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OPEN A chromosome-level genome
DATA DESCRIPTOR assembly of the dried fruit mite
Carpoglyphus lactis

Lang Liang®?, Hu-Die He(®?, Dao-Chao Jin1* & Tian-Ci Yi'>

Carpoglyphus lactis is a globally distributed stored-product pest mite that inflicts substantial damage on
dried fruits, grains, and other preserved commodities. However, the absence of high-quality genomic

. resources has long constrained insights into its biology and evolutionary characteristics. In this study,

. we report a chromosome-level genome assembly for C. lactis, generated using an integrative approach

. that combines lllumina, PacBio, Oxford Nanopore, and Hi-C sequencing technologies. The assembled

. genome comprises approximately 53.47 Mb, featuring a contig N50 of 713.31 kb and a scaffold N50 of
5.92 Mb. Utilizing Hi-C data, 99.8% of the genome sequences were anchored onto nine chromosomes.

. Gene annotation revealed a total of 10,330 protein-coding genes, with repetitive sequences accounting

. for9.66% of the genome. BUSCO completeness assessment using the arachnida_odb12 database

© (n=1,123) indicated high integrity for both the genome assembly (94.6%) and gene annotation
(94.7%). This chromosome-level genome serves as a valuable resource for investigating mite biology
and facilitating the development of effective control strategies against this economically important
pest species.

: Background & Summary
© Astigmatic mites represent one of the most diverse and speciose lineages within the subclass Acari, encom-
© passing 77 families and over 6,000 described species'. Traditionally, they are thought to have originated from
. Oribatid mites in soil ecosystems®. However, in contrast to their ancestral forms, astigmatid mites display excep-
. tional ecological adaptability, allowing them to colonize a wide array of fragmented and transient habitats®*.
Furthermore, many species employ a dispersal strategy known as phoresy, wherein they attach to other organ-
* isms for transportation®®. Their pronounced ecological versatility and evolutionary success make astigmatid
. mites an excellent model system for investigating adaptive evolution within the Acari.
: The genus Carpoglyphus, belonging to the family Carpoglyphidae, includes six valid species, most of which
are recognized as economically important pests associated with stored products’. Among them, C. lactis
. (Linnaeus, 1767), commonly referred to as the dried fruit mite, is a cosmopolitan species reported across a wide
: variety of food commodities, including dried fruits, beer, dairy products, jams, honey, and wine®?. Under the
: warm and humid conditions prevalent during summer and autumn, this mite proliferates rapidly, leading to
: significant economic losses in the food processing and sugar industries. Furthermore, C. lactis can be transmit-
. ted to humans via multiple routes, triggering a spectrum of clinical symptoms, such as mite-induced dermatitis,
. allergic alveolitis, and food mite syndrome!?. Despite its agricultural and medical relevance, a high-quality ref-
erence genome has been lacking, limiting insights into its evolutionary biology and impeding the development
of effective management strategies.
In this study, we report a high-quality chromosome-level genome assembly for Carpoglyphus lactis. We
employed a hybrid sequencing and assembly approach integrating PacBio long-read sequencing for de novo
. assembly, Illumina short-read data for error correction and polishing, and Hi-C chromatin interaction data
© to reconstruct chromosome-scale scaffolds. Gene annotation was performed using a comprehensive pipeline
- that combined ab initio prediction, homology-based evidence from known protein sequences, and transcrip-
© tomic data obtained from both Illumina RNA-seq and Nanopore-based full-length transcript sequencing. This
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Clean Sequencing | SRA accession
Libraries data (Gb) | coverage (X) | number
WGS 114 200.41 SRR33763638
Hi-C 8.3 130.08 SRR33763639
HiFi 5.5 98.41 SRR33763640
RNA-sr 7.7 — SRR33763641
RNA-ONT 9.7 — SRR33763642

Table 1. Summary of sequencing data used for genome assembly and annotation of C. lactis. Note: WGS:
Whole Genome Sequencing for genome assembly. Hi-C: High-throughput Chromosome Conformation
Capture for chromosome-level scaffolding. HiFi: PacBio High-Fidelity long-read sequencing for improving
assembly contiguity and accuracy. RNA-sr: Short-read RNA sequencing for gene annotation. RNA-ONT:
Oxford Nanopore Technologies long-read RNA sequencing for gene annotation.
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Fig. 1 GenomeScope genome size estimates for C. lactis.

chromosome-level reference genome represents a valuable resource for advancing studies on the evolutionary
biology of astigmatid mites and for facilitating the development of targeted strategies for managing this econom-
ically significant pest.

Methods

Sample preparation. The C. lactis population used in this study was originally collected from dried fruits
maintained in the insect rearing facility of the Institute of Entomology, Guizhou University (Guiyang, Guizhou,
China). In the laboratory, mites were fed with yeast and reared under controlled conditions: a constant temper-
ature of 254 2°C, relative humidity of 75 + 5%, and kept in complete darkness. To minimize heterozygosity and
establish a genetically stable strain, one female and one male were isolated from the original population to initiate
anew colony. A five-generation inbreeding program was carried out by pairing one male and one female in each
generation to propagate the next generation. From the resulting fifth-generation inbred line, adult females were
selected as the source material for whole-genome sequencing analysis.

DNA sequencing. For PacBio long-read sequencing, genomic DNA was extracted from 200 adult females. A
20-kb SMRTbell library was constructed using the SMRTbell® Express Template Prep Kit 2.0 (Pacific Biosciences,
Cat. #PN 101-853-100, Menlo Park, CA, USA) and sequenced on the PacBio Sequel Ile platform. After quality
filtering, approximately 5.5 Gb of high-quality SMRT sequences were retained, providing ~98 x genome cov-
erage. For Illumina short-read sequencing, genomic DNA was also extracted from 200 adult females. A stand-
ard whole-genome sequencing library with an insert size of ~350bp (paired-end 150 bp) was prepared using
the TruSeq DNA PCR-Free Library Preparation Kit and sequenced on the Illumina NovaSeq X Plus platform,
generating 11.4 Gb of paired-end reads. To anchor contigs into chromosome-scale scaffolds, we employed
high-throughput chromosome conformation capture (Hi-C) sequencing technology. Fresh tissue samples from
1,000 adult females were crosslinked with formaldehyde, followed by digestion with the restriction enzyme
Mbol and proximity ligation to capture three-dimensional chromatin interactions. The resulting libraries were
sequenced on the Illumina NovaSeq X Plus platform, producing 8.3 Gb of clean paired-end reads (150 bp in
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Fig. 2 Genome-wide chromosomal heatmap of C. lactis, the blue boxes.

length). All library preparation and sequencing operations were performed by Berry Genomics (Beijing, China).
The total amount of raw sequencing data and the corresponding sequencing depth are summarized in Table 1.

RNA sequencing. For RNA short-read sequencing, total RNA was extracted from 1,000 adult females using
TRIzol™ Reagent (Thermo Fisher Scientific). Poly(A)-enriched libraries were constructed according to the man-
ufacturer’s instructions using the VAHTS mRNA-seq v2 Library Prep Kit (Vazyme, NR603). Sequencing was per-
formed on the Illumina NovaSeq X Plus platform with a paired-end 150bp strategy, yielding a total of 7.7 Gb of
high-quality clean reads. For long-read RNA sequencing, poly(A)-enriched RNA was isolated using the NEBNext
Poly(A) mRNA Magnetic Isolation Module. A Nanopore sequencing library was subsequently prepared using the
SQK-PCS109 + SQKPBK004 kit. Library construction was carried out by BenaGen (Wuhan, China). The purified
library was sequenced on an Oxford Nanopore PromethION platform, generating 9.7 Gb of long-read sequences.

Genome survey. First, we performed quality control on the raw [llumina data using BBMap v39.25.
Duplicate reads were removed using the “clumpify.sh” script with default parameters. Subsequently, low-quality
reads were filtered out using the “bbduk.sh” script, applying criteria such as base quality (>Q20), minimum read
length (>15bp), poly(A/G/C) trimming (>10bp), and correction of overlapping paired-end reads.

The genome survey was conducted based on k-mer frequency distribution, with 21-mer frequencies assessed
using Jellyfish global 1'2. Genome feature analysis was performed with GenomeScope v2.0"3, setting the maxi-
mum k-mer depth threshold to 10,000 and parameters specified as -k 21 -p 2 -m 10,000’ The results indicated
a predicted genome size of 48.52 Mb and a heterozygosity level of 1.25%. Detailed analysis results are presented
in Fig. 1.

Genome assembly. High-quality HiFi reads were initially assembled using Hifiasm v0.25.0-r726'* with
the parameter “-13”. To exclude low-depth sequences potentially originating from contamination or sequenc-
ing errors, only contigs with a sequencing depth exceeding 9 x (approximately 1/10 of the estimated genome
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Fig. 3 Gene features in the C. lactis genome. The tracks, from innermost to outermost, represent the nine
chromosomes (Chr1-Chr9), GC content, GC skew, and gene density.

coverage) were retained. Subsequently, the assembly was further polished using nextPolish v1.4.1', incorporating
both second and third-generation genomic sequencing data for error correction. To remove redundant sequences
from the polished assembly, Purge_dups v1.2.5'¢ was applied. Minimap2 v2.24'7 was used as the alignment tool
to map HiFi reads to the genome (“-cx map-hifi”) and for self-alignment of the genome (“-x asm5 -DP”). Due to
the high heterozygosity of the genome, Purge_dups was run with parameters “-2 -a 60”.

Chromosome-level scaffolding and contig assembly were performed based on Hi-C data using the Chromap
and YAHS pipelines. First, Hi-C data were subjected to quality control using Chromap v0.3.0-r509'8, including
read alignment, removal of PCR duplicates, and extraction of Hi-C interaction signals. Subsequently, two rounds
of scaffolding were carried out using YAHS v1.2'° with default parameters. Following the initial round of scaf-
folding, the assembly was manually curated using Juicebox v1.11.08%, followed by a final round of scaffolding.
The sequencing depth of the final genome assembly was assessed using SAMtools v1.16.1%!, with aligned BAM
files generated by minimap?2 based on HiFi reads (“-ax map-hifi”) or second-generation whole-genome sequenc-
ing data (“-ax sr”). As shown in the Hi-C scaffolding heatmap (Fig. 2), the quality of the chromosome-level
scaffolding was excellent, resulting in a total of nine chromosome-level assemblies.

Genome completeness was assessed using BUSCO v5.8.3%? with the arachnida_odb12 reference database,
which contains 1,123 single-copy orthologous genes. To evaluate both the utility of the raw sequencing data and
the integrity of the genome assembly, short-read and long-read sequencing data were aligned to the assembled
genome using Minimap2, and alignment rates were calculated with SAMtools. Potential contamination in the
assembly was screened using MMseq. 2 v137? with a sequence identity threshold of 0.8 (--min-seq-id 0.8)
against the NCBI nt_pork (bacteria and archaea) database. Additionally, a BLASTN search (BLAST +v2.12.0%*)
was performed against the UniVec database and the reference genome of Saccharomyces cerevisiae to specifi-
cally detect vector and feed-related contaminants, respectively. Sequences showing over 90% similarity to entries
in these databases were considered contaminants and removed from the final assembly. Single-base quality
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Features Statistics
Length of scaffold/contig (Mb) 53.47/53.46
Scaffold/Contig N50 (Kb) 713/5,929
Contigs number 121
Scaffolds number 12
chromosomes number 9
Anchored to chromosome (%) 99.86

GC % 40.90

Qv 49.40

Table 2. Statistics for the assembly of C. lactis genome.

Class Length (bp) | Percent (%)
Repetitive elements Size | 5,167,192 9.66
Unclassified 2,387,275 4.46
LTRs 971,581 1.82
DNA transposons 688,709 1.35
LINEs 259,790 0.49
SINEs 66,483 0.12

Table 3. Statistics of repetitive sequence annotation for C. lactis.

Functional Annotation | Number | Percent (%)
Uniprot (sprot) 6,989 67.66
Uniprot (trembl) 9,022 87.34
Nr 9,098 88.07
InterPro 9,621 93.14
Emapper (eggNOG) 8,116 78.57
Total 9,890 95.74

Table 4. Summary of protein-coding genes of the C. lactis. Note: Uniprot (sprot): UniProtKB/Swiss-Prot
database. Uniprot (trembl): UniProtKB/TrEMBL database. Nr: the NCBI non-redundant protein sequence
database. InterPro: a database of protein families, domains, and functional sites. Emapper (eggNOG):

a functional annotation tool based on the eggNOG (evolutionary genealogy of genes: Non-supervised
Orthologous Groups) database.

scores (QV values) and k-mer spectra were evaluated using Merqury v1.4%. The final chromosome-level genome
assembly of C. lactis is 53.47 Mb, consisting of 12 scaffolds and 121 contigs, with scaffold N50 and contig N50
values of 5.92 Mb and 713.31 kb, respectively. Of these, 118 contigs (accounting for 99.86% of the total length)
were anchored onto 9 chromosomes (Fig. 3). The remaining three scaffolds are all short, unplaced nuclear
sequences that could not be anchored to a chromosome. Chromosome lengths ranged from 5.21 to 6.71 Mb,
with an average GC content of 40.9% and a QV value of 49.4 (Table 2).

Genome annotation. The RepeatModeler v2.0.4%° software was used with the additional LTR search option
enabled (-LTRStruct) to construct a species-specific repeat database based on the structural characteristics of
repetitive sequences and de novo prediction principles. This database was subsequently combined with the Dfam
3.7%7 and RepBase-20181026® databases to generate a comprehensive reference database for repeat sequence
identification and alignment. Repetitive sequence prediction was carried out using RepeatMasker v4.1.5% with
the final constructed repeat database. The results showed that repetitive sequences totaled 5,167,192 bp, account-
ing for 9.66% of the genome. In the C. lactis genome, the top five categories of repetitive elements were: Unknown
(4.46%), LTRs (1.82%), DNA transposons (1.35%), LINEs (0.49%), and SINEs (0.12%). The detailed statistical
results are presented in Table 3.

Two complementary strategies were employed for the annotation of non-coding RNAs (ncRNAs): (1)
Sequences were aligned to the Rfam database, a collection of known non-coding RNA families, using Infernal
v1.1.5% for the identification and annotation of rRNA, snRNA, and miRNA sequences. (2) tRNA genes were
predicted using tRNAscan-SE v2.0.1%!, which is specifically designed for accurate detection of tRNA sequences
in genomic data. The annotation results revealed a total of 214 non-coding RNA genes, including 49 rRNAs, 9
miRNAs, 12 snRNAs, 123 tRNAs, and 3 ribozymes.

Protein-coding gene structure annotation was performed using the MAKER v3.01.04%* pipeline, integrating
three types of evidence to improve prediction accuracy. The specific workflow included the following steps: (1)
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Fig. 4 Venn diagram of functional annotations for C. lactis. Numbers indicate the count of genes in each
intersection, The color gradient corresponds to the gene count.

AD initio gene prediction: Gene models were predicted using BRAKER v3.0.3%, incorporating both transcrip-
tomic and proteomic evidence to expand the pool of potential coding gene candidates. Transcriptomic data were
generated by aligning second-generation RNA-Seq reads to the reference genome using HISAT2 v2.2.1%, while
long-read transcriptome data were aligned using Minimap2. Both pipelines produced BAM alignment files as
input for downstream analyses. (2) Transcript alignment-based gene structure prediction: StringTie v2.2.1%° was
used to perform reference-guided assembly of both second- and third-generation transcriptomic data, using
the short-read and long-read BAM alignment files generated in step (1) as input. (3) Homology-based gene
prediction: Homology comparisons were conducted using known protein sequences from five related Acari
species: Panonychus citri (RefSeq: GCF_014898815.1), Tetranychus urticae (RefSeq: GCF_000239435.1), Oppia
nitens (RefSeq: GCF_028296485.1), Dermatophagoides farinae (RefSeq: GCF_020809275.1), and D. pteronyssi-
nus (RefSeq: GCF_001901225.1). Protein sequence analysis was carried out using GeMoMa v1.9%, as described
above. Detailed results of the coding gene predictions are presented in Table 4. A total of 10,330 protein-coding
genes were predicted by the MAKER pipeline, with a combined length of 5,902,328 bp and an average gene
length of 571.4 amino acids. BUSCO assessment of the predicted protein-coding sequences showed high com-
pleteness, with 94.7% of the 1,123 core orthologs identified as complete [including 93.5% single-copy (S) and
1.2% duplicated (D)], while only 2.0% were fragmented (F) and 3.4% missing (M).

Gene function annotation was performed by aligning gene sequences to established databases. We used
Diamond v2.1.8% to search the UniProtKB database (including SwissProt and TrEMBL) and the NCBI nr
database (February 7, 2024) for functional gene information. Subsequently, InterPro 5.74-105.06°¢ and
eggNOG-mapper v2.1.12% were employed to further enrich functional annotations and identify protein
domains. The results showed that the five databases annotated 6,989, 9,022, 9,098, 9,621, and 8,116 functional
genes, respectively. After removing duplicates, a total of 9,890 genes were functionally annotated, with 6,446
genes being commonly identified across all four databases. Detailed results are presented in Table 4 and visual-
ized in Fig. 4.
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Fig. 5 BUSCO assessment results for the C. lactis genome assembly and annotated protein set.

Data Records

The raw sequencing reads and genome assembly have been deposited in the NCBI database under BioProject
accession number PRINA1260190%. The WGS, Hi-C, HiFi, RNA-seq, and ONT data are publicly available under
accession number SRP588867%!. The complete genome assembly is accessible through NCBI with the accession
number GCA_051106175.1*2. Additionally, the genome assembly and annotation files have been made publicly
available via Figshare®.

Technical Validation

The quality of the C. lactis genome assembly was assessed using two complementary approaches. First, com-
pleteness was evaluated using BUSCO v5.8.3 with the arachnida_odb12 dataset (n=1,123) (Fig. 5), revealing a
total completeness of 94.6% (93.6% single-copy and 1.0% duplicated). Second, base-level accuracy was estimated
using Merqury v1.4, yielding a high-quality value (QV) of 49.9, indicating exceptional sequence fidelity. These
results collectively demonstrate that the genome assembly is highly contiguous and complete. Additionally, the
gene prediction achieved a BUSCO completeness of 94.7% (93.5% single-copy and 1.2% duplicated), further
confirming the overall high quality of both the assembly and annotation.

Data availability

The data presented in this manuscript have not been previously published in any form. The raw sequencing reads
and the assembled genome described in this study have been deposited in the National Center for Biotechnology
Information (NCBI) databases under BioProject accession number PRINA1260190. The corresponding genome
annotation files are available in the figshare repository (https://doi.org/10.6084/m9.figshare.29815598).

Code availability
No custom scripts were used in this study. All data processing was carried out using standardized pipelines based
on the bioinformatics tools described in the Methods section.
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