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A chromosome-level genome 
assembly of Mylabris sibirica Fischer 
von Waldheim, 1823 (Coleoptera, 
Meloidae)
Chenhui Shen1, Guofeng Yang1, Min Tang1, Xiaofei Li1, Li Zhu1, Wei Li2, Lin Jin3, Pan Deng4, 
Huanhuan Zhang5, Qing Zhai6, Gang Wu1 ✉ & Xiaohong Yan1 ✉

Mylabris sibirica is a hypermetamorphic insect that primarily feeds on oilseed rape during the adult 
stage. However, the limited availability of genomic resources hinders our understanding of the gene 
function, medical use, and ecological adaptation in M. sibirica. Here, a high-quality chromosome-level 
genome of M. sibirica was generated by PacBio, Illumina, and Hi-C technologies. Its genome size was 
138.45 Mb, with a scaffold N50 of 13.84 Mb and 99.85% (138.25 Mb) of the assembly anchors onto  
10 pseudo-chromosomes. BUSCO analysis showed this genome assembly had a high-level 
completeness of 100% (n = 1,367), containing 1,358 (99.4%) single-copy BUSCOs and 8 (0.6%) 
duplicated BUSCOs. In addition, a total of 11,687 protein-coding genes and 35.46% (49.10 Mb) 
repetitive elements were identified. The high-quality genome assembly offers valuable genomic 
resources for exploring gene function, medical use, and ecology.

Background & Summary
Brassica napus is one of the most important oil crops around the globe, and rapeseed oil is among the most 
nutritious edible vegetable oils1. Insect pests remain a significant challenge to rapeseed yield, such as Phyllotreta 
striolata, Plutella xylostella, and Mylabris sibirica2–4. Chemical insecticides are the primary method of manag-
ing pests. However, improper use and overuse of pesticides result in resistance development, environmental 
contamination, and negative impacts on beneficial insects like honey bees, parasites, and insect predators5,6. 
Exploring innovative methods based on RNA interference (RNAi) will have promising applications in pest 
management3,7,8. At present, the genomes of P. xylostella and P. striolatah have been published9, but there are 
no reports on the genome of M. sibirica, which limits the development of novel technologies for controlling 
M. sibirica.

M. sibirica (Coleoptera, Meloidae) is a hypermetamorphic pest that poses significant threats to oilseed rape 
production, resulting in substantial economic losses4. The adults of this species primarily feed on flowers of 
B. napus4. Previous studies on M. sibirica have traditionally placed a strong emphasis on classification10,11, phy-
logenetics12, and medical value4. However, there is currently no research on gene functions in M. sibirica, except 
for one study that selected optimal reference genes13. Therefore, whether for studying molecular mechanisms 
of development, reproduction, and physiology, or screening novel target genes, assembling the high-quality 
genome of M. sibirica is imperative.
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Cantharidin, produced by M. sibirica, is a medicinal compound that has been found to have significant 
therapeutic effects on liver cancer, stomach cancer, esophageal cancer, breast cancer, and cervical cancer14–16. 
It has also a certain attractant effect on certain insects in the Diptera, specifically Ceratopogonidae, and 
Anthomyiidae17. Moreover, it is reported that cantharidin is a feeding deterrent to insects18. Hence, obtaining 
the high-quality genome of M. sibirica will have some recommendations for medical treatment, antifeedants, 
and attractants.

In this study, we generated a chromosome-level genome assembly of M. sibirica by utilizing PacBio, Illumina, 
and Hi-C technologies. We annotated protein-coding genes (PCGs) and repeat elements. This study provides the 
first genome assembly for M. sibirica, which will facilitate studies on gene function, medical use, and ecological 
adaptation and also greatly benefit efforts to manage the pest.

Libraries Number Total length (bp) Average length (bp) N50 length (kb)

Survey 185,232,438 27,784,865,700 150 —

RNA 119,695,954 17,954,393,100 150 —

Hi-C 139,254,850 20,888,227,500 150 —

PacBio Hifi 2,501,010 15,444,413,507 6,175.27 6.75

Table 1.  Sequencing raw data of the Mylabris sibirica assembly.

Fig. 1  Genome survey at 21-mer of Mylabris sibirica estimated by GenomeScope. The vertical dotted lines 
represent the peaks of different coverages for the heterozygous, the homozygous, and the duplicated sequences, 
separately.

Chromosomes length (bp) PacBio HiFi sequencing coverage (X)

Msib_ChrX 8,466,837 18.48

Msib_Chr1 13,496,263 34.57

Msib_Chr2 16,795,200 34.98

Msib_Chr3 13,750,752 34.34

Msib_Chr4 15,291,861 34.03

Msib_Chr5 13,838,200 33.99

Msib_Chr6 15,138,339 34.46

Msib_Chr7 16,384,000 34.09

Msib_Chr8 13,740,500 34.79

Msib_Chr9 11,346,979 34.22

Table 2.  Chromosome length and sequencing depth statistics.
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Content Msib

Genome assembly

Assembly size (bp) 138,452,083

Number of pseudo-chromosomes (sizes) 10 (138,248,931 bp)

Number of scaffolds/contigs 21/33

Longest scaffold/contig (Mb) 16.80/16.78

N50 scaffold/contig length (Mb) 13.84/11.35

GC content (%) 31.15

BUSCO completeness (%)1 100

  S 99.4

  D 0.6

  F 0.0

  M 0.0

Mapping ratio of BGI reads (%)

  BGI 95.19

  HIFI 95.23

  RNA-sr 97.79

Table 3.  Genome assemblies results of Mylabris sibirica. BUSCO: Benchmarking Universal Single-Copy 
Orthologs; C, complete BUSCOs; D, complete and duplicated BUSCOs; F, fragmented BUSCOs; M, missing 
BUSCOs.
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Fig. 2  Genomic heatmap. Genome-scale chromosome heatmap of Mylabris sibirica, with individual 
chromosomes outlined in blue.
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Methods
Sample collection and sequencing.  M. sibirica adults used in the study were obtained in July 2023 from 
B. napus in Haidong City, Qinghai Province, China (coordinates: 36°31′10.47″N, 101°59′7.40″E). The adults were 
reared under suitable conditions (25 ± 2 °C, 16 h:8 h photoperiod, and 50 ∼ 60% relative humidity) in the insec-
tary for one week. The adult tissues (two males after removing the gut) were used to perform PacBio, Hi-C, 
genome survey, and transcriptome sequencing.

Following the manufacturer’s methods, genomic DNA and RNA from samples were extracted using the 
FastPure® Blood/Cell/Tissue/Bacteria DNA Isolation Mini Kit (Vazyme Biotech Co., Ltd, Nanjing, China) and 
TRIzol reagent (YiFeiXue Tech, Nanjing, China), respectively. The concentration was determined by Qubit, 
and the final amount of DNA or RNA was not less than 1000 ng. High molecular weight (HMW) gDNA was 
sheared into 15 kb with the MegaruptorTM device (Diagenode, Liege, Belgium) and was enriched using the 
AMPurePB Beads. For transcriptome sequencing, we used the TruSeq DNA PCR-free kit to generate a short 
library with 150 bp paired-end reads and a 350 bp insert size. All short-read libraries were executed for sequenc-
ing by the Illumina NovaSeq6000 platform. The Hi-C experiment was performed on a previously published pro-
tocol19, which contained numerous procedures: DNA cross-linking, chromatin digestion using the restriction 
enzyme MboI, end repair, and DNA purification. For PacBio HiFi mode, High-quality Pacbio HiFi reads were 
generated by Pacific Biosciences’ (PacBio) SMRT (pbccs v6.4.0) sequencing technology (https://github.com/
PacificBiosciences/ccs). All libraries were created and sequenced by Berry Genomics (Beijing, China). Finally, 
we obtained a total of 80.92. Gb of clean data, consisting of 15.44 Gb (112×) of PacBio, 26.64 Gb from Illumina 
(201×), 20.89 Gb from Hi-C (151×), and 17.95 Gb from transcriptome data (Table 1).

Genome survey.  The raw Illumina data underwent quality control and removal of duplicate reads using 
BBTools v38.8220. The “bbduk.sh” tool was conducted to control specific quality, including removing base positions 
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Fig. 3  Genomic features. Circos plot with a window size of 100 Kb. Each circle from inside to outside represents 
simple repeats, long terminal repeats (LTR), long interspersed nuclear elements (LINE), short interspersed 
nuclear elements (SINE), DNA, gene density, GC content, and chromosome length.
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with quality scores below 20 (>Q20), filtering out sequences shorter than 15 bp, eliminating polymer A/G/C tails 
longer than 10 bp, and correcting overlapping paired reads. Subsequently, GenomeScope v2.0.121 was utilized 
for k-mer analysis, with a maximum k-mer depth threshold set at 1,000. The frequency of k-mers was assessed 
using “khist.sh” (BBTools), with a k-mer length of 21. A k-mer analysis showed that the genome assembly size of 
180.22 Mb, with a heterozygosity of 1.21% and a repeat content proportion of approximately 29.52% (Fig. 1).

Genome assembly.  The primary assembly of PacBio HiFi long reads was generated by utilizing Hifiasm 
v0.16.122. Redundant regions were eliminated by Purge_Dups v1.2.523 with a 70% cut-off for identifying contigs 
as haplotig. We used Minimap2 v2.1724 to remove redundancy for read mapping. Juicer v1.6.225 was used to align 
to the assembly for Hi-C reads. Subsequently, 3D-DNA v18092226 was used to anchor the contigs onto the chro-
mosomes. Moreover, we used Juicebox v1.11.0826 to review and correct any errors to ensure accuracy.

According to the NCBI nucleotide and UniVec databases with a sequence identity of 0.8, possible contami-
nants were detected by MMseqs. 2 v1127, which implements BLASTN-like searches. For further assessing vec-
tor contaminants, blastn (BLAST + v2.11.028) was utilized against the UniVec database. We considered that 
sequences with over 90% hits in the aforementioned database likely contained contaminants. We used online 
BLASTN analysis in the NCBI nucleotide database to recheck sequences with over 80% hits. Then, any possible 
bacterial contamination from the assembled scaffolds was eliminated. According to previous publications29,30, 
the sex-determination mechanism of this species is Xyp. The final assembly was remapped using raw HiFi data, 
and each chromosome length was determined using MiniMap224, with the parameter “-ax map-hifi”, to identify 
the autosomes and sex chromosomes. After that, chromosomal coverage was computed by dividing raw data, 
based on chromosome length using SAMtools v1.931, with the parameter “flagstat”. The X chromosome was 
distinguished from other chromosomes by having around half the chromosomal coverage (18.48) (Table 2). 
The size of the final genome assembly of M. sibirica was 138.45 Mb, consisting of 21 scaffolds and 33 contigs, 
with the scaffold and contig N50 sizes of 13.84 Mb and 11.35 Mb, respectively. Among them, 22 contigs (99.85%, 
138.25 Mb) were anchored onto ten pseudo-chromosomes with lengths ranging from 11.35 to 13.84 Mb (Table 3; 
Figs. 2, 3).

Genome annotation.  RepeatModeler v2.0.432 was performed to construct a de novo repeat library of the 
genome with the parameter “-LTRStruct”. Subsequently, Dfam 3.533 and RepBase-20181026 database34 were 
employed to create a custom library. The repeated sequences were identified using RepeatMasker v4.1.435. The 
results showed that the genome of M. sibirica was 35.46% repetitive reads (49.10 Mb). The transposable elements 
mainly include DNA elements (4.21%), LTR elements (1.60%), and LINE elements (1.07%) (Table 4).

Msib

Structure annotation

  Number of protein-coding genes 11,687

  Number of predicted protein sequences 17,756

  Mean protein length (aa) 568

  Mean gene length (bp) 5,959.6

  Mean exon length (bp) 360.2

  Mean CDS length (bp) 306.9

  Mean intron length (bp) 881.0

  BUSCO completeness (%) 99.6%

  S 99.6%

  D 31.5%

  F 0.0%

  M 0.4%

Repeat annotation

  DNA transposons (Mb) 5.89 (4.21%)

  SINEs (kb) 34.195 (0.02%)

  LINEs (Mb) 1.50 (1.07%)

  LTRs (Mb) 2.23 (1.60%)

  Simple repeats 3.35 (2.42%)

  Low complexity 0.56 (0.40%)

  Unclassified (Mb) 35.22 (25.44%)

ncRNA annotation

  Number of ncRNA 673

  rRNA 187

  miRNA 57

  snRNA 34

  tRNA 256

Table 4.  Annotation statistics of the Mylabris sibirica genome assembly.
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Non-coding RNAs (ncRNAs) in M. sibirica were detected using Infernal v1.1.436 against the Rfam v14.10 
database37, while transfer RNAs (tRNAs) were identified using tRNAscan-SE v2.0.938. The analysis revealed 
a total of 673 ncRNAs in the M. sibirica genome, including 1 long non-coding RNAs, 2 ribozymes, 34 small 
nuclear RNAs, 57 microRNAs, 256 tRNAs, and 187 ribosomal RNAs (Table 4).

We utilized MAKER v3.01.0339 to integrate three strategies: ab initio prediction, homology search, and 
transcriptomic data. For the ab initio prediction, BRAKER v2.1.640 with the parameter “-etpmode” and 
“-softmasking”, and GeMoMa v1.7.141 were employed for MAKER. We used HISAT2 v2.2.042 with the parame-
ters “-q” and “-x” to generate transcriptome alignments. BRAKER, combining the results of the two (Augustus 
v3.3.443 and GeneMark-ES/ET/EP v4.68_lic44, with their default parameters), was employed to automati-
cally train prediction models, which was based on RNA-seq alignments and reference proteins mined from 
the OrthoDB10 v1 database45. According to the parameters “GeMoMa.c = 0.4 GeMoMa.p = 10” and pro-
tein sequences from five species, including Anoplophora glabripennis46 (GCF_000390285.2), Dendroctonus 
ponderosae47 (GCF_000355655.1), Tribolium castaneum48 (GCF_000002335.3), Drosophila melanogaster49 
(GCF_000001215.4) and Bombyx mori50 (GCF_014905235.1), GeMoMa predicted genes by employing protein 
homology and intron conservation position. Additionally, the protein sequences required from the same set 
of five species used in GeMoMa were included as evidence for protein homology in MAKER. Finally, 11,687 
protein-coding genes were annotated with an average length of 5,959.6 bp in the M. sibirica genome (Table 4). 
The average number of exons, introns, and CDS of each gene were 5.9, 4.8, and 5.5, whose corresponding 
mean length was 360.2, 881.0, and 306.9 bp, respectively (Fig. 4). Based on the parameters “–more -sensitive -e 
1e-5”, we used Diamond v2.0.11.151 to annotate the gene function against the UniProtKB database. Moreover, 
eggNOG-mapper v2.1.552 and InterProScan 5.53–87.053 were applied to assign Gene Ontology (GO), enzyme 
codes (EC), Kyoto Encyclopedia of Genes and Genomes (KEGG), clusters of orthologous groups (COG), KEGG 
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Fig. 4  Length distribution map. The average length of exons, introns, and CDS of each gene.
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pathway annotations and protein domains. The InterProScan analyses consisted of five databases: Pfam54, 
SMART55, Superfamily56, Gene3D57, and CDD58 (Conserved Domain Database). In summary, Genes with 9,253 
GO terms, 4,403 KEGG pathways, 2,462 Enzyme Codes, 4,403 Reactome pathways, and 10,269 COG categories 
were identified by combining the eggNOG and InterProScan annotation results.

Data Records
The raw sequencing data and genome assembly of M. sibirica have been uploaded to NCBI. The Illumina, 
Hi-C, PacBio, and RNA-seq data can be accessed under the following accession numbers SRR2900118259, 
SRR2900118060, SRR2900118361, SRR2900118162, respectively. In addition, the assembled genome has been 
deposited in the GeneBank (GCA_039776855.1) in NCBI63. We have deposited the genome annotation results 
in Figshare64.

Technical Validation
Two independent approaches were adopted to examine the completeness and the genome assembly quality. 
BUSCO v5.0.465 with the “insecta_odb10” database (n = 1,367) was first used to assess the completeness of the 
genome. To investigate the quality of the de novo assembly, Merqury v1.366 was performed to identify possible 
assembly sequence errors based on efficient k-mer set operations and QV score calculation. Consequently, the 
k-mer completeness value of M. sibirica is 94.2%, and the QV score is 59.336. BUSCO analysis showed a com-
mendable 100.0% of complete BUSCOs, including 99.4% of single-copy genes and 0.6% of duplicated BUSCOs 
(Table 2). To evaluate mapping accuracy, Minimap2 and SAMtools v1.965 were conducted to align the clean 
reads required from both Illumina and PacBio sequencing with the final assembly. Finally, the mapping rates 
were 95.23% for Illumina reads, 95.19% for PacBio reads, and 97.79% for RNA-seq reads, respectively. In con-
clusion, these values show the high level of genomic assembly in our study.

Code availability
No specific script was used in this work. All commands and pipelines used in data processing were executed 
according to the manual and protocols of the corresponding bioinformatic software.
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