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Abstract In order to study the relation of different gene expression and Metabolomics difference of pepper (Yin Chuan Cavel) male
sterility lind pollen abortion. The transciptiome was sequenced using RNA-seq technology, the metabolomics was tested by
UPLC-MS/Ms. The result was analyzed by GO categories and KEGG enrichment analysis. A total of 3 319 different expression genes
were successfully obained, include up genes 800, down genes 2 519. Of the 536 metabolites identified, a total of 102 metabolites were
significantly differentiated. The differential metabolites involved up regulation metabolites 68, regulation metabolites 34. Included 17
amino acid derivatives, 16 Nucleotides and derivatives, 13 glyceryl ester, 10 sphingolipids, 8 flavonoids and phenolic acids, 6 in other
classes (mainly related to carbohydrate metabolism). Differential metabolites and significant differential expression genes are mainly
concentrated in protein related amino acid metabolism pathway and flavonoid metabolism pathway. The results showed that the
significant differential expression of transcription genes, through the regulation of metabolism related enzymes, resulted in the
differential metabolism of lipid, Phenolic acids and carbohydrate metabolites, resulted in pollen abortion of the Pepper (Yin Chuan Cavel)
male sterile.
Keywords Pepper; Male sterility; Transciptome; Metabolomics

Pepper is a very important vegetable crop and loved by the Chinese. It is nutritious and can stimulate appetite,
reduce blood pressure, improve human resistance (Cai et al., 2010). China is a big country of pepper cultivation,
production and processing. In recent years, the planting area of pepper is increasing, and the output ranks first in
the world. With the development of industry, the requirements of pepper breeding and seed production are also
increasing (Suo, 2011). Seed production with male sterile materials is an effective method to simplify seed
production procedures, reduce seed production costs, and ensure seed purity and quality. The correlation between
transcriptome and metabolome of Pepper (Yin Chuan Cavel) Male Sterility Lind was studied, which has important
theoretical significance for further understanding the pollen abortion mechanism of its male sterile line (Chen et
al., 2011).

RNA-Seq method is widely used in plant differential gene expression analysis and new gene mining research, can
effectively provide more information on biological transcription level (Trapnell et al., 2010; Liao et al., 2017; Qin
et al., 2020). Transcriptome and metabonomics integration analysis refer to the normalization and statistical
analysis of the batch data of different biomolecular levels from transcriptome and metabolomics, so as to establish
the data relationship among different levels of molecules (Ding et al., 2019). Combined with functional analysis,
metabolic pathway enrichment, correlation analysis and other biological function analysis, this experiment
systematically and comprehensively analyzed the biological molecular function and regulatory mechanism of
differentially expressed transcriptome in the anther of Pepper (Yin Chuan Cavel) Male Sterility Lind. Screened
out the key metabolic pathways, differentially expressed genes and differentially accumulated metabolites (Chen
et al., 2013). To further understand the mechanism of pollen abortion caused by differential gene expression
regulating substance metabolism.
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1 Results
1.1 Transcriptome sequencing and differential gene screening
Total RNA was extracted from anther samples of dual-purpose lines for library preparation. The library was
sequenced with Illumina HiSeqTM 2500. FDR and log2FC were used to screen the differential genes. The
screening conditions were FDR<0.05 and |log2FC|>1 (Roberts et al., 2011). There were 35 336 genes in the
reference genome. Through comparison, the number of known genes detected in the male sterile line (K) and
sterile line (B) of pepper (Yinchuan Cavel) was 23 768, accounting for 67.26% of the comparison genes. A total of
3 319 genes were detected with significant difference, including 800 genes significantly up and 2 519 genes
significantly down.

1.2 Different Gene (GO) Annotation
Go functional classification annotation and significant enrichment analysis of differentially expressed genes in
Pepper (Yin Chuan Cavel) Male Sterility Lind (Qin et al., 2020), K-VS-B (Figure 1): 230 genes down regulated
and 965 genes up-regulated in metabolic process; 221 genes down-regulated and 863 genes up-regulated in cell
process; 239 genes down-regulated and 691 genes up-regulated in catalytic activity; 211 genes down-regulated
and 876 genes up-regulated in combining process. The differential genes were mainly concentrated in the process
of metabolism, catalysis and metabolic regulation, which indicated that the differential gene expression of Pepper
(Yin Chuan Cavel) Male Sterility Lind was significant in its metabolic activity, and the enrichment of differential
genes involved in metabolic regulation was relatively rich.

1.3 Metabonomics determination and analysis
Anther samples were divided into fertile group and sterile group. 536 metabolites were detected in the anthers of
fertile and sterile lines of pepper (Yinchuan Cavel) by UPLC-MS/MS detection platform. There were 102
differential metabolites, including 34 down regulated and 68 up regulated. As shown in Figure 2, the differential
metabolites were divided into 19 groups, there are 17 amino acid derivatives, 16 Nucleotides and derivatives, 13
glyceryl ester, 10 sphingolipids, 8 Flavonoid and 8 Phenolic acids, 6 others (mainly related to sugar metabolism).
RCA analysis of K-vs-B differential metabolites mix. Mix The quality control results are shown in Figure 3. The
detected differential metabolites are R2>0.93, close to 1, indicating that the results have high repeatability.

Figure 1 Differential gene GO terms of K-VS-B
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Figure 2 The distribution of diferent metabolites of K-VS-B

Figure 3 The RCA analysis and mix Mix,quality control sample K-VS-B
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1.4 Correlation analysis between differential genes and different metabolites
The cor program in R was used to calculate the Pearson correlation coefficient of genes and metabolites, and nine
quadrant diagram was used to show the difference multiple of gene metabolites with Pearson correlation
coefficient greater than 0.8 in each difference group. The results are shown in Figure 4: In quadrant 5, there was
no differential expression between genes and metabolites; in quadrants 3 and 7, there was a positive correlation
between gene expression and metabolites, and the change of metabolites might be caused by the positive
regulation of genes; in quadrants 1, 2 and 4, there was correlation between metabolites and gene expression, and
the up regulation of metabolites in quadrants 6, 8 and 9 was negatively correlated with the expression of
metabolites The metabolites were not changed or down regulated (Limin Sun, 2019). According to the correlation
distribution of differential genes and different metabolites, there was significant correlation between differential
genes and differential metabolites, which had a strong regulatory effect on anther metabolism of Yinchuan
Yangjiao male sterile dual-purpose line.

1.5 Analysis of differential genes and metabolites combined with KEGG
Through KEGG enrichment analysis, we can find out the metabolic pathways with significant enrichment of
differential genes and metabolites and show the enrichment degree of pathways with both differential metabolites
and differential genes, so as to further understand the biological functions of differential genes (Kanehisa et al.,
2013). The results showed in Figure 5: the enrichment pvalue value of differential expression genes and
differential metabolites pvalue<0.05, differential expression is significant; however, it is not proportional
distribution in the unified metabolic pathway, which indicates that not all differentially expressed genes regulate
the metabolic pathway. The main metabolites were in Biosynthesis of amino acids, Pyrimidine metabolism,
Tryptophan metabolism and Cysteine, methionine metabolism and Flavonoid biosynthesis. The results showed
that the significantly differentially expressed transcriptional genes played a key role in the above pathways,
resulting in the differential expression of the related products of protein metabolism and flavonoid metabolism in
anthers, which affected the pollen abortion of Yinchuan Zanthoxylum annuum male sterile line.

Figure 4 Nine quadrant of correlation between differential genes and differential metabolites
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Figure 5 Analysis of pvalue histogram by enrichment of differential gene and differential metabolite KEGG

1.6 Analysis of O2PLS
All the differential genes and metabolites were selected to establish O2PLS model, and the important variables
influencing the other omics were screened out. Due to the large number of genes and metabolites, only the top 10
genes and the top 10 metabolites that have great influence on the other omics are listed. The results are shown in
Table 1. The top ten metabolites of differentially expressed genes were mainly glycosides, amino acids and
phenolic acids. The results showed that the expression regulation of differential genes between male sterile lines
and fertile lines resulted in significant differences in transcriptome, which resulted in significant regulation of
material metabolism, especially glycoside energy metabolism related substances.

Table 1 Significant difference genes and differential metabolites

Metabolites ID Chemical material Gene ID Length (bp)
mws0913 Trifolin Capana10g000707 0.068908
pme0088 Luteolin Capana01g003618 0.06124
mws4176 DL-Alanyl-DL-phenylalanine Capana03g004625 0.058896
mws0216 Trans-4-Hydroxy-L-proline Capana02g002479 0.056248
pme0274 6-Aminocaproic acid Capana00g003963 0.051817
pme2433 Diethanolamine Capana03g000102 0.051389
mws5042 Glycylphenylalanine Capana03g004566 0.051224
mws0064 Eriodictyol Capana12g000531 0.051129
mws0671 L-Homoserine Capana09g002327 0.050909
mws0636 Phe-Phe Capana04g000466 0.049434
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2 Conclusions
The anther of Pepper (Yin Chuan Cavel) Male Sterility Lind analysis by RNA-Seq, compared with the reference
genome, a total of 3 319 genes were detected, which showed that the difference in transcriptome between male
sterile line and fertile line was very significant. The results showed that the differentially expressed genes in
Yinchuan Yangjiao pepper male sterile dual-purpose line played a regulatory role in its metabolic activities, and
the accumulation of differential genes involved in metabolic regulation was rich (An et al., 2014; Trapnell et al.,
2010). There were 34 down regulated and 68 up regulated differential metabolites detected in the anthers of fertile
and sterile lines. The main metabolites were amino acid and derivatives, nucleotides and derivatives, glycerol ester,
flavonoids, phenolic acids and sugar metabolism related substances (Lu et al., 2020). Amino acids, nucleotides,
flavonoids and sugars are all important substances affecting pollen development, the significant difference
accumulation between fertile and sterile lines indicated that pollen abortion of male sterile lines was closely
related to the differential metabolism and accumulation of the above substances. The results of transcriptome and
metabolome analysis showed that the differential gene expression and metabolites in mature anthers of Pepper
(Yin Chuan Cavel) Male Sterility Lind were mainly concentrated in the protein synthesis pathway of amino acid
biosynthesis, pyrimidine metabolism, tryptophan metabolism, cysteine and methionine metabolism and flavonoid
biosynthesis pathway. These results indicate that the significant differential expression of transcriptional genes in
the above pathways plays an important role in regulating the accumulation of metabolites. The differential
expression of transcriptional genes regulated the metabolism of key metabolic pathways, resulting in significant
differential accumulation of glycosides and energy substances closely related to pollen development, which
affected pollen development of male sterile lines and led to pollen abortion; The regulation of flavonoid
metabolism is related to the scavenging of reactive oxygen species (ROS), which may lead to pollen abortion. It
can be inferred that the differential expression of differential genes can regulate the metabolism and accumulation
of lipid, fenac and carbohydrate metabolites related to pollen development, and then lead to pollen abortion (Li et
al., 2016; Li et al., 2015).

3 Materials and Methods
3.1 Materials
The male sterile line of Yinchuan Yangjiao pepper was bred by pepper breeding research group of Germplasm
Resources Research Institute of Ningxia Academy of agricultural and Forestry Sciences. It will be planted in May
2019. At the full flowering stage, the pollen abortion was identified by the acetic acid magenta staining
microscope, and the fertile and sterile lines were identified. The mature anthers were sampled. The anthers of each
sample were collected from ten materials and stored in the refrigerator at -80℃.

3.2 RNA extraction and transcriptome sequencing
After total RNA was extracted, eukaryotic mRNA was enriched by Oligo (dT) beads, while prokaryotic mRNA
was enriched by removing rRNA by Ribo-Zero TM Magnetic Kit (Epicentre). Then the enriched mRNA was
fragmented into short fragments using fragmentation buffer and reverse transcripted into cDNA with random
primers. Second-strand cDNA were synthesized by DNA polymerase I, RNase H, dNTP and buffer. Then the
cDNA fragments were purified with Qia Quick PCR extraction kit, end repaired, poly (A) added, and ligated to
Illumina sequencing adapters. The ligation products were size selected by agarose gel electrophoresis, PCR
amplified, and sequenced using Illumina HiSeq TM 2500 by Gene Denovo Biotechnology Co. (Li et al., 2020;
Limin Sun, 2019) .Three replicates were set for each sample, and the extraction and sequencing were entrusted to
Gene Denovo Guangzhou Biology Limited.

3.3 Extraction and analysis of metabolites
The freeze-dried anther was crushed using a mixer mill (MM 400, Retsch) with a zirconia bead for 1.5 min at 30
Hz. 100 mg powder was weighted and extracted overnight at 4℃ with 0.6 ml 70% aqueous methanol. Following
centrifugation at 10 000 g for 10 min, the extracts were absorbed (CNWBOND Carbon-GCB SPE Cartridge, 250
mg, 3 ml; ANPEL, Shanghai, China, www.anpel.com.cn/cnw) and filtrated (SCAA-104, 0.22 μm pore size;
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ANPEL, Shanghai, China, http://www.anpel.com.cn/) before UPLC-MS/MS analysis. The experiment was
completed by Wuhan Metware Biology Limited.

3.4 Data analysis method
Transcriptome and metabolomic data were annotated to GO database (http://www.geneontology.org/). The gene
number of each term was calculated, and the functional classification statistics were carried out by using WEGO
software. The correlation between the detected genes and metabolites was analyzed, and the Pearson correlation
coefficient of genes and metabolites was calculated by COR program. Using KEGG database (http://www.genome.
jp/kegg/). The pathway enrichment of different genes and metabolites was analyzed. O2PLS analysis was used to
explore the association between differentially expressed RNA and different metabolites. O2PLS model is used to
analyze the integration between the two data sets, including the relationship between systems biomics, molecular
regulatory mechanism phenotype correlation. Through O2PLS model, we can not only obtain the correlation
coefficient between variables, but also obtain the weight of variables in the model, so as to find the key regulatory
phenomena more accurately (Chen et al., 2013; Roberts and Pimentel, 2011).
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