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Chromosome-level genome 
assembly of the Adonis ladybird 
Hippodamia variegata
Hong-Ling Liu1,5 ✉, Yan-Ping Yong1,5, Xing-Long Wu1, Zhi-Teng Chen2, Shu-Jun Wei   3, 
Peng Cai4 & De-Qiang Pu1 ✉

The Adonis ladybird (Hippodamia variegata), an important predator in agricultural ecosystems, plays a 
crucial role in biological control and is a significant model for evolutionary and genomic studies within 
Coccinellidae. Despite its ecological importance, the lack of a reference genome for H. variegata has 
limited in-depth investigations into its biology and potential as a biocontrol agent. Here, we present a 
high-quality, chromosome-level genome assembly of H. variegata. The final assembly spans 493.01 Mb, 
with a scaffold N50 of 28.19 Mb and a GC content of 36.41%. Hi-C sequencing data enabled the 
anchoring of 343.20 Mb to 10 chromosomes. Repetitive elements accounted for 258.56 Mb (52.44%) of 
the genome, with long interspersed nuclear elements (LINEs) being the most prevalent. We identified 
37,348 protein-coding genes, of which 78.55% were functionally annotated in public protein databases. 
This high-quality genome assembly will serve as a valuable resource for furthering our understanding of 
Adonis ladybird’s evolutionary biology, enhancing its utility in pest management, and supporting future 
research on ladybird genomics.

Background & Summary
Ladybird beetles (Coleoptera: Coccinellidae) are a highly diverse family within the Polyphaga suborder, com-
prising over 6000 species across 360 genera and eight subfamilies, with a wide global distribution1,2. These 
beetles play an essential role as generalist predators, primarily feeding on various agricultural pests such as 
aphids, whiteflies, scale insects, and mites3. Many species within Coccinellidae are integral to Integrated Pest 
Management (IPM) programs globally due to their predatory habits, which help control pest populations while 
minimizing the need for insecticides4,5. However, the extensive use of chemical insecticides has led to resist-
ance development in many pest species, increasing the importance of IPM strategies that incorporate natural 
predators such as ladybirds alongside reduced pesticide use5,6. Despite their essential ecological and agricultural 
functions, our understanding of the genetic and genomic basis of their adaptability and biological roles remains 
limited.

Hippodamia variegata (Goeze, 1777)7, also known as the Adonis ladybird, the variegated ladybug, and 
spotted amber ladybeetle, is one of the most commercially important ladybird species. It is widely recognized 
for its effectiveness in controlling aphid populations in economically significant crops like cotton, peach, and 
tobacco8,9. This species originated in the Palearctic region but has now spread globally due to its high biotic 
potential and predatory aggressiveness10,11. This species is considered the most effective natural enemy of aphids 
in many countries, such as Bulgaria, Ukraine, Italy, India, Turkmenistan, and China, where it plays a critical 
role in maintaining pest populations at manageable levels in various crops like wheat, cotton, vegetables, and 
orchards12–20. Numerous studies have investigated the biological characteristics of H. variegata, such as its life 
table parameters, functional responses to prey, prey suitability, and predatory efficiency, highlighting its utility in 
biological control programs20–24. Recent studies have revealed that H. variegata has a diploid chromosome num-
ber (2n = 20), an XY sex determination system, and a genome size estimated at 284 Mb with a G + C content of 
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36.4%25. Despite these studies, genomic resources for H. variegata remain scarce, limiting our ability to under-
stand its predatory and adaptive traits at the genetic level.

Although there have been significant advances in genomic research on insects, the genomic resources for 
Coccinellidae remain scarce, with very few chromosome-level genome assemblies available26. High-quality 
genome assemblies can provide insights into the genetic basis of key biological traits such as pest resistance, 
feeding behavior, and environmental adaptability27, which are crucial for understanding and enhancing the 
efficacy of ladybirds in biological control programs. In this study, we present the chromosome-level genome 
assembly of H. variegata, utilizing a combination of Illumina short-read sequencing, PacBio HiFi (high-fidelity) 
long-read sequencing, and Hi-C (high-throughput chromosome conformation capture) data. We aim to gen-
erate a high-quality genome assembly to facilitate further research on its genetic underpinnings and functional 
genomics. This genome resource will serve as a foundation for comparative studies within Coccinellidae and 
contribute to the development of more effective biological control strategies.

Methods
Sample and DNA preparation.  The specimens of H. variegata used in this study were maintained under 
controlled laboratory conditions at the Sichuan Academy of Agricultural Sciences in Chengdu, China. Genomic 
DNA was extracted from a healthy adult female using the TIANGEN Blood & Tissue kit (Tiangen, Beijing, 
China), following the manufacturer’s protocol. The DNA quality was assessed with NanoDrop (NanoDrop prod-
ucts, Wilmington, DE, USA), Qubit 3.0 Fluorometer (Life Technologies Corporation, Eugene, OR, USA), and 
1% agarose gel electrophoresis. All three sequencing libraries (Illumina, PacBio, and Hi-C) were constructed 
from the same genomic DNA sample. Different amounts of DNA were used for each library type to optimize the 
sequencing protocols.

Paired-end library preparation, sequencing and quality control.  A paired-end Illumina sequenc-
ing library with an insert size of 400 bp was constructed from genomic DNA using the Illumina TruSeq DNA 
PCR-free prep kit (Illumina Inc., San Diego, CA, USA). The library quality was assessed using an Agilent 2100 
Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA), and the quantification was performed with the 
Promega QuantiFluor system (Thermo Fisher Scientific, Waltham, MA, USA). Sequencing was performed on 
an Illumina NovaSeq. 6000 platform (Illumina Inc., San Diego, CA, USA) with a 150-bp paired-end strategy. The 
library preparation and sequencing were performed at Shanghai Personal Biotechnology Co., Ltd. (Shanghai, 
China). This process generated approximately 70.8 Gb of raw sequences (Table S1). Quality control and filtering 
of the raw data were performed using Fastp v0.23.128. The reads with adapter contamination, low-quality reads 
with a mean PHRED score below 20%, reads containing poly-N, and reads shorter than 150 bp, are all filtered 
out. A random subset of 10,000 high-quality reads was aligned against public GenBank data to check for potential 
external contamination. A total of approximately 68.7 Gb of high-quality Illumina sequencing data was obtained 
for genome survey analysis (Table S2).

Genome survey.  The genome survey was conducted using k-mer analysis (k = 19) performed with Jellyfish 
v2.3.029. The genome size, heterozygosity rate, and duplication rates were estimated using GenomeScope30. The 
estimated genome size of H. variegata was approximately 672.49 Mb, with a heterozygosity rate of 1.01% and 
a repetitive fraction of 83.61% (Fig. 1a, Table S3). The estimated genome size is larger than the final assem-
bled genome size of 493.01 Mb. The discrepancy is likely due to the fact that the genome survey method (k-mer 
analysis) may overestimate the genome size, particularly due to the presence of repetitive regions that were not 
fully assembled in the final genome. The ploidy level was confirmed to be diploid through k-mer analysis using 
Smudgeplot v0.2.331 (Fig. 1b).

PacBio library construction and sequencing.  For long-read sequencing, the PacBio single mole-
cule real-time (SMRT) library was constructed according to the standard PacBio Template Prep Kit 1.0 proto-
col (Pacific Biosciences, Menlo Park, CA, USA). The PacBio library quality was assessed with an Agilent 2100 
Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA), and quantification was performed using the Promega 
QuantiFluor system (Thermo Fisher Scientific, Waltham, MA, USA). Sequencing was carried out on a PacBio 
Revio platform (Pacific Biosciences, Menlo Park, CA, USA) in circular consensus sequencing (CCS) mode, gener-
ating 5,139,915 HiFi reads with a read length N50 of 19,515 bp, which were used for genome assembly (Table S4).

Hi-C library preparation and sequencing.  The Hi-C library was constructed following the TruSeq 
DNA PCR-free prep kit protocol (Illumina Inc., San Diego, CA, USA) and based on a standardized procedure 
as described in a previous study26. The library was sequenced on an Illumina NovaSeq. 6000 platform (Illumina 
Inc., San Diego, CA, USA), which generated approximately 68.9 Gb of raw sequencing data (Table S5). After 
quality control and data filtration using Fastp v0.23.1, we obtained approximately 65.3 Gb of high-quality Hi-C 
data (Table S6). HiC-PRO v3.1.032 was used to align the Hi-C data, with the restriction enzyme junction site set to 
‘GATCGATC’. All other parameters were remained default. The Hi-C alignment process generated approximately 
71.5 million uniquely mapped paired-end reads, out of which 81.5% were valid interaction pairs useful to assist 
further genome assembly (Table S7).

Transcriptome library preparation and sequencing.  Total RNA was extracted from the whole body 
of an adult female using the Trizol Reagent kit (Invitrogen, Carlsbad, CA, USA). The quality and quantity of 
RNA were evaluated using a NanoDrop spectrophotometer (NanoDrop products, Wilmington, DE, USA), a 
Qubit 3.0 Fluorometer (Life Technologies Corporation, Eugene, OR, USA), and 1% agarose gel electrophoresis. 
Subsequently, an RNA library was constructed using the SMRTbell™ Template Prep Kit 1.0 (Illumina Inc., San 
Diego, CA, USA) following the manufacturer’s instructions. Sequencing was performed in CCS mode on a PacBio 
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Revio platform (Pacific Biosciences, Menlo Park, CA, USA). This process yielded 4,614,863 high-quality CCS 
reads, amounting to approximately 6 Gb of data with a read N50 of 1,431 bp (Table S8). These sequences were 
used to assist genome annotation.

Genome assembly.  The PacBio HiFi reads were assembled using the Improved Phased Assembly (IPA) 
method (Pacific Biosciences, Menlo Park, CA, USA), which generated phased assemblies including accurate hap-
lotigs and overlaps. To identify and eliminate haplotypic duplications, Purge_Dups v1.2.5 (https://github.com/
dfguan/purge_dups) was employed33. High-quality Hi-C reads were utilized to scaffold the haploid contigs into 
chromosomes using the 3D de novo assembly software, 3D-DNA v20100834. In total, 343,197,613 bp of sequence 
data were anchored to 10 chromosomes (Fig. 2a, Table S9), representing 9 autosomes and the X sex chromosome. 
The assembly was polished in three rounds of correction using Racon v1.4.2035. The scaffolded chromosomes 
were subsequently reordered in accordance with the reference genome (GenBank No. GCF_002263795.3). The 
final genome size of H. variegata was determined to be 493,014,220 bp, with a scaffold N50 length of approxi-
mately 28.19 Mb and a GC content of 36.41% (Fig. 2b, Table 1).

Repeat annotation.  Repetitive elements (REs) in the genome were identified through both de novo anno-
tation and homology-based search. The de novo repeat library was constructed using RepeatModeler v2.0.436, 
while protein-coding sequences with similarity to those in the Swiss-Prot database were removed from the library. 
Homology-based searches were conducted using RepeatMasker v4.1.436 against the RepBase-20150807 data-
base. A total of 258.56 Mb of repetitive sequences were identified, comprising 52.44% of the genome (Table 2, 
Table S10). Long interspersed nuclear elements (LINEs) represented the largest proportion, comprising 99.25 Mb 
(20.13%). Additionally, 100.71 Mb (20.43%) of unclassified repetitive elements were detected, which could not be 
assigned to any known repeat families.

Non-coding RNA annotation.  Transfer RNA (tRNA) and ribosomal RNA (rRNA) genes were identified 
using tRNAscan-SE v1.3.137 and RNAmmer v1.238, respectively. Other non-coding RNA (ncRNA) genes were 
identified using Infernal v1.1.339 against the Rfam v1.0 database40. As a result, 3,778 ncRNAs were identified in 
the H. variegata genome, including 510 18S rRNAs, 461 28S rRNAs, 2,039 tRNAs, and 768 other ncRNAs which 
further contain 192 miRNAs, 66 snRNAs, 71 snoRNAs, and 95 sRNAs functional in gene regulation, pre-mRNA 
splicing, rRNA processing, and the regulation of chromatin structure and gene expression (Table 2, Table S11).

Protein-coding genes prediction.  The prediction of protein-coding genes (PCGs) was performed 
using a combination of ab initio prediction, homology-based prediction, and transcriptome-based approaches. 
Ab initio gene prediction was conducted using Augustus v3.3.241, GeneID v1.442, and GeneMark v4.7143. For 
homology-based prediction, GeMoMa v1.944 and Exonerate v2.2.045 were employed, along with amino acid 
sequences from related species. Transcriptome-based predictions were conducted using PASA v2.5.246. The 
integration of these gene predictions into a final consensus set was performed using EVidenceModeler (EVM) 
vr2012-06-2547. A total of 37,348 genes were predicted (Table 2), with an average gene length of 5,253.3 bp 
(Table S12). Exons and introns had average lengths of ca. 441 bp and ca. 1433 bp, respectively, with each gene 

Fig. 1  Genome profiling plots of Hippodamia variegata. (a) GenomeScope plot showing K-mer distribution 
curve of Illumina paired-end reads based on a k value of 19. (b) Smudgeplot proposing H. variegata as diploid. 
Estimated ploidies are indicated on the upper left of each graph, with the likelihood of various ploidies shown 
on the right.
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containing an average of 3.5 exons. The predicted genes contained 133,237 coding sequences (CDSs), which had 
an average length of ca. 441 bp and contributed to a total CDS length of 58,781,628 bp, accounting for 11.92% of 
the genome.

Gene function annotation.  Putative gene functions were annotated by aligning gene sequences to the 
NCBI non-redundant protein sequence (NR) database and the Swiss-Prot database using Diamond v2.0.14.15248. 
The Pfam database was used to identify protein domains through InterProScan v5.61–93.049, which also provided 
Gene Ontology (GO) term assignments. KEGG pathway analysis was conducted using the KEGG Automatic 
Annotation Server (KAAS; https://www.genome.jp/kegg/kaas/)50. Carbohydrate-active enzymes (CAZy)51 were 
predicted using HMMER v3.3.252.

Fig. 2  Summary of the final genome assembly results. (a) Hi-C interaction heatmap of the H. variegata genome. 
The colour block indicates the intensity of interaction from yellow (low) to red (high). Chr1 to Chr9 represent 
the 9 autosomes and Chr10 is the X sex chromosome. (b) Circular diagram of genomic features of H. variegata. 
Circos plots from outer to inner ring represent chromosome karyotype analysis results, PCG density, GC 
content, LTR/Copia transposable elements density, and LTR/Gypsy transposable elements density, respectively.

Parameter Number

Total sequence length (bp) 493,014,220

Total sequence number 1,953

Min sequence length (bp) 8,303

Max sequence length (bp) 70,261,243

N20 (bp) 63,576,082

N20 number 2

N50 (bp) 28,192,547

N50 number 5

N90 (bp) 72,960

N90 number 423

N number 3,066

N rate % 6.2188875606874e-06

GC content % 36.41

Sequences greater than 1 kb 1,953

Complete BUSCOs (%) 98.1%

Complete single-copy BUSCOs (%) 96.4%

Complete duplicated BUSCOs (%) 1.7%

Table 1.  Genome assembly and assessment of Hippodamia variegata.
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Among the 37,348 genes predicted in the H. variegata genome, 21,992 (58.88%) were annotated in the 
NR database, 24,599 (65.86%) in the Swiss-Prot database, and 29,337 (78.55%) in the Pfam database (Table 2, 
Table S13). GO terms were assigned to 23,446 (62.78%) genes (Fig. S1), while 6,385 (17.1%) genes were assigned 
KEGG Orthology (KO) terms (Fig. S2). The CAZy annotation predicted 344 glycosyl transferase (GT) genes, 
21 polysaccharide lyase (PL) genes, 281 carbohydrate esterase (CE) genes, 115 auxiliary activity (AA) genes, 
124 carbohydrate-binding module (CBM) genes, and 363 glycoside hydrolase (GH) genes (Fig. S3, Table S14).

Data Records
The genomic (Illumina, PacBio, Hi-C) and transcriptomic sequencing data was deposited at the NCBI Sequence 
Read Archive (SRA) database under BioProject ID PRJNA117296953. The accession numbers of the Illumina 
sequencing data, HiFi sequencing data, Hi-C sequencing data, and transcriptomic data are SRR3106596254, 
SRR3106596355, SRR3106596456, and SRR3106596557, respectively. The accession number of the genome assem-
bly is JBJYYB00000000058.

Technical Validation
The completeness and continuity of the H. variegata genome assembly were evaluated using Benchmarking 
Universal Single-Copy Orthologues (BUSCO) v5.4.559 against the Insecta_odb10 database, which contains 1,367 
conserved gene sets. The BUSCO analysis revealed that 1,341 (98.1%) of the genes were complete (Table S15), 
thus confirming the high quality of the assembled genome. For the predicted PCGs, BUSCO analysis iden-
tified 1,338 (97.9%) complete genes, of which 92.3% were single-copy and 5.6% were duplicated (Table S16). 
Collectively, these results indicate that the H. variegata genome assembly achieved in this study is of high quality, 
with substantial contiguity and completeness.

Code availability
The bioinformatic analyses were performed using the manuals and protocols by the software developers. If 
manually adjusted parameters were used, the software version and method used are described in the Methods.
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