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Abstract

Embryonic diapause is a reversible arrest of embryonic development that enables insects
to survive adverse environmental conditions. In the silkworm (Bombyx mori), diapause
is established during early egg development and can be efficiently terminated by corona
discharge; however, the transcriptional responses associated with this physical stimulus
remain insufficiently characterized. Here, we present a strand-specific RNA-seq dataset
generated from diapause-destined silkworm eggs subjected to early or late corona discharge
treatment. The dataset comprises 36 libraries from three experimental groups across eight
developmental time points, with two biological replicates per condition. In total, 283.9 Gb
of high-quality clean data were obtained, with average Q20 and Q30 values of 97.60% and
94.20%, respectively, and an average genome-mapping rate of 82.62%. The dataset includes
raw reads, gene-expression matrices, lists of differentially expressed genes, novel transcript
annotations, alternative splicing events, and SNP/InDel calls. This resource provides a
time-resolved transcriptomic framework for investigating physical-stress-induced diapause
termination and supports comparative studies of diapause regulation in silkworms and
other insects.

Keywords: Bombyx mori; embryonic diapause; diapause termination; corona discharge;
strand-specific RNA-seq; time-series transcriptome; data descriptor

1. Summary
Diapause is a reversible embryonic developmental arrest that enables insects to syn-

chronize development with seasonal and environmental conditions. Depending on the
species, diapause may occur at the egg, larval, pupal, or adult stage. The silkworm (Bombyx
mori) is both an economically important insect and a representative lepidopteran model,
and its eggs enter diapause during early embryogenesis [1]. A transcriptomic dataset
describing diapause termination in silkworm eggs is therefore valuable for studies of insect
developmental regulation, seasonal adaptation, and sericultural production.

Corona discharge provides a non-chemical physical stimulus that can terminate dia-
pause in silkworm eggs. Xian and Kobayashi first improved the corona discharge method
to terminate silkworm egg diapause, and high hatching rates were obtained when diapause-
destined eggs were treated at 20 h post oviposition [2]. However, the molecular events
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linking this physical stimulus to diapause termination remain poorly understood. Recent
work identifying CYCLE as a key regulator of diapause variation in B. mori highlights the
importance of transcriptional and circadian regulatory pathways in seasonal developmental
plasticity [3], but genome-wide, time-resolved data for corona-discharge-induced diapause
termination remain limited.

In this study, strand-specific RNA sequencing was used to profile gene-expression
dynamics in silkworm eggs after corona discharge treatment at different developmental
stages. The resulting dataset captures early and late transcriptional responses, provides
quality-controlled raw and processed transcriptomic resources, and supports downstream
analyses of candidate genes, pathways, transcript-structure variation, and sequence varia-
tion associated with diapause termination.

2. Data Description
2.1. Data Overview

This dataset represents a strand-specific RNA-seq atlas of diapause termination in
silkworm eggs. It includes 36 libraries from three treatment groups across eight devel-
opmental time points, with two biological replicates per sampled condition. Paired-end
sequencing (2 × 150 bp) was performed on the Illumina HiSeq platform (Illumina, San
Diego, CA, USA), generating 283.9 Gb of high-quality clean data. The data volume per
sample ranged from 5.74 to 16.28 Gb, and the average Q20 and Q30 values were 97.60%
and 94.20%, respectively.

Clean reads were mapped to the silkworm reference genome (Ensembl release 91),
with mapping rates ranging from 79.50% to 84.03% and an average mapping rate of 82.62%.
The dataset contains raw FASTQ files, gene-expression matrices, lists of differentially
expressed genes (DEGs), novel transcript annotations in GTF format, alternative splicing
events, and SNP/InDel calls. Raw sequencing data were deposited in the NCBI Sequence
Read Archive (SRA) under BioProject accession number PRJNA1470546.

2.2. Experimental Design and Sample Characteristics

To assess transcriptional responses associated with corona-discharge-induced diapause
termination, three treatment groups were designed according to the developmental stage
of silkworm eggs after oviposition. The experimental design enabled comparison between
untreated diapause-destined eggs and eggs treated at early or late embryonic stages. All
treatments were performed using standardized corona discharge parameters, and the
experimental timeline is shown in Figure 1.

Figure 1. Experimental design and sampling time points for the control, early-treatment, and
late-treatment groups. Triangles of different colors represent the sampling time points of different
treatment groups.
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The control group (CK) was not subjected to corona discharge. The early-treatment
group (et) received corona discharge at 2 h post-oviposition (HPO), and samples were
collected from 2.5 to 30 HPO. The late-treatment group (xET) received corona discharge
at 24 HPO, and samples were collected at 25 and 30 HPO. Detailed sample information is
provided in Table 1.

Table 1. Sample information.

Sample Group Description

CK2.5-1 CK2.5 Collection: 2.5 HPO
CK2.5-2 CK2.5 Collection: 2.5 HPO
CK3-1 CK3 Collection: 3 HPO
CK3-2 CK3 Collection: 3 HPO
CK4-1 CK4 Collection: 4 HPO
CK4-2 CK4 Collection: 4 HPO
CK6-1 CK6 Collection: 6 HPO
CK6-2 CK6 Collection: 6 HPO
CK10-1 CK10 Collection: 10 HPO
CK10-2 CK10 Collection: 10 HPO
CK16-1 CK16 Collection: 16 HPO
CK16-2 CK16 Collection: 16 HPO
CK25-1 CK25 Collection: 25 HPO
CK25-2 CK25 Collection: 25 HPO
CK30-1 CK30 Collection: 30 HPO
CK30-2 CK30 Collection: 30 HPO
et2.5-1 et2.5 Corona treatment: 2 HPO; Collection: 2.5 HPO
et2.5-2 et2.5 Corona treatment: 2 HPO; Collection: 2.5 HPO
et3-1 et3 Corona treatment: 2 HPO; Collection: 3 HPO
et3-2 et3 Corona treatment: 2 HPO; Collection: 3 HPO
et4-1 et4 Corona treatment: 2 HPO; Collection: 4 HPO
et4-2 et4 Corona treatment: 2 HPO; Collection: 4 HPO
et6-1 et6 Corona treatment: 2 HPO; Collection: 6 HPO
et6-2 et6 Corona treatment: 2 HPO; Collection: 6 HPO
et10-1 et10 Corona treatment: 2 HPO; Collection: 10 HPO
et10-2 et10 Corona treatment: 2 HPO; Collection: 10 HPO
et16-1 et16 Corona treatment: 2 HPO; Collection: 16 HPO
et16-2 et16 Corona treatment: 2 HPO; Collection: 16 HPO
et25-1 et25 Corona treatment: 2 HPO; Collection: 25 HPO
et25-2 et25 Corona treatment: 2 HPO; Collection: 25 HPO
et30-1 et30 Corona treatment: 2 HPO; Collection: 30 HPO
et30-2 et30 Corona treatment: 2 HPO; Collection: 30 HPO
xET25-1 xET25 Corona treatment: 24 HPO; Collection: 25 HPO
xET25-2 xET25 Corona treatment: 24 HPO; Collection: 25 HPO
xET30-1 xET30 Corona treatment: 24 HPO; Collection: 30 HPO
xET30-2 xET30 Corona treatment: 24 HPO; Collection: 30 HPO

2.3. Sequencing Data Quality Assessment

The basic metadata of each library is listed in Table 2. Sequencing quality was as-
sessed for all 36 libraries (Tables S1 and S2; Figures S1–S3). The total raw data volume
was approximately 540 GB (Table S1). After removal of adapter sequences and low-
quality reads using Cutadapt v5.2, clean reads accounted for more than 99% of total
reads, and clean data accounted for more than 98.5% of the raw data, yielding approx-
imately 279 Gb of valid data (Table S2). Per-base quality plots showed that most bases
exceeded Q20 (Figure S1). In sample CK3-2, minor quality fluctuations in the first six
bases were consistent with random-primer-associated sequencing bias rather than sam-
ple degradation (Figure 2A,B). Base-composition plots showed no evident AT/GC bias
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(Figures S2 and 2C,D), and average read-quality distributions showed sharp unimodal
peaks centered at Q30–Q35 (Figures S3 and 2E,F). Strand specificity was further evalu-
ated using the infer_experiment.py module in RSeQC. Across the 36 libraries, an average
of 96.83% of assigned reads were consistent with the expected fr-firststrand orientation,
whereas 1.72% were assigned to the opposite orientation and 1.45% were ambiguous
or unassigned. The resulting expected-strand/opposite-strand ratio was approximately
56.3:1, confirming that the dUTP-based strand-specific library construction successfully
preserved strand information. These results indicate high sequencing quality and support
downstream transcriptomic analyses.

Figure 2. Sequencing-quality profiles of RNA-seq reads. (A) Per-base quality distribution of read
1 (R1) in sample CK3-2. The green zone indicates Q values ≥ 30 (high-quality bases), the beige
zone corresponds to Q values of 20–28 (acceptable-quality bases), and the red zone represents Q
values < 20 (low-quality bases). (B) Per-base quality distribution of read 2 (R2) in sample CK3-2. The
green zone indicates Q values ≥ 30 (high-quality bases), the beige zone corresponds to Q values
of 20–28 (acceptable-quality bases), and the red zone represents Q values < 20 (low-quality bases).
(C) Base-composition distribution of R1 in sample CK2.5-1. (D) Base-composition distribution of
R2 in sample CK2.5-1. (E) Average read-quality distribution of R1 in sample CK2.5-1. (F) Average
read-quality distribution of R2 in sample CK2.5-1.
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Table 2. Basic Information of the Libraries.

Sample Library Library Insert
Size

Sequencing
Platform Sequencing Mode

CK10-1 LR8k8344 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK10-2 LR8k8345 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK16-1 LR8k8346 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK16-2 LR8k8347 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK2.5-1 LR8k8348 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK2.5-2 LR8k8349 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK25-1 LR8k8350 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK25-2 LR8k8351 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK30-1 LR8k8352 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK30-2 LR8k8353 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK3-1 LR8k8354 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK3-2 LR8k8355 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK4-1 LR8k8356 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK4-2 LR8k8357 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK6-1 LR8k8358 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
CK6-2 LR8k8359 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et10-1 LR8k8360 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et10-2 LR8k8361 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et16-1 LR8k8362 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et16-2 LR8k8363 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et2.5-1 LR8k8364 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et2.5-2 LR8k8365 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
xET25-1 LR8k8366 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
xET25-2 LR8k8367 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et25-1 LR8k8368 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et25-2 LR8k8369 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et30-1 LR8k8370 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et30-2 LR8k8371 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
xET30-1 LR8k8372 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
xET30-2 LR8k8373 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et3-1 LR8k8374 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et3-2 LR8k8375 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et4-1 LR8k8376 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et4-2 LR8k8377 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et6-1 LR8k8378 380 bp Illumina HiSeq Paired-end, 2 × 150 bp
et6-2 LR8k8379 380 bp Illumina HiSeq Paired-end, 2 × 150 bp

2.4. Mapping Result Statistics

Clean reads were aligned to the silkworm reference genome (Ensembl release 91) using
TopHat2 v2.1.1 [4]. Mapping statistics are summarized in Table S3, and chromosomal read
distributions are shown in Figure S4. The number of mapped reads per sample ranged
from 31 M to 86 M, with an average mapping rate of 82.62%; sample CK2.5-1 showed the
highest mapping rate (84.03%). In sample CK30-1, read coverage across chromosomes was
broadly even, with no obvious chromosome-level mapping bias (Figure 3A).

Read distributions across genomic regions are summarized in Table S4 and Figure S5.
On average, 74.08% of reads mapped to genic regions, 97.27% of genic reads mapped to
exonic regions, and 25.92% of reads mapped to intergenic regions, which is consistent
with eukaryotic RNA-seq data. The distribution patterns were highly similar across the
36 samples, indicating stable library construction and sequencing performance.

Gene-body coverage analysis (Figure S6) showed the expected pattern of relatively
lower coverage near the 5′ and 3′ ends and higher coverage across internal gene regions.

https://doi.org/10.3390/data11070174

https://doi.org/10.3390/data11070174


Data 2026, 11, 174 6 of 16

For sample CK25-1, the coverage curves were highly consistent, with no evidence of severe
RNA degradation or systematic positional bias (Figure 3B).

Figure 3. Genomic distribution of sequencing reads. (A) Chromosomal read distribution in sample
CK30-1. (B) Gene-body sequencing-depth distribution in sample CK25-1.

2.5. Gene Expression Quantification

Gene expression levels were normalized as fragments per kilobase of transcript per
million mapped reads (FPKM), and expression matrices for all samples are provided in
Table S5. Across the 36 samples, 9380–10,680 expressed genes (FPKM ≥ 0.1) were detected,
with an average of 9818 genes per sample. The FPKM density plot (Figure 4A) and box plot
(Figure 4B) showed comparable expression distributions among samples, indicating that
the data were suitable for cross-sample comparison.

Figure 4. Gene-expression distribution and sequencing saturation. (A) FPKM density distribution.
(B) FPKM box plot. (C) RPKM sequencing-saturation curve for sample CK10-1.
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Sequencing saturation was evaluated using RSeQC v2.6.4 [5] (Figure S7). In sample
CK10-1, lowly expressed genes reached saturation more slowly (Q1), with the relative error
decreasing below 5% at a 95% resampling rate, whereas highly expressed genes reached
saturation rapidly (Q4), with the relative error decreasing below 5% at a 5% resampling
rate (Figure 4C). These results indicate that the sequencing depth was sufficient for robust
expression quantification across a wide expression range.

Pearson correlation analysis showed that biological replicates within the same group
were highly correlated, supporting the reproducibility of the experimental design (Figure 5).
Lower correlations among samples from different developmental stages reflected marked
temporal changes in gene-expression profiles during silkworm egg development.

Figure 5. Pearson correlation analysis among RNA-seq samples.

2.6. Differential Expression Analysis

Differentially expressed genes were identified using |log2FoldChange| > 1 and ad-
justed p value (padj) < 0.05 as screening thresholds. DEG statistics for each pairwise
comparison are provided in Tables S6 and S7. For example, the CK30 versus CK25 com-
parison identified 1856 DEGs, including 826 upregulated and 1030 downregulated genes.
Volcano and MA plots for this comparison showed balanced distributions of differentially
expressed and non-differentially expressed genes, supporting the reliability of normaliza-
tion and differential analysis (Figure 6A,B). Additional volcano and MA plots are provided
in Figures S8 and S9.

To explore candidate genes associated with corona-discharge-induced diapause
termination, DEG overlaps were examined among CK30_vs_et30, CK30_vs_xET30,
CK25_vs_et25, and CK25_vs_xET25. Eleven overlapping DEGs were identified across
two sets of comparisons designated F1 and F2, where F1 represents the two comparisons
CK25_vs_et25 and CK25_vs_xET25, and F2 represents CK30_vs_et30 and CK30_vs_xET30
(Figure 6C), suggesting a set of candidate transcriptional markers responsive to corona dis-
charge. A DEG matrix was also constructed to compare stage-specific overlaps (Figure 6D).
Venn diagrams, matrix plots, and DEG information tables for additional comparisons
are provided in Figure S10 and Table S8. Transcriptional regulation sample grouping
information is provided in Table S9.
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Figure 6. Differential expression analysis. (A) Volcano plot of DEGs in the CK30 versus CK25 com-
parison. (B) MA plot for CK30 versus CK25. (C) Venn diagram showing overlapping DEGs between
F1(CK25_vs_et25 and CK25_vs_xET25) and F2 (CK30_vs_et30 and CK30_vs_xET30). (D) Heatmap
showing expression clustering of DEGs from the two comparisons, CK3_vs_CK4 and et3_vs_et4.

Two-way clustering separated samples into two broad developmental phases, corre-
sponding to early (2.5–10 HPO) and late (16–30 HPO) egg development (Figure 7). All
CK samples clearly split into early and late subgroups along this developmental trajectory,
while late corona-treated samples (et25 and et30) clustered closely with the late CK group.
This pattern suggests that early corona discharge treatment may accelerate, or partially
compress, embryonic developmental progression, which requires further verification in
future research. DEGs were further grouped into 28 expression clusters (Figure S11). In
Cluster 26, for example, BGIBMGA007397 (Chrb) was progressively upregulated during
the late stage in the CK group but was expressed at lower levels in the et group at matched
time points, indicating that corona treatment altered the temporal expression pattern of the
selected diapause-related gene (Table S10).

2.7. Functional Enrichment Analysis of DEGs

Gene Ontology (GO) enrichment analysis of differentially expressed genes was con-
ducted via a hypergeometric test with the whole genome as the background (Table S11).
GO directed acyclic graphs (DAGs) were used to visualize the hierarchical relationships
among enriched terms in the biological process, cellular component, and molecular function
categories (Figure S12).
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Furthermore, KEGG pathway enrichment analysis was performed to identify signif-
icantly enriched metabolic and signaling pathways. KO pathway maps were applied to
clarify the distribution and expression variation characteristics of differentially expressed
genes within core pathways (Table S12, Figure S13), and relevant pathway URLs were
summarized in Table S12.

Figure 7. Two-way clustering analysis of DEGs across developmental stages and treatment groups.

2.8. Transcript Structure Analysis and Genome Variation

Transcript-structure analysis identified 146,769 novel transcripts corresponding to
14,406 gene loci. Class codes “j” and “u” accounted for 32.13% and 52.59% of novel
transcripts, respectively. Known and novel transcript statistics are shown in Figure 8A, and
detailed novel transcript annotations are provided in GTF format (Table S13). In addition,
821 5′ UTRs and 1141 3′ UTRs were extended or optimized, involving 1950 genes (Table S14).
Twelve categories of alternative splicing events were identified, with per-sample counts
summarized in Table S15 and Figure 8B.

Variant calling identified 173,260 SNP loci and 11,737 InDel loci. Homozygous and het-
erozygous SNP counts per sample are shown in Figure 8C, and the transition/transversion
ratio was 1.77 (Figure 8D). Homozygous and heterozygous InDel counts are shown in
Figure 8E. Detailed SNP and InDel information, including genomic position and nucleotide
changes, is provided in Tables S16 and S17.
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Figure 8. Summary of transcript features and sequence-variation statistics. (A) Known and novel
transcript statistics. (B) Statistics of alternative splicing (AS) events. The horizontal axis shows
the log10-transformed number of AS events, and each panel represents one sample. The y-axis
shows different AS event types, listed from top to bottom as follows: AE, alternative exon ends;
IR, intron retention; MIR, multi-intron retention; MSKIP, multi-exon skipping; SKIP, skipped exon;
TSS, alternative transcript start site; TTS, alternative transcript termination site; XAE, approximate
alternative exon ends; XIR, approximate intron retention; XMIR, approximate multi-intron retention;
XMSKIP, approximate multi-exon skipping; XSKIP, approximate skipped exon. Different colors
represent different sample groups. (C) SNP statistics. (D) Transition/transversion (Ti/Tv) distribution.
(E) InDel statistics.

3. Methods
3.1. Experimental Materials and Sample Preparation

The diapause strain Dazao was provided by the Gene Bank of the State Key Labora-
tory of Resource Insects High-Efficiency Cultivation and Utilization, Southwest University.
Silkworms were reared at 25 ± 1 ◦C and 75% relative humidity under a 12 h light/12 h dark
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photoperiod. Eggs were assigned to three groups: CK (untreated control), et (corona dis-
charge at 2 HPO), and xET (corona discharge at 24 HPO). Corona treatment was performed
at 12 kV for 1 min with an 8 mm electrode distance. The 2 h post-oviposition (2 HPO)
treatment was selected because this time point corresponds to early zygotic development,
where male and female pronuclei converge and fuse to form the zygotic nucleus under
standard incubation conditions [6]. Previous work showed that corona treatment within
2–4 h after oviposition efficiently terminates diapause [7]. The 24 HPO treatment was se-
lected to represent a later embryonic stage around germ-band development. The sampling
scheme is shown in Figure 1. Collected eggs were immediately frozen in liquid nitrogen
and stored at −80 ◦C until RNA extraction.

Total RNA was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) ac-
cording to the manufacturer’s protocol. RNA integrity was examined by 1% agarose gel
electrophoresis, and RNA quantity and integrity were assessed using an Agilent 2100
Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). Only RNA samples with RNA
integrity number (RIN) values ≥ 7.0 were used for library construction.

3.2. Library Construction and Sequencing

Poly(A)+ mRNA was enriched using oligo(dT) magnetic beads and fragmented to
200–300 bp. Strand-specific libraries were constructed using a dUTP-based second-strand
synthesis strategy, in which dUTP replaced dTTP during second-strand cDNA synthesis.
The library insert size was approximately 380 bp, and the final library fragments were
300–400 bp. Qualified libraries were sequenced on the Illumina HiSeq platform using
paired-end 2 × 150 bp sequencing.

3.3. Data Preprocessing and Mapping

Raw reads were processed with Cutadapt v5.2 to remove adapters and low-quality
sequences. A reference index was built with Bowtie2 [8], and clean reads were aligned
to the silkworm reference genome (Ensembl release 91) using TopHat2 v2.1.1 [4]. The
alignment parameters allowed up to two mismatches, enabled microexon search, and
specified the strand-specific library type as fr-firststrand. Strand specificity was assessed
using the infer_experiment.py module in RSeQC v2.6.4 with the aligned BAM files and
the silkworm reference gene annotation. Reads were classified according to whether their
mapping orientation was consistent with the expected fr-firststrand pattern, assigned to
the opposite orientation, or ambiguous/unassigned.

3.4. Gene Expression and Differential Analysis

Gene-level read counts were calculated using HTSeq v2.1.2 [9] in union mode, and
expression levels were normalized as FPKM. Transcript assembly and gene/transcript
quantification were performed using the TopHat-Cufflinks pipeline [10]. Sequencing satu-
ration was evaluated with RSeQC v2.6.4 [5]. Pearson correlation coefficients and principal
component analysis (PCA) were used to assess sample relationships. Differential expression
analysis was performed using DESeq2 v1.18 [11], with DEGs defined as genes showing
|log2FoldChange| > 1 and adjusted p-value (padj) < 0.05. The Benjamini–Hochberg
method was used to correct for multiple testing and to calculate adjusted p-values. Based
on the sequencing saturation results shown in Figure 4C, the |log2FoldChange| > 1 cutoff
was used to retain moderate early transcriptional changes in diapause-related genes while
reducing background noise. Volcano plots, MA plots, and heatmaps were generated in R
using ggplot2 v4.0.3 [12] and pheatmap v1.0.13 [13].
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3.5. Functional Enrichment and Transcript Structure Variation Analysis

GO and KEGG enrichment analyses of DEGs were performed using the hyperge-
ometric test against the whole-genome background. Gene functional classification and
orthologous annotation were supported by COG [14] and eggNOG [15]. GO analysis
was used to identify enriched biological process, cellular component, and molecular func-
tion terms [16,17]. KEGG analysis was used to identify enriched metabolic and signaling
pathways [18–21].

3.5.1. Novel Transcript Identification

Transcripts were assembled for each sample using StringTie [22], and assembled
transcripts were compared with the silkworm reference annotation (Ensembl release 91)
using gffcompare [23]. Novel transcripts were classified by class code, with major categories
defined in Table 3.

Table 3. Classification of Class Codes.

Class Code Definition

j Novel transcript sharing at least one splice site with the reference.

e Single-exon transcript overlapping exon and ≥10 bp intron of reference;
putative pre-mRNA.

i Transcript fully contained within a reference intron.

o Transcript mostly covering the exons of the reference.

p Putative nascent transcript within 2000 bp of the reference.

r Repeat-associated transcript (≥50% in repeat regions).

u Novel intergenic transcript.

x Antisense transcript overlapping reference exons.

s Antisense transcript with intron overlaps; possible alignment artifact.

. Transcript with multiple classifications.

3.5.2. UTR Region Extension

Candidate UTR extensions were defined as read-supported regions located upstream
or downstream of annotated coding sequences. Novel 5′ UTR and 3′ UTR regions were iden-
tified by comparison with existing reference annotations to refine gene-structure models.

3.5.3. Alternative Splicing Analysis

Alternative splicing events were classified and quantified using ASprofile v1.0.4 [24]
based on StringTie-assembled gene models. Twelve event types were identified, as summa-
rized in Table 4.

Table 4. Twelve Types of Alternative Splicing Events.

Event Code Description

AE Alternative exon ends (5′, 3′, or both)

IR Intron retention (labeled as IR_ON/IR_OFF)

MIR Multi-intron retention (labeled as MIR_ON/MIR_OFF)

MSKIP Multi-exon skipping (labeled as MSKIP_ON/MSKIP_OFF)

SKIP Skipped exon; SKIP_ON and SKIP_OFF occur as a pair

TSS Alternative transcript start site
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Table 4. Cont.

Event Code Description

TTS Alternative transcript termination site

XAE Approximate alternative exon ends

XIR Approximate intron retention (labeled as XIR_ON/XIR_OFF)

XMIR Approximate multi-intron retention (labeled as
XMIR_ON/XMIR_OFF)

XMSKIP Approximate multi-exon skipping (labeled as
XMSKIP_ON/XMSKIP_OFF)

XSKIP Approximate skipped exon (labeled as XSKIP_ON/XSKIP_OFF)

3.5.4. SNP and InDel Detection

SNP and InDel loci were detected using VarScan v2.3.8 [25]. The filtering criteria were
as follows: base quality > Q20, locus coverage > 8 reads, variant-supporting reads > 2, and
p-value < 0.01.

3.6. Data Analysis Software

The main software tools and key parameters used in this study are summarized in
Table 5.

Table 5. Introduction to Bioinformatics Software (all accessed on 2 July 2026).

Software Function Parameters

Cutadapt v5.2
(http://cutadapt.readthedocs.io/
en/stable/)

Data filtering
Minimum 10 bp overlap
(AGATCGGAAG), 20% base error rate
allowed

FastQC v0.11.7
(http://www.bioinformatics.
babraham.ac.uk/projects/fastqc)

Quality control Default parameters

TopHat2 v2.1.1
(http://tophat.cbcb.umd.edu/) Read alignment Microexon-search enabled; library-type =

fr-firststrand

RSeQC v2.6.4
(http://rseqc.sourceforge.net)

RPKM saturation analysis and
strand-specificity assessment

Default parameters for saturation analysis;
infer_experiment.py for strand-specificity
evaluation

HTSeq v2.1.2
(https://pypi.org/project/HTSeq/) Expression quantification Union mode

DESeq2 v1.18
(https://www.bioconductor.org/
packages/release/bioc/html/
DESeq2.html)

Differential expression analysis
|log2FoldChange| > 1 and adjusted
p-value (padj) < 0.05; Benjamini–Hochberg
multiple testing correction

ggplot2 v4.0.3
(https://cloud.r-project.org/web/
packages/ggplot2/index.html)

Volcano plot, MA plot Default parameters

pheatmap v1.0.13
(https://cran.r-project.org/web/
packages/pheatmap/index.html)

Cluster analysis Default parameters

topGO v2.8.0 (http://www.
bioconductor.org/packages/release/
bioc/html/RamiGO.html)

GO DAG enrichment Default parameters
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Table 5. Cont.

Software Function Parameters

StringTie v1.3.4
(http:
//ccb.jhu.edu/software/stringtie/)

Transcript assembly and
lncRNA quantification Default parameters

ASprofile v1.0.4
(http://ccb.jhu.edu/software/
ASprofile/)

Alternative splicing event
statistics Default parameters

VarScan v2.3.8
(http://varscan.sourceforge.net/) SNP and InDel detection --p-value 0.01 --min-avg-qual 20

4. User Notes
This dataset provides a high-quality time-series transcriptomic resource for silkworm

eggs subjected to untreated control, early corona discharge, and late corona discharge
conditions. It can be used to compare temporal gene-expression dynamics, identify can-
didate genes associated with diapause termination, and examine transcript-structure and
sequence-variation features during early embryonic development.

Users should consider several factors when reusing the dataset. First, the dataset
contains two biological replicates per condition, which supports comparative exploration
but may limit statistical power for subtle expression changes. Some analyses are well
supported by two biological replicates, whereas others should be interpreted with caution.
Global-level analyses, including overall gene expression dynamics, functional enrichment
of differentially expressed gene sets, and identification of core diapause-associated gene
candidates, are adequately supported under this replicate scheme. In contrast, single-gene-
level differential expression results, quantitative detection of weakly expressed transcripts,
and minor transcriptional variations carry elevated false-negative risks due to limited
sample replication. Researchers utilizing this resource for follow-up experimental vali-
dation are advised to verify key target genes via qPCR or expand biological replicates
where feasible. Second, treatment timing and embryonic developmental stage are closely
linked in this system; therefore, developmental-stage effects should be considered when
interpreting treatment-responsive genes. Third, the distinction between et and xET groups
should be maintained carefully because they represent early and late corona discharge
treatments, respectively.

The dataset was processed using a standardized bioinformatics workflow that in-
cluded read filtering, genome alignment, expression quantification, differential expression
analysis, enrichment analysis, transcript assembly, alternative splicing analysis, and vari-
ant calling. Reuse of the dataset should include careful inspection of metadata, sample
group definitions, and processing parameters, particularly for time-series and treatment-
comparison analyses.

The resource is suitable for mining candidate diapause-related genes, reconstructing
transcriptional trajectories during diapause termination, comparing early versus late re-
sponses to physical stimulation, and integrating transcriptomic data with future functional
validation experiments in Bombyx mori and related lepidopteran species.

Supplementary Materials: The supporting information can be downloaded at: https://zenodo.org/
records/20473686, accessed on 2 July 2026.
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