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Chromosome-scale genome 
assembly of Helcystogramma 
triannulella (Lepidoptera: 
Gelechiidae)
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Helcystogramma triannulella (Lepidoptera: Gelechiidae) is a highly destructive pest that primarily 
targets crops within the Convolvulaceae family, causing significant agricultural losses. Although this 
species is economically significant, there are still few genomic resources available for it, which limits 
our ability to understand its biology and develop effective control strategies. Here, we present the 
first chromosome-scale genome assembly for H. triannulella generated with PacBio HiFi and Hi-C 
sequencing. The results showed that the final genome assembly had a total length of 387.28 Mb, 
containing 3,068 contigs and 2,152 scaffolds, with contig N50 and scaffold N50 reaching 2.28 Mb and 
12.75 Mb, respectively. Through Hi-C-assisted scaffolding, 91.77% of the assembly was assigned to 
30 chromosomes. The BUSCO completeness value was 96.2%. Additionally, 49.02% of the genome 
sequences were identified as repetitive elements, and a total of 14,211 protein-coding genes were 
annotated. In summary, the H. triannulella genome serves as a valuable resource for advancing our 
understanding of its biology and facilitating the development of targeted pest management strategies.

Background & Summary
The Gelechiidae family, one of the largest and most diverse groups of micro-moths within the Lepidoptera, 
comprises over 4,700 described species with a global distribution1,2. Members of this family are characterized 
by their small size and narrow wings, and they play significant ecological roles in various ecosystems1. However, 
many Gelechiidae species are also notorious agricultural pests, causing substantial economic damage to crops 
and stored food products. Notable examples include Pectinophora gossypiella (pink bollworm) and Tuta absoluta 
(tomato leafminer), both of which have caused significant agricultural losses worldwide3.

Among these pests, Helcystogramma triannulella (Herrich-Schäffer, 1854) stands out as a highly destructive 
species affecting crops in the Convolvulaceae family (Fig. 1). This pest is widely distributed across Europe, 
Russia, the Caucasus, Central Asia, East Asia, and northern India4,5. The larvae of H. triannulella feed on the 
mesophyll tissue of host plants, leaving behind only the transparent leaf epidermis. This feeding behaviour 
severely impairs the plant’s photosynthetic capacity, causing leaves to wither and, in severe cases, leading to host 
plant death6. In certain regions of China, crop damage rates attributed to H. triannulella have reached alarming 
levels of 60–85%7, highlighting its significant agricultural impact. Despite its economic importance, current 
research on H. triannulella has primarily focused on its biological characteristics and control strategies6,8–12, 
with limited exploration at the molecular level. To date, only ten chromosome-level genomes of Gelechiidae 
species are available in the NCBI databases (as of May 2025), and no genome assemblies have been reported for 
H. triannulella or any species within the Helcystogramma genus.

In this study, we integrated PacBio HiFi reads and Hi-C data to assemble the first chromosome-level genome 
of H. triannulella. This high-quality genome assembly provides a valuable resource for elucidating the molecular 
mechanisms underlying H. triannulella’s biology and offers a foundation for developing effective prevention and 
control strategies to mitigate its agricultural impact.
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Methods
Sample collection and sequencing.  Specimens of H. triannulella were collected in September 2024 from 
Xinxiang City, China (35°16′48″N, 113°57′12″E) for whole genome sequencing. Field-collected Ipomoea batatas 
leaves exhibiting rolled leaves were transported to the laboratory. A portion of the leaves was used for larval  
collection, while the remainder was placed in wide-mouth bottles and maintained indoors until the emergence 
of H. triannulella adults. All collected samples were immediately flash-frozen in liquid nitrogen for storage at 
−80 °C. The larval samples were subsequently used for DNA sequencing to assemble the genome, while a pooled 
RNA sample including the different developmental stages (include larvae, pupae and adult) was used for tran-
scriptome sequencing. In addition, the genomic DNA extracted from larval samples were also used for both Hi-C 
and PacBio HiFi sequencing.

The high-quality genomic DNA and total RNA were extracted using the CTAB method and Trizol reagent 
(Magen, Guangdong, China), respectively. The extracted DNA was evaluated for integrity and concentration 
using a NanoDrop 2000 spectrophotometer, Qubit 3.0 fluorometer, and 0.8% agarose gel electrophoresis to 
ensure suitability for downstream applications. Libraries were prepared for short-read sequencing using the 
VAHTS Universal Plus DNA Library Prep Kit for MGI (Vazyme, Nanjing, China), following the manufacturer’s 
instructions. Hi-C libraries were prepared by digesting DNA with the Mbol restriction enzyme and processed 
according to established protocols13,14. Both short-read and Hi-C libraries were sequenced on the BGISEQ 
DNBSEQ-T7 platform at Frasergen Bioinformatics (Wuhan, China). For long-read sequencing, PacBio HiFi 
libraries were first prepared using the SMRTbell Express Template Prep Kit 2.0. Subsequently, sequencing was 
performed on the PacBio Sequel II instrument with 8 M SMRT cells, acquiring one 30-hour movie per cell. This 
yielded a total of 30.44 Gb (78.50X coverage) of HiFi reads, 88.12 Gb (227.30X) of short reads, and 111.17 Gb 
(286.70X) of Hi-C reads (Table 1), providing a robust dataset for genome assembly. For transcriptome sequenc-
ing, RNA-seq libraries were prepared using the VAHTS Universal V10 RNA-seq Library Prep Kit (Vazyme, 
Nanjing, China) and sequenced on the BGISEQ DNBSEQ-T7 platform, generating 28.96 Gb of short-read 
RNA-seq data (Table 1). Subsequently, these transcriptomic data were utilized for genome annotation and the 
prediction of protein-coding genes, enabling a comprehensive understanding of the H. triannulella genome.

Genome survey and de novo assembly.  To characterize the genomic features of H. triannulella, we first 
conducted a genome survey using short-read sequencing data to estimate genome size, repeat content, and hete-
rozygosity. The frequency distribution of 17-mer sequences was analyzed using Jellyfish v. 2.3.115, and the results 
were further processed with GenomeScope v. 2.016 to derive genomic parameters. This analysis revealed an esti-
mated genome size of 355.30 Mb, with a substantial proportion of repetitive sequences (39.4%) and a heterozy-
gosity rate of 0.78% (Fig. 2).

For the de novo genome assembly, we utilized HiFi long-read sequencing data, which were processed using 
HiFiasm v. 0.16.117 with default parameters to generate a high-quality draft assembly. The sequence graphs in 
GFA format were converted to FASTA format using gfatools, ensuring compatibility with downstream analyses. 
The final H. triannulella genome assembly comprised 387.28 Mb of sequence, distributed across 3,068 contigs 
and 2,152 scaffolds, with the contig N50 and scaffold N50 reaching 2.28 Mb and 12.75 Mb, respectively (Table 2).

Chromosome assignment using Hi-C technology.  To achieve a chromosomal-level genome assem-
bly, we employed a comprehensive Hi-C-based scaffolding pipeline. Initially, Trimmomatic v. 0.4018 was utilized  
to pre-process the Hi-C paired-end reads by removing low-quality bases and adapter sequences, ensuring 
high-quality input data for downstream analysis. The filtered reads were then aligned to the draft contigs using 

Fig. 1  Live larval (a) and adult (b) of Helcystogramma triannulella.

Library type Platform Library size (bp) Data size (Gb) Deep (X) Application

short reads DNBSEQ-T7 350 88.12 227.30 Genome survey

HiFi PacBio SEQUELII 15,000 30.44 78.50 Genome assembly

Hi-C DNBSEQ-T7 300-500 111.17 286.70 Chromosome construction

RNA-reads DNBSEQ-T7 350 28.96 — Annotation

Table 1.  Summary of the sequence data for Helcystogramma triannulella.
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Juicer (v3)19 to calculate contact frequencies, which serve as the foundation for chromatin interaction mapping. 
Subsequently, 3d-DNA v. 18092220 was applied with two iterative rounds of misjoin correction (-r2) using default 
parameters, refining the assembly by resolving potential structural errors. The oriented scaffolds generated from 
this step were further processed to construct interaction matrices using Juicer, which were visually inspected 
and manually corrected using Juicebox Assembly Tools v. 1.11.0819. In addition, the Hi-C-scaffolded genome 
sequence was ordered against the reference genome sequence (Pectinophora gossypiella, NCBI accession no. 
GCA_024362695.1) using Mummer v. 4.0.0rc121 alignment results. This iterative refinement process ensured 
the accuracy and continuity of the chromosomal scaffolds. The heatmap shows that on all 30 chromosomes, 
the interaction strength at diagonal positions is significantly higher than at non-diagonal regions, indicating 
good quality of chromosome assembly (Fig. 3A). The collinearity analysis indicated that the chromosomes of  
H. triannulella showed substantial collinearity with those of the pink bollworm P. gossypiella (Fig. 3C). Ultimately, 
we successfully generated the first chromosomal-scale high-quality assembly for H. triannulella, with the genome 
anchored onto 30 chromosomes (Fig. 3). The chromosomal lengths varied from 4.45 Mb to 25.60 Mb, collectively 
representing 91.77% of the total genome sequence (Table 3).

Assessment of assembly quality.  The H. triannulella genome assembly was rigorously validated 
through multiple complementary assessment approaches. First, BUSCO (Benchmarking Universal Single- 
Copy Orthologue, v3.0.2)22 analysis showed that 96.20% of the core conserved genes (5,085 out of 5,286 
Lepidoptera_odb10) were complete in the assembly, demonstrating exceptional genome completeness (Table 4).

Fig. 2  K-mer (k = 17) distribution map of Helcystogramma triannulella genome.

Statistics Value

Assembly length(bp) 387,277,015

Number of contigs 3,068

Contig N50 (bp) 2,284,609

Number of Scaffold 2,152

Scaffold N50 (bp) 12,745,528

anchor ratio (%) 91.77

BGI reads mapping rate (%) 96.09

BGI reads coverage (%) 98.27

HiFi reads mapping rate (%) 99.25

HiFi reads coverage (%) 99.28

BUSCO (%) 96.20

LTR assembly index 1.36

QV 27.14

Table 2.  Statistics of Chromosome-level genome assembly of Helcystogramma triannulella.
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To further evaluate assembly accuracy, we assessed the reads re-mapping ratio and coverage using both BGI 
short reads and HiFi long reads. BGI short reads were aligned to the genome using BWA MEM v. 0.7.1723 with 
default parameters, while HiFi long reads were mapped using Minimap2 v. 2.2424 with the “-ax map-hifi” param-
eter. The resulting mapping rates of 96.09% and 99.25%, along with genome coverages of 98.27% and 99.28%, 
respectively, further confirmed the high quality and continuity of the assembly (Table 2).

Fig. 3  Assembly of chromosome-level genome of the Helcystogramma triannulella. (A) The Hi-C interactive 
heatmap of H. triannulella. (B) The circle genome landscape of H. triannulella. a: 30 chromosomes assembly 
of H. triannulella; b: Gene frequency; c: Tandem repeat density; d: Transposable Element density; e: Guanine-
cytosine (GC) content. (C) Collinearity relationship between H. triannulella and Pectinophora gossypiella.

Pseudomolecule Contigs Length (bp)
Number 
of Contigs Pseudomolecule Contigs Length (bp)

Number 
of Contigs

Chr01 14,585,313 20 Chr16 11,824,234 21

Chr02 14,342,571 19 Chr17 12,414,123 24

Chr03 13,966,057 25 Chr18 11,246,059 18

Chr04 13,484,433 9 Chr19 12,225,589 50

Chr05 13,413,257 5 Chr20 10,234,572 31

Chr06 13,537,002 8 Chr21 9,963,502 50

Chr07 13,501,483 11 Chr22 10,018,866 32

Chr08 13,193,364 28 Chr23 9,899,931 26

Chr09 14,643,710 26 Chr24 9,018,721 13

Chr10 13,447,821 20 Chr25 8,741,992 33

Chr11 11,983,556 13 Chr26 6,681,889 31

Chr12 12,860,191 21 Chr27 4,452,997 71

Chr13 13,281,891 36 Chr28 5,998,648 67

Chr14 12,556,986 23 Chr29 5,549,802 66

Chr15 12,738,028 16 Chr30 25,604,516 27

Table 3.  Statistics of Hi-C assembly results of Helcystogramma triannulella.
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Given the inherent challenges of assembling highly repetitive genomic regions, we specifically evaluated the 
completeness of repetitive sequences using the Long Terminal Repeat (LTR) Assembly Index (LAI)25. The LAI 
value of 1.36 for the H. triannulella pseudomolecules indicates a reference-level assembly, underscoring the high 
completeness and accuracy of complex repetitive regions, including LTR retrotransposons. Additionally, we 
employed k-mer-based quality assessment (k = 19 bp) using the Merqury pipeline v. 1.326 with HiFi reads, which 
yielded a quality value (QV) score of 27.14 (Table 2). Collectively, these comprehensive evaluations demonstrate 
that the H. triannulella genome assembly achieves a high standard of quality, making it a reliable resource for 
downstream genomic and evolutionary analyses.

Repeat elements prediction.  A comprehensive computational pipeline was used to identify and charac-
terize repetitive sequences across the whole genome, including tandem repeats and transposable elements (TEs). 
Initially, Tandem Repeats Finder (TRF, v4.09.1)27 with stringent parameters (2 7 7 80 10 50 2000) were used to 
annotate high-confidence tandem repeats. Subsequently, TE annotation was conducted through an integrated 
approach combining de novo prediction and homology-based identification at both nucleotide and protein levels. 
For DNA-level analysis, LTR retrotransposons (LTR-RTs) were initially identified using LTR_FINDER v. 1.0.728, 
followed by de novo repeat library construction through RepeatModeler v. 2.0.129, which generated a compre-
hensive repeat consensus database with detailed classification information. The resulting library, in conjunction 
with the curated Repbase TE database30,31, was then subjected to RepeatMasker v. 4.1.232 for genome-wide TE 
identification. Concurrently, protein-level analysis was performed using RepeatProteinMask implemented in the 
RepeatMasker package, which employed WU-BLASTX against the TE protein database to enhance detection 
sensitivity. Our analysis revealed that repetitive elements constitute a substantial portion of the genome, with 
190.06 Mb (49.02% of the genome assembly) identified as repetitive sequences. The TE landscape was dominated 
by DNA transposons, accounting for 21.51% of the total repetitive content. Other major TE classes included long 
interspersed nuclear elements (LINEs, 19.07%), short interspersed nuclear elements (SINEs, 11.35%), and long 
terminal repeats (LTRs, 7.94%), with a minor fraction (3.57%) remaining unclassified (Table 5).

Gene prediction and function annotation.  We employed a comprehensive approach combining homol-
ogous, ab initio, and transcriptome-assisted annotation to predict the coding gene structures. For homologous 
annotation, we first performed Tblastn v. 2.11.033 comparisons between related species and the reference genome. 
The resulting aligned sequences and their corresponding proteins were subsequently filtered and processed 
using Exonerate v. 2.4.034 for precise alignment. For de novo annotation, we utilized both Augustus v. 3.4.035–37 
and GlimmerHMM v. 3.0.438. Regarding transcriptome analysis, we employed a dual strategy involving both 
genome-based and de novo assemblies. RNA-seq alignments were initially generated using HiSat2 v. .2.2.139, 
followed by transcript assembly through the genome-guided assembler Stringtie v. .2.1.740. In parallel, we con-
ducted de novo transcriptome assembly using Trinity v. 2.8.541. All transcripts derived from RNA-seq were then 
integrated into a comprehensive transcriptome database following the PASA pipeline v. 2.4.142. To consolidate 
our findings, we used Maker v. 3.01.0343 to integrate the predicted gene sets into a non-redundant, compre-
hensive, and reliable gene collection. Finally, we refined these predictions through the PASA pipeline v. 2.4.142, 

Type Number Percent (%)

Complete BUSCOs (C) 5085 96.20

Complete and single-copy BUSCOs (S) 5045 95.44

Complete and duplicated BUSCOs (D) 40 0.76

Fragmented BUSCOs (F) 50 0.95

Missing BUSCOs (M) 151 2.86

Total BUSCO groups searched 5286 100

Table 4.  BUSCO assessment results.

Repeat type

Repbase de novo TE Proteins Combined TEs

Length (bp)
% in 
Genome Length (bp)

% in 
Genome Length (bp)

% in 
Genome Length (bp)

% in 
Genome

DNA 14,014,957 3.61 76,664,687 19.77 593,584 0.15 83,404,701 21.51

LINE 13,973,169 3.60 64,966,127 16.76 6,840,173 1.76 73,930,530 19.07

SINE 18,063,731 4.66 28,611,296 7.38 0 0.00 43,992,974 11.35

LTR 2,860,965 0.74 29,561,762 7.62 2,650,024 0.68 30,791,978 7.94

Unknown 268,274 0.07 13,675,321 3.53 534 0.00 13,846,288 3.57

Total TE 48,353,901 12.47 168,990,493 43.58 10,079,148 2.60 190,063,932 49.02

Table 5.  Summary statistics of repeat annotation in the Helcystogramma triannulella genome. Note: LINE, 
Long Interspersed Nuclear Elements; SINE, Short Interspersed Nuclear Elements; LTR, Long Terminal Repeats; 
Unknown, Repeat sequences that could not be classified by RepeatMasker; Total, Represents non-redundant 
data after removing overlaps between different classifications.
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which enabled the addition of untranslated region (UTR) annotations and alternative splicing isoform models. 
Finally, we predicted a total of 14,211 protein-coding genes in the genome (Table 6). To functionally annotate the 
predicted protein-coding genes in the H. triannulella genome, we employed a comprehensive approach utilizing 
multiple well-established databases. Gene functions were inferred according to the best match of the alignments 
to the NCBI Non-Redundant (NR), KEGG database44, Gene Ontology (GO)45, TrEMBL46 and Swiss-Prot46 pro-
tein databases using Diamond BLASTP v2.0.747 with an E-value threshold of 1E-5. Additionally, protein domains 
were annotated using InterProScan v. 5.50-84.048 based on the InterPro49 protein database, which integrates pre-
dictive models from multiple resources to provide a robust annotation framework. This multi-database approach 
enabled the functional annotation of 13,989 genes, representing 98.44% of the predicted protein-coding genes in 
the H. triannulella genome. Specifically, 74.38% of the genes were annotated in InterPro, 50.95% in GO, 96.88% 
in KEGG, 66.01% in SwissProt, 96.45% in TrEMBL, and 98.43% in NR (Table 6).

Annotation of non-coding RNA genes.  The tRNAscan-SE (v2.0.9) algorithms50 and RNAmmer v. 1.251 was 
used to predict tRNA genes and rRNA sequences, respectively. MiRNAs and snRNAs were identified by Infernal 
v. 1.1.252 software against the Rfam v. 14.6 database53 with default parameters. This integrated approach resulted in 
the identification of 74 miRNAs, 17,993 tRNAs, 52 rRNAs, and 65 snRNAs in the H. triannulella genome. Notably, 
tRNAs were the most abundant ncRNA class, representing 0.3377% of the total genome length (Table 7).

Data Records
The genomic data of H. triannulella have been deposited in NCBI under the following accession numbers: 
PRJNA121502954 (BioProject) and SAMN4639253355 (BioSample). Raw sequencing data, including BGI, 
PacBio, Hi-C, and transcriptome reads, are available in the NCBI Sequence Read Archive with accession 
numbers SRR33279372-SRR3327937556–59.

BGI, PacBio, Hi-C, and transcriptome raw data have been deposited in the NCBI Sequence Read Archive 
with accession numbers SRR33279372-SRR3327937556–59. The genome assembly of H. triannulella has been sub-
mitted to NCBI GenBank with the accession number JBNFXN00000000060. Additionally, the genome assembly 
and annotation results are publicly accessible via the Figshare database61.

Technical Validation
Two methods were employed to evaluate genome assembly quality. Initially, assembly completeness was assessed 
with BUSCO v3.0.2 against a reference set of Lepidoptera genes, which comprises 5,286 entries. This analysis 
revealed that 96.2% of the complete BUSCOs were successfully incorporated into the assembled genome, as 
detailed in Table 4. Subsequently, the accuracy of the assembly was gauged by calculating the mapping rates. The 
observed mapping rates were notably high, with PacBio reads at 99.25% and BGI reads at 96.09%, respectively. 
The results of these evaluations together demonstrate the high quality of the genome assembly generated in this study.

Annotation Type Number Percent (%)

InterPro 10,570 74.38

GO 7,240 50.95

KEGG 13,767 96.88

SwissProt 9,381 66.01

TrEMBL 13,706 96.45

NR 13,988 98.43

Total Annotated genes 13,989 98.44

Predicted protein-coding genes 14,211 —

Table 6.  Number of predicted genes of Helcystogramma triannulella functionally annotated by using indicated 
databases.

Type Counts
Average 
Length (bp)

Total 
Length (bp)

Percentage of 
sequence (%)

miRNA 74 82.96 6,139 0.0016

tRNA 17,993 72.69 1,307,966 0.3377

rRNA 52 431.54 22,440 0.0058

18S 3 1,872.00 5,616 0.0015

28S 3 3,852.67 11,558 0.0030

5S 46 114.48 5,266 0.0013

snRNA 65 149.22 9,699 0.0025

CD-box 8 175.88 1,407 0.0004

HACA-box 1 138.00 138 0.0000

splicing 56 145.61 8,154 0.0021

Table 7.  Summary statistics of Non-coding RNA annotation results.
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Code availability
All bioinformatic analyses were performed following the guidelines of the relevant software. Detailed parameters 
are provided in the Methods section, and no specific codes were used in this study.
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