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Abstract

Background
Epigenetic regulation may be one of the potential determinants of diapause, which is a strategy for
insects to cope with adverse environments and evolution. Epigenetic regulation is multi-dimensional and
synergistic, how this combination responds to diapause induced environmental signals and how
epigenetic regulation induced by environmental signals precisely regulates insect diapause ware still
remain unknown. m6A methylation is one of the most common internal modi�cations of mRNA, but its
regulation on diapause is rarely reported.

Results
In this study, based on �uorescence immunoassay technology, the m6A abundance of total RNA in the
pupal stage of bivoltine silkworm (Bombyx mori) QiuFeng, QFHT (incubated at a normal temperature
after HCl acid treatment to produce diapause eggs) and QFLT (incubated at 16.5℃,a low temperature
after HCl acid treatment to produce non-diapause eggs) were detected to explore the effects of m6A
methylation modi�cation on the diapause traits of the silkworm. The results showed that there were 1563
m6A peaks in QFLT and 659 m6A peaks in QFHT, and together 1,984 m6A peaks. The distribution and
enrichment of m6A peak in gene functional elements were signi�cantly different between the two groups.
In each signaling pathway of QFLT, the gene transcripts with m6A modi�cation were more diverse, and the
methylation level was higher than that of QFHT. The period of epigenetic response to diapause-induced
environmental signals was much earlier than the period of diapause phenotype formation, and the
epigenetic signals undergo multiple accumulation, transmission and transformation, which may be
accompanied by the metamorphosis development and transgenerational regulation of B. mori.

Conclusions
m6A methylation modi�cation may be one of the molecular markers of diapause regulation or
developmental decision, and its speci�c role in diapause regulation is of great importance for
understanding of insect diapause mechanism.

Background
Epigenetics refers to the genetic phenomenon of phenotypic changes caused by non-DNA differences,
including chromosomal remodeling, histone modi�cation, DNA modi�cation, RNA modi�cation, etc.,
which is mainly regulated in the process of transcription or translation and affects gene functions and
characteristics[1–4]. Regardless of DNA, RNA or histones, the essence of any epigenetic modi�cation is
to change the molecular structure and electrostatic charge balance through the modi�cation group, which
may lead to changes in secondary structure, stability and binding ability, and thus changes the cellular
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regulatory network[5–7]. m6A methylation is the most common modi�cation of RNA, which has
important signi�cance for biological regulation mechanism [8]. The regulation of methylation
modi�cation of genes is under the co-regulation system of methylation-related enzymes
methyltransferases (Writers), demethylases (Erasers), and methylated reading proteins (Readers)[9–11],
which activates downstream regulatory pathways such as RNA degradation and miRNA processing and
so on[12–14]. The co-regulation system plays an important role in regulating biological processes such
as growth and development, neural activity and stress response[15–17].

The physiological characteristics of diapause of the silkworm, Bombyx mori are the special living habits
and physiological reactions evolved to survive in unfavorable living space and time, which is also one of
the evolutionary strategies. Through diapause the silkworms regulate growth and reproductive season to
increase stress resistance, thereby maintain the population as a whole[18, 19]. Under the in�uence of
environment, they secrete diapause hormones and lay diapause eggs [20, 21]. The diapause state of
bivoltine strain B.mori can be terminated by HCl acid solution soaking or adjusting temperature and
humidity during embryonic stage of parent eggs[22, 23]. Epigenetic modi�cation of insects is a dynamic
process, in which environmental changes cause special stress responses [24]. Methylation regulates
diapause related genes through site selection and modi�cation rate adjustment to achieve survival of the
�ttest. There have been breakthroughs in the research on diapause, but how the epigenetic modi�cation
induced by environmental signals regulates diapause in insects is still unknown[25–27]. Studies have
shown that in Hemp�y histone demethylase genes Lsdl and Su (var) 3–9 were up-regulated by 1.5 and 2
times respectively in diapaus larvae, suggesting that histone demethylation involves in the regulation of
pupal diapause[28]. The DNA methylation levels of female Nasonia calli�ora pupa were signi�cantly
different under different photoperiod conditions. RNA interference of the DNA methyltransferase gene
Dnmt1a or feeding with 5-azacytosine nucleoside induces lag in female bees. Knockdown expression of
Dnmt3 increases the diapause rate in offspring of Nasonia under long light exposure[29]. Recent studies
on the m6A epigenetic inheritance of B. mori showed that RNA m6A methylation related genes Mettl3,
Mettl4, Wtap/ Fi (2) D, Ythdc1 and Ythdf3 in four different voltinisms of B.mori, AK4 (univoltine), QiuFeng
(bivoltine), NH (mulvoltine with diapause) and Nistari (non-diapause mulvoltine). And these expression
patterns in ovary, head and egg of pupa and adult were different, showing a certain correlation of
localization and tissue speci�city[30]. m6A methylation modi�cation is one of the most extensive
epigenetic modi�cations in RNAs, but the its regulatory mechanism on diapause is not fully understood.

In order to further study the function of m6A methylation modi�cation and its potential regulation on
diapause traits of B.mori. The m6A abundance of total RNA in pupal stage of QFHT and QFLT was
detected respectively based on RNA methylated immunoprecipitation combined with high-throughput
sequencing technology. The m6A expression pro�ling data of the whole transcriptome of QFHT and QFLT
were obtained. Comparative analysis of the two groups showed that 659 peaks speci�c to QFHT were
enriched in 212 GO signaling pathways and 249 KEGG signaling pathways, and 1563 peaks speci�c to
QFLT were enriched in 280 KEGG signaling pathways and 335 GO signaling pathways, totally 1984 peaks
shared by QFLT and QFHT groups were enriched in 478 GO signaling pathways and 291 KEGG signaling



Page 4/17

pathways. The results showed that the environmental induced signal affected the e�ciency of m6A
methylation resulting in expression changes of a series of genes, and in turn affected the diapause
characteristics of B. mori. These results provide a basis for further research on the role of epigenetics in
diapause regulation of B. mori.

Materials And Methods
Animals

A bivoltine strain of B.mori Qiufeng was used in the experiment. According to the principle of diapause of
bivoltine strain is regulated by environmental factors mainly temperature and light, diapauses-terminated
silkworm egg batches (one batch produced by one female moth) were divided into two semi-batches, one
of which was incubated at 16.5℃ in darkness (QFLT) for produce non-diapause eggs. To produce
diapause eggs, the other sample was incubated at 25℃ under natural day/night cycle (QFHT) 15 days
later for the purpose of hatching on the same day. After hatching, larvae of bith group were raised with
fresh mulberry leaves under 25 °C with a relative humidity of 80% ± 5% under room natural light. On the
third day of the pupae, the ovarian tissue was dissected and collected, and each sample was replicated in
three groups.

RNA isolation and fragmentation

Total RNA from QFHT and QFLT tissue samples was extracted with three replicates for each group of
samples and detected for concentration and integrity. The sample RNA was fragmented in 1×NEBNext
Magnesium RNA Fragmentation buffer at 94°C for 1-5 minutes using the Kit NEBNexet RNA
Fragmentation Module. The Fragmentation reaction stops in the 1×NEBNext Fragmentation Stop
Solution. The sample was then diluted and analyzed.

RNA immunoprecipitation 

The fragment RNA was divided into two parts, one of which was used as control (Input) for RNA-seq
construction of transcriptome sequencing library to eliminate the background in the process of
methylated fragments. The other RNA was immunoprecipitated with m6A speci�c antibody (IP) and
eluted with magnetic beads to reduce background noise of non-speci�c binding.

MeRIP and RNA sequencing 

Reverse transcription of RNA from IP and Input groups was conducted to construct speci�c libraries and
conduct quality detection. Quali�ed libraries were subjected to high-throughput sequencing using the
Illumina HiSeqTM-4000 sequencer. The amount of RNA in IP and Input groups was the same, which
could be used for subsequent comparative analysis.

Colorimetric And MeRIP-qPCR
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Total RNAs of QFHT and QFLT pupal 3rd day ovarian tissues were extracted according to the EpiQuik
M6A RNA Methylation Quanti�cation Kit (Colorimetric, EpiGentek). The difference of m6A modi�cation
abundance in total RNA of the two cultivars was detected. Two sets of samples were enriched according
to the EpiQuik™ CUT&RUN m6A RNA Enrichment (MeRIP) Kit (EpiGentek) for quantitative detection of
sequenced differential genes.

Data analysis 

Reads alignment and sequence analysis

The Fastp[31] software was used for quality control of raw reads, and low quality data were �ltered to
obtain clean reads, and then base quality analysis was performed. The short reads alignment tool
Bowtie2[32] was used for sequence alignment analysis of high quality clean reads.

M6A Modi�ed Peak and Motif Analysis

Peak calling was conducted using MACS2[33] analysis software within the whole genome of Silkworm,
and the threshold was set to Q < 0.05. The position of peak on the silkworm genome and the sequence
information of the peak region were analyzed to screen out the peak-related genes for functional
enrichment analysis of these genes.

TF-motif analysis was performed using MEME Suite (http://meme-suite.org/). We analyzed the motifs in
two different length ranges, MEME (detected 8~30bp) and Dreme (detected ≤8bp), and found the motif
with the highest frequency in the two ranges.

Intragroup consistent peak detection and annotation

The peaks between repeated samples within the group were �ltered, and the common peaks with overlap
> 50% were retained for subsequent analysis. According to the annotation of peaks, diapause related
genes with m6A-modi�cation were annotated to compare the divergence of m6A-modi�ed genes in
different treatment groups.

Pooling of peaks between groups and multi-sample cluster analysis

The DiffBind[34] was used to merge the peaks between groups. The union of peaks between treatment
groups was obtained to calculate the abundance of each peak in each sample.

Differential analysis of the presence or absence of RNA methylation modi�cation between groups

Transcripts from different treatment groups differed in the presence or absence of m6A methylation
modi�cations. Compare and count common and unique peaks between groups and enrich for their
associated genes

Analysis of differences in RNA methylation rates between groups
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Based on data of MeRIP and Input to calculate the relative rate of methylation of each peak, the �lter
peak of rate difference in RNA methylation was analyzed using exomePeak[35] at FDR < 0.05 and |
log2FC | > 1. GO and KEGG functional enrichment analysis was performed on genes related to differential
peak.

Results
Transcriptome sequencing of m6A modi�ed Bombyx mori

The ovarian tissues of day-3 pupae of bivoltine strain, QiuFeng were collected from QFHT and QFLT
group respectively, and 3 replicates were designed for each group. And their transcriptomes were
sequenced according to the Input and IP classi�cation. On average, about 43000000 raw reads were
obtained from each Input sample, and about 40000000 raw reads were obtained from each IP sample.
After �ltering out low-quality data, the Input has a retention rate of 99.9% and the IP reads retention rate is
approximately 95% (Additional File 1 and File 2: Figure S1 and Table S1). To visually display the data
quality, analysis of the composition and quality distribution of bases was performed. The more balanced
and higher quality the base composition is, the more accurate subsequent analysis will be (Additional File
3: Date S1 and Data S2). High quality clean reads were aligned to the ribosomal database using the
alignment tool Bowtie2 to remove reads from ribosomal RNA (Additional File 2: Table S2). Finally,
statistically valid reads for the silkworm genome data, the results show that the average valid
comparison rates of the three replicates of Input-QFHT and IP-QFHT samples are about 64.6% and 64.0%,
respectively, and that of Input-QFLT and IP-QFLT samples are about 68.7% and 67.0% (Additional �le 2:
Table S2), separately. The unique and de-duplicated reads were compared to each chromosome (positive
and negative chains) on the genome, and the density was statistically mapped, so that the relationship
between chromosome length and the number of reads compared were seen more intuitively (Additional
�le 4: Data S1).

The number of peaks, total peak length, average peak length, the number of reads in the peak as a
percentage of the total number of reads in all alignments (FRiP) and the peak genome alignment rate
were analyzed for the number of peaks performed in a single sample by intra-group sequencing. There is
a good consistency in the data between single samples in each group (Additional �le 2: Table S4).
Statistical analysis of the number of peaks at different depths shows that the proportion of peak number
of IP-QFHT in total peak is slightly higher than that of IP-QFLT in sequencing depth of 5-50 regions
(Additional File 5: Data S1). The unique peak related reads obtained were analyzed and the number of
reads to different regions of the transcript was counted. The results show that the relative transcript
numbers of IP-QFHT reads in the 5'UTR and 3'UTR regions were higher (Additional �le 6: Data S1). Further
statistics on the distribution and width distribution (indicating the length of protein binding sequences) of
peak on chromosomes showed that the peak number of m6A modi�cation of IP-QFLT on chromosomes
was slightly higher than that of IP-QFHT. In addition, the peak number of IP-QFLT is also higher in the
protein-bound sequence length range of 100-300(Additional �le 7: Data S1 and Data S2). Finally, the
distribution of fold enrichment and q value of peak was analyzed, and the results showed that IP-QFLT
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was more signi�cant both in enrichment multiple and signi�cance degree, indicating that the peak
expression of IP-QFLT was higher than that of IP-QFHT samples (Additional File 8: Data S1 and Data S2).

Filter peak among repeated samples within the group, and retain common peak which overlap > 50%.
Statistical results show that the peak number of IP-QFLT is far more than that of IP-QFHT samples
(Additional File 2: Table S5).

Distribution and enrichment of m6A modi�cation

The peaks among three replicates in the same group with overlap>50% and co-occurring in at least two
samples were �ltered, and the statistical results showed that the number of peaks of IP-QFLT far
exceeded that of IP-QFHT samples (Additional �le 2: Table S5). In order to understand the difference of
m6A modi�cation in transcripts, the distribution number of peak on different gene functional elements
such as 5'UTR, start codon, CDS, stop codon and 3'UTR in each group of samples was counted.
Enrichment score of peak on functional elements of different genes was calculated for chi-square test
with the formula : Enrichment score = n/(n× P)[5] (n: peak number on functional elements of each gene;
N: total number of peak samples; P: proportion of genome length for each classi�cation)[36]. The results
showed that peak of QFLT and QFHT differed signi�cantly in the distribution of functional elements and
rich concentration. In terms of distribution, the proportions of QFLT and QFHT on functional components
from high to low are CDS, start codon, stop codon, 5 'UTR and 3' UTR. The m6A modi�cation in QFLT was
more likely to distribute on CDS, and that in QFHT was more likely to distribute on the other gene
functional elements except CDS (Figure 1A and 1B). In terms of enrichment, the highest enrichment rate
of QFLT and QFHT was in the start codon area, followed by the stop codon area. But in the comparative
analysis of the two groups of samples, the enrichment of QFLT in the CDS region was signi�cantly higher
than that of QFHT (Figure 1C and 1D). The m6A modi�cation of QFLT and QFHT samples was highly
similar in both distribution and enrichment of functional elements, indicating that m6A methylation
modi�cation was conservative in the silkworm. However, there were signi�cant differences in the
distribution and enrichment ratio of the same functional elements between the two groups, suggesting
that m6A modi�cation may have different effects on gene expression regulation in different diapause
traits, and may have a potential regulation effect on diapause traits.

Peak combination between groups and multiple clusters

Principal component analysis (PCA) and correlation heat map method were used to conduct pair-way
correlation analysis for all 6 samples from the two groups. The results showed that the peak data were
signi�cant different between the QFLT and QFHT groups, and the peak data difference within either group
was relatively consistent, further indicating that the data can be used for subsequent analysis (Additional
�le 1: Figure S2 and S3). The peak �lters of replicate samples between groups were merged and a Venn
diagram was used to show the presence or absence of RNA methylation modi�cations between groups.
Results showed that 659 peaks were unique to QFHT and 1563 peaks were unique to QFLT, with a total of
1,984 peaks (Figure 2A). According to the statistics on the number of peaks on related genes, more m6A
modi�cations occurred in QFLT samples than in QFHT (Figure 2B). Motif analysis of MEME (detected
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8~30 bp) and Dreme (detected ≤ 8 bp) in two different length ranges using the MEME Suite method
showed that the motifs prefer “TCACT” sequences which is similar to the ubiquitous "RRACH" motifs in
other species (Figure 2C), indicating that the motifs recognized by m6A modi�cations in silkworm were
highly conserved and supported the presence of methylation modi�cation mechanisms during silkworm
development.

Difference of RNA methylation modi�cation level between two groups

There were differences in the genes with m6A methylation modi�cation between the two different
treatment groups. Between groups, peaks without overlaps are de�ned as unique peaks, and peaks with
overlaps as shared peaks. Venn diagram was used to show the relationship between groups with or
without RNA m6A methylation modi�cation. The analysis showed that IP-QFHT had 659 peaks mapped
to 537 genes, and IP-QFLT had 1563 peaks mapped to 1042 genes. There were totally 1,884 peaks
mapped to 1,275 genes in two groups (Figure 3A).

QFHT-speci�c peaks were enriched in 212 GO signaling pathways, of which GO_BP (biological process):
105, GO_CC (celluLar componen): 43, GO_MF (molecuLar function): 64 (Figure 3B); It mainly focuses on
cellular process, metabolic process, individual development process, biological process regulation and
etc. 249 KEGG signaling pathways (Figure. 3C) accounted for the largest proportion of environmental
signal processing and signal transduction pathways, were enriched to 56 genes; followed by signaling
molecules and interactions and membrane transport; In the cell process, the enrichment of cell growth
and death was relatively more, followed by transport and catabolic pathways. In the body system, the
enrichment from high to low were metabolic system, immune system and nervous system, respectively.
The rest were concentrated in metabolic signaling pathways. In the process of genetic information, QFHT
was more focused on translation, folding and degradation.

QFLT-speci�c peaks were enriched in 335 GO signaling pathways (Figure 3D), of which GO_BP: 105,
GO_CC: 43, GO_MF: 64; mainly concentrated in cellular processes, metabolic process, individual process,
biological process regulation and other pathways. Similar to QFHT, 280 KEGG signaling pathways (Figure
3E), in the environmental signal processing class, accounted for the largest proportion of signal
transduction pathways followed by signal molecules and interaction signaling pathways, but the number
of genes enriched in both was more than twice that in QFHT. In cell process, QFLT enrichment in cellular
immune pathway was the most abundant compared with QFHT, followed by catabolism, and �nally cell
growth and death pathway. In the body system, the top three pathways of QFLT enrichment are
metabolic, immune and nervous system, which are the same as QFHT, but the number of genes enriched
is nearly three times that of QFHT. In the process of genetic information, QFLT focuses more on folding
and degradation. These results indicated that the peak speci�c to QFLT and QFHT was signi�cantly
different and the m6A modi�ed genes had a wider regulatory range. Compared with QFHT, the number of
m6A modi�ed gene transcripts occurred in QFLT was larger and involved in a broader depth of regulation.
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The common peaks can be matched to 1275 genes, which can be enriched into 478 GO signaling
pathways (Figure 3F), including GO_BP: 355, GO_CC: 33, GO_MF: 90. It mainly focuses on cellular
process, metabolic process, individual process, biological process regulation and other pathways. There
are 291 KEGG signaling pathways (Figure 3G), which mainly focus on metabolism, genetic information
processing, environmental signal processing and cellular processes. The top 20 KEGG enrichment
pathways mainly include PI3K-Akt signaling pathway, hippopotamus signaling pathway and MAPK
signaling pathway, etc.

Analysis of differences in RNA methylation rates between two groups

MeRIP data and Input data were used to calculate the relative methylation rate of each peak. then the
RNA methylation rate differences analysis �lter peak using exomePeak at FDR < 0.05 and | log2FC | > 1.
GO and KEGG functional enrichment analysis was performed on genes related to differential peak.

The results showed that compared with QFHT, there were 9 down-regulated peaks and 92 up-regulated
peaks in QFLT, which could clearly show the signi�cance of differential expression in the volcano map
(Figure 4A). MeRIP-qPCR veri�cation was performed for 10 genes with differentially expressed genes, and
the results showed slightly different log2FC values from the sequenced, but the whole up-regulation or
down-regulation trend was consistent (Additional �le 2: Table S6). the 9 down-regulated peaks were
matched to 4 genes, and no enrichment was found; 92 up-regulated peaks were mapped to 64 genes
(Figure 4B). 19 genes were enriched in 43 KEGG signaling pathways (Figure 4C), and enriched in 41 GO
signaling pathways (Figure 4D), which were GO_BP:23, GO_CC:4, GO_MF:14. Enrichment analysis
indicated that these differentially methylated genes were mainly related to signal transduction. This result
suggests that in QFLT (diapause egg producer) m6A modi�cation involves in signal transduction in the
pupal ovary through the occurrence of more m6A modi�cations, thereby affecting the phenotype of
diapause in progeny.

Discussion
Insects can predict impending adverse conditions based on their cyclically changing environment every
year, and use this information to rationally regulate their own development and reproduction[37].
Diapause-inducing stimuli are sensed by parental individuals during a sensitive period, which is generally
genetically determined and species-speci�c[38]. The induced signals of diapause in B. mori include
temperature, light, humidity and some chemical substances, among which temperature has the greatest
in�uence on diapause, especially in the late stage of embryonic development, followed by
photoperiod[39–41]. Bivoltine silkwormstrains, mothes from the eggs incubated at 25℃ and long
sunshine produce diapause eggs; mothes from the eggs incubated at 15℃ and short daytime treatment
produce non-diapause eggs; moth from the eggs incubated at 20℃ produced diapause and non-
diapause mixed eggs. The environmental stimuli received during the maternal embryonic stage act on the
target organ ovary through complex signal transduction and gene regulation during the pupal stage,
thereby determine diapauses or non-diapause for their offspringsr [42].
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In this study, MeRIP-seq was used to sequence the epitranscriptome of the ovaries of the silkworm on day
3 in the pupal stage of different groups, QFHT (producing diapauses eggs) and QFLT (producing non-
diapause eggs). Analysis of epigenetically modi�ed differential genes between the two groups provides a
way to see insight for understanding the relationship between m6A epigenetic modi�cation and silkworm
diapause. Sequencing analysis showed that compared with QFHT, more m6A modi�cation events
occurred in QFLT, which re�ected not only the number of modi�ed genes, but also the frequency of the
same gene modi�cation. These results were consistent with the transcriptional characteristics and
protein expression levels of METTL3 in pupal ovaries, and highly correlated with the m6A abundance in
the ovaries of two multivoltine silkworm strains with different diapause characteristics. The functional
enrichment and signi�cance analysis of differentially modi�ed genes between two groups showed that
differentially modi�cation of m6A methylation in QFLT mostly occurred in signaling, signal transduction,
cell communication, purine nucleic acid metabolism, purine nucleic acid biosynthesis, kinase activity,
ligase activity, nucleic acid binding. The regulatory functions of these pathways are closely related to
stress response, cell differentiation, occurrence and removal of protein modi�cations, phosphorylation,
and phospholipid metabolism. Diapause may be a more stable genetic phenotype during the evolution of
the silkworm, while non-diapause is the more often result of adaptation to the environment.

In addition, the categories of differential modi�ed genes found in this sequencing were similar to the
previous analysis results of ovarian transcriptome sequencing at the third day of pupal stage[43]. These
results suggested that m6A modi�cation mediated a number of molecular mechanisms related to the
non-diapause fate of progenies in the ovaries of QFLT pupal stage, further con�rming the judgment that
the third day of silkworm pupal stage is highly associated with diapauses. Based on this research, the
expression changes and biological functions of some diapause associated differential modi�cation
genes can be further clari�ed, and also provide a basis for further exploration of the role of RNA m6A
modi�cation in the occurrence and release of diapause in silkworm.
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3′-UTRs: 3′-untranslated regions; 5′-UTRs: 5′-untranslated regions; CDS: Coding sequence; GO: Gene
ontology; IP: Immunoprecipitation; m6A: N6 -methyladenosine; MeRIP-Seq: Methylated RNA
immunoprecipitation with next-generation sequencing; QFHT: bivoltine Bombyx mori, QiuFeng, incubated
at a normal temperature after HCl acid treatment to produce diapause eggs; QFLT: QiuFeng, incubated at
16.5℃,a low temperature after HCl acid treatment to produce non-diapause eggs; KEGG: Kyoto
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Figures

Figure 1
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Distribution and enrichment of M6A modi�cation. A and B. Distribution of IP-QFHT and IP-QFLT sample
peaks in gene functional elements. C and D. Enrichment of IP-QFHT and IP-QFLT sample peaks in gene
functional elements.

Figure 2

Peak combination between groups and multiple clusters. A. Venn diagram of the number of common and
unique peaks in the comparison group IP-QFLT-vs-IP-QFHT. B. the number of peaks on peak-related genes.
C. m6A recognition motif analysis.
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Figure 3

Differential analysis of the presence or absence of RNA methylation modi�cation between groups. A.
Alignment analysis of peak of IP-QFHT, IP-QFLT and common in the silkworm genome. B and C. GO and
KEGG signaling pathway enrichment analysis of IP-QFHT speci�c peaks. D and E. GO and KEGG
signaling pathway enrichment analysis of IP-QFLT speci�c peaks. F and G. GO and KEGG signaling
pathway enrichment analysis of common to IP-QFHT and IP-QFLT.

Figure 4
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Difference analysis of peak methylation rate between groups. A. differentially expressed genes in IP-
QFHT and IP-QFLT. B. number of differentially expressed peaks and corresponding genes. C and D. GO
and KEGG enrichment analysis of m6A differential modi�cation rates of peak in IP-QFHT and IP-QFLT.
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