic mechanisms underlying winglessness, ecological specialization, and 
restricted distribution patterns in Gibbotettix, while also offering valuable insights for biodiversity conservation 
of these sensitive bioindicator species in their increasingly threatened forest habitats.

Methods
Sample collection and sequencing.  G. parvipulvillus individuals were collected from Jiuwan Mountain, 
Rongshui County, Guangxi, China. For genome sequencing, a total of four adult individuals (All males) were 
used. Thoracic muscles and other body tissues were carefully dissected and processed for different sequencing 
applications. High-molecular-weight genomic DNA was isolated from the pooled thoracic muscles using the 
DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany) following the manufacturer’s protocol.

For PacBio HiFi sequencing, approximately 50 μg of high-quality genomic DNA was used to construct a 
SMRTbell library according to the manufacturer’s protocol. The library was size-selected to enrich for frag-
ments approximately 15-20 kb in length and sequenced on a PacBio Sequel IIe platform using circular consensus 
sequencing (CCS) to generate high-fidelity long reads. For complementary short-read sequencing, genomic 
DNA from the same individual was sheared into shorter fragments (approximately 350 bp), and libraries were 
prepared following standard protocols. Paired-end sequencing (2 × 150 bp) was performed on a BGISEQ-500 
platform to generate high-coverage short reads for error correction and heterozygosity assessment. A Hi-C 
library was constructed from the same specimen following an in situ Hi-C protocol using the restriction enzyme 
MboI17. After chromatin cross-linking, digestion, proximity ligation, and reverse cross-linking, the Hi-C library 
was sequenced on a BGISEQ-500 platform with paired-end reads of 150 bp to enable chromosome-level scaf-
folding. For transcriptome sequencing, total RNA was extracted from tissues of a single G. parvipulvillus individ-
ual to avoid genetic heterogeneity and ensure consistent gene expression profiling. Following quality assessment 
and poly(A) enrichment, RNA-seq libraries were prepared using random priming and PCR amplification. The 
libraries were sequenced on a BGISEQ-500 platform with paired-end reads of 150 bp.

All raw sequencing data were quality-filtered using standard bioinformatic pipelines to obtain clean data 
for subsequent analysis. The specimen was deposited at the Entomological Collection of Guangxi Normal 
University for long-term preservation and reference, with ID XDTBZ-1. Computational analyses for genome 
assembly and annotation were performed on a high-performance computing cluster with sufficient storage and 
processing capabilities.

Genome assembly.  We performed de novo assembly of the G. parvipulvillus genome using a hybrid 
approach that incorporated 47.43 Gb (42-fold coverage) of PacBio HiFi reads, 47.32 Gb (42-fold coverage) of 
clean Illumina short reads, and 68.34 Gb (60-fold coverage) of high-throughput chromatin conformation capture 
(Hi-C) data (Table S1). The PacBio HiFi reads were assembled into contigs using hifiasm v0.19.818 with default 
parameters, providing a foundation of highly accurate contiguous sequences. For chromosome-level scaffolding, 
raw Hi-C data were processed using HiC-Pro v3.1.02519 to filter low-quality reads and remove potential arti-
facts. The clean Hi-C data were subsequently aligned to the assembled contigs using the Juicer pipeline v1.620 
to generate a chromosome-scale interaction matrix, which enabled the ordering and orientation of contigs into 
pseudochromosomes using HapHiC v1.0.521. The resulting assembly was manually curated using Juicebox v2.1722 
to ensure accurate chromosome construction based on the Hi-C contacts. Following the clustering, ordering, 
and orientation of scaffolds to restore their relative locations, the Hi-C contact map validated the robustness and 
completeness of the genome assembly (Fig. 1). The contact map shows clear diagonal enrichment and distinct 
chromosomal blocks, confirming proper chromosome assembly and scaffolding.

The final assembled genome size was 1.42 Gb, of which 1.39 Gb (representing 97.88% of the assembly)  
was successfully anchored onto 7 pseudochromosomes (Fig. 2A; Table 1), providing a nearly complete 
chromosome-level representation of the G. parvipulvillus genome. To identify potential sex chromosomes in the 
G. parvipulvillus genome, we analyzed sequencing coverage patterns of hifi reads across all pseudochromosomes 
using mosdepth v0.3.323. Coverage depth analysis revealed six pseudochromosomes (Chr01-Chr06) showed 
consistent mean coverage depths ranging from 33.34 × to 35.04 × , closely matching the expected whole-genome 
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sequencing depth. In contrast, Chr07 exhibited a significantly reduced mean coverage of 18.04 × , approximately 
half (51.5%) the average coverage of the other chromosomes. This distinct coverage pattern is characteristic 
of a heterogametic sex chromosome system, where the heterogametic sex (in this case, likely XO male) pos-
sesses only a single copy of the sex chromosome. The approximately 50% reduction in sequencing coverage 
on Chr07 compared to the autosomes provides strong evidence that Chr07 represents the X chromosome in 
G. parvipulvillus.

The assembled pseudochromosomes ranged in size from 103.2 Mb to 417.9 Mb, with a mean length of 
139.05 Mb. The assembly demonstrates exceptional contiguity, with a contig N50 of 100.63 Mb and a scaffold 
N50 of 308.03 Mb. These metrics represent a substantial improvement over previously published Tetrigidae 
genomes, including Tetrix japonica (contig N50: 322.9 Kb; scaffold N50: 217.25 Mb), Zhengitettix transpicula 
(contig N50: 52.73 Mb; scaffold N50: 124.72 Mb), and Eucriotettix oculatus (contig N50: 2.09 Mb; scaffold N50: 
123.82 Mb) (Table 1). The exceptional contiguity of our assembly is attributable to the combined advantages 
of high-accuracy HiFi long reads for resolving repetitive regions and Hi-C data for chromosome-scale scaf-
folding, resulting in one of the most contiguous genomes available for Orthoptera to date. This high-quality 
chromosome-level assembly provides a robust foundation for subsequent analyses of genome architecture, gene 
content, and evolutionary patterns in G. parvipulvillus, enabling comprehensive investigations into the genetic 
basis of its distinctive morphological features and ecological specializations.

Genome annotation.  Comprehensive identification of repetitive elements in the G. parvipulvillus genome 
was conducted using an integrated approach combining both homology-based and de novo methodologies. 
We employed the EarlGrey pipeline, which leverages multiple repeat identification tools to maximize detec-
tion accuracy and sensitivity24. First, a de novo repeat library was constructed using RepeatModeler v2.0.525, 
followed by classification and extension of the identified repeat families. The resulting custom repeat library 

Fig. 1  Hi-C contact map showing chromosome-level assembly validation of the G. parvipulvillus genome. The 
heatmap displays interaction frequencies between genomic regions, with darker colors indicating higher contact 
probabilities.
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Fig. 2  Chromosome-level genome features of G. parvipulvillus. (A) Circos plot displaying the seven 
pseudochromosomes with length indicated in megabases. (B) Gene density distribution shown as gene 
count per 100 kb window. (C-I) Distribution of major repetitive element classes across the genome (100 kb 
overlapping sliding windows): (C) LTR retrotransposons, (D) LINE elements, (E) SINE elements, (F) DNA 
transposons, (G) Penelope elements, (H) Rolling Circle elements, and (I) unclassified repetitive sequences. 
(J) GC content variation across the genome shown in 100 kb overlapping sliding windows. The centre image 
shows the lateral habitus of an adult male G. parvipulvillus.

Species
Gibbotettix 
parvipulvillus Tetrix japonica

Zhengitettix 
transpicula

Eucriotettix 
oculatus

Assembly accession This study GCA_048165185.1 GCA_037074705.1 GCA_034510155.1

Contig N50 (bp) 100,630,000 322,903 52,727,700 2,092,510

Scaffold N50 (bp) 308,029,564 217,252,245 124,717,128 123,817,100

Assembly size (Gb) 1.42 1.68 0.993 0.985

Number of scaffolds 18 7 337 245

Number of 
Chromosomes 7 7 7 7

BUSCO (%) 98.8 95.1 95.7 96.8

Number of genes 17,220 N.A 17,233 14,906

Annotation rate (%) 90.45% (15,576) N.A. N.A. 91.63% (13,658)

Table 1.  Summary of genome assembly parameters of G. parvipulvillus and three published Tetrigidae genomes 
in the NCBI GenBank database.
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was then complemented with known arthropod repeat sequences from the Repbase database v21.1226. Finally, 
RepeatMasker v4.1.527 was used to systematically identify and mask repetitive elements throughout the genome 
assembly.

This integrated approach revealed that repetitive elements comprise a substantial portion of the G. parvipul-
villus genome, totaling 836.96 Mb and accounting for 58.79% of the total genome assembly (Fig. 2C-I, Table S2). 
Among the identified repeats, LTR retrotransposons occupied 106.69 Mb (7.49%, Fig. 2C), while LINE elements 
were the most abundant class at 201.42 Mb (14.15% of the genome, Fig. 2D). SINE elements contributed a minor 
portion at 0.74 Mb (0.05%, Fig. 2E). DNA transposons occupied 84.25 Mb (5.92%, Fig. 2F), and Penelope ele-
ments accounted for 41.35 Mb (2.90%, Fig. 2G). Rolling Circle elements represented 8.01 Mb (0.56%, Fig. 2H). 
Other repetitive sequences, including simple repeats, microsatellites, and non-coding RNA genes, collectively 
accounted for 75.24 Mb (5.28%). Notably, a significant proportion of repetitive elements (337.46 Mb, 23.70%) 
could not be classified into established categories, suggesting potential lineage-specific repeat innovations in the 
G. parvipulvillus genome (Fig. 2I).

Following repeat masking, protein-coding gene annotation was performed using a comprehensive 
pipeline that integrated evidence from three complementary approaches: homology-based prediction, 
transcriptome-aligned evidence, and ab initio gene modeling. For homology-based annotation, we used protein 
sequences from closely related Tetrigidae species, including Zhengitettix transpicula and Eucriotettix oculatus 
(Table 1), which were aligned to the G. parvipulvillus genome using GeneWise v2.4.128. Transcriptome-based 
evidence was generated by mapping RNA-seq reads to the genome using HISAT2 v2.2.129, which provided 
valuable information for identifying exon-intron boundaries and alternatively spliced isoforms. Concurrently, 
ab initio gene prediction was conducted with AUGUSTUS v3.5.030, which was specifically trained using the  
G. parvipulvillus transcriptome data to improve prediction accuracy for this species.

Homology-based prediction identified 19,508 protein-coding genes using closely related Tetrigidae pro-
tein sequences. Transcriptome-based evidence mapping resulted in 16,909 genes with strong RNA-seq 
support, providing high-confidence annotations for actively expressed loci. The ab initio AUGUSTUS pre-
diction, trained specifically on G. parvipulvillus transcriptome data with an accuracy of 66.36%, predicted 
50,432 potential protein-coding genes. The predictions from all three approaches were subsequently inte-
grated using the GETA pipeline (https://github.com/chenlianfu/geta) to generate a comprehensive and 
non-redundant set of protein-coding gene models. This integrated approach resulted in the identification of 
17,220 protein-coding genes in the G. parvipulvillus genome (Fig. 2B, Table 1). Functional annotation of the 
predicted gene models was conducted through sequence similarity searches against the NCBI non-redundant 
protein database (Nr) and protein domain identification using InterProScan with parameters “-appl Pfa
m,SUPERFAMILY--goterms--iprlookup”. This comprehensive functional annotation process successfully 
assigned putative functions to 16,157 genes, representing 93.82% of the total predicted gene set (Table S3). To 
assess the completeness of the gene annotation, we performed a BUSCO analysis on these predicted proteins 
against the Insecta lineage dataset (insecta_odb12), which demonstrated an exceptionally high level of com-
pleteness with 94.7% complete and 2.1% fragmented BUSCO genes, indicating the high quality of the gene 
prediction31. The high proportion of functionally annotated genes further validates the quality of our gene pre-
diction and provides a valuable resource for future comparative and functional genomic studies in Tetrigidae 
and other orthopteran insects.

Data Records
The chromosome-level genome assembly of G. parvipulvillus has been deposited in the National Center for 
Biotechnology Information (NCBI) GenBank database under the accession number JBNFPV00000000032. All 
raw sequencing data generated in this study have been made publicly available through the NCBI Sequence 
Read Archive (SRA) under the accession number SRP58027033. The PacBio HiFi long-read sequencing data used 
for primary contig assembly are accessible under accession number SRR33238104. Illumina short-read whole 
genome sequencing data used for error correction and heterozygosity assessment are available under accession 
number SRR33238103. The Hi-C sequencing data utilized for chromosome-level scaffolding can be accessed 
under accession number SRR33238101. Additionally, the RNA-sequencing data used for genome annotation 
and transcriptome analysis have been deposited under accession number SRR33238102.

Technical Validation
We employed both sequence alignment metrics and established benchmarking tools to ensure the assembly met 
high-quality standards for accuracy, completeness, and contiguity. Read mapping analysis demonstrated excep-
tional concordance between the assembly and the original sequencing data. Using BWA v0.7.1734, we aligned 
the Illumina short reads to the genome assembly, achieving a mapping rate of 98.54%. Similarly, 99.35% of 
the PacBio HiFi reads successfully mapped to the assembly, confirming excellent representation of the input 
sequencing data. For transcriptome validation, RNA-seq reads were aligned to the genome using HISAT2 
v2.2.129, yielding a mapping rate of 98.09%, which indicates comprehensive representation of transcribed regions 
within the assembly. Base-level accuracy of the assembly was evaluated using Merqury35, which leverages k-mer 
profiles from the sequencing data to assess assembly quality. The genome exhibited a remarkably high covered 
rate of 98.91%, with only 1.80% of the assembly designated as low-confidence regions. The read-level assembly 
quality indicator (R-AQI) of 99.07 and scaffold-level assembly quality indicator (S-AQI) of 98.53 further confirm 
the exceptional accuracy of the assembly. The number of ambiguous bases (N) in the entire genome was excep-
tionally low at only 5,137 (approximately 360 N’s per gigabase), demonstrating the completeness of the sequence 
data. To assess gene space completeness, we performed Benchmarking Universal Single-Copy Orthologs 
(BUSCO) analysis using BUSCO v5.8.231 against the insecta_odb12 database. The assembly contained 98.8% 
of the core orthologous genes (1367 BUSCO groups), with 1325 single-copy (96.9%), 26 duplicated (1.9%), 
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9 fragmented (0.7%), and 7 missing (0.5%) BUSCO genes identified. This BUSCO completeness score exceeds 
those reported for the three previously sequenced Tetrigidae congeners (Table 1), confirming the exceptional 
quality of our gene space representation. The high-quality metrics across multiple validation approaches—
including read mapping rates, base-level accuracy measurements, minimal sequence gaps, and comprehensive 
gene space representation—collectively demonstrate that our G. parvipulvillus genome assembly provides an 
exceptionally complete and accurate reference for future genomic studies.

Code availability
While no complex custom scripts exceeding standard bioinformatics practices were developed, all data processing 
and filtering steps have been documented with specific command-line instructions. All bioinformatics workflows 
were implemented using established, publicly available software tools with comprehensive documentation. The 
workflow adheres to existing dependency and workflow management standards, utilizing conda for dependency 
management and containerized environments to ensure consistent software execution across different computing 
platforms. The version and code/parameters of software have been detailed described in Methods.
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