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CHAPTER 1 

  INTRODUCTION AND REVIEW OF THE LITERATURE 
 

1.1 Introduction 

Plants are associated with different types of microorganisms. These 

microorganisms interact with their host plants by deploying different mechanisms as 

plants offer a wide diversity of habitats such as the phyllosphere, the rhizosphere and the 

endosphere. 

Endophytes are defined as “a microorganism associated with living plant tissues 

that produces no apparent indication of its presence in the plant and seems not to cause 

harm to the host” [1, 2]. The endophytes employ different mechanism to gain entry into 

the plant tissues especially in the roots. The most common mode of entry of endophytic 

bacteria into plant tissues is through primary and lateral root cracks. Of course, bacteria 

residing in the rhizosphere might also have the potential to enter and colonize the plant 

roots. This micro-ecosystem has been widely known as one of the primary sources for 

endophytic colonization [3, 4]. Endophytes also enter the plants through the stomata, 

particularly on leaves and young stems. Endophytic bacteria facilitate the acquisition of 

essential nutrients such as nitrogen, phosphorus, iron etc., and also modulate level of 

different hormones including auxins, cytokinin and gibberellins in a host plant [4, 5, and 

6]. The bacterial endophytes are also known to activate host plant defense against biotic 

and abiotic stress [7, 8]. Bacterial endophytes have also been studied for their potential to 

inhibit phytopathogens [8]. Although new mechanisms used by some bacterial endophyte 

in reducing the effects of pathogens are been deciphered, current knowledge about 

endophytes, pathogen, and plant interaction dynamics is still not fully understood. There 

are several pertinent queries about endophytes still remain to be solved, some of these 

are as follows: 

[1] The exact role of different endophytes in plant and their host range. Whether the 

host decides the endophyte, or the endophyte decides the host. 

[2] The impact of an endophyte on other endophytes and the phytopathogens. 

[3] Does a host carry endophytes from generation to generation to protect them 

from pathogen counterparts? 

[4] How does a host plant maintain particular load of an endophyte?  
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Ralstonia solanacearum is a Gram-negative, soil-borne bacterium which causes 

lethal bacterial wilt disease in more than 450 plant species from 54 different botanical 

families of monocot as well as dicot plants, which includes many important crops such as 

tomato, potato, brinjal, chili etc [9-13]. The bacterium colonizes the internal vascular 

tissue of plants before colonizing the entire plant.Different approaches including crop 

rotation, use of pesticides/chemicals, plant breeding, field sanitation, use of tolerant 

cultivars have been practiced but all these are not found adequate to efficiently manage 

the disease [8]. Use of R. solanacearum antagonistic microbes as bio-control agent can 

be an alternative approach to fight the disease [14-17]. Our laboratory has isolated and 

characterized a R. solanacearum strain F1C1 from wilted chili plant from Tezpur, 

Assam, India [18]. The laboratory has developed virulence assays to study F1C1 strain in 

controlled environment. These assays are very easy, less time consuming as the whole 

process from seed germination to completion of virulence assay takes around 15 to 20 

days. Due to the soil free nature, and controlled environment, the interference of other 

microbes during the time of infection in these assays is negligible [19-22].  During the 

development of these assays, we were fascinated to find out what kind of microbes, 

especially bacterial endophytes are present inside these seedlings and if they have any 

antagonistic activity against F1C1 or not. 

In this study, we isolated different bacterial endophytes from healthy fresh grown 

tomato seedlings. We tried to find out the role of these endophytic bacteria against F1C1. 

Few of the isolates were found to be antagonistic against F1C1. All the bacterial isolates 

were characterized. We also studied the effect of the antagonistic isolates against F1C1 

in tomato seedlings. One of the isolates Characterized as Pseudomonas putida N4T was 

rigorously studied for its plant colonization. N4T was also found to be colonizing inside 

brinjal seedlings and it reduced the disease caused by F1C1 in the brinjal seedlings, the 

colonization of N4T was studied in grown up plants also. Also, the genome sequence of 

N4T was analyzed and a comparative phylogenomics study was carried out.  
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Objectives of this study 

Objective I: Isolation & characterization of R. solanacearum F1C1 antagonistic 

bacteria from tomato seedlings and study their effect in control of bacterial wilt in 

tomato seedlings 

• Isolation of bacterial endophytes by surface sterilization, crushing and plating 

and study antagonistic activity against F1C1 by agar well diffusion and cross-

streaking method 

• Characterization of the isolates for twitching motility, cellulase assay and 

identification by 16S rDNA sequencing 

• Interaction of the five F1C1 antagonistic isolates among each other 

• Standardization and study  the bio-control efficacy of all the antagonistic  

isolates individually and collectively using root inoculation and leaf inoculation 

method 

• Study the effect of the isolates in tomato seedlings  

Objective II: Characterization of Pseudomonas putida N4T and study its effect in 

control of bacterial wilt in grown-up tomato plants and in brinjal seedlings 

• Tagging of N4T with GFP reporter and studied the colonization in brinjal 

seedlings and grown up tomato plants by visualizing under fluorescence 

microscope 

• Study the efficacy of N4T in control of grown up tomato plants 

• study the efficacy of N4T in protection of brinjal seedlings from F1C1 

infection 

• Study the Hypersensitivity response of N4T in tobacco plant   

• Study the role of gacA gene in N4T against C10 and F1C1 by creating 

insertion mutation and studying the mutant against C10 and F1C1 

Objective III: Genome sequence analysis and comparative phylogenomics of 

Pseudomonas putida N4T 

• Sequencing of N4T genome by Illumina platform and annotation using different 

tool 

• In silico mining of possible secondary metabolite biosynthesis gene clusters using 

antismash6 
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• Study the possible plant growth promoting traits and Plant colonization and 

virulence factors using Plabase tool 

• Comparative phylogenomics of N4T with five other Pseudomonas strains using 

EDGAR tool 

Review of the literature 

Plants are associated with plethora of microbes which resides in different parts of 

their host plants and share different kind of relationships with host plants. Although the 

interaction between host plant and associated microbes are studied in recent years albeit 

to unravel dynamics of these interactions and to understand the factors involved in plant-

microbe association more research is required. Although most of the microbes associated 

with plants are found to be non-pathogenic to the host, there are different plant pathogens 

that cause disease to host plants.  The interaction dynamics between the host with the 

pathogen, the pathogen with the native non-pathogenic microbes and the pathogen- non-

pathogen-host-environment is a matter of research.  

Among other, endophytic microbes, known for their colonization potential inside 

plants’ internal tissues,without pathogenic consequences merit special mention. 

Endophytes are microorganisms that successfully colonize the internal tissue of plants 

without showing any symptoms [23, 24]. Endophytes influence plants through internal 

interactions, by colonizing and living within the belowground (roots) or aboveground 

plant tissues (stem and leaves), forming the plant microbial endosphere. Although plant- 

endophyte interaction has been studied by many researchers recently, many conceptual 

aspects related to the nature of endophytes, their role in plant health, mode and 

mechanisms of entry and localization etc. are yet not clear. For instance, although 

endophytes are known to be harmless to the host, a recent study by Brader et al. (2017) 

illustrated that endophytes can also be defined in terms of their ecological niche and not 

only the function they perform in the host. The study further revealed that some species 

of endophytes can either be pathogenic or beneficial depending on host [24]. The 

majority of the endophyte does not show any harmful effects on a few plant species, 

however, when tested on other plants, they may be pathogenic. The pathogenicity 

characteristic of endophytes can be based on a number of biotic interactions and 

environmental factors. For example, fluorescent Pseudomonads, known to be beneficial 

to most plants, established to be pathogenic to the leather leaf plant under special 

conditions [26]. Simultaneously it is a matter of dispute that if a plant pathogen becomes 
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avirulent, will it be called as endophyte!  Another intriguing observation is that few 

endophytes which do not usually cause disease to the host plants have been found to be 

opportunistic pathogen under certain conditions.  

Bacterial endophytes are known to exhibit various activities in host plant 

including plant growth promotion, seedling emergence and also it has been reported by 

various researchers that bacterial endophytes provide resistance against plant pathogen 

and environmental stress [4-8]. Bacterial endophytes have the ability to synthesize plant 

hormones including indole-3-acetic acid, secret siderophores and solubilize phosphate [5, 

6, 27, 28, 29]. It has been reported that several bacterial endophytes reside in the same 

niche similar to plant pathogens, which might help them to be suitable bio-control 

agents. Many of the bacterial endophytes get associated with the host plant during the 

different developmental stage of the host plants through environment by different mode, 

but detailed investigation is required to know different mechanisms that bacteria used to 

get entry to host. It might be plant chooses some of the endophytes and they become 

essential part of the host and are carried from generation to generation to provide 

different benefits to the host. Although the role of bacterial endophytes in plant health 

and against plant diseases are well reported, to have in depth knowledge of the intricacies 

of interaction between plant, endophyte, pathogen and environment more research is 

required.   

There are several reports regarding bacterial endophytes exhibiting antagonistic 

activity  against phytopathogens and a few of them has been demonstrated to control the 

disease caused by these pathogens in their hosts. However, most of these studies are 

limited to laboratory condition. Under field condition some of the endophytes were not 

found to be efficient in suppression of the disease caused by the pathogens. R. 

solanacearum is a Gram-negative, soil-borne bacterium which causes lethal bacterial 

wilt disease in more than 450 plant species from 54 different botanical families, which 

includes many important crops such as tomato, potato, brinjal, chili, etc. [9-13].  R. 

solanacearum is considered as one of the most devastating phytopathogen due to its wide 

host range, aggressive nature of the disease, high genetic diversity and adaptability in 

different environment [30, 31]. In addition to its genotypic variation and severity, this 

bacterium has an astounding capacity to survive in the soil for many years and forms 

latent infections within indigenous weeds, resulting in a big challenge in the eradication 
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of this bacterium [32].  To control the disease, several methods like crop rotation, use of 

pesticides/chemicals, plant breeding, field sanitation, use of tolerant cultivars has been 

practiced but all these approaches have been found to be not adequate to efficiently 

control the disease. Use of microbes having antagonistic activity against R. 

solanacearum as bio-control agent can be an alternative approach to fight the disease. A 

range of recent studies have showed that plant associated antagonistic bacteria has 

potential bio-control effect against the R. solanacearum infection in laboratory and field 

conditions [7, 8, 14, 15]. 

R. solanacearum F1C1 strain was isolated from wilted chili plant, collected from 

nearby field of Tezpur, Assam, Indian [18]. Different methods were developed to study 

the pathogenicity of F1C1 in seedlings stages of tomato and brinjal [19-22]. The 

seedlings used in these studies are six to seven days old, freshly grown and have two 

cotyledon leaves. The seedlings are germinated in a controlled environment to support 

gnotobiotic condition and the pathogenicity assays are performed in hydroponic 

condition. These assays are very easy, less time consuming as the whole process from 

seed germination to completion of pathogenicity assay takes around 15 to 20 days. Due 

to the soil free nature-controlled environment, the interference of other microbes during 

the time of infection in these assays is negligible.  In recent studies scientist have used 

these assays to study bio-control potential of bacteria against R. solanacearum [33, 34].  
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Table 1.1: List of some bio-control agents used against phytopathogen causing bacterial 

wilt dis 

 

During the development of the above-mentioned assays, we were captivated to 

find out what kind of microbes, especially bacterial endophytes are present inside these 

seedlings and if they have any antagonistic activity against F1C1 or not. In this Ph.D. 

thesis we have studied endophytic bacteria isolated from freshly grown healthy tomato 

seedlings. We found that tomato seedling contains antagonistic bacteria against F1C1. 

All the bacterial isolates were characterized, and the five potential antagonistic bacteria 

Biocontrol agents Phytopathogen  Bibliography  

Pseudomonas fluorescens PICF7  

Paenibacillus K165 

Serratia marcescens UPM39B3 

Verticillium dahliae [35-41] 

 

Bacillus subtilis Lu144 

Bacillus amyloliquefaciens Bg-C31 

Pseudomonas fluorescens EB69 

Bacillus amyloliquefaciens BZ6-1 

Streptomyces virginiae Y30 and E36 

Bacillus amyloliquefaciens SQR-7 and SQR-

101 B. methylotrophicus SQR-29 

Ralstonia pickettii QL-A6 

Pseudomonas monteilii  

Glomus fasciculatum  

Brevibacillus brevis L-25  

Streptomyces roche L-9  

Bacillus amyloliquefaciens  

Bacillus sp. (RCh6) 

Pseudomonas mallei (RBG4) 

Trichoderma viride 

B. subtilis  

Azotobacter chroococcum 

Glomus fasciculatum 

P. fluorescens 

B. amyloliquefaciens QL-5, QL-18  

Acinetobacter sp. Xa6, 

Enterobacter sp. Xy3 

B. vallismortis ExTN-1 

Glomus mossease 

Streptomyces sp. NEAU-HV9 

Ralstonia solanacearum [33,34, 41-52]  
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were studied in vivo to find out their effect against F1C1 pathogenicity. All the five 

antagonistic isolates were able to reduce the disease and appearance of disease symptoms 

also delayed.  One antagonistic isolates viz, N4T belongs to Pseudomonas putida was 

studied rigorously for its colonization inside tomato seedlings and grown up plant, also it 

was observed that N4T can dwell inside brinjal seedlings and it also exhibited potential 

to control the disease caused by F1C1. The whole genome sequence analysis and 

comparative phylogenomics of N4T was also carried out in this research study. The 

whole genome sequence analysis confirmed that indeed the N4T strains belongs to P. 

putida species. Further, different genes associated with plant colonization and plant 

growth promotion were predicted using in sillico tool.  
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