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Abstract: Korla fragrant pear (P. sinkiangensis Yü) is a landrace selected from a hybrid pear species of Xinjiang Autonomous 

Region in China. However, recently the formation of rough skin fruits is one of the main factors reducing fruit quality. In this 

study, parallel analyses of transcriptomic and proteomic data of Korla pear fruits from the three developmental stages (20, 50 and 

80 days after flowering, DAF) were carried out by using RNA sequencing (RNA-seq) and tandem mass tags technology (TMT), 

to identify differential genes and proteins that may regulate reactive oxygen species (ROS) generation during stone cell 

differentiation period. In total, 42893 transcripts and 7904 proteins were acquired. Among them, 74 differentially expressed 

genes (DEGs) and 40 correlated proteins were identified as ROS related genes and proteins, including 15 differentially 

accumulated proteins (DAPs). These include genes and proteins related to the ROS production in the apoplast (24 DEGs and 

seven DAPs), mitochondria (23 DEGs and two DAPs), peroxisome (10 DEGs and four DAPs), and during fatty acid degradation 

(15 DEGs and two DAPs), respectively. All of DEGs and DAPs that related to apoplastic ROS production and some of DEGs and 

DAPs that related to ROS production in peroxisome and fatty acid metabolism pathways were abundantly expressed during the 

critical period of stone cell differentiation (20 DAF). To sum up, apoplast might be the main source of ROS production that 

participate in the process of stone cell differentiation in pear fruits. In addition, peroxisome and fatty acid metabolism pathways 

also produce certain amount of ROS during this process. 
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1. Introduction 

Korla fragrant pear (Pyrus sinkiangensis Yü) is one of the 

characteristic fruit trees in Xinjiang, China. Korla fragrant 

pear is distinctive for its aroma, rich juicy flesh and crispy 

texture. However, in recent years, the content of stone cells in 

Korla pear fruits has increased and causing the formation of 

rough skin on fruit surface, which leads to degradation of 

varieties and the reducing of fruit quality. Previous studies 

showed that the process of stone cell differentiation is in 

nature a process of secondary thickening of cell walls [1, 2]. 

Lignin is the main structural component of secondary of cell 

wall, so as the stone cells [3]. After being synthesized in the 

cytoplasm, the lignin monomers are transported through the 

plasma membrane to the cell walls, and polymerizes into 

lignin under the action of O�
�� dependent laccase (LAC) and 

H2O2 dependent peroxidase (PRX) [4]， reactive oxygen 

species (ROS) play a critical role in this process [5]. 

Recently, more researchers have started to focus on the 

role of ROS in fruit development, maturation and senescence 

of several plants [6-10]. It is also reported that occurrence of 

“Hard end fruits" in apple and pear is also closely related to 

the metabolism of ROS [11-13]. Our previous work indicated 

that accumulation of ROS and cell apoptosis (also called 

programmed cell death, PCD) occurred along with the 

differentiation of stone cells, the period of PCD and stone 

cell differentiation overlaps with ROS accumulation. ROS is 

the main stress factor leading to PCD. Therefore, we 

presumed that ROS may act as a signal molecule to activate 

PCD in some specific cells, lignin deposition in the 

secondary walls of cells that went through apoptosis to form 

sclerotic cells. In order to reveal this scientific inference, in 

this study, parallel analyses of the transcriptome and 

proteome of Korla pear fruits from the three developmental 
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stages were carried out using RNA-seq and TMT 

technologies, aiming to explore the source of ROS in fruit 

pulps during the critical period of stone cell differentiation. 

ROS related candidate genes and proteins gained through this 

study would help us understand the underlying function of 

these genes and proteins in the process of stone cell 

differentiation, and would shed a light on the molecular 

mechanism of stone cell differentiation in Korla pear fruit. 

2. Materials and Methods 

2.1. Materials 

The fruit samples were collected at the different stages of 

development from 15-year-old Korla pear trees grown in an 

orchard at Korla (Xinjiang, China). Pulps were scooped out 

from the fruits 20, 50 and 80 days after flowering (DAF), 

representing prime, late and stationary stages of stone cell 

differentiation, respectively. Samples were flash frozen in 

liquid nitrogen immediately, and then stored at - 80°C for 

further study. For samples of early developmental stage (20 

and 50 DAF), fifteen fruits were gathered from five trees for 

each biological replicate, and ten fruits were collected from 

five trees for each biological replicate for samples of late 

developmental stage. 

2.2. Transcriptome Data Analysis 

Total RNA was isolated from the pulps using TRlzol® 

reagent. RNA purity and concentration were assessed using 

the NanoPhotometer® spectrophotometer (IMPLEN, CA, 

USA). Sequencing libraries were generated using NEBNext® 

UltraTM RNA Library Prep Kit for Illumina® (NEB, USA). 

Illumina-based RNA sequencing was performed on the 

Hiseq™ 4000 platform. After removing the low quality reads, 

the filtered clean reads were mapped to the Pyrus 

bretschneideri reference genome. The uniquely mapped reads 

were used to calculate FPKM (fragments per kb per Million 

reads) for the gene expression quantification. Genes with an 

adjusted P-value < 0.05 and |log2 (fold change)| > 1 were 

assigned as differentially expressed. The transcriptome 

sequencing data supporting the results of this work can be 

accessed in the Short Read Archive (SRA) of The National 

Center for Biotechnology Information (NCBI) with the 

accession number SRX7122321 - SRX7122329. 

2.3. Proteomic Data Analysis 

Protein concentration was determined with Bradford assay, 

precisely 0.1 mg of protein was digested with Trypsin Gold 

(Promega) at 37°C for 16 h. After trypsin digestion, peptide 

was desalted with C18 Cartridge to remove the high urea, and 

desalted peptides were dried by vacuum centrifugation. 

Desalted peptides were labeled with TMT6/10-plex reagents. 

Shotgun proteomics analyses were performed with an 

EASY-nLCTM 1200 UHPLC system (Thermo Fisher) 

coupled to an Orbitrap Q Exactive HF-X mass spectrometer 

(Thermo Fisher) operating in the data-dependent acquisition 

(DDA) mode. Differentially accumulated proteins (DAPs) 

were screened based on P < 0.05 and |log2FC| > 0.585. GO 

and KEGG enrichment analysis were performed to identify 

the major biological functions and important metabolic 

pathways involved in DAPs. The raw data of proteome 

sequencing support the results of this work can be accessed in 

ProteomeXchange repository with the accession number 

PXD018829. 

2.4. Validation of the RNA-seq Results by qRT-PCR 

Eight potential genes relating to ROS production in Korla 

pear fruits were randomly selected for verification of 

expression levels by using quantitative real-time PCR. The 

primer sequences were designed using Oligo 7.0 software 

package. The specificity of the primer sets was examined by 

running the PCR products on agarose gel to ensure a single 

band amplification. About 1 µg of total RNA was used for the 

synthesis of cDNA with reverse transcriptase RR037A 

(TAKARA, USA). qRT-PCR was performed in 20 µl system, 

containing 1 µl of forward and reverse primers of each, SYBR 

Green Real-Time PCR Master Mixes (Invitrogen, USA) and 1 

µl of cDNA template on STEP ONE PLUS™ Real-Time PCR 

System (Applied Biosystems, USA). The cycling conditions 

were as follows: 95°C for 15 min followed by 40 cycles of 

95°C for 10 s, 58°C for 20 s, and 72°C for 20 s. Each sample 

had three individuals as replicates. The expression level of 

each gene was normalized to that of Tubulin, relative gene 

expression level was calculated with the method of 2
-∆∆Ct

 [14]. 

2.5. Data Analysis 

Microsoft Office Excel 2010 and Graphpad Prism 7.0 

softwares were used for all data processing, statistical 

significance of differences analyzed using one-way ANOVA 

followed by Tukey’s post hoc test with a significance level of 

0.05 (P < 0.05). In addition, all the DEGs and DAPs data are 

standardized by converting all data to values between 0 and 1 

by the minimum maximum normalization method. 

3. Results 

3.1. Transcriptome and Proteome Data Analysis 

In order to identify the candidate genes and proteins which 

were related to ROS production in Korla pear fruit, 

transcriptome and proteome analysis were performed on fruit 

samples from three different developmental stages. In total, 

42893 transcripts and 7904 proteins were acquired in pear 

fruit. Among of them, 66 DEGs and 37 correlated proteins 

were identified as ROS related genes or proteins, including 11 

DAPs (Figure 1a). These candidate genes and proteins were 

involved in the production of extracellular ROS (24 DEGs and 

seven DAPs), mitochondrial ROS (18 DEGs and 0 DAP), 

peroxisome ROS (10 DEGs and two DAPs), and ROS 

production during fatty acid oxidation (14 DEGs and two 

DAPs), respectively. To verify the reliability of RNA-seq 

results, eight genes related to ROS production were randomly 

selected for quantitative real-time PCR validation. As it 

shown in Figure 1b, the real-time PCR expression patterns of 
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these genes at different developmental stages in pear fruit 

were highly consistent with the expression tendency of 

RNA-seq results, which showed the reliability of RNA-seq 

analysis. 

 

Figure 1. ROS related genes and proteins in Korla pear pulp. (a) shows the 

number of DEGs and correlated proteins, (b) indicated the validation of 

RNA-seq analysis by quantitative real-time PCR. Heat maps were produced 

using standardized figures that were transformed to a value between 0.0 and 

1.0 by Min-Max normalization method. 

3.2. DEGs Related to Apoplastic ROS Production in Pear 

Fruit 

In plants and other eukaryotes, many enzymes participate in 

or regulate the apoplastic ROS generation. These ROS in turn 

are involved in cell signal transduction as signal molecules，
and also participate in cell wall metabolism. The differential 

expression analysis in this work showed that 27 DEGs encode 

enzymes that are related to apoplast ROS production. Among 

them, five genes coding NADPH oxidase (also known as 

respiratory burst oxidase homologs, RBOHs), nine genes 

encode peroxidase (PRX) on cell wall, five of them encode 

polyamine oxisase (PAO), one gene encode SOD and four of 

genes encode oxalate oxidase (or Germin). As it shown in the 

Figure 2, most of the genes related to apoplastic ROS 

generation were highly expressed in the early stage of fruit 

development, expression levels were gradually decreased 

along with fruit-development. The result is consistent with the 

changes of stone cells in pear fruit [15, 16], indicating that 

genes related to the production of ROS may participate in the 

differentiation of stone cells. However, some of these genes, 

such as RBOH C-like, PRX 1-like and some PRXs showed an 

opposite tendency in expression compared to other genes, 

indicating that these genes may play a role in the late stage of 

fruit development and involved in the regulation of cell wall 

loosening during fruit ripening. 

 

Figure 2. DEGs related to production of apoplastic ROS in Korla pear pulp. 

Heat maps were produced using standardized figures that were transformed to 

a value between 0.0 and 1.0 by Min-Max normalization method. 

3.3. DEGs Related to Peroxisome ROS Production in Pear 

Fruit 

Acyl coenzyme A oxidase (ACOX) and glycolate oxidase 

(GOX) are main enzymes producing ROS in Peroxisome. 

ACOX mainly catalyzes the β-oxidation of fatty acids to 

produce H2O2, while GOX continuously catalyzes the 

oxidation of acetic acid and glycolic acid into glyoxylic acid 

and H2O2. In this work, we have identified 5 DEGs encoding 

ACOX and 5 DEGs encoding GOX, respectively (Figure 3). 

The differentially expressed GOXs were highly up regulated at 

early stage of fruit development (20 DAF), and then decreased 

gradually. The differential expression fold change of these 

genes in different stages of fruit development range from 1.75 

folds to 9.99 fold. Among the DEGs encoding ACOX, except 

for one transcript (Entrez ID: 103967278), expression levels 

of other four DEGs were low in early fruits, as the fruits 

growing the expression levels of these genes gradually 

reached their picks in the late stage (80 DAF), the expression 
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fold change of these genes in different stages ranged from 2.63 

to 10.43. These results indicate that ROS produced in 

peroxisome during the critical period of stone cell 

differentiation (0 to 50 DAF) were mainly derived from the 

process of glycolic acid cycle (respiration process), while 

ROS produced in peroxisome in late stage of fruit 

development were mainly comes from the β-oxidation of fatty 

acids, which is closely related to the conversion of fat to sugar 

and aroma components, thus this process may be related to the 

accumulation of sugars and aroma components in pear fruits. 

 

Figure 3. DEGs related to production of peroxisome ROS in Korla pear pulp. 

Heat maps were produced using standardized figures that were transformed to 

a value between 0.0 and 1.0 by Min-Max normalization method. 

3.4. DEGs Related to ROS Production in Lipoxygenase 

Pathway 

Lipoxygenase (LOX) catalyzes the process of oxidation of 

fatty acids, and produce some free radicals, this is another way 

of ROS production in plants. LOX can be divided into 

9-LOXs and 13-LOXs due to their different catalytic positions. 

In this study, we have identified 15 DEGs encoding LOXs 

from pear pulp transcriptome data. Among of them, 10 genes 

were annotated as 9-LOXs, 4 genes were annotated as 

13-LOXs, and one gene was not clearly classified. As it has 

shown in figure 4, the expression patterns of these LOX genes 

can be divided into two categories. The first type contains 11 

genes, with the highest expression level in the early stage of 

fruit development, and the lowest in the late stage. The 

difference in expression levels of these genes varies between 

2.2 to 100 times during the fruit development stages, these 

indicates that these genes may regulate ROS produced in the 

LOX pathway during stone cell differentiation in pear fruits. 

Rest of the three LOX genes were significantly up regulated in 

the late stage of fruit development rather than in early fruits, 

with expression levels ranging from 2.0 folds to 15.2 folds 

among different stages. Like ACOXs, these genes may be 

involve in the formation of aroma and other flavor substances 

in fruit ripening process. 

 

Figure 4. Expression of LOX genes in Korla pear pulp. Heat maps were 

produced using standardized figures that were transformed to a value between 

0.0 and 1.0 by Min-Max normalization method. 

3.5. DEGs Related to Mitochondrial ROS Production in 

Pear Fruit 

Mitochondria are the main place of ROS production in 

normal respiration process in plant cells, mainly caused by the 

leakage of singlet oxygen from complex I (NADH-q reductase, 

known as NADH dehydrogenase) and complex III (cytochrome 

reductase). In this work, we have identified 23 DEGs which are 

related to mitochongerial ROS production. Among them, 13 

genes encode different subunits of complex I, including NADH 

dehydrogenase [ubiquinone] flavoprotein (NDUFV) encoded 

by a nuclear gene with the function of NADH driven oxidative 

dehydrogenation, NADH dehydrogenase (NADH) ferrithionein 

(NDUFS) with the function of electron transportation, 

protective NADH dehydrogenase [ubiquinone] α/β subcomplex 

subunits with the function of maintaining the structural integrity 

of complex I, one ubiquinol cytochrome-c reductase complex 

assembly factor 1 (UQCC1), two mitochondrial SOD enzymes 

(Figure 5). 

As it shown in the figure, the expression levels of genes 

encoding NDUFV, NDUFS and UQCC in late developmental 

stage pear fruit is higher than that of in the early stages, while 

the genes encoding the structural integrity related subunit 

proteins of complex I were highly expressed in early stage of 

fruit development, indicating that the electron transfer 

efficiency of mitochondrial respiratory chain was low in the 

early stage, and some electron leakage may occur. However, at 

different stages, the differential expression levels of these 

genes were not obvious. Moreover, DEGs encoding some 

subunit proteins responsible for electron transport (NDUFS7) 

and most of the subunits related to the structural integrity of 
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complex I, were highly expressed in the early fruits. Therefore, 

the effect of mitochondrial ROS to the differentiation of stone 

cells was not significant, which might be involved in other 

biological processes in fruit development. 

 

Figure 5. Expression of mitochondrial ROS production genes in Korla pear 

pulp. Heat maps were produced using standardized figures that were 

transformed to a value between 0.0 and 1.0 by Min-Max normalization 

method. 

3.6. Core DEGs and DAPs Related to ROS Production in 

Stone Cell Differentiation of Pear Fruit 

By analyzing the correlation between transcriptome and 

proteome data of pear fruit pulp, 13 genes related to ROS 

production were identified as up regulated at both 

transcription and protein levels (Figure 6). These DEGs and 

DAPs were mainly enriched in the apoplast ROS production 

pathway (four genes encode PRX enzymes, two gene encode 

RBOH proteins and one gene encode PAO enzyme), 

peroxisome ROS production pathways (two genes encode 

GOX and ACOX enzymes, respectively), mitochondrial ROS 

production pathways (two genes encode NDUFA subunit of 

complex I) and fatty acid metabolism pathway (two genes 

encode LOX enzyme). Among them, the number of genes and 

proteins related to apoplast ROS production was the largest, 

and they were highly expressed in key stage of fruit stone cell 

differentiation, indicating that these genes were closely related 

to stone cell differentiation. In addition, two genes related to 

peroxisomal ROS production and one gene related to ROS 

production in fatty acid metabolism pathway were also 

expressed at a high level during the critical period of stone cell 

differentiation, and showed a high level of expression fold 

change during deferent developmental stages, this indicates 

that these genes and proteins also play an important role in 

stone cell differentiation. 

The expression levels of genes and proteins related to the 

structural stability of mitochondrial complex I were low in the 

early stage of fruit development, but high in the late stage, 

which indicated that the electron transfer efficiency of 

mitochondria was low during the period of stone cell 

differentiation, and electron leakage might occur. However, 

there was no significant difference in the expression levels of 

ROS related genes or proteins in fruits between different 

periods, indicating that mitochondrial ROS may not be 

essential for the differentiation of stone cells in the early stage 

of fruit development. 

 

Figure 6. Major DEGs and DAPs related to ROS production in Korla pear 

pulp during the stone cell differentiation. Heat maps were produced using 

standardized figures that were transformed to a value between 0.0 and 1.0 by 

Min-Max normalization method. 

4. Discussion 

Stone cells are one of the characteristic traits of pear fruit. 

The increasing stone cell content is also one of the important 

factors affecting pear fruit quality. Studies have shown that 

stone cells are formed by secondary thickening of parenchyma 

cell walls that consist of a large amount of lignin, cellulose and 

hemicellulose [15, 17, 18]. ROS, especially H2O2 used as an 

oxidant, plays important roles in oxidative coupling of lignin 

monomers, and cross-linking between cell wall polymers by 

diferulic linkages [19-22]. In this work, we have found several 

genes that encode enzymes (PRX, RBOH, PAO, GLP) 

responsible for the production of H2O2 in the cell walls. All 
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genes that encode aforementioned apoplastic ROS generating 

enzymes were abundantly expressed in the early stage, and 

down regulated in the later stage of fruit development. It is 

reported that H2O2 produced by PAO, RBOH, PAO and 

Germin-like oxalate oxidase is needed for 

peroxidase-mediated cell wall cross-linking [23-27]. 

Previously, we found that in Korla pear fruits, differentiation 

of stone cells mainly occurred during cell division stage of 

fruit pulps, interestingly the stone cell differentiation period 

basically overlaps with ROS accumulation and fruit cell 

apoptosis period [16]. It was reported the transition from 

cellular proliferation to elongation in the root tissue of 

Arabidopsis is regulated by ROS homeostasis, in which 

expanding meristem cells contain higher levels of O�
·�, while 

H2O2 accumulates in the elongation zone [28, 29]. H2O2 is 

essential for tracheary element (TE) development [26], its 

scavenging in cell cultures inhibits the development of 

secondary cell walls [30-32]. These findings suggest that ROS 

originating from apoplast may have a crucial role in the stone 

cell differentiation process. 

Peroxisomes provide a rich source of H2O2 through 

photorespiratory reaction of GOX [33, 34]. The role of GOX 

in biotic and abiotic tress resistance reported in several plants 

[35-39]. Mutant studies in Barley and Arabidopsis showed 

that cat mutants accumulates high levels of H2O2, and H2O2 

was generated by peroxisomal GOX can induce cell apoptosis 

[34, 40-42], all Arabidopsis GOX mutants has the phenotype 

of dramatic reductions in cell death and H2O2 level. In 

accordance with these, in our work, synchronizing with stone 

cell differentiation period, all of GOX genes showed pick 

expression in the early stage, and reached the lowest level in 

the late stage， indicating that GOXs may participate in the 

process of cell differentiation. In addition, some other genes 

that encode enzymes regulate ROS generation in peroxisomes 

(ACX) and during the fatty acid catabolism (LOX) were also 

differentially expressed during the experimental period. 

Synchronized with stone cell differentiation period, a ACOX 

gene (Entrez ID: 103967278) and its correlated protein 

(protein id: XP_009378830.1) as well as most of the LOXs 

showed pick expression in the early stage, and reached their 

lowest points in the late stage. These genes have been reported 

to play an important role in plant signal transduction and 

development, especially in jasmonic acid biosynthesis and 

some stress responses [43-46]. H2O2 has the ability to diffuse 

through cellular membranes and manipulate directly the 

function of cell-to-cell signaling. Though H2O2 generated by 

ACOX and LOX may act as a signal molecule to play an 

essential role in stone cell differentiation. However, the further 

studies need to be done on the potential roles of these genes in 

stone cell differentiation process. Interestingly, majority of 

ACOX genes and some of LOX genes and their proteins 

showed 2 folds to 100 folds increase in late fruits (80 DAF) in 

comparison with the early fruits (20 DAF). Fruits from Day80 

were next to maturation, during this period, sugar 

accumulation and synthesis of aroma substances are triggered 

to form the unique quality of Korla pear fruits. Both of ACOX 

and LOX are key enzymes in fatty acid oxidation resulting in 

the degradation of fatty acid to sugars, and the intermediate 

products are the precursors of different types of aromatic 

substances [26, 47-50]. All these results suggest that ACOX 

and LOX genes showed high expression in late fruits may play 

essential roles in sugar accumulation and aroma formation 

during the fruit maturation. 

Under normal respiratory conditions some amount of ROS 

are produced in mitochondria by electron transport chain. 

But in some stress conditions, such as extreme temperatures, 

drought, high light and heavy metals, ROS generation in 

mitochondria is significantly enhanced leading to activation 

of PCD [51-54]. In our work, we found that expression levels 

of genes, encoding complex I subunits with the function of 

NADH driven oxidative dehydrogenation (NDUFV) and 

electron transportation (NDUFS), in late developmental 

stage pear fruit were higher than that of in the early stages, 

while the genes, encoding the subunit proteins with the 

function of maintaining the structural integrity of complex I, 

were highly expressed in early stage of fruit development, 

indicating that the electron transfer efficiency of 

mitochondrial respiratory chain is low in the early stage, and 

some electron leakage may occur. The production of 

mitochondrial ROS is closely related to cell apoptosis. 

However, in our study expression fold changes of these 

genes between different developmental stages were not 

obvious. Therefore, it is speculated that the formation of 

stone cells at the early stage is essentially the process of 

developmental programmed cell death (dPCD), parenchyma 

cells around the vascular bundles stop growing and 

differentiate early at cell division stage to form the extension 

part of original vascular system. Supporting this, the 

panoramic scanning images of paraffin section from the 

early stage fruits showed that stone cells were mainly formed 

around vascular bundles (Figure 7). Intact vascular bundles 

were observed in the early stage pear fruits, while 

discontinuous or no vascular tissue was observed in the late 

fruit cells (Figure 8), indicating that the stone cell formation 

is more likely the result from the differentiation of 

parenchyma cells adjacent to the vascular bundles. The genes 

identified in our study have been reported to be linked to 

PCD that occurs during TE differentiation or cross-linking 

between cell wall polymers during the secondary thickening 

in other species [26, 32, 55, 56]. Vascular bundles might be 

broken as the surrounding parenchyma cells enlarged in size, 

the fragmented vascular bundles were squeezed together to 

form the stone cell clusters. As for the increasing stone cells 

or formation of rough skin fruits in later stage of fruit 

development, fruit cells may experience unfavorable 

conditions, and all of these adverse conditions evoke a 

disturbance in cellular redox homeostasis, and in order to 

maintain normal growth, stress induced ROS may lead to the 

differentiation of parenchyma cells around vascular bundles 

(receptacle vascular bundle) which have the potentials to 

preferentially differentiate to form part of the vascular 

bundle. The regulatory function of these genes during the 

stone cell differentiation process needs to be further 

investigated. 
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Figure 7. Safranin staining result of stone cells in Korla pear fruit at early 

development stage. 

 

Figure 8. Safranin staining result of stone cells in Korla pear fruit at late 

development stage. 

5. Conclusion 

The increased stone cell content is one of the major factors 

that leads to the formation of rough skin on Korla pear fruits. 

ROS plays important roles in oxidative coupling of lignin 

monomers, and cross-linking between cell wall polymers. In 

this work, we identified 74 DEGs and 15 DAPs that relate ROS 

generation in different cell organelles. Among them, apoplastic 

ROS related genes and proteins were dominantly expressed 

during the crucial period of stone cell differentiation, this 

indicates that apoplast may be the main source of ROS that 

participate in the process of stone cell differentiation. In 

addition, peroxisome and fatty acid metabolism pathways also 

produce certain amount of ROS during this period. 
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