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Chromosome-level genome 
assembly of Trichogramma ostriniae 
Pang & Chen (Hymenoptera: 
Trichogrammatidae)
Xue Sheng   , Tian-Yi Yao, Yuan-Xi Li    & Zhi-Chao Yan ✉

Trichogramma ostriniae (Hymenoptera: Trichogrammatidae) is an important biological control 
agent that is effective against the Asian corn borer Ostrinia furnacalis. In this study, we present a 
chromosome-scale genome assembly of T. ostriniae. By integrating PacBio long-read sequencing and 
Hi-C scaffolding techniques, we constructed a genome assembly of 221.86 Mb. Approximately 93.14% 
of the assembly was successfully anchored onto 5 chromosomes, with contig and scaffold N50 values 
reaching 12.42 Mb and 39.71 Mb, respectively. The genome completeness, as evaluated by BUSCO, 
achieved a completeness score of 98.3%. Additionally, a total of 12,707 protein-coding genes were 
identified. In conclusion, this high-quality genome assembly of T. ostriniae serves as a valuable genomic 
resource, providing insights into the evolution of parasitoid diversity and enhancing the application of 
parasitoid wasps in biological control.

Background & Summary
Parasitoid wasps, a group of parasitic insects with rich species diversity, have played pivotal roles in both bio-
logical control and evolutionary studies1–7. The Asian corn borer (ACB), Ostrinia furnacalis, is a destructive 
maize pest in Southeast Asia that causes substantial economic losses annually8. Trichogramma dendrolimi and T. 
ostriniae have been widely employed as effective biological control agents against ACB9. Extensive studies have 
demonstrated that, compared with T. dendrolimi, T. ostriniae has significantly superior pest control efficacy, 
highlighting its high value in practical biological control applications9–13. Furthermore, T. ostriniae serves as an 
ideal model for studying key traits in parasitoid wasps, such as reduced body size3,14–16, trait loss4,17,18, host range 
shift19–22, and sex determination23–26. With the advancement of sequencing technologies, several Trichogramma 
species sequenced and their chromosome-level genome assemblies are publicly available, including T. den-
drolimi27, T. chilonis28 and T. japonicum29. However, the lack of a high-quality genome for T. ostriniae has hin-
dered in-depth research into its biological characteristics and applications in biological control.

Here, we present a high-quality, chromosome-level genome assembly of T. ostriniae using a multi-omics 
approach combining PacBio sequencing, Illumina sequencing, and chromatin conformation capture (Hi-C) 
techniques. Additionally, we integrated Oxford Nanopore Technologies (ONT) full-length transcriptome 
sequencing to further improve genome annotation quality. The high-quality genome of T. ostriniae provides a 
valuable resource for future studies of these diverse and economically important insects, including explorations 
of parasitoid biology, biological control, and the evolution of miniaturization.

Methods
Sample preparation and sequencing.  The parasitoid wasps T. ostriniae used in this study were from 
Shanxi Province and were reared in our laboratory for more than a decade. The wasps were reared on the eggs 
of Corcyra cephalonica at 25 ± 1°C with 70 ± 5% relative humidity and a 14:10 h (light:dark) photoperiod. Adults 
were fed a 10% sucrose solution after emergence.

Female wasp genomic DNA was purified using a QIAGEN® Blood & Cell Culture DNA Mini Kit (Qiagen, 
Hilden, Germany) according to the manufacturer’s procedure for both long-read and short-read whole-genome 
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sequencing. Total RNA was extracted with TRIzol (Invitrogen, California, CA, USA) according to the manu-
facturer’s instructions. The concentration and purity of RNA were detected using NanoDrop One spectropho-
tometer (Thermo Fisher Scientific, Waltham, MA, USA), and RNA integrity was assessed using the Agilent 
Bioanalyzer 2100 system (Agilent Technologies, CA, USA).

Long-read genome sequencing was performed on the PacBio Sequel II platform. To anchor scaffolds to chro-
mosomes, a high-throughput chromosome conformation capture (Hi-C) library was prepared using established 
methods30 and sequenced on the Illumina NovaSeq X Plus platform. Illumina whole-genome sequencing (WGS) 
was performed on the Illumina NovaSeq 6000 platform using a 150 bp paired-end strategy. Full-length tran-
scriptome sequencing was performed using the PromethION platform from Oxford Nanopore Technologies 
(ONT). Finally, our genome sequencing yielded 11.43 Gb (51.52×) of PacBio long reads, 8.36 Gb (36.71×) of 
Illumina short reads, 56.75 Gb (274.66×) of Hi-C data, and 85.01 Gb of transcriptome data (Table 1).

Genome survey and assembly.  Prior to genome assembly, a k-mer analysis was conducted using 
Illumina sequencing data to infer the genomic characteristics, including genome size and heterozygosity. Briefly, 
quality-filtered reads were subjected to a 21-mer frequency distribution analysis employing Jellyfish v2.2.1031. 
Furthermore, the overall genomic properties were inferred via GenomeScope v2.032. A preliminary genome sur-
vey of T. ostriniae revealed an estimated genome size of 208.01 Mb, with a heterozygosity of 0.207% (Fig. 1).

De novo genome assembly was performed using Hifiasm v0.1333 with the PacBio HiFi reads. To eliminate 
potential contaminants, the resulting contigs were aligned against the NCBI nucleotide database via BLASTN 
with an E-value threshold of 1e−3, followed by the removal of identified contaminating contigs and mito-
chondrial contigs. The decontaminated contigs were subsequently scaffolded using Hi-C data. Specifically, 
Hi-C reads were aligned to the decontaminated contigs using Juicer v1.634 with the restriction enzyme MboI. 
Chromosome-scale scaffolding was performed using 3D-DNA v18011435. Any placement and orientation errors 
that showed clear discrete chromatin interaction patterns were manually corrected and visualized using Juicebox 
v1.11.0836. Finally, the quality of the final assembly was assessed using BUSCO v5.2.237 with the insecta_odb10 
dataset. The final assembly size was 221.86 Mb, which comprised 206.63 Mb of sequences anchored into five 
chromosomes and 15.23 Mb of unplaced scaffolds. The assembly exhibited high continuity, with a scaffold N50 
of 39.71 Mb and the longest scaffold being 55.07 Mb. The assembly was scaffolded into 5 chromosomes. The 
chromosomal sizes ranged from 33.67 Mb to 55.07 Mb. (Figs. 2, 3; Tables 2, 3).

Sequencing strategy Platform Usage Clean data (Gb) Coverage (×)

Short-reads Illumina Genome Survey 8.36 36.71

Long-reads PacBio Assembly 11.43 51.52

Hi-C Illumina Hi-C assembly 56.75 274.66

RNA-seq ONT Annotation 85.01 —

Table 1.  Statistics of the sequencing data used for genome assembly. ONT: Oxford Nanopore Technologies.

Fig. 1  GenomeScope profiles of 21-mer analysis.
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Repeat and non-coding RNA annotation.  For the T. ostriniae genome, transposon element (TE) identi-
fication was performed using the Extensive de novo TE Annotator (EDTA) v1.9.638. A custom repeat library was 
constructed by integrating known repeats from the RepBase-2018082639 and Dfam40 databases with the de novo 
TE detection results. RepeatMasker v4.1.241 was then used to mask repetitive elements in the T. ostriniae genome, 
revealing a total of 61.91 Mb of repetitive sequences, accounting for 27.90% of the genome (Table 4).

Additionally, transfer RNAs and ribosomal RNAs were detected using tRNAscan-SE v2.0.942 and RNAmmer 
v1.243, respectively. In total, 1513 ncRNAs were predicted, including 781 ribosomal RNAs (rRNAs) and 732 
transfer RNAs (tRNAs) (Table 4).

Gene prediction and functional annotation.  Gene prediction was performed through an integrative 
strategy combining ab initio, homology-based, and long-read transcriptome-guided approaches. De novo gene 
prediction of the softmasked genome was performed using Augustus v3.4.044. For homology-based gene predic-
tion, invertebrate protein sequences downloaded from the NCBI RefSeq database served as a reference dataset. 
GeneWise v2.4.145 was utilized to predict gene structures by aligning these reference proteins to the genomic 
sequence. For transcriptome-based analysis, Nanopore cDNA sequences were first oriented and trimmed using 
Pychopper v2.5.0 and then mapped to the assembled genome via Minimap2 v2.2246. StringTie v2.1.747 was sub-
sequently employed to obtain transcript locations, followed by open reading frame prediction via TransDecoder 

Fig. 2  Genome-wide chromosomal heatmap of Trichogramma ostriniae, where each chromosome is delineated 
in blue and each contig is highlighted with a green outline.
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Fig. 3  Circos plot of the distribution of the genomic elements in Trichogramma ostriniae. The tracks indicate  
(a) the length of the chromosome (Mb), (b) the proportion of unknown bases (N), (c) DNA transposons,  
(d) long terminal repeats (LTR), (e) short interspersed nuclear elements (SINE), (f) long interspersed nuclear 
elements (LINE), (g) gene density, (h) GC content and (i) GC skew. The densities of TEs, genes, and GCs were 
calculated in 100 kb windows.

Assembly 
size (Mb)

Number of scaffolds/contigs 
(chromosomes)

Scaffold/contig N50 
length (Mb) GC (%)

BUSCO (n = 1,367) (%)

C D F M

221.86 236/353 (5) 39.71/12.42 39.78 98.3 4.4 0.1 1.6

Table 2.  Statistics of the final genome assembly of T. ostriniae. C: complete BUSCOs; D: complete and 
duplicated BUSCOs; F: fragmented BUSCOs; M: missing BUSCOs.

Chromosome Length (Mb)

Chr01 55.07

Chr02 40.19

Chr03 39.71

Chr04 37.99

Chr05 33.67

Total 206.63

Unplaced 15.23 (6.86%)

Table 3.  Statistics for chromosome sequence length.
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v5.5.048. The resulting protein sequences were aligned against the Swiss-Prot database using BLASTP, with an E 
value threshold of 1e-5. EVidenceModeler (EVM) v1.1.149 was used to integrate the genes predicted by the three 
methods to form a consensus gene set. The EVM results were iteratively refined through two rounds of updates 
using Program to Assemble Spliced Alignments (PASA) v2.4.149 to generate an optimized gene set (OGS). By 
combining de novo, homology-based and transcriptome-based predictions, a total of 14,894 protein-coding genes 
were predicted in the T. ostriniae genome. The completeness of the protein sequences was assessed using BUSCO 
on the basis of the OrthoDB database insecta_odb1050. The completeness of BUSCO genes is approximately 
94.4%, with 90.2% complete single-copy, 4.2% complete duplicated, 1.2% fragmented, and 4.4% missing (Table 4).

Functional annotation was performed by aligning the predicted protein sequences to the non-redundant 
protein (Nr) database and SwissProt database, using Diamond v2.0.1151 with an E-value threshold of 1e−5. 
InterProScan 5.53-87.052 and eggNOGmapper v2.0.153 were used to annotate the Gene Ontology (GO) terms 
and pathways (Kyoto Encyclopedia of Genes and Genomes, Reactome). In total, 12707 genes were functionally 
annotated, representing 85.32% of the total predicted protein-coding genes (Table 4).

Data Records
The whole-genome project is accessible in the NCBI database under BioProject accession number 
PRJNA1313832. The Illumina, PacBio, Hi-C and RNA-seq data are available under accession numbers 
SRP61641154. The assembled genome of T. ostriniae is available in GenBank under accession number 
JBQXEY000000000.155. Genome annotations are available in the FigShare repository56.

Technical Validation
The integrity of the DNA samples was assessed via 0.75% agarose gel electrophoresis to confirm their integ-
rity. The purity of the extracted DNA was subsequently evaluated via a NanoDrop One spectrophotometer 
(Thermo Fisher Scientific, USA), with acceptable OD260/280 ratios ranging from 1.8 to 2.0 and OD260/230 
ratios ranging from 2.0 to 2.2. The precise concentration of DNA was determined via a Qubit 3.0 fluorometer 
(Life Technologies, CA, USA). The degradation and contamination of RNA were examined via 1% agarose gel 
electrophoresis. The RNA concentration was quantified via a Qubit RNA Assay Kit in conjunction with a Qubit 
Fluorometer. Additionally, RNA integrity was assessed via an RNA Nano 6000 Assay Kit on a Bioanalyzer 2100 
system (Agilent Technologies, CA, USA).

The assembled genome size is 221.86 Mb, with repetitive sequences accounting for 27.90% of the total. The 
size of the assembled genome is consistent with the estimated result of 208.01 Mb and is similar to the genome 
sizes of T. chilonis28, T. dendrolimi27, and T. japonicum29. We evaluated assembly completeness utilizing BUSCO 
v5.2.237 against the Insecta reference gene set (n = 1,367). The assembly exhibited a BUSCO completeness of 
98.3% BUSCO genes, comprising 4.4% duplicated, 0.1% fragmented, and 1.6% missing genes. These results 
demonstrate that we successfully obtained a high-quality genome for T. ostriniae.

Our integrated annotation approach successfully identified 12,707 protein-coding genes, achieving excep-
tional genome annotation quality, as evidenced by the high BUSCO completeness score (94.4%). Combining de 
novo, transcriptomic, and homology-based methods enabled comprehensive gene detection, with functional 
annotations assigned to 85.32% of the predicted genes. The 14.7% of genes lacking functional annotation likely 
include important lineage-specific adaptation elements, highlighting valuable targets for future functional char-
acterization. This high-quality annotation supports advanced genomic research in parasitoid wasps.

Data availability
The genome assembly and annotation datasets are available in the FigShare repository under accession code 
https://doi.org/10.6084/m9.figshare.30073240.v2. The raw sequencing reads have been deposited in the NCBI 
Sequence Read Archive (SRA) under BioProject accession PRJNA1313832. The assembled genome is available 
under GenBank accession JBQXEY000000000.

Repetitive elements

Size (Mb) 61.91 (27.90%)

DNA transposons (Mb) 29.61 (13.35%)

LTRs (Mb) 18.45 (8.32%)

LINEs (Kb) 970.93 (0.44%)

SINEs (bp) 1296 (0.00%)

Unclassified (Mb) 12.87 (5.80%)

ncRNAs

tRNA 732

rRNA 781

Protein-coding genes

Total number 12,707

BUSCO completeness (%) 94.4

Table 4.  Genome annotation statistics of T. ostriniae.
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Code availability
No custom scripts or codes were used in this study. All bioinformatics analyses were conducted using standard 
protocols as outlined in the documentation of the respective tools and software. The software versions and 
parameters used are detailed throughout the manuscript.
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