Journal on New Biological Reports

ISSN 2319 – 1104 (Online)

JNBR 7(3) 141 – 147 (2018)

Published by
www.researchtrend.net

Pathogenicity Events in Plant Pathogenic
Bacteria: A brief note

Naiya Sharma and Ajay Kumar Gautam*
School of Agriculture, Faculty of Science, Abhilashi University, Mandi-175028,
Himachal Pradesh, India
*Corresponding author: a2gautam2006@gmail.com

| Received: 10 October 2018 | Accepted: 27 December 2018 |
ABSTRACT
Pathogenic bacteria incite diseases in plants by penetrating into host tissues through natural openings, such as
hydathodes, stomata, lenticels, stigma, nectarthodes or through wounds and bacteria are directly deposited by
insect vectors. Plant pathogenic bacteria have evolved specialized strategies includes quorum sensing, type
secretions, to exploit their respective hosts. Quorum sensing (QS) allows bacteria to assess their local population
density and/or physical confinement via the secretion and detection of small, diffusible signal molecules. Five
forms of secretion pathways are recognized on the basis of the proteins that form them.Type I and II pathways
secrete proteins to the host intercellular spaces, whereas type III and IV systems can deliver proteins or nucleic
acids directly into the host plant cell.
.
Key words: Quorum Sensing, Type Secretions, Local Population density, Diffusible signal molecules,
Secretion Pathways
type secretions, to exploit their respective hosts.
INTRODUCTION
Most of them are Gram-negative, of which
biotrophic pathogenic bacteria fundamentally
Pathogenic bacteria incites diseases in plants by
possess a type III secretion system encoded by hrp
penetrating into host tissues through natural
genes encoding Avr effector proteins that delivered
openings, such as hydathodes, stomata, lenticels,
into host plant cells to suppress plant defense
stigma, nectarthodes or through wounds and
responses (Daniela et al. 2009). Agrobacterium
bacteria are directly deposited by insect vectors
tumefaciens, which genetically transfers its T-DNA
(Buonaurio 2008; Melotto and Kunkel 2013).
from its Ti plasmid to host plant cell via T-pilus
Commonly phytopathogenic bacteria colonize the
belonging to the type IV secretion apparatus. Other
apoplast (intracellular space of plants) and from
key virulence factors of phytopathogenic bacteria
this location outside the walls of plant cells they
are plant cell wall degrading enzymes (Meng
provoke a range of diseases in most economical
2013), phytotoxins (Zheng et al. 2012), effectors
plants. Besides the endophytic nature, some
(Block and Alfano 2011; Lindeberg 2012)
bacterial species also have the epiphytic habitat on
extracellular polysaccharides (Yuki et al. 2013) and
plant surfaces (rhizoplane, phylloplane, carpoplane,
phytohormones, which are central for the
etc.). Once inside plant tissues, various species can
pathogenesis of necrotrophic bacteria.
inhabit the dead xylem vessels or live in phloem
sieve elements; however, most of pathogenic
BACTERIAL-BACTERIAL
bacteria are limited to intercellular space, i.e.
COMMUNICATION -QUORUM SENSING
apoplast. Plant pathogenic bacteria have evolved
specialized strategies includes quorum sensing,
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Quorum sensing (QS) allows bacteria to assess
their local population density and/or physical
confinement via the secretion and detection of
small, diffusible signal molecules. The term
quorum sensing (QS) describes a well-understood
mechanism of bacterial cell-cell communication
and conveys the concept that certain traits are only
expressed when bacteria are crowded together
(Fuqua 1994). This allows them to act in a
coordinated manner and reinforces the notion that
individual bacteria benefit from co-operative group
behavior to survive, compete, and persist in nature
or to colonize a particular host. QS involves the
exchange of low molecular weight, diffusible
signal molecules between members of a localized
population. If signal production by the population
is greater than its loss by diffusion or inactivation,
the signal accumulates to a threshold level and
activates cognate receptor proteins. These in turn
may trigger widespread changes in gene expression
in members of the population. A key requirement
for quorum sensing is, therefore, growth of cells in
close proximity, as in a biofilm or when confined in
an enclosed, diffusion-limited environment. In
Gram-negative systems the bacteria produce
autoinducers, which are diffusible signal molecules
that can easily pass in and out through bacterial
membranes. At high cell density, these reach a
threshold level within the external environment that
is detected by the bacteria and this result in the
regulation of gene expression.
In gram-positive bacteria, there is an
involvement of modified oligopeptides secreted via
ABC transport mechanisms and detected by twocomponent histidine kinase signal transduction
systems.Bacteria are dynamic creatures that are
able to regulate their metabolism and lifestyle in
response to a variety of environmental cues. These
cues include changes in their chemical, physical,
and biological surroundings. In recent decades,
microbiologists have come to appreciate that
bacteria are even able to recognize changes in their
own population density. Cell density-dependent
regulation has been termed "quorum sensing."

equilibrium towards its 3OC6HSL-bound, active
state. Acyl-HSL binding leads to dimerization of
Lux R and binding to the lux box, a 20-base pair
inverted repeat located in the Plux promoter. There
the acyl-HSL-bound LuxR dimer activates
expression of the lux genes after the recruitment of
RNA polymerase.
In gram negative bacteria, acyl-homoserine lactone
type molecules serve as the main signalling
molecules while lipid, peptide, and amino acid
based signalling molecules infrequently serve as
signalling molecules. Furthermore, in gramnegative bacteria, there is one well conserved
mechanism for controlling quorum response.
Gram-positive bacteria, on the other hand, use
peptides or modified peptides as the primary means
of signaling; and also differing from gram-negative
bacteria, there are several different mechanisms
found within the class which are used to gain
quorum responses.
In gram-positive bacteria, a two component signal
transduction is the main quorum mechanism. In the
two component regulatory system, a cell-density
dependent peptide signal is encoded by a locus and
is secreted into the surrounding environment for
other bacteria to sense. The peptide signal works by
binding to a sensor protein, histidine kinase,
located in the cell membrane of the bacterium. The
activation of the histidine kinase leads to
phosphorylation of response-regulating protein, and
interaction with another regulatory protein
facilitates transcriptional activation. After the
transcription of RNA III, RNA III affects the
transcription or translation of the target gene
(Dunny 1997).
The second main quorum mechanism in
gram-positive bacteria is termed internalization.
With internalization, the pheromone induction
involves the transport of signal molecules into the
responder cell to interact with intracellular
effectors. This differs from the two - component
signal transduction which involves the signal
molecule interacting with the HK sensor protein to
produce a transmembrane signal. The internalized
pheromone interacts with the ribosomes of the
ribonucleoprotein complex which results in an
increase in translation and modified ribosomes
which translate the message for the target gene.
The target gene then results in the quorum response
such as the Aggregation Substance which is a
surface adhesion and conjugation function in
Enterococcus faecalis (Dunny 1997).
In gram negative bacteria, autoinduction is
the sensing system that works by the production of
diffusible compounds called autoinducers or
signaling molecules (Fig. 2). The autoinducers
accumulate in the surrounding environment and in
the presence of a large population of cells (10 10 to
10 11 cells), the concentration accumulates to a
level needed for transcriptional activation. In most
cases, the concentration needed for activation of

Mechanism of quorum-sensing
A model of the quorum-sensing (Fig. 1) control of
gene regulation is the luminescence (lux) operon in
Vibrio fischeri. In addition to the luciferase genes
required for light production, this operon encodes
Lux R, an acyl-homoserine lactone (acyl-HSL)dependent transcriptional activator, and Lux I, an
acyl-HSL synthase that catalyzes the production of
3-oxohexanoyl-homoserine lactone (3OC6HSL).
Each bacterium expresses the Lux proteins at low
basal levels throughout its entire lifecycle. At low
cell densities, the small amounts of the amphipathic
3OC6HSL signal that are produced diffuse away
from the cells. However, as a local population
increases in density, 3OC6HSL concentrations
increase. This results in a shift of the Lux R
141
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transcription is approximately 10 nM. The cell
membrane is permeable to the autoinducers so at

high enough

Fig.1. Two Component signal transduction in Gram Positive Bacteria.
concentrations, the autoinducer diffuses into the
cell where it interacts with cell density dependent
transcriptional activators, also termed response
regulators. This results in the induction of the
quorum response and the positive regulation of an
autoinduce synthetase by a signal generator which
will provide more autoinducer for response.
Autoinduction is the sensing system which is used
by Vibrio fisheri and Vibrio Harvey. Sensing
systems with very similar regulatory mechanisms

are found in conjugal transfer of Agrobacterium
tumefaciens Ti plasmid, autoinduction in Erwinia
carotovora, regulation of rhizosphere genes in
Rhizobium leguminosarum, and cell division in
Escherichia coli. The quorum mechanisms are
basically the same for these organisms; what differs
is the resulting phenotype from the quorum
response and the components of the mechanism(Fig
3).

Fig.2. Autoinduction system used by Gram Negative Bacteria.
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Fig.3. Bacterial Quorum Sensing.

cytosol to the outer environment. T1SS is found in
almost all phytopathogenic bacteria (Fig 4) and
involved in the secretion of toxins such as
cyclolysin, hemolysins and rhizobiocin. They
contain ATP-binding cassette proteins and carry
out the export and import of several compounds
using energy produced by the hydrolysis of ATP
(Hennecke et al. 1991). Proteases and lipases from
the soft rot pathogenic bacteria Erwinia
chrysanthemi are examples of plant pathogen
effectors secreted via the T1SS. (Palacios et al.
2001).

Secretion systems of bacteria
Plant pathogenic bacteria use a number of secretion
systems to deliver effector proteins, either directly
into the host cells or into the intercellular spaces.
Five forms of secretion pathways are recognized on
the basis of the proteins that form them. (Desvaux
et al. 2004). Type I and II pathways secrete
proteins to the host intercellular spaces, whereas
type III and IV systems can deliver proteins or
nucleic acids directly into the host plant cell.
(Ponciano etal. 2003). Type I secretion system
(T1SS) has the simplest structure and it allows
direct secretion of effectors from the bacterial

Fig.4. Type I Secretion Pathway.
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Type II secretion system (T2SS) is common in
Gram-negative bacteria and involved in the
delivery of various proteins, toxins, enzymes and
other virulence factors. T2SS is more complex in
secretion structure and proteins are exported in a
two-step process (Fig 5). Firstly, unfolded proteins
move to the periplasm via the Sec pathway across
the inner membrane, then as processed, folded
proteins go through the periplasm and across the
outer membrane via an apparatus consisting of 12–
14 proteins encoded by a cluster of genes. Pathogen
effectors involved in host cell wall degradation,

such as pectate lyase, polygalacturonase and
cellulase from Erwinia and Xanthomonas species,
are produced by the T2SS. Xanthomonas and
Ralstonia, which have two T2SS per cell, use them
for delivery of virulence factors such as
pectinolytic and cellulolytic enzymes outside the
bacterium. Agrobacterium and Xylella have one
Type II-SS per cell and actually, Agrobacterium
has the genes for only the first step of protein
transfer across the inner membrane and for the rest
using type IV secretion system (T4SS). (Stacey and
Keen. 2003).

Fig.5. Type II Secretion Pathway
components of the T3SS are called hrc genes,
which have a two-third similarity at the amino acid
The type II secretion pathway is a two-step
level. The specific hrp genes encoding extracellular
process
proteins (e.g. harpins) secreted by the T3SS have
1. In the first step, the protein precursors are
only 35% amino acid similarity. The hrp genes are
exported through cytoplasmic membrane to the
usually arranged in clusters of about 20 genes, one
periplasm using either the Sec-dependent
of which codes for a constituent of an outer
pathway or Tat pathway, depending on the
membrane, whereas many others encode for the
nature of the signal peptide.
core secretion machinery, for regulatory genes, for
2. In the second step, the proteins are secreted
harpins, for the Hrp-pilin, for avirulence (avr)
from the periplasm through the outer membrane
genes and so on. Although the primary
to the extracellular space using T2SS apparatus.
determinants of pathogenicity and virulence in
The pathogenicity of several biotrophic
many bacteria are secreted enzymes such as pectin
Gram-negative
bacteria
in
the
genera
lyases, cellulases and proteases that macerate plant
Xanthomonas, Pseudomonas, Ralstonia, Erwinia
tissues of many species, it is now known that the\
and Pantoea is mainly due to their capability to
hrp genes determine the potential secondary
produce a T3SS, also called injectisome, by which
pathogenesis. The characteristic feature of the
the bacteria inject proteins (T3SS effectors)
T3SS structure, a needle-like protruding structure
involved in their virulence into plant cells
with a channel along which proteins travel,
(Desvaux et al. 2004). The primary function of
resembles to bacterial flagella, both at structural
T3SS is the transportation of effector molecules
and functional level. The injectisome consists of
across the bacterial membrane and into the plant
two parts, an envelope embedded multi-ring base
cell (Fig 6). The genes that encode protein
and a long protruding surface appendage, called the
144
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hrp pilus. Hrp pili, described for P. syringae, R.
solanacearum,
Erwinia
amylovora
and
Xanthomonas campestris pv. vesicatoria, elongate
distally with the addition of their major component,
Hrp pilin subunits, whereas T3SS effectors are
secreted from the hrp pilus tip. This proves that Hrp
pili function as conduits through which substrates
are transported. Having considered the dimension
of the pilus, we have to assume that the effector
proteins, which are up to 200 kDa in size, travel

within the channel in an at least partially unfolded
form. Stebbins and Galan have shown that most
T3SS effector molecules are dependent on
chaperones, which keep the effectors in a partially
unfolded state in the bacterial cytosol. Even though
the pilus proteins, HrpA (P. syringae and E.
amylovora), HrpY (R. solanacearum) and HprE (X.
campestris pv. vesicatoria) do not share any
significant homologous sequence, they exhibit a
number of physico-chemical features in common.

Fig.6. Type III Secretion Pathway.
Five functions of Type 111 secretion:
a. Bring bacterial & host cells close together.
b. Export proteins across bacterial envelope.
c. Translocate proteins across host cell membrane.
d. Translocated proteins subvert host cell
functions.

species (Zhao Y and Qi M. 2011). The peptide
methionine sulfoxide reductase, which defends and
repairs bacterial proteins against active oxygen
damage, is important for the expression of full
virulence of the E. chrysanthemi . Bacterial
virulence by avr genes avr genes in bacteria are
expected to encode or to direct the synthesis of
molecules that are recognized by the host plants
and bring out the rapid induction of defense
responses on resistant host plants. However, their
prevalence among pathogens suggests that they
may offer some benefits to the pathogens in
addition to warning host plants that they are about
to be attacked. In many plant-bacteria
combinations, it has been demonstrated that the
proteins (Avr proteins) encoded by avr genes,
encourage growth of pathogens and development of
diseases in susceptible hosts. Avr proteins can
interfere with the resistance mediated by the avr
genes. Since the Avr proteins are encoded by the
avr genes, it is obvious that avr genes can alter the
signaling of host defense systems in resistant host
plants. In the absence of a resistance R gene, the

Other factors related to bacterial pathogenicity
Several other compounds of pathogenic bacteria or
released by the bacteria seem to play role as
pathogenicity determinants. Lipopolysaccharide
(LPS) components of the outer cell wall of Gramnegative bacteria result in the pathogenicity of
erwinias. Evidence of this is given by the activation
of pathogenesis-related proteins, such as glucanases
in diseased plants and the fact that disruption of the
LPS gene in the bacteria lessens their virulence and
that protein–LPS complexes from bacteria hinder
the HR. Catechol and hydroxamate siderophores
also appear to be virulence factors for erwinias. In
the fireblight bacterium E. amylovora, its
siderophores save the bacteria by interacting with
H2O2 and inhibiting the formation of toxic oxygen
145
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particular avr gene acts as a virulence factor that
ACKNOWLEDGEMENTS
not only upholds the growth of the particular
Authors are thankful to Abhilashi University for
bacterium in several host plants, including some
providing every possible support to complete this
that show different degrees of resistance, but
compilation. Anonymous reviewers are also
transgenic plants that express the avr gene actually
greatefully acknowledged.
exhibit increased susceptibility to the pathogen
and/or aggressiveness of the pathogen . However,
REFERENCES
different avr genes, even of the same bacterium,
contribute
varying
degrees
of
Agrios GN. 2005. Plant pathology. Elsevier
susceptibility/aggressiveness to bacteria that harbor
Academic Press, p 176-203.
these genes. It reveals that the particular Avr
Arnold
DL, Pitman A, Jackson RW. 2003.
protein functions inside the host plant cell and
Pathogenicity
and other genomic islands in
enhances bacterial virulence.
plant pathogenic bacteria.. Mol Pl Pathol
4(5): 407-420.
CONCLUSIONS
Barash I, Manulis S. 2005. Hrp-dependent
biotrophic mechanism of virulence: How
 QS inhibitors have provided evidence of
has it evolved in tumorigenic bacteria?
alternative method for fighting bacterial
Phytoparasitica 33: 317-324.
infections
Block
A, Alfano JR. 2011. Plant targets for
 Initially the lure of interference with QSPseudomonas
syringae type III effectors:
controlled virulence poised researchers to
Virulence
targets
or guarded decoys? Curr
identify different kinds of compounds or
Opinion
Microbiol
14(1): 39-46.
enzymes able to block QS.
Brand
A,
Gow
NA.
2009.
Mechanisms of hypha
 The enzyme based QSIs or quorum quenchers
orientation
of
fungi.
Curr
Opinion Microbiol
have successfully been applied in plant models,
12: 350-357.
where the virulence of plant pathogens has been
Buonaurio R. 2008. Infection and plant defense
abolished
responses during plant-bacterial interaction,
 The pathogenic bacteria throughout the
In: Plant-Microbe Interactions, E Ait Barka
infection process have played a important role
and C Clement (eds.), Research Signpost,
in pathogenecis,virulence,sporulation ,biofilm
India,pp 169-197.
formation
Buttner D and Bonas U. Common infection
 The AHLs mediated quorum sensing plays an
strategies of plant and animal pathogenic
imporatant role in regulating the virulene
bacteria. 2003. Curr Opinion Pl Biol 6(4):
factors,such as extracellular enzymes in P.c.c,
312-319.
conjugation in Ag. Tumefaciens and toxin
Caracuel-Rios Z, Talbot NJ. 2007. Signaling
production in Burkholderia glumae
pathway
leading
to
appressorium
 So the number of quorum quenching enzymes
development in rice blast fungus. Curr
have been identified that degrade the signal
Opinion Microbiol 10(4): 339-345.
molecules which is a new hope in attenuate the
Daniela BI, Sheng YH. 2009. Type III Protein
disease
Secretion in Plant Pathogenic Bacteria. Pl
 This approach is highly attractive because it
Physiol 150: 1656–1664.
does not impose harsh selective pressure for the
DeJong JC, McCormack BJ, Smirnoff N, Talbot NJ
development of resistance as with antibiotics .
1997. Glycerol generates turgor in rice
Bacterial protein secretion systems are most
blast. Nature 389, 244–245.
important virulence determinants.
Dean RA. 1997. Signal pathways and
 There are 4 protein secretion systems in Gappressorium morphogenesis. Phytopathol
bacteria
35:211-234.
 Type I secrete toxins and Type II secrete
Desvaux M, Parham NJ, Scott-Tucker A and
degradative enzymes.
Henderson IR. 2004. The general secretory
 Type III and IV seem to be specific for
pathway: a general misnomer. Trends
phytopathogenesis.
Microbiol 12: 306-309.
 Type III and IV Secretion Systems are multiDickinson M. 2003. Molecular plant pathology.
protein complexes.
BIOS Scientific Publisher, p 29-64.
 Most of the bacteria are Gram-negative, of
Dunny GM.1997. "Cell-cell communication in
which
biotrophic
pathogenic
bacteria
gram-positive bacteria. Annl Rev Microbiol
fundamentally possess a type III secretion
527-564.
system
Ebbole DJ. 2007. Magnaporthe as a model for
 Agrobacterium tumefaciens, which genetically
understanding host pathogen interactions.
transfers its T-DNA from its Ti plasmid to host
Annl Rev Phytopathol 45: 437-56.
plant cell via T-pilus belonging to the type IV
Ferrari S, Plotnikova JM, De Lorenzo G and
secretion apparatus.
Ausubel FM. 2003. Arabidopsis local
resistance to Botrytis cinerea involves
146

Sharma and Gautam 2018
JNBR 7(3) 141 – 147 (2018)
__________________________________________________________________________________________
the adaptor protein Mst50 in Magnaporthe
salicylic acid and camalexin and requires
grisea. Pl Cell 18: 2822-2835.
EDS4 and PAD2, but not SID2, EDS5 or
Ponciano G, Ishihara H, Tsuyumu S and Leach JE.
PAD4. Pl J 35:193–205.
2003. Bacterial effectors in plant disease and
Fuqua WC, Winans SC and Greenberg EP. 1994.
defense: Keys to durable resistance. Pl Dis
Quorum sensing in bacteria: the LuxR-LuxI
87(11): 1272-1282.
family of cell density responsive transcriptional
Preston G M, Studholme DJ, Caldelari I. 2005.
regulators. J Bacteriol 176:269–75.
Profiling the secretomes of plant pathogenic
Hahn MG. 1996Microbial elicitors and their receptors in
Proteobacteria. FEMS Microbiol Rev 29: 331plants. Annl Rev Phytopathol 34: 387-411.
360.
Hennecke H, Verma DPS. 1991. Advances in
Prusky
D. 1996. Pathogen quiescence in postharvest
Molecular
Genetics
of
Plant-Microbe
diseases.
Annl Rev Phytopathol 34: 413–434.
Interactions, Kluwer Academic Publishers,
Raman M, Cobb MH. 2003. MAP kinase modules:
Dordrecht, The Netherlands Volume 1.
many roads home. Curr Biol 13: R886-R888.
Hoch HC and Staples RC. 1987. Structural and
Stacey
G,
Keen NT. 2003. Plant-Microbe Interactions,
chemical changes among the rust fungi during
APS
Press, St. Paul, Volume 6. Minnesota.
appressorium development.
Annl Rev
Tucker SL, Talbot NJ. 2001. Surface attachment and
Phytopathol 25: 231-247.
pre-penetration stage development by plant
Jha G, Rajeshwari R and Sonti RV. 2005. Bacterial
pathogenic fungi. Annl Rev Phytopathol 39:
type two secretion system secreted proteins:
385-417.
Double-edged swords for plant pathogens. Mol
Wang ZY, Jenkinson JM , Holcombe LJ, Soanes DM,
Pl-Microbe Interact 18: 891-898.
Veneault-Fourrey C, Bhambra GK, Talbot NJ.
Kamoun S. 2003. Molecular genetics of pathogenic
2005. The molecular biology of appressorium
oomycetes. Eukaryotic Cell 2: 191-199.
turgor generation by the rice blast
Kamoun S. 2006. A Catalogue of the Effector
fungus Magnaporthe
grisea.
Secretome of Plant Pathogenic Oomycetes.
Biochem
Soc
Trans
33:
384
–388.
Annl Rev Phytopathol 44: 41-60.
Xiao HL, Hui MG, Fei X, Jian PL, Rodney JD, Fu
Kim S, Ahn IP, Rho HS, Lee YH 2005. MHP1, a
CL.
2012.
Autophagy
vitalizes
the
Magnaporthe grisea hydrophobin gene, is
pathogenicity of pathogenic fungi. Autophagy
required for fungal development and plant
10(8): 1415-1425.
colonization. Mol Microbiol 57(5) 1224-1237.
Xiu
FX,
Sheng YH. 2013. Pseudomonas syringae pv.
Kronstad J. 1998 Signaling via cAMP in fungi:
Tomato DC3000: A Model Pathogen for
interconnections
with
mitogen-activated
Probing Disease Susceptibility and Hormone
protein kinase pathways. Arch Microbiol 170 :
Signaling in Plants. Annl Rev Phytopathol 51:
395–404.
473-498.
Li J X, Wolf S G, Elbaum M, Tzfira T. 2005.
Xu JR. 2000. MAP kinases in fungal pathogens. Fungal
Exploring cargo transport mechanics in the
Gen Biol 31: 137-152.
type IV secretion systems. Trends Microbiol
Yuki
I
,
Fumiko T, Takafumi M. 2013. Pathogenicity
13: 295-298.
and virulence factors of Pseudomonas
Lindeberg M, Cunnac S, Collmer A.
2012.
syringae. J Gen Pl Pathol 79: 285–296.
Pseudomonas syringae type III effector
Yun
MH,
Torres P S, El Oirdi M, Rigano LA,
repertoires: last words in endless arguments.
Gonzalez-Lamothe
R,
Marano
MR,
Trends Microbiol 20(4): 199-208.
Castagnaro AP, Dankert MA, Bouarab K and
Melotto M, Kunkel BN. 2013. Virulence Strategies of
Vojnov AA. 2006. Xanthan induces plant
Plant Pathogenic Bacteria, In: The Prokaryotes
susceptibility
by
suppressing
callose
– Prokaryotic Physiology and Biochemistry, E
deposition.
Pl
Physiol
141:
178-187.
Rosenberg, E Stackebrand, E F De Long, F
Zhao X, Kim Y, Park G, Xu JR. 2005. A mitogenThompson, S Lory (eds.), Springer-Verlag,
activated protein kinase cascade regulating
Berlin, pp 61-82.
infection-related
morphogenesis
in
Melotto M, Underwood W, Koczan J, Nomura K, He
Magnaporthe grisea. Pl Cell 17: 1317-1329.
SY. 2006. Plant stomata function in innate
Zhao Y, Qi M. 2011. Comparative Genomics of
immunity against bacterial invasion. Cell 126:
Erwinia amylovora and Related Erwinia
969-980.
Species—What do We Learn? Genes 2: 627Meng F. 2013. The Virulence Factors of the Bacterial
639.
Wilt Pathogen Ralstonia solanacearum. J Pl
Zheng XY, Spivey NW, Zeng W, Liu PP, Zheng Q F,
Pathol Microbiol 4: 3.
Daniel FK, Sheng YH, Xinnian D. 2012.
Palacios JL, Zaror I, Martinez P, Uribe F, Opazo P,
Coronatine Promotes Pseudomonas syringae
Socias T, Gidekel M, Venegas A. 2001. Subset
virulence in plants by activating a signaling
of hybrid eukaryotic proteins is exported by
cascade
that
inhibits
Salicylic
acid
the type I secretion system of Erwinia
accumulation.
Cell
Host
and
Microbe
pp
587–
chrysanthemi. J Bacteriol 183: 1346-1358.
596.
Park G, Xue C, Zhao X, Kim Y, Orbach M, Xu JR.
2006. Multiple upstream signals converge on

147

