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Introduction
 Plants were successful in developing complicated defense mech-
anisms against pathogen infections during the process of evolution. 
Jeffery Dangl and Jonathan Jones gave the term ‘Plant immune sys-
tem’ in 2006, which relates with the elaborative plant defense system 
of plants against phytopathogenic microbes [1]. Its efficiency and ad-
vancement in order to suppress the pathogenic infections vary amid 
plant species. It has been noted that the medicinal plant immune is 
perhaps better established, and it is shown by their efficient capabili-
ty of protection against numerous pathogens. Though the underlying 
molecular mechanisms behind this immunity are still not very well 
understood. Particularly, very less is identified about the RBPs or 
RNA-Binding Proteins which exist in medicinal plants primarily be-
cause of the inadequate amount of identified RBPs, yet, CmGRP1, are 
cognized RBP, indicates probable significance of RBPs in the immu-
nity of the plant is present in sap of a medicinal plant called Chelido-
nium majus. [2,3].

 Mostly the defence in plants is initiated when a specific molecule 
of pathogen or one of its structural characteristics is being familiarized 
by the transmembrane PRRs on the surface of the cell of a plant. This 
pattern of recognition depends upon the conserved molecular charac-
teristics of fungal or bacterial source, which is pathogen-associated o 
Microbial Associated or Molecular Patterns (MAMPs or PAMPs). It 
will lead to initiation of defense genes expression and PAMP-Trig-
gered Immunity (PTI), which ultimately avert pathogenesis. Al-
though pathogens might discharge effect or molecules and exceed 
PTI leading towards Effector-Triggered Susceptibility (ETS). Addi-
tionally, plants also have resistance proteins which normally contain 
Leucine-Rich Repeat (LRR) and Nucleotide-Binding (NB) domains 
triggering signalling cascade after identifying exact effectors. Hence, 
ultimately leading towards triggering the expression of downstream 
genes in order to create a fast and robust defense response which pre-
vents the spread of pathogens. This triggered defense response and the 
acknowledgement of effector molecules by R proteins are collective-
ly termed Effector-Triggered Immunity (ETI). Then received signals 
from the recognition of effector are then communicated to nucleus 
for complementing gene expression related with defense. They may 
also code for transcription factors for the initiation of transcription 
of downstream enzymes which is mandatory to produce metabolites 
which are related with defense like Pathogenesis-Related (PR) or Sal-
icylic Acid (SA) proteins. Such transduction of signals leads towards 
Hypersensitive Response (HR), and is categorised for the synthesis 
of PR proteins, accumulation of Salicylic acid and reactive oxygen  
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Abstract
 Plants were successful in developing complicated defense mech-
anisms against pathogen infections during the process of evolution. 
Though the underlying molecular mechanisms behind this immunity 
are still not very well understood. Globally, the diseases which are 
caused by pathogens in significant crops are negatively and greatly 
impacting the production of agriculture and the environment. The in-
teractions between plants and bacteria are highly intricate because 
of numerous plant-signalling events occur and bacterial factors are 
present, which eventually describe the resistance or susceptibility of 
the plant liable to pathogen. Therefore, it is important to better recog-
nise the mechanisms through which plants use to resist the infection 
of bacteria or to establish an effective defense response, as a better 
and thorough apprehension of the molecular mechanisms of such 
interactions will ultimately confer a transgenic approach, to minimize 
the impact of most of the devastating plant diseases. Additionally, the 
insights from the recent omics approaches will ultimately influence 
our enlightment of the cellular and molecular procedures governing 
host responses like ETI, ETS and PTI.
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species. This HR eventually leads to programmed cell death or PCD 
for inhibiting invasion by pathogen [4].

 Finally, the existing plant immunity model describes the responses 
of ETI happen more swiftly; they are lengthier, and also sturdier than 
the responses of PTI, signifying the fact that PTI is a frailer variant 
of ETI [1]. Therefore, typically the association of ETI with an SAR 
and HR in the absence of PTI. However, there are certain PAMPs 
like HrpZ harp in which have the capability for inducing hypersensi-
tive response in plants [5], representing that hypersensitive response 
induction can happen in other responses dissimilar from ETI. More-
over, it is also known that PAMPs may also trigger systemic acquired 
resistance in the plants [6]. While contrary to it, some unusual exam-
ples of feeble responses of ETI were also been observed along with an 
effector protein [7]. So, by considering all the above-mentioned de-
liberations, it was recommended that the difference among effectors 
and PAMPs, among resistance proteins and PAMP receptors, hence 
also among ETI and PTI cannot be sustained firmly [8]. In its place 
a hypothesis was proposed that there exists a continuum among ETI 
and PTI, which depicts that resistance in plant, is determined through 
immune receptors that identify suitable legends for the activation of 
defense, largeness of which is probably determined through essential-
ity of operative immunity [8].

 Globally, pathogen caused diseases in vital crops have a signifi-
cant negative impact on environment and on production of agricul-
ture. Therefore, a better understanding of mechanisms utilized by 
plants for resisting the infection by bacteria or an effective defense 
response is important, as a deeper and extra thorough recognition of 
the molecular mechanism of such interactions will ultimately allow 
transgenic methods to play their role significantly for the reduction of 
effects of most of the distressing plant diseases.

Strategies Utilized By Bacterial Pathogens to Con-
quer Plant Defense
 Plants have successfully evolved numerous highly and general-
ly specified defense mechanisms whose purpose is the prevention of 
diseases which are caused by wide number of microbial pathogens 
they come across. These defense mechanisms comprise induced and 
preformed antimicrobial compounds to deter attack of pathogen, cell 
wall strengthening to avert the entrance of pathogen, and (PCD) or 
programmed cell death to restrict pathogen spread and establishment. 
When the development of disease occurs, virulent pathogen generally 
infects preferably a specific plant cultivar or species, which suggests 
the presence of highly evolved specified tactics for the promotion of 
disease. It’s been hypothesized very earlier that effective pathogens 
rely, at least in part, on their capability to actively suppress or avoid 
the defense response of plant [9,10]. Therefore, effective disease de-
velopment may depend on the factors of the pathogen that serve for 
inducing susceptibility into an otherwise tolerant or resistant host. 
Various pathogen city factors have been acknowledged, including 
(HSTs) or host selective toxins and small molecule suppressors from 
phytopathogenic fungi, type III effectors and toxins from phytopatho-
genic bacteria, and suppressors of post-transcriptional gene silencing 
from plant viruses [11-15].

 However, the mechanisms utilized by bacteria for the suppres-
sion of plant immunity are generally not characterized. Although 
some discoveries have revealed the use of various strategies by bac-
teria to undermine the defense mechanism of plants and target the 

central components of the immunity of plant, such as cell wall defens-
es, PCD built on Hypersensitive Response (HR), and Jasmonic Acid 
(JA) signalling. Therefore, the identification of plant defense mecha-
nisms that may be attacked by pathogens has directed to an improved 
understanding of the essential processes for both plant immunity and 
bacterial pathogenesis. These findings therefore present an excessive 
potential for improving plant resistance to disease.

Proteomics Approach for Unravelling Plant Re-
sponse to Bacterial Pathogens
 Continuously plants are prone to microbes and they respond 
them by the activation of their inbuilt immune response, including 
race-specific and basal resistance mechanisms [1]. Thus, to obtain a 
detailed knowledge of the defense systems of plant, the recognition 
of the compound and diverse signalling cascades and the numerous 
interacting biochemical pathways that are triggered by pathogen is 
therefore a necessity. Numerous studies on this complication using 
DNA microarrays or microarrays have previously been performed to 
examine the overall transcriptome changes caused by pathogens [16-
18]. However, the transcriptional modifications represent only part of 
the answer because they do not provide information on post-transla-
tional and post-transcriptional processes, protein turnover and activa-
tion.

 This important data can be obtained by the approach of proteom-
ics, which permits the differences in abundance of protein which exist 
while sampling to be monitored and provides a space to study the 
pathways of communication between organelles and protein traffick-
ing. Thus, in order to have a clearer view of the elements regulating 
plant-pathogen interactions, certain complementary methods like the 
proteome-based expression profiling are required. Here, the focus 
will be on few of the latest advances in the utilization of proteomics 
for the improvement of the understanding of specific host and host 
defense responses caused by bacterial pathogens [19-21]. The materi-
al of plant used in proteomic studies includes stems, roots and leaves 
and also the suspensions and callosities. Inoculation of the tissue of 
a plant is done with the pathogenic bacteria or by using the com-
ponents of bacteria that constitute elicitors or PAMP. The effectors 
cause diseases in susceptible plants or they trigger an R-gene-medi-
ated EIT when a bacterial PAMP generates a plant defense response. 
After inoculation, the sample can be evaluated at different times. The 
obtained protein samples as well as the suitable biological replicates 
are separated by two-Dimensional gel Electrophoresis (2-DE), which 
is usually trailed by staining of the proteins. The most commonly used 
protein stains are Sypro dyes, deep purple, Coomassie brilliant blue, 
silver nitrate, ProQEmmerald, immunoassay and CyDyes. The rela-
tively less common methods are radioactive isotopes and Zn negative 
staining. Before choosing the detection method, some essential at-
tributes such as dynamic range, reproducibility, linearity, sensitivity, 
compatibility with identification methods, and protein to protein vari-
ability should be taken into account [22,23].

 Therefore, the use of proteomic approaches and their ideas will 
ultimately lead to an important enlightment of the cellular and molec-
ular processes that administer replies of host for example FTA, ETI 
and PTI. In addition, the overall worldwide evaluation of the response 
of different pathways utilizing the approach of proteomics allowed us 
to identify new proteins whose biological role allows a thorough cel-
lular and molecular elucidation. Lastly, a system-level understanding 
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of these biotic stress responses will lead us to identify capable new 
targets for the purpose of developing improved cultivars.

Bacterial Adaptation To Plants A Genomic Point of 
View
 The micro biota of plants and animals has evolved simultaneous-
ly along with their host families for millions of years [24-26]. It is 
because of the process of photosynthesis that plants are a potential 
carbon source for varied communities of bacteria. This comprises 
commensal and mutualists, as well as pathogens. Plant growth-pro-
moting bacteria and Phytopathogens significantly disturb the health 
of plants and its growth and productivity [27-30]. Except for the ma-
jorly studied relationships like T-DNA transfer by Agrobacterium, 
type III secretion-mediated pathogenesis and nodulation of roots in 
legumes, the understanding of molecular mechanisms leading the 
plant-microbe interactions is quite incomplete [31-33]. So, the identi-
fication and characterization of bacterial functions and genes helping 
them to thrive in the environment of plant is a necessity. Such kind 
of knowledge enhance our ability to fight with diseases of plant and 
harness advantageous bacterial attributes for agriculture, which will 
directly impact bioenergy, carbon sequestration and food security.

 Culture-independent methods based on shotgun metagenome 
sequencing or marker gene profiling has significantly improved our 
understanding of microbial ecology importance in the plant environ-
ment [34-38]. At the same time, reduced costs of sequencing have 
also permitted the genome sequencing of Plant-Associated bacterial 
isolates (PA) on a larger scale [39]. In addition, isolates also allow 
functional validation of in silico forecasts. In addition, the isolation 
genome provides an evolutionary and genomic background for indi-
vidual genes and the ability to penetrate the genomes of unique or-
ganisms that may have been unexploited by metagenomics due to the 
limited depth of sequencing. Even though metagenome sequencing 
possesses the benefit of acquiring the DNA from non-cultured organ-
isms, multiple 16S rRNA gene runs have shown reproducibly that 
the most prevalent plant-associated bacteria are primarily a derivative 
of four phyla. [34,35,38-40] (Actinobacteria, Proteobacteria, Firmic-
utes and Bacteroidetes) that can be grown. Therefore, bacterial culture 
is not a main obstacle at the time of sampling most members of the 
microbiome of the plant [39]. The part of plant-associated microbial 
communities in the health and growth of the host is also increasing. 
Therefore, a genomic level understanding of plant-microbe relation-
ships could help enrich agricultural productivity with microbes. Many 
studies have emphasized on precise plant microbiomes, with a greater 
stress on microbial diversity rather than gene function [36,37,39,41-
48].

 Therefore, it has been concluded that many PA functions are sur-
prisingly constant among phylogenetically varied bacterial taxons 
and that some attributes are even common with the eukaryotes of 
PA. In addition, these traits could enable the colonization of plants by 
microbes and could prove to be beneficial in agricultural inoculants 
genome engineering in order to ultimately produce more sustainable 
and more efficient agriculture (Figure 1).

An Overlap between Gene-for-Gene and Innate 
Defense Response
 The outer surface of the plant has a waxy cuticle that has antimi-
crobial properties to avoid the intrusion of numerous invaders. The  

cell wall provides intruders that gain access to indoor spaces an oper-
ative second barrier. However, any intruder that overcomes these two 
barriers must overcome the difficult task of overpowering the immune 
response of plant. The immunity of a plant can be divided into two 
factors that work on diverse time scales. Moreover, the appearance of 
basal defense system is first in the pathogen interaction, whereas the 
Resistance gene (R) mediated defense works on the hourly time scale.

 The mediation of the early basal response is done by PAMPs 
containing peptidoglycan, lipopolysaccharide, mannan of yeast, and 
bacterial flagellin [49]. It has also been found that the elongation fac-
tor of bacteria, EFTu which induces the innate response of immune 
system [50]. As these compounds are not only pathogens associated 
but also occur in non-pathogens, the term “pathogen-associated” is a 
misnomer [51]. Recognition of PAMPs occurs through the receptors 
positioned within the plasma membrane and then activates a phos-
phorylation cascade during binding that leads to the induction of early 
basal resistance, which plays its role in preventing it colonization by 
non-pathogenic bacteria [52]. Characteristically, the PAMP-elicited 
immunity is sufficient to stop the infection prior the microbes settle 
[53]. Therefore, an association between the reduction of growth of the 
pathogen and recognition of PAMP flagellin via the receptor FLS2 
has been established [54].

 It has been shown that flagellin, which is a major flagellar protein 
and also a characterized PAMP, is known from the Leu-rich repeat re-
ceptor kinase FLS2 in Arabidopsis. FLS2 is in the plasma membrane 
and is supposed to be involved in the early bacterial and plant inter-
action through its recognition and binding to flagellin. The bacterial 
effector proteins are a series of bacterial proteins that are shown to be 
involved in the deactivation of host defense systems. Some effector 
proteins of bacteria are Avirulence factors (Avr factors) which coop-
erate with host R proteins as a consequence of gene-for-gene interac-
tion [53,55].

 Pathogens are involved in secretion of DNA or effector proteins 
into the host cell to try to overpower the plant defense system, an 
operative virulence strategy of plant pathogens. Secretion system is 
of three typesin phytopathogenic bacteria. Type II, which is pres-
ent in the genus Erwinia and is utilized for the secretion of cell wall 

Figure 1: The most frequently grouped and studied PGPR according to their Phylo-
genetic classification.
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degrading enzymes which cause soft rot, whereas type IV transfers 
DNA and proteins from Agrobacterium. There is also a third type, 
type III (T3SS), which is characteristic of Pseudomonas pathovars 
and excretes effector proteins in the plant cells [56]. T3SS is a multi-
protein complex associated with the bacterial flagellum. Moreover, in 
T3SS, the bacteria in the apoplastic space via a pilus for the injection 
of effector proteins into the plant cells. Effector proteins are also se-
creted by fungal pathogens, possibly via the haustoria, but not in the 
cell, but in the apoplast.

 Therefore, it can be concluded that gene-for-gene-mediated de-
fense is an inherited one and limited to a specified pathogen. Plants 
possess dominant R genes, the product of which enables the identi-
fication of the Avr allele’s complementary alleles. Avr proteins are 
effector proteins that are secreted into the plant cell to promote the 
virulence of the pathogens and overpower the host’s defenses. Lo-
calized programmed cell death and the hypersensitive response are 
a trademark of R-gene-mediated defense and also a target of effector 
proteins.

Conclusion
 Plants and bacterial interactions are severely complicated as 
there are numerous factors of bacteria and signalling events of 
plants that ultimately determine the resistance or susceptibility 
of the plant which is visible to the pathogen. Many latest stud-
ies focus on improved understanding of molecular mechanisms 
associated with specific and basal defense responses of plants 
towards bacterial pathogens. However, as further discrete de-
tails of the immunity of plant are dissolving, the contributions 
of the gene-for-gene-mediated responses and basal responses 
to bacterial pathogens are gradually becoming cleared and the 
dissimilarity among them is revealing. In addition, the find-
ings of recent omics approaches will ultimately influence our 
enlightment of the cellular and molecular processes driving 
the responses of host like ETI, ETS and PTI. Finally, systemic 
biotic stress response understanding will be beneficial for the 
identification of new targets in order to develop new varieties 
with enhanced resistance of disease.
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