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Chromosome-level genome 
assembly of Schizodactylus  
jimo He, 2021 from China  
(Ensifera: Schizodactylidae)
Binbin Yao   1,4, Tao Jiang1,4, Lulu Yang1, Jiawei Wang1, Delong Guan   2,3 ✉ & Sheng-Quan Xu   1 ✉

The Schizodactylidae family, an ancient lineage within Orthoptera, is ideal for studying adaptive 
evolution due to its sand-dwelling habits and unique tarsi, but genomic data scarcity has hindered 
research. To fill this knowledge gap, this study presents the first chromosome-level genome assembly 
and annotation for Schizodactylus jimo, a species endemic to China known for its unique adaptations 
to sandy environments. Using a combination of PacBio HiFi long-read sequencing and Hi-C scaffolding 
technologies, we constructed a high-quality reference genome. The final assembly spans 1.192 Gb with 
an impressive scaffold N50 of 198.77 Mb. A total of 94.65% of the sequence was successfully anchored 
into 9 pseudochromosomes. The genome’s integrity was confirmed by a 98.0% BUSCO completeness 
score. Annotation identified that 40.51% of the genome consists of repetitive elements and predicted 
a total of 14,215 protein-coding genes. Of these genes, 12,747 (accounting for 89.67%) have had their 
functions annotated in different databases.

Background & Summary
The order Orthoptera represents an ancient and highly diverse lineage within the class Insecta, comprising over 
29,000 described species. Members of this order fulfill critical ecological roles as herbivores, predators, and 
decomposers in terrestrial ecosystems1,2. In recent years, the rapid advancement of genome sequencing technol-
ogies has propelled genomics into the forefront of research aimed at elucidating the genetic underpinnings of 
rapid speciation, unique adaptations, and phylogenetic relationships within Orthoptera3–5. However, a notable 
characteristic of orthopteran genomes is their considerable size, which has presented challenges in assembly. 
Consequently, high-quality, chromosome-level reference genomes remain scarce, substantially limiting in-depth 
investigations into the macroevolution, chromosomal structural variations, and the evolution of key functional 
gene families across this taxon6.

As an ancient and phylogenetically pivotal lineage of Orthoptera, the family Schizodactylidae is critical for 
understanding the evolution of Ensifera7. Its systematic position is a key node for clarifying the evolutionary 
relationships between major superfamilies like Grylloidea and Tettigonioidea8,9. Phylogenetic evidence indi-
cates that Schizodactylidae diverged from its sister taxon, Grylloidea, no later than the Triassic period7,10. The 
extant representatives of this family exhibit a stark disjunct distribution, comprising two subfamilies: the Asian 
Schizodactylinae and the southern African Comicinae. These insects are well-known for their unique morpho-
logical specializations, including tarsi adapted for sandy substrates and their fossorial, predatory lifestyles11,12. 
Despite their evolutionary significance, this family remains a genomic desert; consequently, the genetic mecha-
nisms underlying their distinct morphology and ecological adaptations are largely unknown.

Schizodactylus jimo, the sole species of dune cricket currently documented in China, is narrowly distributed 
in Yunnan Province13. It is a classic nocturnal, carnivorous insect that shelters in self-constructed burrows dur-
ing the day and emerges at night to prey on small arthropods. Its most striking feature is the presence of expand-
able, paddle-like lobes on its terminal tarsomeres, which are considered a key adaptation for efficient locomotion 
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and digging in loose sand. This unique mode of movement and its associated morphological structures make 
S. jimo an ideal model for studying the evolution of adaptations to specialized environments. However, the lack 
of high-quality genomic resources has made it difficult to understand the evolutionary driving forces of these 
complex traits at the molecular level.

To address this knowledge gap and provide a crucial reference point for comparative genomics and evolu-
tionary biology in Orthoptera, this study presents the first chromosome-level genome assembly and annotation 
for S. jimo, generated using PacBio long-read sequencing and Hi-C scaffolding technologies. The successful 
construction of this high-quality genome will not only greatly facilitate the understanding of the genetic basis 
of the unique biological characteristics of Schizodactylidae but will also provide new insights and data to sup-
port research on adaptive evolution and biodiversity conservation. Furthermore, it offers an invaluable genetic 
resource for resolving persistent phylogenetic questions and for reconstructing the history of chromosome evo-
lution within Orthoptera.

Methods & Results
Sample collection, DNA and RNA extraction.  S. jimo specimens were procured on May 1st, 2023 from 
the right bank of the Nujiang River, located in Baoshan, Yunnan Province, China. For genomic analysis, mus-
cle tissue was excised from two male specimens, and high-molecular-weight DNA was isolated using the cetyl-
trimethylammonium bromide (CTAB) method. The quality of the resultant DNA was rigorously assessed; its 
integrity was visualized on an agarose gel, purity was determined spectrophotometrically (NanoDrop), and the 
concentration was precisely measured using a Qubit fluorometric assay. In parallel, to aid in gene model predic-
tion and genome annotation, transcriptomic data were generated. Total RNA was extracted from dissected head 
and muscle tissues via a magnetic bead protocol. The integrity of the extracted RNA was verified by gel electro-
phoresis prior to library preparation. All nucleic acid samples that passed these stringent quality control criteria 
were submitted for next-generation sequencing.

Genome sequencing.  For Illumina short-read sequencing, A short-read sequencing library was prepared 
using the TruSeq Nano DNA HT Sample Preparation Kit (Illumina Inc., San Diego, CA, USA). Following con-
struction, the library was initially quantified using a Qubit 2.0 Fluorometer. The insert size distribution was then 
assessed with an Agilent 2100 Bioanalyzer. Once the insert size was confirmed to be within the expected range, 
the effective concentration of the library was accurately quantified by qPCR to ensure quality. The qualified library 
was then sequenced on an Illumina HiSeq X-Ten platform.

For long-read sequencing, a library constructed from long DNA fragments was sequenced on a PacBio 
Sequel instrument using SMRT (Single Molecule, Real-Time) technology (Pacific Biosciences of California, 
Inc., Menlo Park, CA, USA). The raw reads were subsequently processed using the SMRT Link software suite to 
generate high-fidelity (HiFi) reads.

Hi-C libraries were constructed following a standard protocol. Briefly, chromatin was cross-linked, digested 
with the DpnII restriction enzyme, and the resulting fragments were labeled with biotin. After proximity ligation 
and purification of ligated junctions, the final library was sequenced on an Illumina NovaSeq. 6000 platform to 
generate 150 bp paired-end (PE150) reads.

To support high-quality gene annotation, total RNA was extracted from a pool of diverse tissues (including 
head, thorax, abdomen, and legs) of another individual for transcriptome sequencing. Transcriptome libraries 
were subsequently constructed following the standard protocol of the New England BioLabs (NEB) kit14. The 
insert size of the libraries was validated using an Agilent 2100 Bioanalyzer. Subsequently, the effective library 
concentration was precisely determined by quantitative real-time PCR (qRT-PCR). Libraries that passed quality 
control were pooled according to their effective concentrations and target data output, followed by sequencing 
on an Illumina NovaSeq. 6000 platform.

Finally, 82.83 Gb of Illumina short-read data, 23.47 Gb of HiFi data, 157.76 Gb of Hi-C data, as well as 
11.95 Gb of transcriptome data were obtained. (Table 1).

Estimation of genome size.  The Illumina short-reads were employed to get a preliminary understanding 
of the genome size. We used the Trimmomatic v0.38 to quality control15. The high-quality reads were used for 
genome size estimation by the K-mer method. The Jellyfish tool from Trinity v2.15.1 software computed the 
k-mer number and distribution (k = 21)16. GenomeScope v2.017 estimated the genome size and performed depth 
frequency distribution analysis. The genome size was determined to be 1.178 Gb (Fig. 1a).

Genome assembly.  First, HiFi reads and Hi-C reads were assembled with Hifiasm v0.19.4-r57518, with 
default parameters. Subsequently, redundant sequences were identified and eliminated using Purge_Haplotigs 

Library type Data size (Gb) Average reads length (bp)

HIFI(PacBio) 23.47 16,554

Hi-C 157.76 150

Nova-seq(Illumina) 82.83 150

RNA-seq 11.95 150

Table 1.  Statistics of the DNA sequence data used for genome assembly.
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v1.1.219. The total size of the draft genome assembly was 1.192 Gb with an N50 length of 42.67 Mb. The overall GC 
content of the S. jimo genome was estimated to 40.18% (Table 2).

We used SAMtools v1.620 to index the draft genome and used BWA v0.7.1721 to align the Hi-C data with the 
draft genome. Then, the contigs were anchored into chromosomes by Hi-C sequencing reads through the Juicer 
v2.022 and YAHS v1.2a.123 software workflows. To further improve the chromosome-scale assembly, it was sub-
jected to manual review and refinement using Juicebox v2.17.0022 Assembly Tools. Finally, we used the software 
RACON v1.4.13-cb1310424 for error correction. The integrity of the genome assembly was also assessed using 
BUSCO v5.8.225 based on the insecta_odb10 datasets.

Ultimately, Hi-C reads were employed to link these contigs to 58 scaffolds (Table 2), resulting in a total of 
9 pseudochromosomes (Fig. 1b, Table 3), with a mounting rate of up to 94.65%, and the chromosome lengths 
ranged from 34.17 Mb to 270.19 Mb (Table 3). The chromosomal-level assembly constituted a total length of 

Fig. 1  (a): GenomeScope k-mer plot of S. jimo. (b): Hi-C contact heatmap of the S. jimo genome.

Genome assembly Contigs Scaffolds

Number of sequences 373 58

Total length (bp) 1,192,309,203 1,192,340,703

N50 (bp) 42,669,167 198,773,512

GC content 40.18% 40.18%

BUSCO (insecta_odb10) / 98.00%

Ambiguous bases (N’s) / 31,500

Table 2.  Assembly statistics of S. jimo.

Name Length (bp)

Chromosome 1 269,344,292

Chromosome 2 270,192,479

Chromosome 3 198,773,512

Chromosome 4 115,349,299

Chromosome 5 90,170,527

Chromosome 6 60,955,701

Chromosome 7 51,884,644

Chromosome 8 34,170,425

Chromosome 9 37,802,904

Unplaced 63,696,920

Table 3.  Summary of chromosome length of S. jimo genome.
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1.178 Gb of S. jimo genome, with the longer scaffold N50 (198.77 Mb), the number of ambiguous bases (N’s) is 
31,500 and a high completeness 98.0% of BUSCO evaluation (Table 2).

Name Length(bp) Percentage

DNA transposon elements 24,120,857 2.02%

LINEs 327,768,136 27.49%

LTRs 608,996 0.05%

Rolling Circle 220,453 0.02%

SINEs 1,623,538 0.14%

Penelope 733,725 0.06%

Other (Simple Repeat, 
Microsatellite, RNA) 47,699,161 4.00%

Unclassified 80,205,577 6.73%

Total 482,980,443 40.51%

Table 4.  Statistics of repeat annotation result.

Fig. 2  Schematic representation of the genomic characteristics of S. jimo. (a): Gene density; (b): GC skew; (c): 
Repetitive elements.
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Repeat annotation.  We used Earl Grey v4.2.4 Pipeline26 to detect repetitive elements (REs). A total of 
482.98 Mb REs were identified (constituting 40.51% of S. jimo genome), including 2.02% DNA transposon ele-
ments, 27.49% long interspersed nuclear elements (LINEs), 0.05% long terminal repeats (LTRs), 0.06% Penelope, 
0.02% Rolling Circle, 0.14% short interspersed nuclear elements (SINEs), 4.00% Tandem Repeats (TRs), and 
6.73% unclassified (Table 4, Fig. 2).

Gene structure and functional annotation.  We used EVidenceModeler (EVM) v2.0.027 to integrate 3 
strategies, including de novo prediction, homologous genes, and transcriptomes to annotate protein-coding genes. 
For transcriptome-based annotation, RNA-seq data were firstly mapped to our assembly using HISAT228, and 
the transcriptome information in BAM alignments was produced, With our reference assembly, transcriptome 
data were further annotate using StringTie v2.1.43829 with the default parameters. For homolog-based annota-
tion, protein sequences of the Anabrus simplex30, Locusta migratoria3 and Apteronemobius asahinai31 genomes 
were aligned to S. jimo genome sequences using Genewiss v2.4.132. The de novo prediction was performed using 
Augustus v3.3.43433, which was automatically trained using the mapped transcriptome data and protein homol-
ogy information.

Overall, a total of 14,215 coding genes were annotated within the assembled S. jimo genome. The average 
gene length was 13,780.2 bp, with an average CDS length of per gene 1,473.5 bp. Based on BUSCO analysis, 
94.1% of the BUSCO database (insecta_odb10) genes were identified, further underlining the accuracy and 
completeness of gene predictions (Table 5).

Protein motifs and domains were annotated using InterProScan v5.6134 in combination with publicly avail-
able databases, including InterPro35 and Pfam36. Gene Ontology (GO) terms were assigned based on the cor-
responding InterPro entries. Functional annotation was further conducted by aligning the protein sequences 
against the Nr database37 using the DIAMOND v2.1.638 with an E-value threshold of <1e−5. After comparing 
the protein sequences predicted from gene models with the aforementioned protein databases, we successfully 
assigned putative functions to 12,747 protein-coding genes, accounting for 89.67% of the total gene set(Table 6).

Data Records
The assembled genome, Illumina sequencing data, genomic PacBio sequencing data, transcriptomic Illumina 
sequencing data, and Hi-C sequencing data are being deposited in the GenBank database under project num-
ber PRJNA1293729. The assembled genome has been deposited in Genbank under the accession number 
GCA_052149075.139. The Illumina sequencing data of the genome, PacBio sequencing data of the genome, 
Illumina sequencing data of the transcriptome, and Hi-C sequencing data have been deposited in the SRA data-
base, with the accession number SRP62026940. Genome annotation information of repeated sequences, gene 
structure and functional prediction is available in the Figshare database41.

Technical Validation
We evaluated the quality of the S. jimo genome assembly and annotation using BUSCO v5.8.2. The results 
showed that 98.0% of the BUSCO core genes were identified. Furthermore, we employed the GAEP pipeline42 
to align Illumina short reads and long reads to the assembled genome, achieving mapping rates of 99.76% and 
99.87%, respectively. In addition, the Quality Value (QV) of the genome, estimated by Merqury43, was 42.87. 
Collectively, these results indicate that the S. jimo genome assembly exhibits high completeness, accuracy, and 
overall quality.

Gene annotation Value

Coding gene number 14,215

BUSCO (metazoa_odb10) 94.10%

Mean Gene length 13,780.20

Mean CDS length 1,589.2

Table 5.  Statistics of genome annotation.

Number Percent(%)

Total 14,215 /

Nr 12,373 87.04%

InterPro 11,722 82.46%

Pfam 10,561 74.29%

GO 8,121 57.13%

Annotated 12,747 89.67%

Unannotated 1,468 10.33%

Table 6.  Statistics of gene functional annotation.
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Data availability
The genome assembly results of this study have been deposited in two public databases, namely NCBI39 (https://
identifiers.org/ncbi/insdc.gca:GCA_052149075.1) and Figshare41 (https://doi.org/10.6084/m9.figshare.29626556.
v4). All raw data used in this study are available and have been submitted to GenBank (The BioProject number: 
PRJNA1293729). Files related to repetitive sequences and gene annotations can be accessed on Figshare41 (https://
doi.org/10.6084/m9.figshare.29626556.v4).

Code availability
No specific script was used in this work. The codes and pipelines used in data processing were all executed 
according to the manual and protocols of the corresponding bioinformatics software.
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