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ABSTRACT 
BACKGROUND: Although petroleum-based fertilizers and pesticides have increased the crop productivity, there have also been broad 

interests in developing biological products such as biopesticides containing beneficial bacteria to protect crops and induce plant defense 
responses. OBJECTIVE: This study demonstrated the expression of genes involved in the Systemic Acquired Resistance (SAR) and the 

Induced Systemic Resistance (ISR) in exposed plants to three strains of Bacillus to understand the impact of these bacteria on defense 

responses.RESULTS: Bacillus strains have been described as plant growth promoting bacteria, which prompted us to screen representatives 
of several species of commercial interest for the induction of plant immune responses. Lycopersiconesculentum roots were exposed to the 

strains over a range of times, and temporal changes in expression level of genes involved in both SAR and ISR plant defense pathways were 

studied. Specific genes targeted in the SAR pathway included PR1, PR1A1, and PAL. Genes analyzed for the ISR response were EIN2, 
FAD and JAR1. The results showed that the expression of genes involved in SAR were induced in early hours after exposure. 

CONCLUSION: Early responses, were observed for roots exposed to Bacillus strains. This work is the first step in better understanding 

how select biological systems can both enhance crop growth and productivity, and also protect plants from fungal and bacterial infections. 
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INTRODUCTION 
 

Agriculture plays an important role not only as a source of food production, but also as a driver of economy 

and employment in a country. As per USDA report about the role of agriculture and related industries on the US 

Gross Domestic Product (GDP), in 2014, agriculture and its related industries (food processing, beverage 

production, tobacco products and textiles) added $835 billion to the US GDP and contributed 10% of US 

employment [1]. It is therefore critical to manage agricultural practices to protect this resource. Proper 

management of manufactured chemicals to promote growth and protect plants from disease and insect predation 

is of the primary importance today. Chemical pesticides formulated from coal gas or petroleum, nitrophenols, 

chlorophenols, creosote and naphthalene [2] and fungicides such as triazole, imidazole and pyrimidine have 

long been used in agriculture [3]. Although these products protect plants against a variety of problems, an 

alternative approach would be to use biological systems to enhance the plant’s innate ability to protect itself 

from pests [4-5].  
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The biological control of the disease is based on the plant’s physiology and defense responses. Plants 

cannot escape from getting infected when they are exposed to pathogenic bacteria and fungi, instead they can 

develop defense responses [6] to restrict the growth of pathogens. They also have the potential to induce their 

resistance responses against future attacks by a variety of pathogens such as bacteria, fungi, viruses and 

nematodes [7]. Initial exposure induces the production of Pathogen Related (PR) proteins which induce the 

plant’s immunity to further fight off infections [8-10]. Numerous studies have reported that non-pathogenic 

microbes can also stimulate plant immunity and reduce the negative impacts from pathogens [11-15]. Beneficial 

fungi (e.g., Trichoderma harzianum) and bacteria (e.g., Bacillus sp.) have been used as biopesticides to control 

plant diseases [16], either via the production of antagonistic metabolites as competitors to occupy the niche and 

compete for limited resourcesor by inducing the plant’s innate immune response. To understand the beneficial 

role of these microorganisms to protect crops, it is important to determine the mechanism by which these 

microorganisms induce plant’s defense responses. 

There are at least three types of known induced resistances in plants, including Systemic Acquired 

Resistance (SAR), Induced Systemic Resistance (ISR) and wound-induced resistance [17]. The nature of these 

immune responses is different. Wound-induced resistance is activated by tissue damage such as herbivory while, 

SAR and ISR are elicited upon exposure to bacteria, fungi and chemicals such as benzothiadiazole and salicylic 

acid [18-19]. Although, both SAR and ISR require past experience to establish a resistance against further attack 

[20], the pathways and the hormones involved are different. The accumulation of the plant hormone Salicylic 

Acid (SA) is required to induce SAR responses throughout the plant [21-22], while ISR, known as SA-

independent pathway, does not require SA and instead relies on JasmonicAcid (JA) and ethylene (ET) [23]. 

Various species and strains of Bacillus have been introduced as beneficial bacteria to promote both plant growth 

and SAR &ISR defense responses [24- 27]. Bacillus sp. also havethe potential with themselves to produce 

antagonistic metabolites to control fungal and bacterial pathogens [28]. Bio-stimulants derived from Bacillus sp. 

are being used widely in agriculture to induce plant defense responses [29]. However,the question remains open 

on a plant genetic and biochemical levels of how Bacillus sp. induce defense responses and plant immunity. 

To understand the impact of Bacillus sp. on defense responses and evaluate their potential to be used as a 

biopesticide in agriculture, it is important to investigate their impact on the expression of key genes involved in 

these defense responses. SAR and ISR pathways are regulated by the expression of multiple genes, some of 

which play critical control roles. Accumulation of SA is required for SAR, which subsequently induces the 

expression of Pathogen Responses Protein 1 (PR1) and the priming of defense responses [30]. PR1 proteins are 

a group of proteins that are expressed upon infection and involved in defense responses [31]. PR1A1 belongs to 

PR1 family and thought to play a role in antifungal responses [32]. SA biosynthesis in plants is through two 

possible pathways such as the isochorismate (IC) pathway and Phenylalanine Ammonia-Lyase (PAL) pathway 

[33]; in which the latter is a key enzyme in the SAR response [34]. The SA-independent pathway requires the 

accumulation of JA or ET. Fatty acid desaturase 7 (FAD7) converts α-linoleic acid to linolenic acidwhich is a 

precursor of JA [35] and is subsequently involved in the ISR defense response. Amino acid conjugation is 

critical for JA to be active in defense signal transduction; Jasmonic Acid-Amido Synthetase (JAR1) is the 

enzyme which conjugates amino acids to JA [36]. Ethylene Signaling Protein (EIN2) is involved in the 

biosynthesis of ethylene and its signaling pathway [37]. EIN2 acts as ethylene receptor and also activates the 

transcription factors that induce the expression of genes involved in ethylene biosynthesis [38]. 

In this study, we examined the expression of the key genes involved in SAR and ISR responses (Figure 1) 

in tomato (L. esculentum) roots following the exposure to three Bacillus species of commercial interest as 

biopesticides to better understand plant defense responses.  

 

MATERIALS AND METHODS 
 

Biological materials: 

Lycopersionesculentum (Brandywine) seeds were purchased from Park Seed Wholesale, Inc. and surface 

sterilized using sodium hypochlorite (%10) for 3 min, rinsed with dH2O, then soaked for 2 min in 30% H2O2 

followed by rinsing with dH2O. Promix (BX) was used for seed germination. Seedlings were started in a growth 

room for one month at 25±2
o
C, 16/8 day /night under four Daylight fluorescent bulbs by Sylvania®, 2180 

lumens with an output of 40 Watts.  

 

Preparation of bacteria: 

Bacillus licheniformis DSM 17236 [39], Bacillus subtilis DSM 17231 [39] and Bacillus 

amyloliquefaciensRTI472 [40] were obtained from Food Machinery Corporation (FMC) and grown using 2xSG 

medium. Briefly, 6g Difco Nutrient Broth, 0.5g MgSO4.7H2O and 2g KCl, were used to make 1L of media and 

the pH was adjusted to 7.0 with 20% KOH. The solution was autoclaved at 121˚C for 30 min and after cooling 

filtered trace elements including Ca(NO3)2 (1M), MnCl2 (0.1M), FeSO4 (10 mM) and 20% glucose were added 
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to final concentration of 1mM, 0.1mM, 0.001mM and 0.1% respectively. Cultures were placed in a shaker with 

120rpm at room temperature for 3 days. Bacterial OD was measured at 600 nm using spectrophotometer 

(Genesys 8, ThermoSpectronic, England). 

 

Treatment of L. esculentumwith bacteria: 

Four-week-old seedlings were removed from the growth medium. The roots were carefully rinsed and 

placed in 18 mm sterilized test tubes containing 50% Hoagland solution. To expose plants to each bacterial 

strain through the roots, Bacillus sp. was added to the tubes to a final concentration of 10
8
cfu/ml. To understand 

the impact of time on the expression of selected genes, un-inoculated plants were used at starting point (T0), and 

at each exposure time as control. Test tubes containing inoculated and un-inoculated plants were placed on a 

shaker under conditions as described above. Plants were harvested after 3, 6, and 24 hours exposure.  

 

Molecular analysis: 

The Bio-Rad Aurum™ Total RNA Mini Kit was used to extract RNA from roots according to the 

manufacturer’s instructions. Nanodrop analysis (ND-1000 Spectrophotometer, USA) was used to determine the 

concentration and purity of RNA. The size and stability of mRNA was determined by gel electrophoresis and 

imaging by Biorad Gel Doc EZ Imager. The pure RNA extracts were used to make cDNA using Bio-Rad 

iScript™ cDNA Synthesis Kit as described by the manufacturer. Primers were designed for each gene of 

interest, as well as β-Tubulin using NCBI-BLAST (Table-1). The optimum annealing temperatures of primers 

were determined prior to experimentation. β-Tubulin was used as a housekeeping gene. 

 

Gene expression quantification by RT-Q-PCR: 

Biorad-CFX Connect Real Time System was used for Q-PCR reactions. The reaction mixtures contained 

the experimental cDNA, PCR grade H2O, Forward and Revers primers and SYBR Green. Reactions were 

carried out in triplicate on 96-well plates. The reaction parameters for all genes were as follows: 95° C for 2 

min, followed by 50 cycles of 95° C for 20 seconds (Denaturing), 56 ° C for 30 seconds (Annealing), 72° C for 

30 seconds (Elongation); the annealing temperature for PAL and PR1 was increased to 60 °C and for PR1A1 the 

annealing temperature was raised to 62 °C. Gene expression analysis was performed using Bio-Rad CFX 

Manager software, comparing the gene expression of each primer with that of β-Tubulin at that time point. 

 

Data Analysis: 

Data were subjected to one-way ANOVA using SPSS version 19. When there was a statistical difference 

between the means of the treatments, LSD and Duncan test at the 5% level were applied. 

 

Results: 

Impact of media and circadian clock on gene expression: 

To understand whether the results are due to growth media, circadian clock or the inoculated bacteria, the 

expression of genes was studied in non-inoculated plants grown in Hoagland’s solution for 3, 6 and 24 hours. 

The results showed that there was no significant difference between the expressions of genes in non-inoculated 

plants after 3, 6 and 24 hours as compared to time 0 (T0). This suggests that the changes in the expression of the 

gene of interest is due to the exposure to the inoculating bacteria, and not environmental conditions or the 

circadian clock. Therefore, all the results are compared to the un-inoculated L. esculentum at time 0 (T0).  

 

ISR related gene expression: 

The interconnection of key genes involved in the SAR and ISR defense pathways are shown in Figure 1. 

The changes in their expression after the exposure of plants to various Bacillus strains are summarized below. 

 

EIN2 Expression: 

Exposure to B. licheniformis DSM 17236 did not result in any significant difference of EIN2 expression as 

compared to the control. However, exposure to B. subtilis DSM 17231 and B. amyloliquefaciens RTI472 

significantly induced the expression of EIN2 after exposure for 3, 6 and 24 hours. At 3 hours exposure, the 

presence of B. subtilis DSM 17231 induced EIN2 expression 2.3 times over the control, and 1.8 &1.3 times 

more than observed in plants that were exposed to B. licheniformisDSM 17236 or B. amyloliquefaciensRTI472 

(Figure 2). 

 

FAD7 Expression: 

The expression of FAD7 was induced significantly in plants which were exposed to all three Bacillus 

species at 3 and 6 hours exposure. L. esculentum exposed to B. licheniformis DSM 17236 showed 2.1 and 1.6 

times higher expression of FAD7 at 3 and 6 hours, respectively, compared to T0. These values following B. 
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subtilis DSM 17231 inoculation were 4.0 and 4.2, and following inoculation with B. amyloliquefaciens RTI472 

were 2.65 and 1.8, respectively. However, gene expression was down-regulated after 24 hours exposure and at 

this point, there was no significant difference between exposed plants and controls (Figure 3). 

 

JAR1 Expression: 

JAR1 expression did not show any significant difference after 3 hours exposure to B. licheniformis DSM 

17236 when compared to the control. However, it was down-regulated after 6 and 24 hours exposure. The 

expression of JAR1 was initially down-regulated, and then significantly increased after 6 hours exposure to B. 

subtilis DSM 17231. B. amyloliquefaciens RTI472 did not impact the expression of JAR1 at any time point 

(Figure 4). 

 

SAR related gene expression: 

PAL Expression: 

The expression of PAL was not significantly different in plants exposed to B. licheniformis DSM 17236 for 

3 and 6 hours; however, prolonged exposure to this strain for 24 hours induced the expression of PAL 2.5 times 

higher than T0. PAL expression was upregulated after exposure to B. subtilis DSM 17231 for 3, 6 and 24 hours, 

at levels 3.0, 2.2 and 2.1 times higher than T0 respectively. B. amyloliquefaciens RTI472 did not significantly 

impact the expression of PAL (Figure 5). 

 

PR1 and PR1A1 Expression: 

PR1 and PR1A1 expression were up-regulated after 3 and 6 hours exposure to all strains of Bacillus 

compared to the control. Three hours exposure to B. licheniformisDSM 17236, B. subtilis DSM 17231 and B. 

amyloliquefaciens RTI472 induced the expression of PR1 by 5.3, 8.6 and 3.6 times more than the control, 

respectively. Exposure to these bacteria for six hours upregulated PR1 expression by 4.6, 9.7 and 3.6 times 

compared to T0 (Figure 6). PR1A1 was upregulated 1.9, 3.4 and 2.0 times higher than T0 after exposure to B. 

licheniformisDSM 17236, B. subtilis DSM 17231 and B. amyloliquefaciensRTI472 for three hours respectively. 

Six hours exposure to B. licheniformisDSM 17236, B. subtilis DSM 17231 and B. amyloliquefaciensRTI472 

induced the expression of PR1A1 by 2.2, 3.8 and 2.6 times overT0, respectively. While PR1A1 expression was 

upregulated after 3 and 6 hours exposure, its relative increase of expression was lower than observed for PR1 

(Figure 7).  

The expression of both PR1 and PR1A1 was significantly higher in inoculated plants with B. subtilis DSM 

17231 for 3, 6 and 24 hours as compared to the control. However, there was no significant difference between 

their expression at 3, 6 and 24 hours exposure. The expression of these two genes was different in plants 

exposed to B. licheniformisDSM 17236and B. amyloliquefaciensRTI472. Comparing the expression of PR1 at 3, 

6 and 24 hours showed that although expression was upregulated compared to the control, there was no 

significant difference between the expression at 3 and 6 hours. Prolonged exposure to B. licheniformisDSM 

17236 and B. amyloliquefaciensRTI472 for 24 hours resulted in lower relative fold expression of PR1 compared 

to 3 and 6 hours. Prolonged exposure to these two strains pushed the expression of PR1A1 as low as in un-

inoculated plants. 

Comparing the impact of Bacillus spp. on SAR and ISR related genes over time shows that 3 hours 

exposure to B. licheniformis DSM 17236 induced the expression of FAD7 and PR1 genes. B. subtilis DSM 

17231 up-regulated the expression of FAD7, EIN2 and PR1 genes and down-regulated the expression of JAR1; 

while exposure to B. amyloliquefaciens RTI472 up-regulated the expression of PAL, FAD7 and PR1 genes 

(Figure 8A). The fold of expression was the highest in L. esculentum exposed to B. subtilis DSM 17231 

compared to the control.  

Exposure to B. licheniformisDSM 17236 for 6 hoursresulted in upregulation of PR1 genes and FAD7 and 

down-regulation of JAR1. Exposure to B. subtilis DSM 17231 induced FAD7, PR1 genes and EIN2. Exposure 

to B. amyloliquefaciensRTI472induced the expression of PAL, PR1 genes and EIN2. While EIN2 expression 

was induced after exposure to B. subtilis DSM 17231 and B. amyloliquefaciensRTI472, there was no impacton 

JAR1 expression. In general, 6 hours exposure to Bacillus spp resulted in induction of SAR defense response 

(Figure 8B).  

Exposure for 24 hours to B. licheniformis DSM 17236 induced PAL and PR1 expression and down-

regulated JAR1. B. subtilis DSM 17231 induced PAL, EIN2 and PR1 genes while B. amyloliquefaciensRTI472 

did not impact on any of the studied genes except of EIN2 which was upregulated (Figure 8C). 

 

Discussion: 

Comparing the expression of genes in inoculated and un-inoculated L. esculentumfor 3 and 6 hours show 

that the expression of genes changed after exposure to bacteria. It seems that the length of exposure to the 

bacteria impacted genes expression and subsequent plant immune responses. Previous studies have shown that 
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JA and SA accumulation and defense responses reveal diurnal rhythms [41]. It is suggested [42] that plants 

maximize their immune responses in the morning and minimize it in the evening to reduce the cost and provide 

a potential for plants growth during day. However, this work has shown that exposure to selected strains of 

microbes can overcome these diurnal rhythms.  

The results presented here shows that PR1 genes, which are markers of SAR, were upregulated following 

exposure of plant roots to bacteria. Our data also demonstrates while the expression of PAL was down-regulated 

or did not show any significant difference, FAD7 and PR1 genes were upregulated (Figure 8 A-C). It suggests 

that there should be a cross talk between FAD7 expression and SAR. While there is not much evidence of direct 

impact of FAD7 on SAR, a number of studies have reported the cross talk between the SA, JA and ET 

pathways. Koornneef and Pieterse(2008) [43] suggested that WRKY transcription factors and NPR1 are 

involved in the cross talk between SA and JA. Kunkel and Brooks (2002) [44], reported both positive and 

negative cross talk between SA and ET as well as SA and JA. Dempsey and Klessig (2012) [45] suggested that 

ISR signals can alleviate SAR responses. It is reported that some lipid molecules can mediate SAR and SA 

biosynthesis [46] therefore, we suggest that FAD7 up-regulation is impacting SAR through lipid biosynthesis. It 

seems there is both an antagonistic relationship and overlap between SAR and ISR which demonstrates there is 

a complex relationship between defense responses in plants [47]. 

The current study suggests that exposure of L. esculentum to Bacillus spp. induces SAR signal transduction 

especially at early time points following exposure. The results of our study are in line with those of Kawagoe et 

al. (2015)[48] who exposed Arabidopsis thaliana to iturin A (a biofungicide produced by Bacillus species) for 

72 hours. They reported up-regulation of PR1 genes after 6 hours exposure and down-regulation after 12 hours. 

Niuet al. (2016) [49] also reported up-regulation of PR1 genes and induction of SAR in Arabidopsis exposed to 

Bacillus cereus. Similarly, Ji et al. (2014) [27] reported up-regulation of PR genes in rice exposed to B. subtilis 

CB-R05. There are also number of studies that reported the induction of ISR after plants exposure to B. subtilis. 

Pretaliet al. (2016) [50] reported that exposure of tomatoes to Bacillus subtilisbiostimulants for 3 days induced 

ISR through stimulation of secondary metabolites production, such as polyphenols. Kloepperet al., (2004) [51] 

reported ISR induction in tomatoes exposed to Bacillus spp. Chandler et al. (2015) [52] also reported ISR 

induction in rice exposed to B. subtilis BBG111.  

This study showed that B. subtilis DSM 17231 had the highest impact on up-regulation of PR1 genes 

compared to other species of Bacillus used in this study. It suggests that L. esculentum defense responses upon 

exposure to Bacillus spp. depends on the bacterial species and most likely the phenotypical differences between 

strains.It also suggests that SAR defense pathway was induced upon exposure to Bacillus spp. However, further 

study is required to better understand plants defense responses upon exposure to different strains of beneficial 

bacteria in different environment.  

 

Conclusion: 

This study is one of the few studies that reported the expression of SAR and ISR related genes in plant roots 

instead of leaves. Under natural conditions, plants are most likely to be exposed to different type of 

microorganisms through their roots. Furthermore, there is a growing trend in the agricultural industry to use 

seed treatment as the preferred application method for biologicals, especially for biostimulants, and for 

biofungicides, bioinsecticides and bionematicides to control soil-borne diseases and pests. It is therefore 

important to investigate plant responses when their roots are being exposed to bacteria.  

Plants have defense responses, which are induced after exposure to pathogens as well as beneficial bacteria. 

In this study three strains of Bacillus were used to determine their impact on the expression of genes involved in 

SAR or ISR responses. In general, all three Bacillus spp. used at this study induced the expression of SAR 

related genes. The impact of bacteria on the gene expression was higher immediately after exposure (3 hours). It 

suggests that plant defense responses are induced shortly after exposure to beneficial bacteria. B. subtilis DSM 

17231 had the highest impact of the three studiedspecies on the expression of genes involved in plantdefense 

responses, suggesting that the impact of Bacillus sp. on SAR and ISR responses depends on bacterial species. 

This study also showed that while FAD7 and PR1 were upregulated, JAR1 was down regulated. This further 

suggests that there is a connection between FAD7 and PR1 expression. Additional studies are needed to 

understand the relationship between FAD7 and SAR responses andthe impact of beneficial bacteria on the 

biosynthesis of phytohormones such as SA and JA to determine the defense mechanism and to further illuminate 

the potential role and positive impact of using beneficial microbes to prime plant defenses as part of a holistic 

approach to develop microbial-based biopesticides.  
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Table 1: Primer sequences used in this study 

Genes Forward primer sequence (5'-3') Reverse primer sequence (5'-3') Product 

length (bp) 

Annealing 

Temp. °C 

PR1 Protein TCACAATGCAGCTCGTAGACA AGTGTTGCATCCTGCAGTCC 116 60 

PR1A1 Protein GCTGTGAAGATGTGGGACGA ACCGACTTACGCCATACCAC 110 62 

PAL ATACCACAACCAAAACAAAAGGT GCAATTGATGGTGCCATTGGAT 144 60 

JAR1 TGTCTGGACAAATCGTTCCT TTGGACCAACACATCTAGGG 175 56 

FAD7 TGTTTCCGCCACCAGTTTGA TGCACTTACCCTCAATGCCC 88 56 

EIN2 CAACAGAGCTTTCCAGGGGA TCATCGCGGCATAGTTGACC 96 56 

β-Tubulin AACCTCCATTCAGGAGATGTTT TCTGCTGTAGCATCCTGGTATT 180 56 

 

 

 
 

Fig. 1: A model of key genes involved in SAR and ISR defense pathway (adopted from Kunkel and Brooks, 

2002). Phenylalanine Ammonia-Lyase (PAL), Pathogen Responses Protein 1 (PR1), Pathogen 

Responses Protein A1 (PR1A1) induce SAR defense responses. Omega-3 Fatty Acid Desaturase 

(FAD7), Jasmonic Acid-Amido Synthetase (JAR1) and Ethylene Signaling Protein (EIN2) trigger ISR 

responses. Salicylic acid (SA), Jasmonic acid (JA) and ethylene (ET) are the products. 

 

 
 

Fig. 2: Relative fold of expression of EIN2 in L. esculentum roots in un-inoculated plant (I0) and exposed to B. 

licheniformis DSM 17236, B. subtilis DSM 17231and B. amyloliquefaciens RTI472for 3(a), 6 (b) and 24 

(c) hours.Vertical bars represent the mean ± SE of three replicates (one way ANOVA with a Duncan 

Test at ρ ≤ 0.05). 
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Fig. 3: Relative fold of expression of FAD7 in L. esculentum roots in un-inoculated plant (I0) and exposed to B. 

licheniformisDSM 17236, B. subtilis DSM 17231and B. amyloliquefaciensRTI472 for 3 (a), 6 (b) and 24 

(c) hours.Vertical bars represent the mean ± SE of three replicates (one way ANOVA with a Duncan 

Test at ρ ≤ 0.05). 

 

 
 

Fig. 4: Relative fold of expression of JAR1 in L. esculentum roots in un-inoculated plant (T0) and exposed to B. 

licheniformisDSM 17236, B. subtilis DSM 17231and B. amyloliquefaciensRTI472for 3 (a), 6 (b) and 24 

(c) hours.Vertical bars represent the mean ± SE of three replicates (one way ANOVA with a Duncan Test 

at ρ ≤ 0.05). 

 

 
 

Fig. 5: Relative fold of expression of PAL in L. esculentum roots in un-inoculated plant (T0) and exposed to B. 

licheniformisDSM 17236, B. subtilis DSM 17231and B. amyloliquefaciensRTI472for 3 (a), 6 (b) and 24 

(c) hours.Vertical bars represent the mean ± SE of three replicates (one way ANOVA with a Duncan 

Test at ρ ≤ 0.05). 
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Fig. 6: Relative fold of expression of PR1 in L. esculentum roots in un-inoculated plant (T0) and exposed to B. 

licheniformisDSM 17236, B. subtilis DSM 17231and B. amyloliquefaciensRTI472for 3 (a), 6 (b) and 24 

(c) hours.Vertical bars represent the mean ± SE of three replicates (one way ANOVA with a Duncan 

Test at ρ ≤ 0.05). 

 

 
 

Fig. 7: Relative fold of expression of PR1A1 in L. esculentum roots in un-inoculated plant (T0) and exposed to 

B. licheniformisDSM 17236, B. subtilis DSM 17231and B. amyloliquefaciensRTI472 for 3(a), 6 (b) and 

24 (c) hours.Vertical bars represent the mean ± SE of three replicates (one way ANOVA with a Duncan 

Test at ρ ≤ 0.05). 
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Fig. 8: The expression of genes involved in SAR and ISR responses after (A) 3 hours, (B) 6 hours and (C) 24 

hours exposure to Bacillus licheniformisDSM 17236 (        ), Bacillus subtilis DSM 17231(        )or 

Bacillus amyloliquefaciens RTI472 (        ) compared to non-exposed plants. Up-regulated genes 

compared to control are indicated with    , Down-regulated genes with     and       shows not significant 

changes 
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