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Abstract: Soybean (Glycine max (Linn.) Merr.) annual leguminous crop is cultivated all over the world. The occurrence of diseases has a great impact on the yield and quality of soybean. In this study, based on the RNA-seq of soybean variety M18, a complete CDS (Coding sequence) GmPR1L of the pathogenesis-related protein 1 family was obtained, which has the ability to resist fungal diseases. The overexpression vector and interference expression vector were transferred into tobacco NC89, and the resistance of transgenic tobacco (Nicotiana tabacum L.) to Botrytis cinerea infection was identified. The results show that: Compared with the control, the activities of related defense enzymes SOD (Superoxide dismutase), POD (Peroxidase), PAL (L-phenylalanine ammonia-lyase) and PPO (Polyphenol oxidase) in the over-expressed transgenic tobacco OEA1 and OEA2 increased to different degrees, and increased significantly at different infection time points. The activities of defense enzymes in the interfering strains IEA1 and IEA2 were significantly lower than those in the control strains. The results of resistance level identification showed that the disease spot rate of OEA1 was significantly lower than that of the control line, and the disease spot rate of OEA2 was significantly lower than that of the control line. The plaque rate of the interfering expression line IEA1-IEA2 was significantly higher than that of the control line. It is preliminarily believed that the process related protein GmPR1L can improve the resistance of tobacco to B. cinerea.
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1  Introduction

As the main food crop, everyone has favored soybean for its high yield, wide application, and high economic value [1]. In the process of plant growth, it is inevitable that plants will be subjected to various biotic and abiotic stresses, and plants will activate their defense system through a series of signal transduction in the body [2]. Through its own metabolic changes, the organism produces some substances that can resist the infection of these pathogens and adverse environments [3]. Among them, disease-resistant substances can be divided into three categories: plant secondary metabolites, non-protein substances, and protein substances. As the direct coding products of genes, protein-based disease-resistant substances play a more important role in plant disease resistance [4]. It is of great significance to study these protein-based disease-resistant substances and their metabolic pathways for improving soybean disease resistance. Pathogenesis-related protein is an important defense protein expressed in plants [5]. PRs (Pathogenesis-related protein) mainly distributes in vacuoles and intercellular cells of plants, and its relative molecular mass is small. Most of them are acidic proteins, which show strong stability at low pH (<3) and high temperature (60°C) [6]. Relevant studies have shown that pathogenesis-related proteins will participate in plant defense when infected by pathogens, directly destroying the integrity of pathogens and limiting their spread of pathogens. When plants are infected by pathogens, the expression of PR protein is significantly increased [7]. Pathogenesis-related proteins were first detected in tobacco leaves infected by the tobacco mosaic virus, and then found to exist widely in monocotyledonous and dicotyledonous plants. PRs can be divided into 17 families according to amino acid sequence homology, physical and chemical properties, biological activity, and serology relationship. Among them, PR2 (β-1,3-glucanase), PR3 (chitinase), PR5 (sweet-like protein), PR6 (protease inhibitor), PR7 (endoprotease), PR9 (peroxidase), PR10 (ribonuclease-like enzyme), PR12 (defense element), PR13 (Sulphur) and PR14 (lipid transporter) have been identified [8].

Among the members of PR family, PR1 protein is rich in variety, induced by a pathogen or salicylic acid, and is usually used as a marker of SAR (Systemic acquired resistance) [9]. PR1 belongs to the cysteine-rich protein superfamilly, and is an important protein in the process of plant resistance to fungal diseases and abiotic stress. It is formed around the infected parts of plants, has antifungal activity, can hydrolyze and kill fungal cells, and can fight against plant pathogenic fungi in plants, such as Urine mold of Vicia faba, Phytophthora and Wheat toxin [10]. PR1 gene has been widely used as an indicator gene for the activation of defense pathway and salicylic acid-mediated resistance response [11]. All PR1 proteins have a conserved CAP (Methylguanosine cap) domain, usually consisting of 150 amino acid residues, folded into 4 α-helices and 4 β-chains, which are stabilized by disulfide bonds. The antimicrobial activity of the CAP domain is due to a pit protein binding motif, which is responsible for binding and isolating sterols on the membrane of pathogens, and a CAP-derived peptide (CAPE), resulting from the cleavage of the last 11 residues of the CAP domain, trigger defense response through independent signal path [12]. These unique features determine their biological functions against biotic and abiotic stresses [13]. Studies have shown that transgenic tobacco and tomato expressing the PR1 gene can obviously enhance their resistance to oomycetes and fungi [14,15]. The existing research also found that the main stress-related transcription factor (TF) families (for example, WRKY, C2H2, and ERF) are specific regulators of PR1 gene expression [16–18].

In this study, a soybean pathogenesis-related proteins gene was obtained from the RNA-seq analysis of soybean variety M18 in the early stage, and it was named GmPR1L by NCBI search and comparison, and the over-expression vector and interference expression vector of the target gene were constructed. Tobacco was infected by the leaf disc method, and positive transgenic tobacco plants were successfully obtained by PCR detection. Then, the resistance of positive transgenic tobacco to B. cinerea was identified, and the activities of related defense enzymes in infected tobacco leaves were determined. The relative expression quantity of genes related to GmPR1L expression was determined, and the resistance mechanism of GmPR1L to fungal disease gray mold was further clarified.

2  Materials and Methods

2.1 Plant Sowing and Cultivation

In this experiment, soybean material M18 and tobacco variety NC89 were provided by the Biotechnology Center of Jilin Agricultural University, China. The pathogenic strain Phytophthora sojae root rot was provided by the Plant Protection Institute of Jilin Academy of Agricultural Sciences. Soybean variety M18 is planted 5–8 cm deep in the soil, watered regularly, and the room temperature is 22°C–26°C [19]. The planting of tobacco NC89 requires the seeds to be germinated through MS germination nutrient medium, and then through the process of elongation and rooting, transplanted into the soil at 25°C, and regularly watered.

Taking soybean variety M18 as experimental material, plump and round seeds were selected and planted in 12 cm × 9 cm × 11 cm sowing pots with 3 seeds in each pot. The volume ratio of organic nutrient soil and vermiculite (steam sterilization) was 8:2. Fully irrigate till the deep soil is wet, and place it in an artificial culture room at 25°C, with alternating day 12 h and night illumination 12 h. After emergence, irrigate a little every 5 days. A total of 12 pots and 36 M18 soybean seeds were sown. Analysis of the expression pattern of the target gene of soybean M18 plant material infected by fungal diseases.

2.2 Expression of GmPR1L Infected by Phytophthora sojae

When the soybean plant grows until the second pair of three compound leaves are fully unfolded, the inoculation identification is carried out. With the scalpel after high-temperature sterilization and cooling, the Phytophthora root rot fungus plate propagated on carrot culture medium in advance was divided into 0.3 cm × 0.3 cm pieces. Then cut the hypocotyl of the soybean plant at 45 degrees with a scalpel, insert the small fungus block obliquely into the wound, spray ddH2O, and wrap the wound and fungus block with plastic wrap. The inoculated plants were placed in an artificial climate culture room at 25°C, and the day and night were illuminated alternately. There are three pots of soybean plants in each inoculation time, with 3 plants in each pot. Soybean leaves infected for 0, 3, 5, and 7 days were placed in a refrigerator at −80°C to extract total RNA from soybean and analyze the expression pattern of GmPR1L.

2.3 Construction of Expression Vector and Obtaining of Transgenic Tobacco Plants

We amplified the protein encoded by GmPR1L by PCR, and the primers are shown in Supplementary Table 1. After obtaining the exact size of the target fragment, we constructed the over-expression vector of the target gene pCAMBIA3301-GmPR1L-over and the interference expression vector pCambia3301-GmPR1L-RNAi. The two expression vectors were transferred into Agrobacterium EHA105, and the leaves of tobacco NC89 were infected by the leaf disc method. Harvest seeds, detect marker gene bar, screen positive tobacco transformation strains, subculture to T2 generation, and conduct subsequent disease resistance identification.

2.4 Infections of Tobacco B. cinerea Infected by Fungal Diseases

Breeding of strains: Potato PDA medium was selected to breed B. cinerea, and the formula of the medium was as follows: 200 g fresh potato, wash, cut into small pieces, add about 1.2 L distilled water, boil for 15 min, and leave about 1 L of potato liquid. After filtering with three layers of gauze, add 10 g agar and 20 g sucrose, make the volume constant to 1 L, steam sterilization at 120°C for 20 min, and blow-dry by pouring. Soak the surgical blade in alcohol, burn and disinfect it for 3 times, cut 0.4 cm × 0.4 cm pieces of bacteria, inoculate them on PDA culture medium, double-layer sealing film, and put them in an incubator at 25°C for 7 days at room temperature. Plant inoculation: Tobacco B. cinerea was inoculated by foliar spraying, and the inoculation identification was carried out after the fifth leaf stage. Preparing 3% sucrose solution in advance, sterilizing at high temperature, and cooling to room temperature; Dip the surgical blade in alcohol, burn, and sterilize it three times. When the blade is cooled, gently scrape off the mycelium spores on the surface of the culture medium, pour them into sucrose solution for culture, and observe them under a high-power microscope. After the number of spores is about 20 in the 100-fold field of vision, spray them wet. To ensure even inoculation, it is necessary to use the same watering can, cover it with plastic film in an artificial room, and keep the temperature at about 25°C and keep the humidity at about 90%.

2.5 Resistance of Transgenic Tobacco to B. cinerea

Three positive plants were selected from each of the five tobacco strains WT, OEA1, OEA2, IEA1 and IEA2, and seven tobacco leaves were selected from the upper, middle, and lower positions for investigation. It mainly measures the leaf area and disease spot area, and calculates the disease spot rate according to the following formula. The disease spot rate of three positive plants of each strain is taken as the average value to judge the incidence of transgenic tobacco from the phenotype.


Disease spot rate= (Disease spot area)/(leaf area)×100%

2.6 Determination of Defense Enzyme Activity of Transgenic Tobacco Infected by B. cinerea

Tobacco leaves infected with the appropriate amount of B. cinerea for 0, 3, 5 and 7 d, respectively. The activity of superoxide dismutase (SOD) was determined by the NBT photoreduction method [20,21]. The activity of peroxidase (POD) was determined by the guaiacol method [22,23] (PAL) and (PPO) activity were determined by spectrophotometry [24,25]. The above tests were repeated 3 times for each treatment.

2.7 Expression of GmPR1L and Related Genes in Transgenic Tobacco Infected by B. cinerea

Trizol (Takara) kit was used to extract total RNA from tobacco leaves [19]. cDNA was synthesized by reverse transcription kit (Takara). Use the SYBR Premix Ex Taq (Takara) test kit to proceed with qRT-PCR [26]. Melting curve analysis is carried out. The data were analyzed by 2−ΔΔCT method [21]. The internal reference primer is Actin2S/Actin2AS. All the above gene primers are shown in (Suppl. Table 1), the key instruments real-time PCR was 7500 Fast.

2.8 Data Analysis

Data were tested by analysis of variance using SPSS software (SPSS USA). The data are the mean ± standard deviation (SD) of three biological replicates. The significance was analyzed using Student’s T-tests. The * and ** represent p < 0.05 and p < 0.01, respectively. The figures were prepared with GraphPad Prism 8.0.

3  Results

3.1 The Expression of GmPR1L is Related to the Infection of Phytophthora Root Rot

In order to explore the resistance of GmPR1L to fungal diseases, we analyzed the expression pattern of GmPR1L under the infection of Phytophthora root rot fungus. Under the infection of Phytophthora root rot fungus, the expression of GmPR1L showed a trend of first increasing and then decreasing, the peak expression of GmPR1L was 5.53 times higher than that of the control after 5 days of pathogen infection (Fig. 1). Based on the above results, we preliminarily believe that overexpression of GmPR1L plays an important role in improving the resistance of soybean plants to fungal diseases.
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Figure 1: Relative expression of GmPR1L under the infection of Phytophthora root rot fungus. 0, 5, 3, 7 days. Relative expression of GmPR1L after 0, 3, 5 and 7 days after infection by Phytophthora root rot fungus (*p < 0.05, **p < 0.01)

3.2 Bioinformatics Analysis of GmPR1L

The amino acid sequence of the target gene was searched online by NCBI, and pathogenes-related protein 1 family genes of soybean, corn, rice, barley, wheat, Arabidopsis, and other species were collected, using Mega7 to build a multi-species phylogenetic tree (Fig. 2). We found that these species are mainly divided into four branches, in which the target gene NM_ 001371209.1 and pathogenes related protein 1 (PR1-6) NM_ 001371185.1 has the highest genetic affinity. We named the target gene GmPR1L.
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Figure 2: Phylogenetic tree of GmPR1L. Glycine soja [NM_001371209.1], Glycine soja [NC_038251.2:4797098-4797858], Glycine soja [NC_038251.2:4793226-4794056], Glycine soja [NM_001371185.1], Arabidopsis thaliana [CAA65420.1], Zea mays [ONM51202.1], Triticum aestivum [XP_044436102.1], Hordeum vulgare [KAE8813017.1], Medicago truncatula [XP_039686160.1], Zea mays [ABA34060.1], Triticum aestivum [AEH25631.1], Arabidopsis thaliana [OAP08110.1], Vitis vinifera [ADN43427.1], Nicotiana tabacum [XP_016477771.1], Capsicum annuum [KAF3675629.1], Nicotiana tabacum [CAA29022.1], Nicotiana tabacum [CAA29023.1], Solanum lycopersicum [NP_001234128.2], Capsicum annuum [XP_016582333.1], Capsicum annuum [PHT64208.1], Capsicum annuum [XP_016582335.1], Solanum lycopersicum [ATG24055.1], Gossypium hirsutum [XP_016718985.1], Trifolium pretense [XP_045818452.1], Cajanus cajan [XP_020234033.1], Dimocarpus longan [AKE49475.1], Abrus precatorius [XP_027346994.1], Pisum sativum [XP_050879783.1]

3.3 Acquisition of Transgenic Tobacco and Southern Blot Detection of T2 Generation Positive Plants

Taking tobacco variety NC89 as the receptor, the vector plasmid was transferred into tobacco by Leaf disk method, after tobacco germination (Fig. 3A), coculture (Fig. 3B), screening (Fig. 3C), elongation (Fig. 3D) and rooting culture (Fig. 3E). Finally, 7 positive T0 transgenic tobacco plants were obtained, including two transgenic expression vector pCAMBIA3301-GmPR1L-over plants and two transgenic interference expression vector pCAMBIA3301-GmPR1L-RNAi plants. Harvest the seeds, subculture them to T2, and detect the screening marker gene bar by southern blot. It is found that the overexpression strain OEA1-OEA2 and the interference expression strain IEA1-IEA2 all have hybridization signals, as shown in Fig. 3F. This indicates that the target gene expression vector has been successfully integrated into the tobacco genome.
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Figure 3: Transformation of tobacco by leaf disc method. (A) Tobacco germination, (B) Co-culture infection, (C) Tobacco screening, (D) Tobacco elongation and rooting, (E) Transplanting seedlings, (F) Southern blot detection of T2 generation positive transgenic tobacco (M: maker; P: positive control; C: Untransformed plant 1-2: OEA1-OEA2 3-4: IEA1-IEA2)

3.4 Phenotype Identification of Transgenic Tobacco Infected by B. cinerea

The identification of B. cinerea on transgenic tobacco showed that the overexpression strain OEA1-OEA2 has a small lesion area in the leaves, showing light whorls. The lesion area of the interfering expression strain IEA1-IEA2 was large, and white hyphae were visible. After 7 days of inoculation, it was found that the whole OEA1-OEA2 strain were still robust, and the whole IEA1-IEA2 strain that interfered with the expression were seriously withered. The above phenotypes indicate that overexpression of GmPR1L can improve the resistance of tobacco to B. cinerea (Fig. 4).
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Figure 4: Phenotype identification of B. cinerea in tobacco. (A) Identification of wild-type tobacco, (B) Identification of overexpression positive tobacco transformation strain OEA1, (C) Identification of overexpression positive tobacco transformation line OEA2, (D) Identification of tobacco transformation strain IEA1 with positive interference expression, (E) Identification of tobacco transformation strain IEA2 with positive interference expression

3.5 Occurrence of Transgenic Tobacco Infected by B. cinerea

We made statistics on the incidence of transgenic tobacco infected by B. cinerea. We found that the disease spot rate of overexpressed transgenic tobacco OEA1 was significantly lower than that of the control line, and the disease spot rate of overexpressed transgenic tobacco OEA2 was significantly lower than that of the control line. The disease spot rate of transgenic interference expression lines IEA1 and IEA2 was significantly higher than that of control lines. Therefore, concluded that overexpression of GmPR1L could reduce the incidence of transgenic tobacco plants and resist the infection of B. cinerea (Fig. 5).
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Figure 5: Disease spot rate of transgenic tobacco plants infected by B. cinerea for 7 days. WT: Wild type tobacco; OEA1-OEA2: Overexpression positive plants; IEA1-IEA2: Interference with positive plants (*p < 0.05, **p < 0.01)

3.6 Changes of Related Defense Enzyme Activities after B. cinerea Infection in Tobacco

The SOD activity of transgenic tobacco leaves infected by B. cinerea was measured. The results showed that there was no significant difference in SOD activity among the strains after 0 days of infection. After 3 days of infection, SOD activity in over-expressed strains OEA1 and OEA2 was significantly higher than that of control strains. After 5 days of infection, the SOD activity of over-expressed strains OEA1 and OEA2 was still significantly higher than that of the control, while that of the interfering strain IEA1 was significantly lower than that of the control. After 7 days of infection, the SOD activity of the over-expressed strain OEA1 was significantly higher than that of the control strain, and that of the over-expressed strain OEA2 was significantly higher than that of the control strain. In general, the SOD activity in transgenic lines showed a continuous upward trend, with a large increase in the early stage of infection and a steady increase in the late stage of infection. Therefore, overexpression of GmPR1L can improve the activity of SOD in plants, thus improving the resistance of transgenic tobacco to B. cinerea (Fig. 6A).
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Figure 6: Changes of defense enzyme activity in tobacco infected by B. cinerea. (A) Changes of SOD activity in the OEA1-OEA2 overexpression line and the IEA1-IEA2 interference expression line after 0, 3, 5, and 7 days of B. cinerea infection; (B) changes of POD activity in OEA1-OEA2 overexpression line and IEA1-IEA2 interference expression line after 0, 3, 5 and 7 days of Botrytis B. cinerea infection; (C) changes of PAL activity in OEA1-OEA2 over-expression line and IEA1-IEA2 interference expression line after 0, 3, 5 and 7 days of B. cinerea infection; (D) changes of PPO activity in OEA1-OEA2 overexpression line and IEA1-IEA2 interference expression line after 0, 3, 5 and 7 days of B. cinerea (*p < 0.05, **p < 0.01)

The POD activity of transgenic tobacco leaves infected by B. cinerea was measured. The results showed that there was no significant change in POD activity in transgenic tobacco leaves after the pathogen infected for 0–3 days. After 5 days of infection, the POD activity of over-expression strain OEA1 was significantly higher than that of the control strain, while that of interference expression strains IEA1 and IEA2 was significantly lower than that of the control strain. After 7 days of infection, the POD activity of the overexpressed strain OEA1 was significantly higher than that of the control strain. Generally speaking, the POD activity in transgenic tobacco plants began to increase greatly after 5 days of infection by B. cinerea, and remained until 7 days after infection. The results indicated that overexpression of GmPR1L could improve the activity of POD in plants, thus improving the resistance of transgenic tobacco to B. cinerea (Fig. 6B).

The PAL activity of transgenic tobacco leaves infected by B. cinerea was measured. The results showed that after 3 days of infection, the PAL activity of over-expressed strain OEA1 was significantly higher than that of the control strain, that of over-expressed strain OEA2 was significantly higher than that of the control strain, that of interference expression strain IEA1 was significantly lower than that of control strain, and that of interference expression strain IEA2 was significantly lower than that of the control strain. After 5 days of infection, the PAL activity in the overexpressed strain OEA1 was significantly higher than that in the control strain, while the PAL activity in the interfering strain IEA2 was significantly lower than that in the control strain. After 7 days of infection, the PAL activity of overexpressed strain OEA1 was significantly higher than that of the control strain, and that of overexpressed strain OEA2 was significantly higher than that of the control strain. The results indicated that overexpression of GmPR1L could improve the activity of PAL in plants, thus improving the resistance of transgenic tobacco to B. cinerea (Fig. 6C).

The PPO activity of transgenic tobacco leaves infected by B. cinerea was measured. The results showed that after 3 days of infection, the PPO activity of over-expressed strains OEA1 and OEA2 was significantly higher than that of the control strain, while the PPO activity of interfering expression strains IEA1 and IEA2 was significantly lower than that of the control strain. After 5 days of infection, PPO activity in overexpressed strains OEA1 and OEA2 was significantly higher than that in control strains. After 7 days of infection, the PPO activity of over-expressed strains OEA1 and OEA2 was significantly higher than that of the control strain, and the PPO activity of the interference expression strain was significantly lower than that of the control strain. We also found that PPO activity in the expression strains increased significantly after 5 days of pathogen infection. The above results indicated that overexpression of GmPR1L could improve PPO activity in plants, thus improving the resistance of transgenic tobacco to B. cinerea (Fig. 6D).

4  Discussion

Superoxide dismutase SOD can remove reactive oxygen species, to avoid damage to the cells [27]. In recent years, the change of activity in vivo after tobacco infection is a hot spot in plant pathology research, however, consistent conclusions have not been drawn in different interaction systems [28,29]. Lavrova et al. found, after tobacco infection, the activity increases first and then decreases, and in the early stage of infection, the activity in the non-affinity interaction system is lower than that in the affinity interaction system [30]. However, in the late stage of infection, this relationship is reversed [31,32]. Akbudak et al. [33] believed that, for two different interaction systems of systemic infection and necrosis, the change of activity in tobacco is inconsistent. In this study, it was found that the SOD activity had been improved at the early stage of B. cinerea infection and SOD activity reached the highest value after 7 days of infection. Peroxidase POD can catalyze many compounds, such as the oxidation of fatty acids, aromatic amines, and phenols. It is closely related to the synthesis of lignin and cork, among them, lignification and corking produce defense mechanisms, to thicken the cell wall and improve the disease resistance of the plant [34]. In this study, the POD of transgenic tobacco plants infected by B. cinerea was determined. After 5 days of pathogen infection, the activity of POD in the overexpression strain was greatly enhanced, and it lasts steadily until 7 days after infection.

Phenylalanine ammonia-lyase PAL can catalyze phenylalanine deamination to produce cinnamic acid and finally convert it to lignin [35,36], It is the rate-limiting enzyme of the shikimic acid and phenylalanine metabolism pathway [37]. The products of this metabolic pathway, such as coumarin, chlorogenic acid, isoflavone phytoalexin, and lignin, play an important role in plant disease resistance. In addition, the lignin produced in it is deposited around the cell wall, limit the pathogen to a certain range to prevent it from further expanding the hazard. Phenolic compounds in transgenic tobacco plants infected by B. cinerea play an important role in plant disease resistance [38]. Our research confirms that, three days after B. cinerea infects tobacco plants, the PAL content of each transgenic tobacco line has been greatly improved, and the PAL content of overexpression tobacco strains was significantly higher than that of the control. Polyphenol oxidase PPO is one of the cell-resistant enzymes. It is the main enzyme for phenol oxidation. Its mechanism is to oxidize phenols in cell metabolites into quinones to kill host cells, so as to limit the further expansion of pathogens. The quinones produced are also highly toxic to pathogens. It can even kill the pathogen or form the precursor of prephenyl acid lignin synthesis to repair the wound and inhibit the propagation of pathogenic bacteria. In our research, under the infection of B. cinerea, the activity of PPO in overexpression transgenic tobacco began to increase significantly after 5 days of infection, and reached a peak after 7 days of infection.

In model plants, exogenous SA can cause plants to produce SAR and induce the expression of PR1 gene. Many studies have found that some plants’ PR1 gene show certain resistance to pathogens. Alexander et al. [39] transferred the PR1-a gene into tobacco and found that the PR1 gene enhanced the resistance to Phytophthora and Colletotrichum in a highly constitutive expression manner. Shin et al. [40] transferred PR1 gene into Arabidopsis for overexpression, which enhanced the resistance to rape downy mildew virus, and found that the induced expression of this gene was closely related to the accumulation of salicylic acid. Sarowar et al. [41] transferred the pepper PR1 protein gene into tobacco. After overexpression of this gene, it not only enhanced the resistance to heavy metal stress but also enhanced the resistance to a variety of pathogens such as tobacco black shank fungus and wildfire fungus. In addition, we also found that plant PR1 protein genes are polygenic families, but not all PR1 genes have disease-resistance functions. Li et al. [42] found that only the basic protein VvPR1b1 gene in grapes has disease resistance function against tobacco wildfire pathogen; Bonasera et al. [43] transferred PR-1a, PR-1b. and PR-1c into apples and found that apple seedlings did not show disease resistance. In this study, GmPR1L was transferred into tobacco. Overexpression of this gene significantly enhanced the resistance of tobacco plants to Botrytis cinerea, which is similar to previous studies, and also shows that GmPR1L has a resistance function to fungal diseases.

5  Conclusion

When dealing with pathogen infection, overexpression of GmPR1L in tobacco can increase the activities of transgenic tobacco-related defense enzymes. When infected by B. cinerea, it quickly induces its own defense mechanism. It can not only limit the spread of pathogens but also further damage the structure of pathogens so that they lose pathogenic activity. From what has been discussed above, Overexpression of GmPR1L can improve the resistance of tobacco to B. cinerea. The study on the resistance of GmPR1L is of great significance for the development of disease-resistant transgenic soybean varieties.
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Supplementary Table 1: Primer sequence

Gene name Primer sequence (5'-3")

GmPRILS ATAATGGGATACTTGTGC
GmPRILAS CTACAGTTCGTAGGGACTT

Bars TCAAATCTCGGTGACGGGC
Baras CGGTCTGCACCATCGTCAA

358 TAGAGGACCTAACAGAAC

3548 CCGTGTTCTCTCCAAATG

NosS GAATCCTGTTGCCGGTCTTG
NosAS TTATCCTAGTTTGCGCGCTA
QT-GmPRILS TTGGGATGATACGGTTGCTG
QT-GmPRILAS ASTGTAGTCATAGTTGGCTTTCTC
35sGmPRILnosS AGGACCTAACAGAACTCGCCGT
35sGmPRI1LnosSAS GACTCTAATCATAAAAACCCAT
Actin2S GGAGTGAAGCAGATGATT
Actin2AS TTGAGGTAGGATGAGACT






OEBPS/Images/Phyton_27607-fig-5.png
B. cinerea

Iy
=885 0
1000l
iC
xC

xC
* [
I 1 1 1 1
S & 2 8 §

9,9jel Jods aseasiq






OEBPS/Images/phyton-logo.png





OEBPS/Images/logo.png





OEBPS/Images/Phyton_27607-fig-1.png
Em Od
3
D Te
== (e

i

P. sojae
(|

- L

0d 3d 5d 7d

1 I 1 I 1
o) © < N o

T1LHdWy Jo uoissaidxa annejey






OEBPS/Images/Phyton_27607-fig-3.png
23130bp

2322bp
564bp






OEBPS/Images/copy.png





OEBPS/Images/Phyton_27607-fig-4.png





OEBPS/Images/Phyton_27607-fig-6.png
SOD activity(U-mg'1protein) %

E:

POD activity ( U-mg'1protein)

N

o

o
i

-

()]

o
|

100 -

0
o
|

o
|

B. cinerea
***
*he M
N
* *
L
n
od 3d 5d 7d
B. cinerea
*
% %k
*x I
nn

WT
OEA1
OEAZ2
IEAT
IEAZ

WT
OEA1
OEAZ2
IEAT
IEAZ

PAL activity ( U-mg'1 protein)
SN
|

0

E

3d

PPO activity ( U-mg'1protein)
N
|

B. cinerea

B. cinerea

od

1 *

7d

Xk

WT
OEA1
OEA2
IEAT
IEAZ

WT
OEA1
OEAZ2

IEAT
IEA2





