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Effect of Exogenous Phenolic Substances on Susceptibility of 
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ABSTRACT 

Crown rot caused by Colletotrichum siamense is a serious disease of strawberry in the 

Yangtze River region, China. The metabolites involved in phenylpropanoid biosynthesis 

increase susceptibility of crown rot in octoploid strawberry. Exogenous coumaric acid, 

caffeic acid, and ferulic acid involved in phenylpropanoid biosynthesis were used to 

explore whether the increased susceptibility was associated with reactive oxygen species, 

antioxidant substance and key genes of phenylpropanoid metabolism. According to the 

results, H2O2, O2
.−, and MDA contents showed different responses to C. siamense infection 

in root, petiole and leaf. The H2O2, O2
.− and MDA were increased by C. siamense in 

petiole. Exogenous coumaric acid, caffeic acid and ferulic acid promoted the H2O2, O2
.− 

and MDA as positive control. The POD activity was significantly induced in response to 

C. siamense infection in petiole. The coumaric acid treatment inhibited the POD activity 

but increased total phenolics. The ferulic acid only promoted POD activity in petiole. In 

addition, the expressions of transcripts involved in phenylpropanoid biosynthesis were 

regulated by exogenous coumaric acid, caffeic acid, and ferulic acid. Together, our results 

demonstrated that exogenous coumaric acid, caffeic acid, and ferulic acid increased 

susceptibility of octoploid strawberry to crown rot by regulated ROS, antioxidant 

substance, and transcripts expression of phenylpropanoid biosynthesis. 

Keywords: Antioxidant substance, „Benihoppe‟ strawberry, Gene expression, 

Phenylpropanoid, Reactive oxygen species. 

INTRODUCTION 

Strawberry (Fragaria×ananassa) is a 

popular berry worldwide, and crown rot 

threatens its production in nearly all 

production areas.
 

Strawberry crown rot, 

caused by Colletotrichum siamense, is a 

serious disease of strawberry  in Hubei 

Province, China (Luo et al., 2021).
 

Knowledge on the physiological process of 

strawberry responding to C. siamense is 

helpful for controlling the serious disease. 

Reactive Oxygen Species (ROS) have 

been confirmed to act directly on pathogens 

and function as defensive gene signals 

and/or function molecules in plant defense 

responses (Oliveira et al., 2016). Production 

of O2
.−

 and H2O2 are well known to be 

involved in plant defense (Díaz-Vivancos et 

al., 2010; Camejo et al., 2011). One early 

defense reaction of plant to pathogen attack 

is the so-called “oxidative burst”, which 

generates a localized and transient 

production of ROS. In addition to oxidative 

burst, H2O2 and O2.− can accumulate 

during pathogen infection, and it is related to 

the levels of disease resistance. 

Accumulation of ROS has been found to 

control and inhibit the pathogen growth. 

ROS have been proposed to act as 

antimicrobial molecules, cross-linkers of the 

plant cell wall to block pathogen entry 

(Suzuki et al., 2011; Nathan and 

Cunningham-Bussel, 2013; Gilroy et al., 

2014). However, excessive ROS will 
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damage cells and destroy the integrity of the 

cell membrane (Ray et al., 2012; Nath et al., 

2017). Plants may eliminate excess ROS 

through the antioxidant enzymes including 

Superoxide Dismutase (SOD), Catalase 

(CAT) and Peroxidase (POD), and non-

antioxidant enzymes like phenolics in 

phenylpropanoid pathway and soluble 

protein, which is critical for balancing ROS 

metabolism and plant resistance (de Freitas-

Silva et al., 2017; Zhu et al., 2019).  

Early and rapid accumulation of phenolic 

compounds at infection sites is involved 

with disease resistance in plant-pathogen 

interactions (Matern and Kneusel, 1988). 

The phenylpropanoid pathway plays an 

important role in plant disease resistance 

(Yong-Hong et al., 2012). The regulation of 

phenylpropanoid metabolism promotes the 

accumulation of phenolic substances 

(coumaric acid, caffeic acid and ferulic acid) 

and affects the resistance of plant against 

pathogens (Deng et al., 2015; Li et al., 

2017). Most studies showed several free 

phenols with antifungal activity against 

pathogen such as caffeic acid, which 

activated phenylpropanoid pathway as 

peroxidase and also increased the content of 

total phenols and inhibited gray mold 

effectively (Zhang et al., 2020). Given that 

the molecules involved in phenylpropanoid 

pathway have diverse roles in plant defense, 

one might expect phenylpropanoid pathway 

inhibition to impair plant immunity. In 

contrast, the phenylpropanoid pathway 

inhibitor piperonylic acid induces broad-

spectrum disease resistance in plants 

(Desmedt et al., 2021). Our previous study 

observed metabolites involved in 

phenylpropanoid biosynthesis increased 

susceptibility of C. siamense causing crown 

rot in octoploid strawberry. It was not clear 

whether the susceptibility increment was 

related with ROS and phenylpropanoid 

pathway regulation or not.  

In this study, we aimed to use exogenous 

coumaric acid, caffeic acid, and ferulic acid 

to explore the differences in reactive oxygen 

species and key genes of phenylpropanoid 

metabolism, thereby providing a 

physiological basis for further studies on the 

resistance mechanism of phenolic 

substances to crown rot of strawberry. 

MATERIALS AND METHODS 

Five treatments (coumaric acid, caffeic 

acidand, ferulic acid, negative control, and 

positive control) were used for ensuring effects 

of phenolic substances for strawberry crown 

rot caused by C. siamense. Each treatment 

contained seedlings of six pots (three seedlings 

in each pot) and the seedlings of each pot were 

taken as one biological replicate. The positive 

control seedlings and those seedlings that 

would be sprayed with coumaric acid, caffeic 

acid, ferulic acid were inoculated with C. 

siamense SCR-7, and the negative control 

seedlings were inoculated with nontoxic 

medium (Luo et al., 2021). Twenty-four hour 

after inoculation, coumaric acid (250 mg L
-1
), 

caffeic acid (75 mg L
-1
) and ferulic acid (750 

mg L
-1
) was sprayed to each treatment every 

two days, respectively, while negative control 

and positive control were sprayed with sterile 

water. The root, petiole, and leaf of each 

biological replicate were sampled, on 6 days 

after inoculation.  

The O2
.−
 concentration in crown was assayed 

using the protocol outlined by He et al. (2020). 

Fresh tissue (0.1 g) was homogenized in 5 mL 

of 0.1 mol L
–1

 phosphate buffer (pH 7.8) and 

centrifuged at 4,000×g for 10 minutes at 4°C. 

The 0.5 mL of supernatant was mixed with 0.5 

mL of 50 mmol L
–1

 phosphate buffer and 0.1 

mL of 10 mmol L
–1

 hydroxylamine chloride 

for 1 hour at 25°C. Subsequently, 1 mL of 17 

mmol L
–1

 sulfanilamide and 1 mL of 7 mmol 

L
–1

 αnaphthylamine were added to the mixture 

at 25°C for 20 minutes, and the absorbance 

was recorded at 530 nm.  

The H2O2 concentrations in the crowns were 

determined using the method described by 

Velikova et al. (2000). Fresh samples (0.1 g) 

were homogenized with 5 mL of 0.1% (w/v) 

trichloroacetic acid and centrifugated at 

12,000×g for 15 minutes. A 4 mL mixture was 

comprised of 1 mL of 10 mmol L
–1

 potassium 

phosphate buffer (pH 7.0), 2 mL of 1 mol L
–1
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KI, and 1 mL of supernatant, and the 

absorbance of the mixture was recorded at 390 

nm. 

Malonaldehyde (MDA), a by-product of 

oxidative damage to cells, was measured 

following the method described by Sudhakar 

et al. (2001). Fresh crowns (0.1 g) were 

homogenized with 5 mL of 0.1% (w/v) 

trichloroacetic acid and centrifuged at 3,000×g 

for 10 minutes. The mixture, including 2 mL 

of supernatant and 2 mL of 0.67% 

thiobarbituric acid, was incubated at 100°C for 

30 minutes and then centrifuged at 3,000×g for 

10 minutes. The absorbance was recorded at 

450, 532, and 600 nm, respectively.  

A fresh sample (0.5 g) was homogenized in 

7 mL of 0.1M phosphate buffer, pH 7.8. 

Insoluble material was removed by 

centrifugation at 4,200×g for 10 min, with the 

resulting supernatant used for the assays of 

SOD, CAT and soluble protein. SOD activity 

was measured using the method described by 

Wu et al. (2006), and expressed in Unit g
–1 

FW. One SOD unit is defined as the amount of 

enzyme that inhibits 50% nitro blue 

tetrazolium by light. CAT activity was 

measured using the method of He et al. 

(2019), one Unit (U) of CAT activity was 

defined as a 0.01 decrease in the absorbance at 

240 nm in 1 minute. Soluble protein was 

measured as Bradford method using bovine 

serum albumin as the standard (Wu et al., 

2006). 

The activity of POD was measured as 

described by Wu et al. (2018). Simply, 0.3 g 

sample was grounded into homogenates with 8 

mL of 0.1 mmol L
–1

 phosphate buffer (pH 5.5) 

and centrifuged for 10 min at 3,000×g. The 

mixture of 2.9 mL of phosphate buffer (pH 

5.5), 1.0 mL of H2O2, 1.0 mL of 0.05 mol L
–1 

guaiacol, and 0.1 mL of supernatant was 

orderly placed into a 10 mL centrifugal tube, 

which was immediately incubated at 34°C for 

3 minutes. The absorbance of the mixture at 

470 nm was recorded. A change in the 

absorbance of 0.01 in 1 min was defined as 

one enzyme unit. 

The total phenolic was determined by the 

Folin-Ciocalteu method with a little 

modification (Li et al., 2012). Firstly, 0.5 mL 

extract methanolic solution (0.4 mg mL
–1

) was 

mixed with 0.5 mL 0.25 mol L
–1

 Folin-

Ciocalteu reagent. After incubation for 3 

minutes, 1 mL of Na2CO3 solution (15%, w/v) 

was added. After standing at the room 

temperature for 30 minutes, the mixture was 

centrifuged at 3,500×g for 3 minutes. The 

absorbance of the supernatant was measured at 

760 nm (Unico 2100, Shanghai, China). The 

determinations were performed in triplicate, 

and the calculations were based on a 

calibration curve obtained with pyrogallol. The 

result was expressed as Pyrogallol equivalents 

(Pyr.) in milligrams per gram of extract. 

The qRT-PCR was performed as in Luo et 

al. (2020) on three independent biological 

samples having three technical replications 

each.
 
Six genes were selected for RNA-seq 

verification, and the primers used for qRT-

PCR are shown in Supplementary Table 1. 

The relative gene expression was calculated 

using the 2
−△△Ct

 method, where β-actin was 

taken as the reference gene. The measured 

transcripts were normalized to the relative 

expression value of negative control.  

Significant differences between treatments 

were determined by Duncan‟s Multiple Range 

Tests at P= 0.05 with SAS 8.1 (SAS Institute, 

Inc., Cary, NC, USA).  

RESLUTS 

Effects of Exogenous Phenolic 

Substances on the H2O2, O2
.− 

and MDA 

Content 

The H2O2 content of the root increased in 

the positive control and caffeic acid 

treatment, while it also increased in the 

petiole of the positive control, coumaric 

acid, and ferulic acid treatments (Figure 1-

a). The root O2
.−

 content of coumaric acid 

treatment was higher than others, and the 

petiole O2
.−

 content were promoted by C. 

siamense infection in positive and coumaric 

acid, caffeic acid, and ferulic acid 

treatments. The leaf O2
.−

 content were down- 

regulated by C. siamense infection in the 

positive and exogenous coumaric acid,  
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Figure 1. Effects of exogenous coumaric acid, caffeic acid and ferulic acid on the H2O2, O2

.− 
and MDA 

content. Data (Means±SE, n= 6) followed by different letters above the bars indicate significant differences 

at the 5% level.  
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caffeic acid and ferulic acid treatments 

(Figure 1-b). The MDA content were 

decreased by C. siamense infection in 

positive and exogenous coumaric acid, 

caffeic acid and ferulic acid in root, but it 

showed opposite effects in petiole and leaf 

(Figure 1-c). 

 Effects of Exogenous Phenolic 

Substances on the SOD, CAT and POD 

Activities 

The activities of SOD, CAT and POD 

showed different variation to C. siamense 

infection or phenloic acid treatment. The 

SOD activities of five treatments were 

nearly similar in root, and SOD activities of 

positive treatment, coumaric acid decreased 

in petiole and leaf (Figure 2-a). Compared 

with the negative control, the CAT activities 

of positive and caffeic acid treatments were 

significantly down-regulated. Compared 

with positive control, coumaric acid and 

ferulic acid promoted CAT activities in root. 

The CAT activities were promoted by 

coumaric acid and ferulic acid in petiole. 

The CAT activities were promoted by 

positive control and ferulic acid in leaf 

(Figure 2-b). The POD activities were all 

up-regulated in positive control, coumaric 

acid, caffeic acid, and ferulic acid treatments 

in root and petiole. The POD activities were 

up-regulated by caffeic acid and ferulic acid 

in leaf (Figure 2-c).  

Effects of Exogenous Phenolic 

Substances on Total Phenolics and 

Soluble Protein Content  

The total phenolics content was decreased 

by coumaric acid in root, but was up-

regulated by coumaric acid in petiole. The 

total phenolics content in the negative 

control and caffeic acid treated leaf were 

significantly lower than that in the positive 

control and ferulic acid treatment (Figure 3-

a). Compared with the negative control, 

other four treatments showed higher soluble 

protein content, and the soluble protein 

content of three phenolics treatments was 

significantly higher than that of positive 

control in root and leaf. The soluble protein 

content of coumaric acid and ferulic acid 

treatments were higher than the negative and 

positive controls (Figure 3-b). 

Effects of Exogenous Phenolic Substances 

on the Expression of Genes Involved in 

„Phenylpropanoid Biosynthesis‟ Pathway in 

Petiole 

The genes involved in „phenylpropanoid 

biosynthesis‟ pathway were analyzed for 

their characteristic expression variation in 

phenloics treatments. The expression level 

of maker-Fvb7-2-augustus-gene-144.48, 

which encoded phenylalanine ammonia-

lyase, was induced by C. siamense infection, 

caffeic acid, and ferulic acid, but was 

inhibited by coumaric acid. The transcript 

maker-Fvb4-1-augustus-gene-40.31, which 

encoded trans-cinnamate 4-monooxygenase 

(CYP73A), was induced in positive control 

and the three phenloics treatments, and the 

expression level was significantly higher in 

phenlocs than that in the positive control. 

The transcript augustus_masked-Fvb6-4-

processed-gene-231.3 and 

augustus_masked-Fvb6-1-processed-gene-

149.7 encoding caffeoylshikimate esterase 

(GSE) showed different expression patterns. 

The augustus_masked-Fvb6-4-processed-

gene-231.3 was inhibited by coumaric acid, 

but was induced by ferulic acid, while the 

augustus_masked-Fvb6-1-processed-gene-

149.7 was induced by C. siamense infection 

and induced by coumaric acid. The 

transcripts maker-Fvb5-4-augustus-gene-

52.49 and maker-Fvb5-4-augustus-gene-

52.50 encoded Caffeic acid 3-O-

Methyltransferase (COMT). The result 

showed that maker-Fvb5-4-augustus-gene-

52.49 was up-regulated by caffeic acid and 

ferulic acid, while maker-Fvb5-4-augustus-

gene-52.50 was up-regulated in the positive 

control and inhibited by the three phenloics 

(Figure 4). 
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Figure 2. Effects of exogenous coumaric acid, caffeic acid and ferulic acid on the SOD, CAT and POD 

activities. Data (Means±SE, n= 6) followed by different letters above the bars indicate significant 

differences at the 5% level.  
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Figure 3. Effects of exogenous coumaric acid, caffeic acid, and ferulic acid on total phenolics and soluble 

protein content. Data (Means±SE, n= 6) followed by different letters above the bars indicate significant 

differences at the 5% level.  

 
Figure 4. Effects of exogenous coumaric acid, caffeic acid and ferulic acid on the expression of genes 

involved in „Phenylpropanoid biosynthesis‟ pathway in petiole. Data (Means±SE, n= 6) followed by 

different letters above the bars indicate significant differences at the 5% level. 
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DISCUSSION 

ROS and POD Maintains the Balance in 

Process of Crown Rot in Petiole 

H2O2 or O2
.−

 accumulated in the course of 

pathogen infection, and it was distinctive 

and closely followed the levels of disease 

resistance (Sharma et al., 2012; Vuleta et al., 

2016). Although „Benihoppe‟ strawberry is 

susceptible to crown rot caused by C. 

siamense, our results showed that H2O2 or 

O2
.−

 accumulated and increased the MDA 

content (Figure 1). Previous studies had 

demonstrated that the infection of wheat 

(Triticum aestivum) with Septori tritici was 

accompanied by a large and early H2O2 

accumulation during incompatible 

interactions, while very little H2O2 

accumulated during the initial biotrophic 

phase of the interaction in a compatible 

interaction (Shetty et al., 2003). Likewise, 

other studies had found that some biotrophic 

pathogens were inhibited by H2O2, whereas 

nectrophic pathogens were favored by H2O2 

accumulation (Kumar et al., 2011, Mellersh 

et al., 2002). C. siamense infection led to 

strawberry death from aboveground in two 

weeks, which was taken as nectrophic 

pathogen. Our result verified the evidence of 

C. siamense infection causing ROS 

acclimation upon nectrophic pathogens 

infection (Figure 1). The H2O2, O2
.−

, and 

even MDA contents showed different 

responses to C. siamense infection in root, 

petiole, and leaf. The H2O2, O2
.− 

and MDA 

were increased by C. siamense in petiole, 

but this did not occur in root and leaf. This 

might contribute to ROS triggered in local 

site for C. siamense infected petiole (Figure 

1). 

Besides repressed C. siamense SCR-7 

infection, ROS targets are high-molecular 

mass molecules. Due to their positive and 

negative effects of ROS, it is accordingly 

necessary for the cells to control the level of 

ROS tightly to avoid any oxidative injury, 

and not to eliminate them completely 

(Sharma et al., 2012). Scavenging or 

detoxification of extra ROS could be also 

achieved through the activity of a complex 

network of antioxidant enzymes and non-

enzymatic antioxidants (Dangl and Jones, 

2001). Our study analyzed the activity of 

three main antioxidant enzymes, namely, 

SOD, CAT and POD and two non-

antioxidant enzymes, total phenolics and 

soluble protein. The POD among the three 

antioxidant enzymes was significantly 

induced responding to C. siamense SCR-7 

infection, which might suggest POD played 

the main role in this process (Figure 2). 

Exogenous Phenolics Regulated the 

Expression of Genes Involved in 

Phenylpropanoid Biosynthesis  

Compared with the negative control, C. 

siamense SCR-7 infection promoted the 

H2O2, O2
.− 

and MDA in the petiole, and 

exogenous coumaric acid, caffeic acid, and 

ferulic acid promoted the H2O2, O2
.− 

and 

MDA in the positive control (Figure 1), the 

coumaric acid down-regulated the POD 

activity but up-regulated total phenolics. The 

ferulic acid up-regulated POD activity but 

not the total phenolics (Figures 2 and 3). In 

addition to ROS, POD can catalyze 

oxidation of phenolics to form quinines, 

which was considered to be important in the 

phenylpropanoid biosynthesis process (Ma 

et al., 2022). POD activity was up-regulated, 

which might suggest exogenous coumaric 

acid, caffeic acid and ferulic acid increased 

susceptibility of C. siamense causing crown 

rot by regulating the ROS triggering 

phenylpropanoid biosynthesis.  

Phenylpropanoid biosynthesis is a 

complex network regulated by multiple gene 

families such as Phenylalanine AmmoniaL 

(PAL) catalyzing the conversion of 

phenylalanine to cinnamic acid, CYP73A 

catalyzing the conversion of cinnamic acid 

to coumaric acid (Yadav et al., 2020). In 

addition, coumaric acid is further 

hydroxylated to caffeic acid, and then 

converted into ferulic acid and sinapic acid 

under the catalysis of GSE and COMT. 
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Normally, the catalytic reaction was 

promoted by incensement of substrate 

concentration and inhibited by reaction 

products (Rodrigues et al., 2013). Our 

experiment showed FaCYP73A (maker-

Fvb4-1-augustus-gene-40.31) was inhibited 

by coumaric acid products but induced by 

the three phenolics. However, the FaGSE 

(augustus_masked-Fvb6-4-processed-gene-

231.3 and augustus_masked-Fvb6-1-

processed-gene-149.7) were inhibited or 

induced by coumaric acid and showed no 

difference after caffeic acid treatment. Only 

the FaCOMT transcripts (maker-Fvb5-4-

augustus-gene-52.49 and maker-Fvb5-4-

augustus-gene-52.50) were up-regulated by 

caffeic acid and ferulic acid (Figure 4). This 

suggested that the regulation process was 

more complex than catalytic reaction. 

Recent study showed that the 

phenylpropanoid pathway inhibitor 

piperonylic acid induces broad-spectrum 

disease resistance in plants by 

reprogramming phenylpropanoid 

metabolism and locally affecting reactive 

oxygen species metabolism (Desmedt et al. 

2021). 

CONCLUSIONS  

Exogenous coumaric acid, caffeic, acid 

and ferulic acid were used to explore 

whether metabolites involved in 

phenylpropanoid biosynthesis increased 

susceptibility to crown rot associated with 

reactive oxygen species, antioxidant 

substance and key genes of phenylpropanoid 

metabolism regulation. According to the 

results, H2O2, O2.− and MDA contents 

showed different responses to C. siamense 

infection in root, petiole and leaf, and H2O2, 

O2.− and MDA were increased by C. 

siamense in petiole. It is more accurate to 

evaluate crown rot with petiole  than with 

leaf. Exogenous coumaric acid, caffeic acid, 

and ferulic acid promoted the H2O2, O2
.− 

and 

MDA in the positive control. The POD 

activity was significantly induced 

responding to C. siamense infection in 

petiole than other enzymes and non-

antioxidant enzymes, suggesting that POD 

plays the main role in this process. The 

coumaric acid treatment down-regulated the 

POD activity, but increased total phenolics, 

while the ferulic acid only up-regulated 

POD activity in petiole. In addition, the 

expressions of transcripts involved in 

phenylpropanoid biosynthesis, such as 

FaCYP73A, FaGSE and FaCOMT 

transcripts were regulated by exogenous 

coumaric acid, caffeic acid, and ferulic acid. 
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( بر حساسیت توت فرنگی اکتوپلوئید به Exogenousتأثیر مواد فنلی خارجی )
 پوسیدگی طوقه

 چ. لو، ی. هو، و ب. شو

 چکیده

یک بیماری جذی تىت فروگی در مىطقه  Colletotrichum siamenseپىسیذگی طىقه واشی از حمله 
ساخت فىیل پروپاوىئیذ ( چیه است. متابىلیت های مسىل زیستYangtzeرودخاوه یاوگ تسه )

(phenylpropanoid( باعث افسایش حساسیت به پىسیذگی طىقه در تىت فروگی اکتىپلىئیذ )octoploid می )
های کلیذی  ی فعال اکسیژن، ماده آوتی اکسیذاوی و ژنها شىد. برای بررسی ایىکه آیا افسایش حساسیت با گىوه

متابىلیسم فىیل پروپاوىئیذ مرتبط است یا خیر، در ایه پژوهش، اسیذ کىماریک اگسوژن، اسیذ کافئیک و اسیذ 
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H2O2،O2 ساخت فىیل پروپاوىئیذ استفاده شذ. با تىجه به وتایج، محتىایدرگیر در زیست فرولیک
 MDAو  −.

H2O2 ،O2در ریشه، دمبرگ و برگ وشان داد. مقذار  C. siamenseهای متفاوتی به عفىوت واکىش
و  −.

MDA  تىسطC. siamense  در دمبرگ افسایش یافت. اسیذ کىماریک ، اسیذ کافئیک و اسیذ فرولیک
H2O2،O2خارجی مقذار 

 .Cرا در تیمار شاهذ مثبت بهبىد بخشیذ. در پاسخ به عفىوت  MDAو  −.
siamense ، فعالیتPOD  به طىر قابل تىجهی در دمبرگ القا شذ. تیمار اسیذ کىماریک فعالیتPOD  را

را در دمبرگ ارتقا داد. افسون بر ایه،  PODمهار کرد اما فىل کل را افسایش داد. اسیذ فرولیک فقط فعالیت 
، اسیذ کافئیک و اسیذ  ساخت فىیل پروپاوىئیذ تىسط اسیذ کىماریکبیان رووىشت های دخیل در زیست

فرولیک تىظیم شذ. به طىر کلی، وتایج ما وشان داد که کاربرد اسیذ کىماریک ، اسیذ کافئیک و اسیذ فرولیک 
اکسیذاوی و بیان  شذه، ماده آوتی تىظیم ROSفروگی اکتىپلىئیذ به پىسیذگی طىقه را از طریق  حساسیت تىت

 دهذ. ایش میساخت فىیل پروپاوىئیذ افس های زیست رووىشت
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