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A chromosome-level genome 
assembly of the heteronomous 
hyperparasitoid wasp Encarsia 
sophia
Xiaoming Man1,2, Cong Huang1, Shengyong Wu1, Jianyang Guo1, Fanghao Wan1, 
Frédéric Francis2, Nianwan Yang1,3 ✉ & Wanxue Liu1 ✉

Encarsia sophia, a heteronomous hyperparasitoid wasp, is a well-known biological control agent, 
but its genomic information is limited, hindering molecular investigations and understanding of 
multitrophic interactions. In this study, we present a chromosome-level genome assembly for E. sophia 
using Illumina, PacBio HiFi, and Hi-C technologies. The assembled genome size is 398.3 Mb, with a 
contig N50 of 1.0 Mb and a scaffold N50 of 74.0 Mb. The BUSCO completeness score is 97.1%, and 
genome coverage reaches 99.1%. Utilizing Hi-C assisted assembly, the genome was organized into five 
chromosomes, with a mounting rate of 95.1%. Repetitive sequences make up 54.6% of the genome, 
and 14,914 protein-coding genes were predicted, with 95.5% functionally annotated. The high-quality 
genome assembly of E. sophia is a significant achievement, marking the first complete genome for a 
heteronomous hyperparasitoid wasp. This milestone offers valuable insights into the evolution and 
host interactions of heteronomous hyperparasitoids, laying the foundation for extensive research in 
biological control.

Background & Summary
The Hymenoptera, one of the four largest orders in the class Insecta, is one of the most species-rich groups of 
insects. With the advancement of sequencing technologies, this order has become a hotspot in insect genom-
ics research1,2. Currently, the number of sequenced Hymenoptera genomes has reached 557 (on April 2024, 
based on statistics from NCBI), with 388 species sequenced in the past three years, and annotation information 
submitted for 125 species. Among these sequenced Hymenoptera species, 258 belong to parasitoids, primarily 
including 36 species of Cynipoidea, 75 species of Chalcidoidea, 98 species of Ichneumonoidea, 42 species of 
Proctotrupoidea, 6 species of Chrysidoidea, and 1 species of Orussidea.

Encarsia sophia (Hymenoptera: Aphelinidae) is a dominant parasitoid of the “super pest” Bemisia tabaci 
(Hemiptera: Aleyrodidae), serving as a crucial biological control agent against global populations of whiteflies 
due to its remarkable parasitic and destructive capabilities on the host3–5. The reproductive strategy of this par-
asitoid is rather unique, being a typical heteronomous hyperparasitoid. Males and females develop heterono-
mously, obtaining their nutritional resources from different host insects. Females, the primary parasitoids, arise 
from fertilized eggs and parasitize directly within the target host insect, feeding on the larvae or nymphs of the 
host to complete their development. Conversely, males, arising from unfertilized eggs, act as hyperparasitoids 
and can only parasitize secondary hosts, i.e., those already parasitized by the primary parasitoids, feeding on 
the larvae of the primary parasitoids to complete their development6–9. Here, mated female E. sophia parasitize 
directly within the nymphs of the B. tabaci, laying fertilized eggs that develop into female offspring, serving as 
primary parasitoids. Unmated females, on the other hand, can only parasitize secondary hosts, laying unferti-
lized eggs within the nymphs of conspecific or heterospecific parasitoids already parasitized within the white-
fly nymphs, producing male offspring, acting as hyperparasitoids10,11. So far, no genome of a heteronomous 
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parasitoid has been reported. In order to gain deeper insights into the characteristics of such parasitoids, we 
conducted whole-genome sequencing and chromosomal-level assembly of E. sophia using Illumina, PacBio, 
and Hi-C technologies.

Methods
Parasitoid Wasp Collection and Sequencing.  Encarsia sophia population, introduced in 2008 from the 
Vegetable Pest Integrated Management Laboratory at Texas A&M University, USA. They were reared in the insec-
tarium of the Laboratory of Biological Invasion Research at the Langfang Research and Development Base of the 
Chinese Academy of Agricultural Sciences, using cotton plant B. tabaci nymphs as hosts (26 ± 1 °C, RH65 ± 5%, 
light cycle 14 L:10D). The B. tabaci laboratory population originates from the MEAM1 population maintained by 
the Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences (CAAS), in a greenhouse at the 
Institute of Plant Protection, CAAS, with no history of pesticide use. The cotton variety used is CCRI 49. E sophia 
is a typical heteronomous hyperparasitoid with a unique reproductive strategy: females act as primary parasi-
toids, parasitizing first- to fourth-instar B. tabaci nymphs (primary hosts). In contrast, solitary females produce 
male offspring, acting as secondary parasitoids parasitizing conspecific or heterospecific parasitoid larvae inside 
B. tabaci nymphs (secondary hosts). Given that males are secondary parasitoids, we collected newly emerged 
females for sequencing. To obtain newly emerged parasitoids, we used insect pins to transfer females from black 
pupae to centrifuge tubes (1.5 mL). We conducted daily checks for newly emerged adults and collected a total of 
4,000 females for DNA extraction using the QIAamp DNA Mini Kit (QIAGEN). Following extraction, the purity, 
concentration, and integrity of the DNA were evaluated with the NanoDrop 2000&8000, Qubit Fluorometer, and 
Agilent 4200 Bioanalyzer, respectively.

Genome size estimation and assembly.  The high-quality DNA samples from E. sophia were randomly 
sheared using a Covaris ultrasonic disruptor. Subsequent steps, such as end repair, A-tailing, adapter ligation, 
purification, and PCR amplification, were performed to complete the library construction process. The con-
structed library was subjected to paired-end sequencing using Illumina HiSeq. By removing reads with adapter 
sequences and those containing more than 10% uncertain bases (N), as well as discarding single-end reads where 
the proportion of low-quality bases (quality score below 5) exceeds 20%, we obtained the filtered clean reads. 
Then, a k-mer frequency histogram was generated using Jellyfish 2.2.7 with the following parameters: “-G 2 -m 
17 -C -o kmercount.”12, yielding the following estimations: a genome size of 412.21 Mbp, corrected to 404.2 Mbp, 
heterozygosity rate of 0.52%, and a repeat sequence proportion of 52.84% (Fig. 1). To obtain the preliminary 
genome assembly of E. sophia, we utilized 49,702,845,900 bp of second-generation sequencing data and assem-
bled it using the Soapdenovo software. The assembly was then scaffolded using kmer41. The initial assembly 
results showed that the genome of E. sophia had a contig N50 of 1,272 bp with a total length of 318,591,742 bp, and 
a scaffold N50 of 2,192 bp with a total length of 328,391,604 bp (Table 1).

Sequencing was conducted using the PacBio platform, resulting in a total sequencing volume of 148 G with 
a coverage depth of 366.16X (calculated based on the survey-estimated genome size of 404.20 M). Additionally, 
a short-insert library was prepared and sequenced using the Illumina platform (Table 2). Using the sequencing 
data, de novo assembly of the E. sophia genome was performed with HiFiasm13. The genome assembled by 

Fig. 1  Encarsia sophia genome feature statistics obtained by Kmer analysis.

Total_length Total_number Max_length N50_length N90_length

Contig 318,591,742 699,645 91,064 1,272 133

Scaffold 328,391,604 601,156 178,874 2,192 146

Table 1.  Encarsia sophia genome assembly to scaffold results.
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Hifiasm has a length of 398.19 Mbp, with a contig N50 of 1.33 Mbp (sequences above 100 bp were selected for 
the assembly results) (Table 3).

To obtain the chromosome-level genome of E. sophia, a Hi-C sequencing library was constructed using Hi-C 
technology14, incorporating DNA from 20,000 female adults. Hi-C data were obtained from the sequencing, and 
the contigs/scaffolds assembled were anchored to approximate chromosome-level using the All-hic software15. 
Subsequently, the juicebox software (https://github.com/aidenlab/Juicebox) was utilized for manual correc-
tion based on chromosomal interaction intensity, resulting in the final chromosome-level genome of E. sophia 
(Table 4). Following Hi-C-assisted assembly, the E. sophia genome assembled at the chromosome-level com-
prises a total of 5 sequences, with an additional 189 sequences remaining unassembled at the chromosome-level. 
The total genome length is 398,274,414 bp, of which 378,887,893 bp is assembled onto chromosomes (Fig. 2). 
The genome mapping rate achieved is 95.1% (Tables 5, 6). (Results were based on contigs above 100 bp for 
assembly statistics).

Genome quality assessment.  We employed different methods to assess the sequence integrity, consist-
ency, and accuracy of the genome assembly. Firstly, the integrity of the E. sophia genome assembly was assessed 
using BUSCO with the insecta-odb10 database16, employing software such as MetaEuk and HMMER. The assem-
bly resulted in 97.1% complete BUSCO genes, with 92.1% being single-copy genes and 5.0% being completely 
duplicated genes. Additionally, a core gene library comprising 248 conservative genes present in six eukaryotic 
model organisms was used for CEGMA assessment17 using tblastn, genewise, and geneid software. The assembly 
successfully identified 233 out of 248 core eukaryotic genes, indicating a completeness rate of 93.9%. Secondly, 
the sequence consistency of the E. sophia genome was assessed by aligning short-insert library reads using BWA 
software (http://bio-bwa.sourceforge.net/)18. The analysis revealed a HiFi reads alignment rate of approximately 
97.6% and a genome coverage rate of around 99.1%, demonstrating strong consistency between the reads and the 
assembled genome. SNP calling was performed using samtools (http://samtools.sourceforge.net/) on the BWA 
alignment results, and after filtering and statistical analysis19, the genome exhibited a heterozygous SNP rate 
of 0.317095% and a homozygous SNP rate of 0.000943%, demonstrating excellent single-base accuracy in the 
assembly. Thirdly, the sequence accuracy of the E. sophia genome was assessed using Merqury software (https://
github.com/marbl/merqury) with Illumina sequencing data. The quality value (Qv) of the genome, calculated 
based on K-mer using the Merqury-mash module20,21, was determined to be 33.6653, indicating a base accuracy 
rate exceeding 99.9%. In conclusion, the E. sophia genome assembly exhibits good consistency, completeness, and 
accuracy (Table 7).

Genome annotation.  Our approach to repetitive annotation utilizes a thorough strategy that combines 
homology alignment with de novo search to detect repetitive sequences across the entire genome. We utilized 
TRF (http://tandem.bu.edu/trf/trf.html)22 for ab initio prediction, extracting tandem repeat sequences. For 
homology-based prediction, we utilized the standard Repbase database (http://www.girinst.org/repbase)23, 

Library Insert size(bp) Total data (G) Read length (bp) Sequence coverage (X)

Illumina 350 49.70 150 122.96

PacBio — 148 — 366.16

Hi-C 350 2.37 150 98.54

Table 2.  Summary of DNA/RNA sequencing data utilized for the genome assembly of Encarsia sophia.

Total_length Total_number Max_length N50_length N90_length

Contig 338,576,684 1,144 295,958 1,327,545 136,066

Scaffold 328,391,604 1,144 295,958 1,327,545 136,066

Table 3.  Encarsia sophia genome denovo assembly results statistics.

Sample Contig length Scaffold length Contig number Scaffold number

Total 398,185,814 398,274,414 1,080 194

Max 4,052,312 163,268,332 — —

Number>=2000 — — 1080 194

N50 715,578 73,963,014 161 2

N60 558,990 72,460,500 224 3

N70 435,605 72,460,500 304 3

N80 326,172 38,401,749 410 4

N90 185,480 30,794,298 570 5

Table 4.  Statistical results of the Encarsia sophia genome assembly, both from the initial de novo assembly and 
after Hi-C scaffolding.
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employing RepeatMasker (http://www.repeatmasker.org/)24 and its internal script, RepeatProteinMask, to iden-
tify repetitive regions with default settings. In the de novo prediction process, we applied LTR_FINDER (http://
tlife.fudan.edu.cn/ltr_finder/)25, RepeatScout (http://www.repeatmasker.org/), and RepeatModeler (http://www.
repeatmasker.org/RepeatModeler.html)26 to create a de novo repetitive element database. Subsequently, all repeti-
tive sequences longer than 100 bp with an ‘N’ content below 5% were included in the initial transposable element 
(TE) library. This custom library, created by merging Repbase with our de novo TE library and refined using 
uclust to remove redundancy, was then utilized by RepeatMasker for the identification of repetitive sequences 

Fig. 2  A genome-wide Hi-C interaction map of Encarsia sophia (5 chromosomes, 100 kb resolution) is shown, 
with a color gradient on the right indicating the interaction strength. Intrachromosomal interactions (red 
squares along the diagonal) are markedly more intense than interchromosomal interactions (light yellow 
squares).

Sequeues ID Cluster number Sequeues length

Chr1 349 163,268,332

Chr2 164 73,963,014

Chr3 157 72,460,500

Chr4 142 38,401,749

Chr5 79 30,794,298

Table 5.  Encarsia sophia single chromosome cluster number and length statistics of Hi-C assemble.

Class Scaffold number Total length

Place 5 378,887,893

Unplace 189 19,386,521

Total 194 398,274,414

Mapping rate 95.13%

Table 6.  Encarsia sophia genome mapping rate of de novo and afer Hi-C scaffolding.

Evaluation indicators results

BUSCO C:97.1%[S:92.1%,D:5.0%],F:0.6%,M:2.3%,n:1367

CEGMA 93.95%Completeness

Reads 97.58% Mapping rate;99.10% Coverage

SNP 0.317095% Heterozygosis;0.000943% Homology

Qv 33.6653

Table 7.  Encarsia sophia genome assembly quality assessment results.
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at the DNA level. The E. sophia genome contains 214.7 Mb of repetitive sequences, constituting 53.92% of the 
genome. Among them, long terminal repeats (LTRs) are the most abundant, accounting for 34.59% of the total, 
followed by Unknown (12.17%), 7.18% DNA elements, 3.96% long interspersed nuclear elements (LINEs), and 
short interspersed nuclear elements (SINEs) at a mere 0.02% (Table 8).

The protein-coding gene annotation in the E. sophia genome integrates de novo prediction, homology-based 
approaches, and RNA-Seq-supported modeling for gene prediction27. For de novo gene prediction, our auto-
mated gene prediction pipeline utilized Augustus (v3.2.3) (http://bioinf.uni-greifswald.de/augustus/)28, Geneid 
(v1.4), Genescan (v1.0), GlimmerHMM (v3.04) (http://ccb.jhu.edu/software/glimmerhmm/)29, and SNAP 
(http://homepage.mac.com/iankorf/)30. Homologous protein sequences were downloaded from NCBI Nasonia 
vitripennis (Nvit), Ceratosolen solmsi (Csol), Copidosoma floridanum (Cflo), Trichogramma brassicae (Tbra), 
Trichomalopsis sarcophagae (Tsar), Trichogramma pretiosum (Tpre). Using TblastN (v2.2.26; E-value ≤ 1e−5), 
protein sequences were aligned to the E. sophia genome31, and GeneWise (v2.4.1)32 software was employed to 
align matching proteins with homologous genomic sequences for accurate splice alignment and prediction of 
gene structures within each protein region. We constructed seven RNA-seq libraries, including different devel-
opmental stages of female E. sophia (600 eggs, Bemisia tabaci nymphs parasitized for <24 hours, dissected for 
host sampling; 200 first-instar larvae, B. tabaci nymphs parasitized for 48–60 hours, dissected for host sam-
pling; 200 second-instar larvae, B. tabaci nymphs parasitized for 72–84 hours, dissected for host sampling; 80 
third-instar larvae, B. tabaci nymphs parasitized for 120–132 hours, dissected for host sampling; 40 prepupae,  
B. tabaci nymphs parasitized for 168–178 hours, sampled after removing the host shell; 30 pupae, 

Repeat type

Denovo + Repbase TE Proteins Combined TEs

Length(bp) % in Genome Length(bp) % in Genome Length(bp) % in Genome

DNA 26,727,384 6.71 5,680,941 1.43 28,604,198 7.18

LINE 12,742,058 3.20 5,263,490 1.32 15,788,154 3.96

SINE 73,932 0.02 0 0.00 73,932 0.02

LTR 135,720,939 34.08 19,125,339 4.80 137,771,019 34.59

Unknown 48,475,861 12.17 1,305 0.00 48,477,166 12.17

Total 213,763,901 53.67 30,069,622 7.55 214,739,217 53.92

Table 8.  Encarsia sophia genome repeat sequence classification result statistics. Note: LINE (Long Interspersed 
Nuclear Elements): Repetitive sequences dispersed throughout the genome, each with repeat units exceeding 
1000 bp. SINE (Short Interspersed Nuclear Elements): Short repetitive sequences dispersed throughout the 
genome, each with repeat units less than 50 bp. LTR (Long Terminal Repeats): Sequences characterized by the 
presence of long terminal repeats on both ends. Unknown: Repeat sequences that could not be classified by 
RepeatMasker. Total: Represents non-redundant data after removing overlaps between different classifications. 
Denovo + Repbase: Combined results from RepeatScout, RepeatModeler, LTR_FINDER, and Piler, integrated 
with the RepBase nucleic acid library and processed with Uclust software according to the 80-80-80 rule. 
Annotation was performed with RepeatMasker to identify transposon elements in the genome. TE Proteins: 
Transposon elements identified by separately annotating the genome using TE proteins from the RepBase 
protein library with RepeatProteinMask software. Combined TEs: An integrated dataset of the above two 
methods, after removing redundancy. This result does not include data from TRF identification.

Gene set Number
Average transcript 
length(bp)

Average CDS 
length(bp)

Average exons 
per gene

Average exon 
length(bp)

Average intron 
length(bp)

De novo

Augustus 15,956 8,411.35 1,489.68 4.99 298.43 1,733.98

Glimmer HMM 33,861 10,499.07 761.97 3.49 218.60 3,917.21

SNAP 23,924 23,075.70 887.93 7.08 125.46 3,650.71

Geneid 31,571 5,185.88 928.60 3.29 282.56 1,861.97

Genscan 21,484 11,826.00 1,330.44 5.30 250.93 2,439.65

Homolog

Cflo 10,815 6,875.42 1,389.21 4.89 284.35 1,411.96

Tsar 11,077 5,268.28 1,326.65 4.62 287.03 1,088.25

Tbra 7,750 5,957.41 1,246.99 4.23 295.03 1,459.88

Nvit 11,634 7,063.07 1,451.86 4.99 290.80 1,405.37

Csol 9,492 8,239.81 1,511.51 5.42 278.99 1,522.99

Tpre 10,678 7,095.35 1,427.50 4.97 287.27 1,427.96

RNAseq
PASA 23,430 9,543.93 1,123.95 4.09 274.77 2,724.45

Transcripts 51,252 14,530.86 2,300.38 4.39 524.37 3,611.08

EVM 17,419 8,973.75 1,359.08 4.86 279.83 1,974.37

Pasa-update* 17,270 10,398.83 1,374.41 4.88 281.68 2,326.25

Final set* 14,914 11,273.01 1,451.53 5.27 275.58 2,301.66

Table 9.  Encarsia sophia statistical results of genome gene structure prediction. Note: *Includes UTR regions, 
while others do not.
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B. tabaci nymphs parasitized for 216–228 hours, sampled after removing the host shell; 50 adults, eclosed 
within < 24 hours.). Total RNA extracted from the aforementioned samples were used for library preparation, 
and sequencing was performed on the Illumina NovaSeq6000 platform33. The sequencing output generated a 
total of 60.51 G raw data, and after filtering, 59.88 G clean data was used for genome annotation. For genome 
annotation, the transcriptome was assembled using Trinity (v2.1.1)34. To refine the annotation, RNA-Seq data 
were processed with Hisat (v2.0.4)35 under default settings to identify exonic regions and splice sites. The align-
ment results were subsequently used as input for Stringtie (v1.3.3)36 with its default parameters, facilitating 
genome-guided transcriptome assembly. A comprehensive, non-redundant reference gene set was then created 
by merging the predictions from all three methods using EvidenceModeler (EVM, v1.1.1)37, which incorporated 

Fig. 3  Circular plot illustrating the chromosome-level genome assembly results for Encarsia sophia. A: 
chromosome information, B: gene density, C: GC content, D: ncRNA density, E: repeat density.

Type Number Percent(%)

Swissprot 10,110 67.80

Nr 13,514 90.60

KEGG 10,710 71.80

InterPro 13,363 89.60

GO 8,160 54.70

Pfam 10,103 67.70

Total annotated 14,245 95.50

Table 10.  Functional annotation of Encarsia sophia proteins.
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masked transposable elements for accurate gene prediction. A total of 14,914 protein-coding genes were pre-
dicted in E. sophia genome. The average length of predicted genes was 11,273.01 base pairs, with an aver-
age protein-coding region length of 1,451.53 bp. The average lengths of exons and introns were 275.58 and 
2,301.66 bp, respectively. On average, each gene contained 5.27 exons (Table 9, Fig. 3).

Gene functions were determined by aligning the E. sophia protein sequences with the Swiss-Prot database 
using Blastp, applying a threshold E-value of ≤1e−5 to identify the best matches. InterProScan70 (v5.31)38 was 
used to annotate protein motifs and domains through searches across various public databases such as ProDom, 
PRINTS, Pfam, PANTHER, PROSITE and SMART. Gene Ontology (GO) IDs were subsequently assigned 
based on the relevant InterPro entries. We mapped the genes to the NR20 database using the closest BLAST 
hits from the Swissprot20 database39 (E-value < 10–5) and DIAMOND (v0.8.22)/BLAST hits (E-value < 10-5). 
Furthermore, the genome was aligned with KEGG pathways40 to determine the best match for each gene. 
Ultimately, 14,245 genes (95.5% of the total) in E. sophia genome were successfully annotated in at least one 
database41 (Table 10).

To annotate non-coding RNAs (ncRNAs) in the E. sophia genome, tRNA genes were predicted using the 
tRNAscan-SE tool (http://lowelab.ucsc.edu/tRNAscan-SE/)42. Given the high conservation of rRNA sequences, 
we used sequences from closely related species as references and applied BLAST to identify rRNAs. Other ncR-
NAs, such as snRNAs and miRNAs, were detected by querying the Rfam database43 with the infernal software 
(http://infernal.janelia.org/)44, employing default parameters. In the end, a total of 1,457 non-coding RNAs were 
predicted, comprising 513 micro-RNAs (miRNAs), 514 transfer RNAs (tRNAs), 328 ribosomal RNAs (rRNAs), 
and 102 small nuclear RNAs (snRNAs) (Table 11).

Data Records
The sequencing data for the E. sophia genome, including Illumina, PacBio, and Hi-C datasets, have been depos-
ited in the Sequence Read Archive (SRA) at the National Center for Biotechnology Information (NCBI) under 
accession numbers SRR29702816, SRR29702817, SRR2970281845–47, and in the Genome Sequence Archive 
(GSA) of the National Genomics Data Center (NGDC) under accession numbers BioProject PRJNA1131600 
(NCBI) and CRA01756948 (NGDC). The transcriptome data used for annotation, covering various developmen-
tal stages of female E. sophia, have been stored in the SRA of NCBI and the GSA of NGDC: Egg (SRR2970281149, 
CRR1218365), 1st instar larva (SRR2970281550, CRR1218361), 2nd instar larva (SRR2970281451, 
CRR1218362), 3rd instar larva (SRR2970281352, CRR1218363), prepupa (SRR2970281053, CRR1218366), pupa 
(SRR2970280954, CRR1218367), and adult (SRR2970281255, CRR1218364). This Whole Genome Shotgun pro-
ject has been deposited at GenBank under the accession JBFBOU00000000056. The genome annotation files of 
Encarsia sophia are available in figshare under a https://doi.org/10.6084/m9.figshare.2642675241.

Technical Validation
The quality, concentration, and integrity of the DNA samples were evaluated using a NanoDrop 2000&8000, a 
Qubit 3.0 Fluorometer (Thermo Fisher Scientific, USA), and an Agilent 4200 Bioanalyzer (Agilent Technologies, 
CA, USA), respectively. RNA integrity was assessed using the RNA Nano 6000 kit on the Bioanalyzer 2100 
system (Agilent Technologies, CA, USA). High-quality DNA and RNA were selected for library preparation 
and sequencing. Genome assembly integrity was verified using BUSCO (Benchmarking Universal Single-Copy 
Orthologs: http://busco.ezlab.org/) and CEGMA (Core Eukaryotic Genes Mapping Approach: http://korflab.
ucdavis.edu/datasets/cegma/). The short-read sequences from the fragment library were mapped to the assem-
bled genome using BWA software (http://bio-bwa.sourceforge.net/), and alignment rates, genome coverage, and 
depth distribution were analyzed to evaluate the completeness and uniformity of the assembly. Additionally, 
the genome’s quality value (Qv) was determined using the Merqury-mash module (https://github.com/marbl/
merqury) to assess the sequence accuracy of the assembled genome.

Type Copy number Average length(bp) Total length(bp) % of genome

miRNA 513 146.54 75,174 0.018875

tRNA 514 74.33 38,206 0.009593

rRNA

rRNA 328 209.06 68,572 0.017217

18S 95 289.37 27,490 0.006902

28S 215 182.87 39,318 0.009872

5.8S 18 98 1,764 0.000443

5S 0 0 0 0

snRNA

snRNA 102 156.51 15,964 0.004008

CD-box 15 146.40 2,196 0.000551

HACA-box 11 188.09 2,069 0.000519

splicing 75 154.25 11,569 0.002905

scaRNA 1 130 130 0.000033

Unknown 0 0 0 0

Table 11.  Encarsia sophia genome non-coding RNA statistical results.
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Code availability
Data processing followed the standard protocols and guidelines of the relevant bioinformatics software, with 
default parameters applied unless specified otherwise. Details on the software versions and specific parameters 
are provided in the Methods section.
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