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Abstract 

 

Non-host disease resistance (NHR) is a broad-spectrum disease resistance in plants stimulated by non-adapted pathogenic 

with persistent disease resistance properties. In recent years, NHR has been considered as a new strategy for disease control. 

In this study, Aalternaria alternata and E. turcicum were inoculated into the main tobacco varieties Hong Hua Da Jin Yuan 

(HD) and K326. The expression of disease resistance genes (NtAOS, NtJAZ, NtMYC2) in the upstream and downstream of 

Jasmonic acid Pathway (JA) and disease resistance genes (NtMAPK, NtPR1, NtPR2, NtPR11) in the upstream and 

downstream of Salicylic acid Pathway (SA) were analyzed by RT-qPCR. The changes of SOD, POD, PAL enzyme activity 

and H2O2 content were detected. The results showed that the expression levels of NtMAPK, NtPR1, NtPR2 and NtPR11 were 

up regulated at 48h after inoculation with A. alternata and E. turcicum, the expression levels of HD and K326 were 1-13 times 

and 1-38 times higher than those without inoculation, respectively. The expression level of the gene after inoculation with E. 

turcicum was higher than inoculation with A. alternata; Similar to the SA pathway resistance-related genes, the expression 

levels of the JA pathway upstream resistance-related gene NtAOS and downstream related genes NtJAZ and NtMYC2 were 

higher than those in the control and A. alternata stress groups after 48h of E. turcicum stress. The peak of H2O2 content at 12h 

after E. turcicum stress was higher than that of control and A. alternata stress in the two varieties; Moreover, the activity levels 

of SOD, POD and PAL at 48h after E. turcicum stress were higher than those under A. alternata stress. In summary, E. 

turcicum can induce non-host disease resistance in tobacco, enhance the ability of tobacco to resist host pathogens, and reduces 

or protects tobacco from pathogens to a certain extent. 
 

Key words: Systemic disease resistance, Non-host disease resistance, Tobacco brown spot disease. 
 

Introduction 
 

Tobacco brown spot is a common fungal disease caused 

by Alternaria alternata (Fries) Keisslar (A. alternata) 

infecting tobacco (Peng et al., 2021). It causes irreversible 

loss to tobacco once the disease develops. In severe cases, 

the loss rate of tobacco yield leaves reaches up to 28.56% 

and the output value loss rate reacheses up to 89.67% (Yu, 

2011). The Chemical control is the most widely used method 

for preventing and controling brown spot (Yang, 2019). 

However, with the promotion of the development idea of 

green, ecology, health and civilization, pesticide residues in 

tobacco leaves have been taken as an important index to 

measure the safety in the international trade of tobacco. 

Green and sustainable control of diseases has become the 

focus of in the tobacco industry and the whole agriculture. 

The long-term co-evolution of plants and pathogens 

has formed a multi-faceted defense system (Erik et al., 

1998; Jose et al., 2018). Plants exhibit good defenses 

against a wide range of plant pathogens by generating 

induced resistance upon perception of pathogenic 

biosignals (Lee et al., 2017; Lee & Frank., 2018; Meena 

et al., 2022), and upon perception of non-host pathogenic 

biostimuli, the plant activates defense mechanisms and 

generates higher levels of immune functioning to protect 

the plant from the vast majority of pathogenic 

microorganisms, The resistance is called non-host 

resistance (NHR). The emergence of new pathogens and 

new strains is an important reason for the increasing 

incidence of outbreaks (Campos et al., 2021). In this case, 

using NHR to control diseases is a new idea. In NHR, the 

unaffinity interaction between pathogens and non-host 

plants usually induces different defense signal cascades 

responses in plants, including and not limited to gene 

signal transduction, changes in hormone levels, 

phenotypic changes, and accumulation of reactive oxygen 

species. The NHR mechanism has been investigated in 

some studies using Arabidopsis thaliana as a model plant. 

People have used Anthracnose and Asian soybean rust to 

explore the NHR of Arabidopsis thaliana, and showed 

that EDR1, PEN2, PEN3 genes and their related SA and 

JA were involved in the NHR of Arabidopsis thaliana 

(Marco et al., 2008; Ayumi & Yoshitaka, 2018). Maria 

(Maria et al., 2019) found that VMA isolated from 

Streptomyces hygroscopicus induced systemic resistance 

through SA, JA and ET signaling pathways, and 

positively affected Abscisic Acid (ABA) and Auxin (IAA) 

signaling pathways in Arabidopsis thaliana. At the same 

time, which showed that VMA improved disease 

resistance in the crops rice and wheat; another study 

demonstrated that the brassica pathogen Xcc was able to 

induce citrus non-host resistance and an associated set of 

defenses responses and protect the plant from citrus ulcer 

(Bian et al., 2020). Non-host disease resistance has made 

some progress in crops such as rice, wheat and citrus, but 

only partially in tobacco. Tong (Tong et al., 2021) 

reported that Fusarium oxysporum could induce the 

expression of resistance genes associated with tobacco 

root rot to enhance its resistance against root rot. Guo 

(Guo et al., 2020) showed that Bacillus velezensis could 

induce the activity of resistant components in tobacco 

plants to achieve black shank resistance. Xie (Xie et al., 
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2021) reported that strain LZ88 had the ability to induce 

resistance to tobacco brown spot disease, as evidenced by 

an increase in the expression of the defense-related 

enzymes peroxidase (POD) and polyphenol oxidase (PPO) 

in the leaves. Wang (Wang et al., 2020a) indicated that 

Verticillium dahliae chromatin remodeling facilitates 
could repair damaged DNA and improve the ability to 

cope with ROS. Tobacco (Nicotiana tabacum L.) is a 

disease susceptible plant. According to the records at 

home and abroad, there are more than 116 tobacco 

diseases, and more than 68 infectious diseases on tobacco 

in China. Currently, research on tobacco disease 

resistance is limited to individual diseases caused by a 

single strain. As a broad-spectrum disease resistance, 

NHR is poorly understood in the various pathways of 

tobacco defense response and their relationships, and 

research at the molecular level is not complete. 
Maize (Zea mays L.) and Tobacco are co-season crops, 

and the main diseases of the two crops do not infect each 

other. Northern Corn Leaf Blight caused by Exserohilum 

turcicum (E. turcicum) is one of the common diseases of 

maize (Kumar et al., 2020). In this study, by comparing the 

two pathogens of E. turcicum and A. alternata, infecting 

two varieties K326 and Hong Hua Da Jin Yuan (HD), the 

differences of resistance signal responses transmitted by 

tobacco in different pathways were analyzed, and the 

induction mechanism of E. turcicum on non-host resistance 

of tobacco was revealed, which provided a theoretical basis 

for the prevention and control of tobacco diseases by 

rational distribution of crop types. 
 

Material and Methods 

 

Tobacco variety: The tested tobacco varieties were HD 

and K326 which were provided by Yuxi Zhongyan Seed 

Co., Ltd. 

 

Pathogens: Tobacco brown spot pathogen was isolated 

directly from the diseased leaves of susceptible tobacco 

plants. Exserohilum turcicum was provided by Prof. 

Yueqiu He' s research group at Plant Protection College, 

Yunnan Agricultural University. 

Plant material preparation and inoculation: The 

isolated and purified Alternaria alternata and Exserohilum 

turcicum were cultured in PDA medium. After sporulation, 

the surface of the colony was repeatedly brushed with 

sterilized cotton swabs. The brushed bacterial solution was 

introduced into a small beaker. The collected bacterial 

solution was filtered with 4 layers of gauze to make spore 

suspension, and the spore concentration of the spore 

suspension was adjusted to about 1 × 104 CFU/mL with 

sterilized distilled water. 

HD and K326 were transplanted into flowerpots after 

seedling raising, with normal water and fertilizer 

management. When the tobacco seedlings grew to 6 leaves, 

50 plants each of K326 and HD of the same growth and 

health were randomly selected. The spore suspension of A. 

alternata and E. turcicum was inoculated into the selected 

tobacco plants by spray inoculation method, and sterile 

distilled water was used as blank control. 

 

RNA extraction: Tobacco samples were taken from the 

same site at 12h and 48h after inoculation, frozen in liquid 

nitrogen and stored, and the samples were homogenized 

in an ice bath and then subjected to RNA extraction by 

Trizol reagent. 

 

cDNA: Used TAKARA 's PrimeScript RT reagent Kit with 

gDNA Eraser, 1ng of total RNA was used as a template to 

synthesize cDNA. 

 

Primer design of related resistance genes: Based on the 

summarization of resistance genes in previous literature, 

the key genes of SA pathway and JA pathway NtPR1, 

NtPR2, NtPR11, NtAOS, NtJAZ, NtMAPK, NtMYC2 

were selected. The sequences were searched and 

downloaded from the NCBI website. Primer 5.0 was used 

for primer specific design (Table 1). After verification of 

ordinary PCR products, it was used for subsequent RT-

qPCR gene expression determination. The primer sequence 

was synthesized and returned by Yunnan Kunming 

Zhongmeiyun Co., Ltd. 

 

Table 1. Primer sequence. 

Primer name Primer sequence 
Anneal 

Temperature /℃ 

18s (reference gene) 
Primer Forward: 5’- TTCCGTTAACGAACGAGACC -3’ 

Primer Reverse: 5’- TGTCGGCCAAGGCTATAAAC -3’ 
58  

NtAOS 
Primer Forward: 5’- CAATACGGAAGAGCCAAACGC -3’  

Primer Reverse: 5’- AACTCATCGGGTCGGTCAAA -3’ 
60  

NtJAZ 
Primer Forward: 5’- GAGATTGTGGATTCCGGTCGAT -3’  

Primer Reverse: 5’- GCGGTGGATACCAAGGCTGA -3’  
60  

NtMAPK 
Primer Forward: 5’- GAGATTGTGGATTCCGGTCGAT -3’ 

Primer Reverse: 5’- GCGGTGGATACCAAGGCTGA -3’ 
58  

NtMYC2 
Primer Forward: 5’- TTCAACCAAGAAACCCTTCAACA -3’ 

Primer Reverse: 5’- CCATCTCCCCAGCCCAACA -3’ 
60  

NtPR1 
Primer Forward: 5’- TGGTCAATACGGCGAAAACTTAGC -3’ 

Primer Reverse: 5’- GTTACACTGAACCCTAGCACATCC -3’ 
58  

NtPR2 
Primer Forward: 5’- GCACGACATAACCTTCCACTCTTAG -3’  

Primer Reverse: 5’- TGATACCCTGCTGAATTTGTTCCTTG -3’  
58  

NtPR11 
Primer Forward: 5’- GCGAATATCCACGGTCTTAGGG -3’  

Primer Reverse: 5’- AGAGTAACAATAATCTCCAACATTAGTAGC -3’  
58  
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RT-qPCR: The RT-qPCR detection reagent was 

Vazyme ChamQ Universal SYBR qPCR Master Mix 

produced by Novizan. The reaction system was 20μL: 

2×ChamQ Universal SYBR qPCR Master Mix 10.0μL, 

Primer Forward (10 μM) 0.4 μL, Primer Reverse (10μM) 

0.4 μL. cDNA 1.0μL, ddH2O 8.2μL. A two-step 

amplification procedure was performed on CFX 96 

Real-Time System (Bio-Rad Laboratories, C1000 Touch 

Thermal Cycler) PCR instrument. The amplification 

procedures were as follows: pre-denaturation at 95°C 

for 3 min; deformation 95°C for 10 s, annealing 58°C 

for 30s, and extension 60°C for 30s, running 40 cycles; 

at the end of the cycle, the temperature was increased to 

90°C and held for 15s, 60°C and held for 60s. After the 

reaction, the melt curve was used to detect the 

specificity of PCR amplification, and the Ct value of the 

PCR reaction was derived. The relative expression of 

each gene was calculated using the 2−△△Ct method. 
 

Data analysis: IBM SPSS Statistics 27 was used for one-

way test, Experimental data were tested for variance chi-

square using Duncan and LSD multiple comparisons, and 

the a, b, c, d, and e indicate the significance of the 

differences between the different treatments at the 0.05 

level. Charting with origin 2021. 
 

Results and analysis 

 

Expression of upstream and downstream genes in SA 

pathway during tobacco-fungus interaction: For HD, 

the expression of NtMAPK, the upstream gene of SA 

pathway, continued to increase with time under stress. 

The expression of NtMAPK gene showed an upward 

trend at 48h after stress by A. alternata and E. turcicum, 

and the expression of the two treatments was 1.2 times 

and 1.9 times that of the control. The expression of E. 

turcicum gene was 1.1 higher than that of A. alternata. 

The expression of NtMAPK gene was higher than that of 

A. alternata at 12h and 24h after inoculation with E. 

turcicum, and the highest gene expression was 2.91 at 48h 

(Fig. 1A). In K326, the expression of NtMAPK was 

increased with time after inoculation with A. alternata 

and E. turcicum for 48h, but the expression of NtMAPK 

was partially inhibited after inoculation with A. alternata 

for 12h and 48h, which was lower than that of control and 

E. turcicum treatment. The expression of NtMAPK in 

tobacco plants inoculated with E. turcicum was higher 

than that of control and A. alternata stress, and the 

expression level was still higher at 48h. The expression 

of NtMAPK gene in HD and K326 was increased at 48h 

after inoculation with A. alternata and E. turcicum, and 

the expression level of E. turcicum was higher than that 

of A. alternata. However, K326 was different from HD. 

Although the expression level increased after inoculation 

with A. alternata, it was significantly lower than that of 

control and inoculation with E. turcicum (Fig. 1B).  

The expression of NtPR1, NtPR2 and NtPR11 genes 

was significantly up regulated at 48h after inoculation 

with E. turcicum, and the expression level was 13.1 times, 

3.3 times and 1.1 times of the control. The NtPR1 gene 

was downregulated by nearly 2/3 at 48h after inoculation 

with A. alternata compared with 12h. The expression of 

NtPR2 and NtPR11 genes was consistent with that of E. 

turcicum. The expression of NtPR2 gene was 1.5 times 

that of the control, and the expression of NtPR11 gene 

was slightly lower than that of the control. The expression 

levels of these genes were higher in E. turcicum than in A. 

alternata at 12h and 48h after inoculation. In addition, the 

gene expression levels of NtPR2 and NtPR11 detected at 

the same time after 12h of stress by the host pathogenic 

fungus A. alternata were lower than those without 

inoculation (Fig. 1C, 1E, 1G). 

NtPR2 and NtPR11 were up regulated at 48h after 

inoculation with A. alternata, and the expression level was 

5 times and 4 times higher than that without pathogen 

treatment, while the expression of NtPR1 gene was 50% 

lower than that at 12h. At 48h after inoculation with E. 

turcicum, NtPR1, NtPR2 and NtPR11 were up regulated, 

and the expression level was 12.5 times, 38 times and 5.7 

times higher than that without pathogen treatment. In 

contrast, the expression levels of NtPR1, NtPR2 and 

NtPR11 genes in tobacco plants inoculated with E. 

turcicum were higher than those inoculated with A. 

alternata and the response speed was faster at the same 

time point (Fig. 1D, 1F, 1H). 

For HD and K326, the upstream and downstream 

genes of SA were up-regulated after 48h of inoculation 

with E. turcicum; in addition to NtPR1, NtMAPK, NtPR2 

and NtPR11 genes were up-regulated in A. alternata 

treatment. In terms of up-regulated fold, the expression of 

downstream genes in SA pathway was significantly higher 

than that of upstream genes. as the whole, the expression 

trends of upstream and downstream genes in SA pathway 

of HD and K326 varieties were consistent after inoculation 

with A. alternata and E. turcicum. 
 

Expression of upstream and downstream genes in JA 

during tobacco-fungus interaction: The expression of 

NtAOS gene in HD was up regulated at 48h after 

inoculation with A. alternata and E. turcicum. At 48h, the 

expression of A. alternata treatment was 81 times that of 

the control, and the expression of E. turcicum treatment 

was 141 times that of the control. The expression of genes 

without inoculation of pathogens was downregulated, and 

the inoculation of pathogens showed different trends 

compared with the treatment without inoculation of 

pathogens (Fig. 2A). the gene expression of K326 

inoculated with pathogenic bacteria and uninoculated with 

pathogenic bacteria increased first and then decreased with 

time. At 12h, the expression of NtAOS in K326 inoculated 

with E. turcicum was 20 higher than that in control and 

inoculated with A. alternata. At 48h, the expression of 

NtAOS in K326 inoculated with E. turcicum was decreased 

by 91 %. The response speed of NtAOS expression treated 

with E. turcicum was faster and could return to the normal 

level faster. The expression of NtAOS gene in HD and 

K326 was different after inoculation with pathogenic fungi. 

The expression of HD was up-regulated, while the 

expression of K326 was down-regulated (Fig. 2B). 
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Fig. 1. The expression of upstream and downstream genes in SA of HD and K326 flue-cured tobacco varieties after inoculating with A. 

alternata and E. turcicum for 48h. Fig. 1A and 1B are the upstream genes of the SA, and Fig. 1C, 1D, 1E, 1F, 1G and 1H are the 

downstream genes of the SA. 
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Fig. 2. The expression of upstream and downstream genes in JA of HD and K326 48h after inoculating with A. alternata and E. turcicum. 

Fig. 2A and 2B are upstream genes of JA; Fig. 2C, 2D, 2E, 2F are downstream genes of JA. 

 

The expression level of NtJAZ gene in HD cultivar was 
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control. The expression level of NtJAZ gene in E. turcicum 

treatment was higher than that in A. alternata treatment at 

each time point. At 48h, the corresponding amount of NtJAZ 

gene was the highest, which was higher than that of control 

and A. alternata treatment, reaching 50.68, which was nearly 

twice that of A. alternata treatment. The expression level of 

NtJAZ in E. turcicum treatment increased with time, and the 

response time of NtJAZ was longer than that of A. alternata 

treatment (Fig. 2C). the expression of NtJAZ gene in K326 

was up regulated in all treatments. The expression of NtJAZ 

gene in the treatment of inoculation with pathogenic fungi 

was higher than that in the control group at 12h and 48h. The 

expression of NtJAZ gene in the treatment of inoculation 

with A. alternata was higher than that of E. turcicum at 12h 
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inoculation of pathogenic fungi, and the inoculation of E. 

turcicum was higher than that of uninoculated pathogens and 

A. alternata treatment (Fig. 2D). 

The expression trend of NtMYC2 gene after 

inoculation of pathogenic fungi in HD was consistent 

compared to control. The expression level of NtMYC2 

gene at 48h was higher than that at 24h. The expression 

level of NtMYC2 gene at 12h after inoculation with A. 

alternata was 5.8 times that of the control, and the 

expression level at 48h did not reach the control level, 

which was only 58 % of the control; The gene expression 

of E. turcicum treatment was higher than that of the control, 

which was 12 times and 1.8 times higher than that of the 

control at 12h and 48h. The gene expression of E. turcicum 

treatment was more than that of A. alternata treatment and 

the response speed was faster in a short time (Fig. 2E). the 

expression of NtMYC2 gene in K326 variety inoculated 

with pathogenic bacteria was up regulated, showing the 

same trend as that of the control. The expression of 

NtMYC2 gene at 48h after inoculation with A. alternata 

was 8 times higher that of the previous time point, and the 

expression of NtJAZ gene at 48h after inoculation with E. 

turcicum was 6 times higher that of the previous time point. 

The expression levels of the two treatment genes 

inoculated at 48h were similar, but the response speed of 

NtJAZ treated with E. turcicum was faster at 12h, and the 

expression level was higher than that of the control and 

inoculated with A. alternata. The change trend of NtJAZ 

gene expression in HD and K326 varieties was consistent, 

but the peak value of gene expression in E. turcicum 

treatment was higher and the response speed was faster in 

a short time (Fig. 2F). 
 

H2O2 content in tobacco leaves after pathogen 

infection: The content of H2O2 in HD inoculated with A. 

alternata was higher at 12h, decreased to 9μmol/g at 24h, 

and increased to 19μmol/g at 48h, which showed a trend 

of first expression, then decreased and then increased 

afterward, which was the same as the control. The content 

of E. turcicum reached a peak of 27μmol/g at 12h after 

inoculation, and the low level was restored at the 

subsequent time. The three treatments showed the same 

trend, but the inoculation of E. turcicum rapidly 

accumulated H2O2 in a short period of time and could 

quickly reduce to normal levels. The peak value of H2O2 

content in E. turcicum was significantly higher than that 

in A. alternata group, and the scavenging efficiency was 

faster (Fig. 3A).  

The content of H2O2 detected in K326 was almost the 

same at 12h and 24h after A. alternata stress but increased 

significantly to 19μmol/g at 48h. K326 reached a peak of 

21μmol/g at 12h under E. turcicum stress, and then the 

H2O2 content decreased significantly. The trend of 

inoculation of E. turcicum and inoculation of A. alternata 

at the same time was inconsistent. The reaction of 

inoculation of E. turcicum was faster, H2O2 bursted rapidly 

and reached the peak in a short time, while the reaction of 

inoculation of A. alternata was slower and reached the 

peak at 48h (Fig. 3B).  

The content of H2O2 in HD and K326 was the highest 

in all treatments at 12h after inoculation with E. turcicum, 

but it was no longer maintained a high level after 12h. The 

content of H2O2 in HD and K326 tobacco plants inoculated 

with A. alternata for 48h was the highest among all 

treatments. The accumulation of H2O2 in HD and K326 

was similar after pathogen stress. 
 

SOD activity in tobacco leaves after pathogen infection: 

The SOD enzyme activity of HD showed a continuous 
increase after A. alternata and E. turcicum stress, especially 
the SOD enzyme activity of HD increased rapidly at 48h 
after inoculation with E. turcicum. Compared with the 
control group, the SOD enzyme activity of HD did not 
change from 24h to 48h after inoculation with A. alternata, 
which was 560 U/g, lower than that of the control group at 
24h (622 U/g), and similar to that of the control group at 48h ; 
after inoculation with non-host pathogen E. turcicum, the 
SOD enzyme activity continued to increase significantly at 
12h, 24h and 48h, and reached 805 U/g at 48h, which was 
significantly higher than that of the group at 12h and 24h. 
The enzyme activity was more than twice the 360 U/g at 12h, 
and significantly higher than the SOD enzyme activity of the 
control group and the inoculated A. alternata at 48h (Fig. 
4A). After K326 was stressed by A. alternata and E. 
turcicum, the SOD activity of the two groups was inhibited 
at 12h, but the SOD activity was increased significantly at 
24h and 48h after inoculation. After K326 was inoculated 
with A. alternata and E. turcicum, the SOD activity was 
decreased first and then increased continuously, which was 
inconsistent with the trend of non-inoculation treatment. 
Compared with the control group, the enzyme activity of A. 
alternata inoculated with K326 decreased significantly at 
12h, but the subsequent enzyme activity was increased 
continuously. At 24h, the enzyme activity was the same as 
that of the control, and at 48h, the enzyme activity was 793 
U/g higher than that of the control group 712 U/g; in addition, 
the SOD activity of E. turcicum was lower than that of A. 
alternata and far lower than that of the control group at 12h 
after inoculation. The SOD activity continued to increase 
significantly with the increase of inoculation time, and 
reached 800 U/g at 48h, which was significantly higher than 
that of the control group and the A. alternata group (Fig. 4B). 
 

POD enzyme activity in tobacco leaves after pathogen 

infection: POD enzyme activity in HD tobacco plants 

showed a continuous increase from 12h to 48h after A. 

alternata stress. From 12h to 48h after E. turcicum stress, 

POD enzyme activity first showed a decrease, and then 

continued to increase. At 48h, it reached 158 U/g, nearly 

twice the level of this group at 12h, significantly higher 

than the enzyme activity at 12h and 24h in this group, and 

also significantly higher than the POD enzyme activity of 

the control group and inoculated A. alternata at 48h (Fig. 

5A). The activity of A. alternata and E. turcicum increased 

after 12h and increased significantly until 48h. The POD 

enzyme activity of E. turcicum inoculated with non-host 

pathogen showed an increasing trend at 12h, and it showed 

93 U/g at 12h, which was higher than that of the control 68 

U/g at 12h. At the follow-up time points of 24h and 48h, 

the POD enzyme activity exhibited a very significant 

difference, which was increased to 203 U/g and 265 U/g, 

and 48h was the activity peak at three time points, far 

exceeding the enzyme activity at 12h. It was also 

significantly higher than the control group and the POD 

enzyme activity of A. alternata inoculated at 48h (Fig. 5B). 



PRELIMINARY ANALYSIS OF THE RESPONSE OF TOBACCO SA AND JA RESISTANCE-RELATED GENES 7 

 

  
 

Fig. 3. Changes of H2O2 content in HD and K326 after 48h inoculation with A. alternata and E. turcicum (Fig. 3A-HD, Fig. 3B-K326). 

Different lowercase letters in the same group indicate that there is a significant difference between the control and the treatment at the 

5% level; CK: control group, A. alternata: inoculated with A. alternata, E. turcicum: inoculated with E. turcicum, the same below. 

 

  
 

Fig. 4. Changes of SOD activity in HD and K326 after inoculating with A. alternata and E. turcicum for 48h (Fig. 4A-HD, Fig. 4B-K326). 

 

  
 

Fig. 5. Changes of POD activity in HD and K326 after inoculating with A. alternata and E. turcicum for 48h (Fig. 5A-HD, Fig. 5B-K326). 
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Fig. 6. Changes of PAL activity in HD and K326 after inoculation with A. alternata and E. turcicum for 48h (Fig. 6A-HD, Fig. 6B-K326). 

 

PAL enzyme activity in tobacco leaves after pathogen 

infection: The changes of PAL enzyme activity at 12h, 24h 

and 48h after inoculation with A. alternata and E. turcicum 

showed that the PAL enzyme activity of HD was decreased 

at 12h and 24h after inoculation with A. alternata and E. 

turcicum, and increased at 48h. Compared with the control 

group, A. alternata inoculated with HD showed a decrease 

at 12h and 48h time points, but a certain increase at 48h 

compared with the control. Further analysis of the changes 

in the group, the inoculation of A. alternata 24h was 

significantly higher than the previous time point, but 48h 

was significantly inhibited; compared with the control group, 

the inoculation of E. turcicum showed significant inhibition 

from 12h to 24h, and the PAL enzyme activity was higher 

than that of CK control group and A. alternata group at 48h. 

Under the stress of the host pathogen A. alternata, the PAL 

activity was increased first and then decreased from 12h, 

while the PAL activity continued to increase under the stress 

of the host pathogen E. turcicum. In particular, the PAL 

activity of HD tobacco plant reached 513 U/g at 48h, which 

was about 3 times that at 12h (Fig. 6A). 

Compared with the control group, K326 was 

significantly reduced by pathogenic fungi A. alternata at 24h 

compared with the previous time point, and there was a slow 

recovery trend at 48h and the enzyme activity was higher 

than the control. Further analysis of the changes within the 

group, the PAL enzyme activity of K326 tobacco plants 

showed a downward trend from 12h to 48h after E. turcicum 

stress, but the PAL enzyme activity in the whole tobacco 

plant was higher than 330 U/g, while the PAL enzyme 

activity in CK was 173 U/g at 48h, which was significantly 

lower than that at 24h. Under the stress of non-host fungus 

E. turcicum, the PAL enzyme activity of tobacco plants was 

higher than that of host pathogenic fungus A. alternata. In 

addition, by comparing the results of HD and K326 

inoculated with A. alternata and E. turcicum 48h after 

inoculation, it showing that the PAL enzyme activity was 

increased more after inoculation with E. turcicum (Fig. 6B). 
 

Discussion 

 

The study of tobacco disease resistance related genes 

can help us to understand the defense mechanism of tobacco 

against pests and diseases, which is also of great significance 

to the green cultivation of tobacco. MAPK is a key pathway 

for plant defense. Also is progressively phosphorylated and 

then acts on the downstream transcription factors or target 

genes thus exerting a role in defending against the pathogens, 

also participate in stomatal regulation through cascade 

networks to resist biotic and abiotic stresses, and some genes 

act as regulatory genes for natural defense (Kwang et al., 

2001; Yuree et al., 2016). In tobacco, the MPK6 ortholog 

SIPK (Salicylic acid-induced protein kinase) is activated by 

various biotic and abiotic treatments. The co-expression of 

SIPK and WRKY1 in tobacco enhances the induction of cell 

death, suggesting that SIPK mediates HR cell death by 

regulating WRKY1 (Menke et al., 2005; Adachi et al., 2016). 

In this experiment, NtMAPK, the upstream gene of SA 

pathway, was up regulated under the stress of A. alternata 

and E. turcicum, and the expression of NtMAPK gene under 

the stress of E. turcicum was higher than that of control and 

A. alternata. It indicated that NtMAPK responded to the 

immune mechanism and reacted more rapidly to non-host 

pathogens, resulting in plants showing stronger resistance as 

a whole. NPR family genes are key factors in SA signal 

transduction, which are currently studied and is found that 

the NPR1, NPR2, NPR3, NPR4, and NPR6 family of genes 

interact with SA to play a regulatory role. (Fu et al., 2012; 

Wang et al., 2020b). In this study, it was found that the 

expression levels of NtPR1, NtPR2 and NtPR11 genes under 

E. turcicum stress were higher than those under A. alternata 

stress and control, while the genes NtPR2 and NtPR11 were 

inhibited at 12h under A. alternata stress. The results showed 

that some genes of the NPR family had a higher signal 

response to E. turcicum, but were not sensitive to A. 

alternata, resulting in lower gene expression, indicating that 

non-host pathogens can induce host resistance gene 

expression and increase overall resistance to a certain extent. 
For specific stress stimulation, the content of Jasmonic 

acid in plants increases rapidly, and causes genome-wide 

changes in gene transcript expression profiles. AOS, JAZ 

and MYC2 transcription factors can regulate the Jasmonic 

acid pathway. AOS is related to JA accumulation (Edward 

et al., 2010). JAZ and MYC2 directly regulate the opening 

and closing of the JA pathway (Li et al., 2021), so that plants 

can effectively resist various stresses. The expression of 

NtAOS gene in HD was up-regulated after pathogen stress, 

but the expression level of E. turcicum was higher than that 
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of A. alternata at each time point, indicating that JA pathway 

responded faster to non-host pathogen E. turcicum. The 

expression levels of NtJAZ and NtMYC2 genes in HD were 

higher than those in A. alternata stress and control at 48h 

after non-host pathogenic fungus E. turcicum stress. The 

NtJAZ gene showed a trend of first inhibition and then burst 

after inoculation with pathogenic fungi, and the response of 

inoculation with E. turcicum was greater, indicating that 

non-host pathogens had stronger ability to induce systemic 

resistance. The trend of NtAOS and NtJAZ gene expression 

in K326 was different from that of HD. The expression of 

NtAOS was lower at 48h than that at 12h. Although the 

expression of NtJAZ was increased, the expression of E. 

turcicum was not higher than that of A. alternata at 12h, 

which may be related to the characteristics of the variety. 

Reactive oxygen species (ROS) are involved in both 

plant defense processes against pathogens HR and NHR, 

and are key signal messengers in plant defense responses, 

leading to stomatal closure, cell wall enhancement 

(Including callose deposition), accumulation of phenolic 

compounds, and induction of defense gene expression in 

infected cells (O’Brien et al., 2012; Qi et al., 2017; Singh 

et al., 2017). The antioxidant system present in plants 

initiates scavenging process in the presence of excessive 

ROS (Dumanovic et al., 2021). In this experiment, the 

content of H2O2 in HD and K326 inoculated with E. 

turcicum increased first and then decreased rapidly to 

maintain the conventional level. Studies have shown that 

H2O2 excitation is instantaneous when plants encounter 

stress, and H2O2 can accumulate rapidly in a short time. 

This study is consistent with its research results. The HD 

and K326 inoculated with A. alternata eventually showed 

an upward trend, which may be related to the reaction time 

of the active oxygen antioxidant system, and the active 

oxygen of the tobacco plant can be quickly removed after 

the infection of the non-host pathogen. There is a dynamic 

and well-integrated biological signal mechanism in plant 

cells to control the defense response of plants to pathogens. 

After the host is infected or induced by the pathogen, it will 

induce some disease resistance-related enzymes. SOD, 

POD and PAL enzymes are important defense enzymes 

(Manikandan et al., 2021). Compared with the control, the 

SOD activity of HD inoculated with A. alternata did not 

change much, while the SOD activity of E. turcicum 

inoculated for 48h was significantly increased. The SOD 

enzyme activity of the two varieties showed different 

trends, which may be related to the resistance of the 

varieties themselves, but the enzyme activity of the two 

varieties was the highest at 48h after inoculation with E. 

turcicum, indicating that E. turcicum induced SOD enzyme 

activity to increase more significantly, and SOD enzyme 

was more prominent in response to non-host pathogens. 

The POD enzyme activity of K326 showed an upward 

trend after inoculation with two pathogens, indicating that 

the POD enzymes of HD and K326 varieties were less 

affected by the pathogen types when dealing with host and 

non-host pathogens. The PAL enzyme activity of A. 

alternata inoculated was consistent with the trend of the 

control group, while the PAL enzyme activity increased 

when inoculated with E. turcicum, indicating that the PAL 

enzyme did not respond to host pathogen infection. The 

recognition reaction of non-host pathogens promotes the 

increase of enzyme activity, which may be caused by A. 

alternata 's “silent response” (Li et al., 2022). After K326 

was inoculated with these two pathogens, the PAL activity 

of E. turcicum was higher than that of the control and A. 

alternata group, reflecting that the PAL enzyme had a 

stronger effect on E. turcicum in K326 varieties. PAL 

enzyme is closely related to fungal infection in plants. PAL 

enzyme is related to lignin formation. Lignin accumulation 

enhances the ability of cells to resist fungi. In this 

experiment, non-host pathogen E. turcicum induces an 

increase in PAL enzyme activity. In a sense, it can induce 

plants to resist fungi through non-host pathogens. 

Bednarek (Bednarek et al. 2005) published the differential 

expression of host and non-host pathogens infecting 

Arabidopsis thaliana, showing the mechanical and genetic 

defense levels of Arabidopsis thaliana plants against host 

and non-host pathogens, and it has been observed that the 

defense differences against non-host pathogens will be 

more prominent. This experiment has similar conclusions 

with this study in terms of gene expression level and 

defense enzyme activity, showing that tobacco plants 

infected by non-host pathogens have stronger defense 

response and higher resistance level. 
The defense level of plants against host pathogens and 

non-host pathogens is different. Nina (Nina et al., 2010) 
showed that plants activate similar processes, but strong 
transcriptional activation or inhibition occurs earlier in non-
host interactions by comparing and analyzing transcriptional 
profiles after inoculation with adaptive and non-adaptive 
pathogens. The transcription of the test gene was activated, 
and the upstream gene NtMAPK of the SA of HD and K326 
positively regulated the downstream NtPR1, NtPR2, and 
NtPR11 genes, which showed that the upstream genes in the 
SA pathway were highly expressed and the downstream genes 
were also highly expressed. Changes in defense-related gene 
expression and transcription factor activity can amplify 
defense signals in a positive feedback loop, thereby enhancing 
NHR. However, various germplasms of non-host species 
show different responses to the same non-adaptive pathogen 
or its effectors (Mellersh & Heath, 2001; Wroblewski et al., 
2009). The upstream gene NtAOS of JA pathway in HD 
positively regulated the downstream NtJAZ and NtMYC2 
genes, which showed that the upstream and downstream 
genes were highly expressed at the same time point. The 
upstream gene NtAOS in the K326 variety showed negative 
regulation on the downstream genes NtJAZ and NtMYC2. It 
may also be that the higher expression of the downstream gene 
showed a reverse regulation of the upstream gene. The 
expression of the upstream gene was higher and the 
expression of the downstream gene was lower at 12h, and the 
expression of the upstream gene was decreased and the 
expression of the downstream gene was increased at 24h. The 
concentration of reactive oxygen species in plant cells under 
biotic and abiotic stresses increases, and then reactive oxygen 
species are metabolized to H2O2. In recent years, studies have 
found that H2O2 acts as an auxiliary messenger in the signal 
transduction network and participates in plant stress response 
(Ina et al., 2016). As a defense line of tobacco disease 
resistance, defense enzymes have been widely studied in 
recent years (Baohai et al., 2004; Fu et al., 2013; Yuanchan et 
al., 2021). In this experiment, SOD and POD enzymes 
showed the same trend after being stressed by pathogens, 
suggesting that there was a certain signal transmission 
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between SOD and POD to induce plant resistance. Through 
this experimental study and previous research results (Lijing 
et al., 2016; Ning et al., 2019; Qiuying et al., 2019; Yuanyuan 
et al., 2019; Yanan et al., 2020; Xianping et al., 2021), 
speculated that there may be a defense pathway in tobacco 
(Fig. 7). NHR and HR are homologous and partially 
overlapped. Salicylic acid (SA) and Jasmonic acid (JA) are the 
main endogenous signals to mediate plant HR and NHR 
resistance, accompanied by the expression of molecules in 
plants (Baruah et al., 2020). At the same time, some related 
enzymes also play an important regulatory role, such as 
superoxide dismutase (SOD). Catalase (CAT) and peroxidase 
(POD). (Ruifang et al., 2007). 

 

 
 

Fig. 7. Non-host disease resistance network of tobacco induced 

by pathogenic fungus. 

 

Conclusion 

 

The stress of non-host pathogenic fungi (E. turcicum) 

on HD and K326 resulted in higher expression of resistance 

genes in the salicylic acid (SA) pathway and jasmonic acid 

(JA) pathway; In the defense enzyme system, the defense 

enzyme activity induced by E. turcicum had the same 

defense tendency but a higher level of defense compared 

with that of the host pathogenic fungus (A. alternata), and 

both the results indicate that E. turcicum is able to induce 

improved non-host disease resistance in tobacco. 

 

Acknowledgment 

 

This study was supported by the major science and 

technology project of Yunnan Province (202202AE090034) 

and the science and technology plan project of Yunnan 

Tobacco Company (2021530000242025). 

 

References 
 

Adachi, H., N. Ishihama, T. Nakano, M. Yoshioka and H. 

Yoshioka. 2016. Nicotiana benthamiana MAPK-WRKY 

pathway confers resistance to a necrotrophic pathogen 

Botrytis cinerea. Plant Sign. Behav., 11(6): e1183085. 

Ayumi, K. and T. Yoshitaka. 2018. Nonhost resistance of 

Arabidopsis thaliana against Colletotrichum species. J. 

Gener. Plant Pathol., 84(5): 305-311. 

Baohai, F., Z. Guangmin and C. Changfeng. 2004. The dynamic 

effects of toxin of tobacco black rot on MDA content and 

some defense enzymes in tobacco. J. Plant Pathol., 34(1): 

27-31.  

Baruah, A., P.N. Sivalingam, U. Fatima and M. Senthil-Kumar. 

2020. Non-host resistance to plant viruses: What do we 

know? Physiol. Mol. Plant Pathol., 111: 1-25. 

Bednarek, P., B. Schneider and A. Svato. 2005. Arabidopsis 

special issue structural complexity, differential response to 

infection, and tissue specificity of indolic and 

phenylpropanoid secondary metabolism in Arabidopsis 

roots. Plant Physiol., 138(2): 1058-1070. 

Bian, C.H., Y.B. Duan and J.Y. Wang. 2020. Validamycin a 

induces broad-spectrum resistance involving salicylic acid 

and Jasmonic acid/Ethylene signaling pathways. Mol. Plant-

Microb. Interac., (12): 1424-1437. 

Campos, M.D., M. Patanita, C.M. Varanda, P. Ateratski and M.R. 

Felix. 2021. High throughput sequencing unravels tomato-

pathogen interactions towards a sustainable plant breeding. 

Biology, 10(5): 444. 

Dumanovic, J., E. Nepovimova, M. Natic, K. Kuca and V. Jacevic. 

2021. The significance of reactive oxygen species and 

antioxidant defense systems in plants: a concise overview. 

Front. Plant Sci., 11: 552969. 

Edward, L., H. Linda, N. Jonathan and S. Jeffrey. 2010. 

Coordinate expression of AOS genes and JA accumulation: 

JA is not required for initiation of closing layer in wound 

healing tubers. J. Plant Physiol., 168(9): 976-982. 

Erik, A., D.B. Van, D.G. Jonathan and Jones. 1998. Plant disease-

resistance proteins and the gene-for-gene concept. Trends 

Biochem. Sci., 23(12): 454-456. 

Fu, Y., Y. Zhao and J. Chen. 2013. Effects of tobacco target spot 

pathogen toxin on tobacco defense enzymes and 

malondialdehyde content. Hubei Agri. Sci., 52(03): 575-577. 

Fu, Z.Q., S. Yan and A. Saleh. 2012. NPR3 and NPR4 are 

receptors for the immune signal Salicylic acid in plants. 

Nature, 486(7402): 228-232. 

Guo, D.S., C.H. Yuan, Y.Y. Luo, Y.H. Chen, M.H. Lu, G.C. Chen, 

G. Ren, C. Cui, J. Zhang and D. An. 2020. Biocontrol of 

tobacco black shank disease (Phytophthora nicotianae) by 

Bacillus velezensis Ba168. Pest. Biochem. Physiol., 165: 

104523. 

Ina, S.S. Sandhya and C. Zhong. 2016. Cross Talk between H2O2 

and Interacting Signal Molecules under Plant Stress 

Response. Front. Plant Sci., 7: 570-580.  

Jose, P.F., S. Kirankumar and Mysore. 2018. Genes involved in 

nonhost disease resistance as a key to engineer durable 

resistance in crops. Plant Sci., 279: 108-116. 

Kumar, S., M.S. Hunjan, H. Kaur, R.R. Bhandari, L. Aryal, S. 

Sharma, M. Acharya, A. Pokhrel and G. Apar. 2020. Bio-

efficacy of different fungicides against Drechslera maydis 

causing maydis leaf blight of maize. Plant Dis. Res., 35(2): 

151-154. 

Kwang, Y.Y., L. Yidong and S. Zhang. 2001. Activation of a 

mitogen-activated protein kinase pathway is involved in 

disease resistance in tobacco. Proceed. Nat. Acad. Sci., 

98(2):741-746. 

Lee, H.A., H.Y. Lee, E. Seo, J. Lee, S.B. Kim, S.E. Oh, Choi, S.E. 

Lee and D. Choi. 2017. Current understandings of plant 

nonhost resistance. Mol.Plant–Microbe Interact., 30(1): 5-15. 

Lee, J.Y. and M. Frank. 2018. Plasmodesmata in phloem: 

Different gateways for different cargoes. Curr. Opin. Plant 

Biol., 43: 119-124. 

Li, X., K.Q. Mu, S.Q. Yang, J.J. Wei, C. Wang, W.Y. Yan, F.P. 

Yuan, H.Y. Wang, D. Han, Z. Kang and Q. Zeng. 2022. 

Reduction of Rhizoctonia cerealis infection on wheat 

through host- and spray-induced gene silencing of an orphan 

secreted gene. Mol. Plant-Microb. Interact., 35(9): 803-813. 

Li, Y.H., X. Nengwen and L. Yongbo. 2021. Mechanism of 

inhibition and termination of Jasmonic acid signaling 

pathway in plant defense. J. Plant Prot., 48(03): 563-569. 



PRELIMINARY ANALYSIS OF THE RESPONSE OF TOBACCO SA AND JA RESISTANCE-RELATED GENES 11 

Lijing, L., S. Fathi-Mohamed, H. Bethany, G. Yangnan, W. John, 

M. Musoki and Y. Jian. 2016. Salicylic acid receptors 

activate Jasmonic acid signalling through a non-canonical 

pathway to promote effector-triggered immunity. Nat. 

Comm., 7: 10399. 

Manikandan, A., R. Parthasarathy, S. Anusuya and H. Jianying. 

2021. An overview of plant defense-related enzymes 

responses to biotic stresses. Plant Gene, 27: 100302. 

Marco, L.L. Caspar and G. Katharina. 2008. Characterization of 

nonhost resistance of Arabidopsis to the Asian soybean rust. 

Mol. Plant-Microb. Interact., 11(21): 1421-1430. 

Maria, A., O.A. Chiesa and F. Roeschlin. 2019. Plant responses 

underlying nonhost resistance of Citrus limon against 

Xanthomonas campestris pv. campestris. Mol. Plant Pathol., 

20(2): 254-269. 

Meena, M., G. Yadav, P. Sonigra, A. Nagda, T. Mehta, P. 

Swapnil and M.A. Harish. 2022. Role of elicitors to initiate 

the induction of systemic resistance in plants to biotic stress. 

Plant Stress, 5.100103. 

Mellersh, D.G. and M.C. Heath. 2001. Plasma membrane-cell wall 

adhesion is required for expression of plant defense responses 

during fungal penetration. Plant Cell, 13(2): 413-424. 

Menke, F.L., H.G. Kang, Z. Chen, J.M. Park, D. Kumar and D.F. 

Klessig. 2005. Tobacco transcription factor WRKY1 is 

phosphorylated by the MAP kinase SIPK and mediates HR-

like cell death in tobacco. Plant Microb. Interact., 18(10): 

1027-1034. 

Nina, Z., H. Axel, D. Wubei, B. Stephane, S. Ulrich and S. Patrick. 

2010. Nonhost resistance of barley to different fungal 

pathogens is associated with largely distinct, quantitative 

transcriptional responses. Plant Physiol., 152(4): 2053-2066. 

Ning, Li., F. Joachim, Uhrig, T. Corinna and H. Li-Jun. 2019. 

Christiane Gatz. reconstitution of the jasmonate signaling 

pathway in plant protoplasts. Cells, 8(12): 1532. 

O’Brien, J.A., A. Daudi, V.S. Butt and G.P. Bolwell. 2012. 

Reactive oxygen species and their role in plant defence and 

cell wall metabolism. Planta, 236(06): 765-779. 

Peng, K., S.L. Wang, F. Liu, M. Bo, X.K. Shen, J. Wu, B.H. 

Huang and L. Liu. 2021. Study on biological characteristics 

and pathogenicity of tobacco brown spot pathogen. Mod. 

Agri. Technol., (02): 78-80. 

Qi, J., J. Wang, Z. Gong and J.M. Zhou. 2017. Apoplastic ROS 

signaling in plant immunity. Curr. Opin. Plant Biol., 38: 92-100. 

Qiuying, W., C. Xiuling, C. Xinfeng, X. Dongqi, Z. Wei, S. 

Yuying and W. Aoxue. 2019. The involvement of jasmonic 

acid, ethylene, and Salicylic acid in the signaling pathway of 

Clonostachys rosea-induced resistance to gray mold disease 

in tomato. Phytopathology, 109(7): 1102-1114. 

Ruifang, S., D. Yongle, G. Changrong, X. Guanghui and H. 

Xiaozhe. 2007. Research progress on the relationship 

between tobacco disease resistance and defense enzyme 

activity. Agri. Bull. China, 5: 309-314. 

Singh, R., P. Parihar, S. Singh, R.K. Mishra, V.P. Singh and S.M. 

Prasad. 2017. Reactive oxygen species signaling and 

stomatal movement: current updates and future perspectives. 

Redox Biol., 11: 213-218. 

Tong, G.X., N. Jiang, J.H. Ma, A. Wang, C.H. Lu, Y.H. Xuan and 

Z.Y. Xia. 2021. NtSWEET1 promotes tobacco resistance to 

Fusarium oxysporum-induced root rot disease. Plant Sign. 

Behav., 16(11): 1970940. 

Wang, S., X.M. Wu, C.H. Liu, J.Y. Shang, F. Gao and H.S. Guo. 

2020a. Verticillium dahliae chromatin remodeling facilitates 

the DNA damage repair in response to plant ROS stress. Plos 

Pathog., 16(4): e1008481. 

Wang, W., J. Withers and H. Li. 2020b. Structural basis of 

Salicylic acid perception by Arabidopsis NPR proteins. 

Nature, 586(7828): 311-316. 

Wroblewski, T., K.S. Caldwell, U. Piskurewicz, K.A. Cavanaugh, H. 

Xu, A. Kozik, O. Ochoa, L.K. McHale, K. Lahre, J. Jelenska, 

J.A. Castillo, D. Blumenthal, B.A. Vinatzer, J.T. Greenberg and 

R.W. Michelmore. 2009. Comparative large-scale analysis of 

interactions between several crop species and the effector 

repertoires from multiple pathovars of Pseudomonas and 

Ralstonia. Plant Physiol., 150(04): 1733-1749. 

Xianping, F.C. Weiguo, L. Shuigen, Z. Liqing, Y. Hong, S. 

Jiansheng and X. Wenfei. 2021. HSP17.4 mediates Salicylic 

acid and Jasmonic acid pathways in the regulation of 

resistance to Colletotrichum gloeosporioides in strawberry. 

Mol. Plant Pathol., 22(7): 817-828. 

Xie, Z.Y., M. Li, D.K. Wang, F. Wang, H. Shen, G.J. Sun, C. 

Feng, X.Q. Wang, D. Chen and X. Sun. 2021. Biocontrol 

efficacy of Bacillus siamensis LZ88 against brown spot 

disease of tobacco caused by Alternaria alternata. Biol. 

Control, 154: 104508. 

Yanan, L., S. Tongjun, S. Yulin, Z. Yanjun, R. Ana, D. Yuli and 

T. Hainan. 2020. Diverse roles of the salicylic acid receptors 

NPR1 and NPR3/NPR4 in plant immunity. The Plant Cell, 

32(12): 4002-4016. 

Yang, M. 2019. Research progress on occurrence and integrated 

control of tobacco brown spot disease. Mod. Agri. Sci. 

Technol., (01): 120-122. 

Yu, Q. 2011. Study on the estimation of yield loss rate of tobacco 

brown spot. Anhui Agri. Sci., 39(6): 3341-3344. 

Yuanchan, Y., Y. Maofa, S. Shenghua, L. Jianfeng and Y. Xiaofei. 

2021. Effects of different insect feeding on tobacco signal 

molecules and defense enzymes. J. Environ. Entomol., 

43(04): 967-977. 

Yuanyuan, L., D. Minmin, D. Lei, S. Jiafang, F. Mingming, C. 

Qian, L. Yanhui, W. Qiaomei, L. Chuanyou and Z. Qingzhe. 

2019. MYC2 Regulates the Termination of Jasmonate 

Signaling via an Autoregulatory Negative Feedback Loop. 

The Plant Cell., 31: 106-127. 

Yuree, L., J.K. Yun and K.M. Hee. 2016. MAPK Cascades in 

Guard Cell Signal Transduction. Front. Plant Sci., 7(80): 1-7. 

 

(Received for publication 15 January 2024) 


