
1



Contact address

Â Department of Plant Protection, Faculty of Agricultural Sciences 
and Food Industries, Science & Research Branch, Islamic Azad 
University, Tehran-Iran. 

Â P.O. Box: 14155/775, Postal Code: 1477893855 
Â Branch website: www.srbiau.ac.ir
Â e-mail addresses:
Â hasanzadehr@srbiau.ac.ir
Â hasanzadehr@yahoo.com

2



Table of Contents
Subject Index for Part 2 of bacterial 
pathogenesis on plants

Â Bacterial pathogenesis on plants - Pathogen derived molecules - Part 2
Â Secreted proteins:
Â Pathogenicity islands (PAIs and virulence genes)
Â Genes involved in pathogenicity and host specificity: Chromosome or Plasmid? 
Â Plasmid -borne traits
Â Insertion Sequences (IS)
Â Apoptosis (a form of programmed cell death, or cellular suicide)
Â Plant strategies for defence: 
Â Bacterial pathogenesis on plants - Plant derived molecules
Â R genes
ü Polygalactoronase inhibiting proteins( PGIP)
ü Anti -microbial proteins
ü Phytoalexins
ü Pathogenesis related proteins or PR proteins (PRs)
ü LAR or SAR
Â Plant defenses
Â Some of the most common types of plant resistance
1. Innate resistance
2. Preformed resistance           
3. Acquired resistance

3



Table of Contents

Â Host and non -host resistance
Â Mechanisms of general defenses
ü Passive (constitutive) defense (First line defence)
ü Active (inducible) defense (Second line defence)

1. Rapid responses implicated in resistance
2. Slower responses implicated in resistance
Â Plant -bacteria interactions
Â Elicitor recognition (PAMPs or MAMPs/PRRs interactions)
Â Gene-for -gene hypothesis (Avr/R interactions)
Â Elicitors
1. Direct receptor -elicitor interaction 
2. Indirect effector interactions(Guard, Decoy and Integrated decoy models)
Â Cell signaling
Â Signal transduction: MP kinase activity Genes
Â Local resistance (HRé)
Â Systemic resistance (LAR or SAR)

4



Table of Contents
Â Bacterial pathogenesis on plants -Pathogenicity/virulence mechanisms of 

important plant bacteria

Â Pathogenicity of:

Â Agrobacterium tumefaciens

Â Erwinia amylovora

Â Pectobacterium carotovorum

Â Pectobacterium wasabiae

Â Pantoea (ex. Erwinia ) agglomerans  pv. gypsophilae

Â Pantoea (ex. Erwinia ) agglomerans  pv. betae

Â Dickeya (ex. Erwinia ) chrysanthemi

Â Pseudomonas syringae

Â P. savastanoi pv. savastanoi

Â Ralstonia solanaceraum

Â Xanthomonas spp.(Xac, Xcc, Xcv, Xoo and Xtt)

Â Clavibacter michiganensis subsp. michiganensis

Â Rhodococcus fascians

5



Table of Contents
Â Leifsonia xyli subsp. xyli

Â Xylella fastidiosa

Â Candidatus Liberibacter

Â Spiroplasma citri
Â Phytoplasmas
Â General terms and abbreviations
Â Selected references

6



Bacterial pathogenesis on plants
Pathogen derived molecules - Part 2

The path of bacterial plant pathogenesis
Microbial Strategies for Attack

ÂPathogenicity islands( Pai )
ÂEffectors:
1. avr genes
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ÂChromosome or plasmid -borne of pathogenicity genes
ÂDelivery of effectors via secretion systems (Types III, IV and VI).
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Pathogenicity islands (PAIs)
Pathogenenicity islands are discrete genetic loci that 
encode factors which make a microbe more virulent

The genetic element, the "island of evil", within 
the genome of an organism that is responsible 

for its capacity to cause disease. 

Identification of PAIs is essential in 
understanding the development of disease and 

the evolution of bacterial pathogenesis.  
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Pathogenicity Islands (PAIs)
A distinct class of genomic islands acquired by 
microorganisms through horizontal gene transfer

Â The islands of pathogenic bacteria affecting and 
causing diseases on plants, animals and humans.
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Prokaryotic genomes
DNA pools in the genomes of prokaryotes
Core and Flexible gene pools

Â Proposed model of the DNA 
pools in the genomes of 
prokaryotes.

Â Most of the horizontally 
transferred DNA is part of 
the ñflexibleò gene pool.

Â Some functions encoded by 
the pools are given in the 
lower part of the diagram . 

Â Turnover metabolism is a dynamic 
process. The cell is continuously 
degrading and synthesizing 
molecules. 
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Hacker and Carniel,2001; Scortichini,2005

Model of the DNA pools in the genomes of prokaryotes. The DNA elements comprising the core as well as the flexible 
gene pools are presented in the circles. Functions encoded by the pools are given in the lower part of the diagram.

Core genome: the genes shared by all members of a pre-defined group of bacteria or archaea. Flexible genome may 
also be referred to as the accessory, variable, dispensable, auxiliary, noncore, adaptive or distributed genome.



Genome of prokaryotes
Genomic islands(GISs)

19

Â Genomic islands(GEIs) are clusters of genes within a 
bacterial genome that appear to have been acquired 
by horizontal gene transfer.

Â GEIs often carry genes offering a selective advantage 
for host bacteria. 

Â To this date, several dozen genomic islands have 
been described and it is expected that many more 
await discovery.

Â In 50% of the marine bacterial genomes analyzed 
the GIs accounted for approximately 3% of the 
genome length, with a maximum of 12%.

Genome size in Escherichia coli is 4.6 million base pairs (Mbp)= 4600 KB. 



Genome of prokaryotes
Genomic islands(GISs)
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Â The distinct properties of GIs and that they allow 
bacterial organisms to evolve and adapt to different 
environments.

Â The genes present in GIs are typically grouped 
to perform specific and advantageous 
functions in the bacteria.

Â PAIs, for example, can cause major changes in the 
bacterial phenotype. Thus, they are the most studied 
Gis.

Â GI number per genome was strongly and 
positively correlated with the total GI size.



Genome of prokaryotes
Subgroup of genomic islands(GISs)
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Â The large number of sequenced genomes and 
analyses of genetic sequences have revealed that GIs 
are mosaics of genes formed by HGT.

Â Genomic islands(GEIs) encoded some islands.

Â These include:

1. Pathogenicity islands (PAIs)

2. Antimicrobial resistance islands (REIs)

3. Symbiosis islands

4. Pathogen/ecological fitness islands

Also, it can be of other functions like carbon and 
nitrogen sources utilization(metabolic islands).



Genome of prokaryotes
Genomic islands(GISs)
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Â Gnomic island (GI) is usually used in microbiology, 
especially with regard to bacteria.

Â A genomic island (GI) is part of a genome that has 
evidence of horizontal origins.

Â These "islands" are characterized by:

1. their large size(>10 Kb), 

2. their frequent association with tRNA-encoding 
genes, and

3. A different G+C content compared with the rest of 
the genome.

Wikipedia,2016



Genomic islands
Genomic islands encode different functions
Genomic or metabolic islands and smaller inserts 

23

Â Genomic islands(GIs):

1. Large segments (10-200 kb) of foreign DNA inserted 
into bacterial chromosomes are often referred to as 
genomic islands (GEIs).

2. Smaller inserts (1-10kb) have also been found and 
may be termed genomic islets.

Â Genomic island and its subgroup PAIs are part of that 
flexible gene pool. 

Â Genomic elements with characteristics similar to PAI 
but lacking virulence genes are referred to as 
genomic or metabolic islands.

Van Sluys et al.,2002; Hentschel and Hacker,2001



Genomic islands
Genomic islands encode different functions
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1. Many genomic islands(GEIs) are flanked by repeat 
structures and carry fragments of other mobile and 
accessory genetic elements, such as bacteriophages, 
plasmids and insertion sequence (IS) elements. 

Â These functional or cryptic genes encoding integrases or 
factors related to plasmid conjugation systems or phages 
involved in GEI transfer. 

1. But some genomic islandscan excise themselves 
spontaneously from the chromosome and can be 
transferred to other suitable recipients.

Â A hypothetical 'life cycle' of GEIs includes the insertion of 
mobile genetic elements into the bacterial chromosome.

Dobrindt et al.,2004; Wikipedia,2016
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islands 
encode 

different 
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Genomic islands
Genomic islands encode different functions

26Campbell and co-workers;..

Â Genomic islands present in the majority of genomes of 
pathogenic as well as nonpathogenic bacteria and may 
encode many different functions. 

Â The size of genomic islands may vary from a few Kb to 
as many as 200 Kb. 

1. A different G-C content compared with the rest of 
the chromosome; biased codon usage.

2. often mobile (genomic islands have been acquired by 
horizontal gene transfer, HGT).

Â GIs encode accessory functions such as metabolic 
activities, antibiotic resistance, or properties involved in 
microbial fitness, symbiosis, or pathogenesis.



Genomic islands
Codon usage bias is a result of a balance of 
mutation and selection. The degree of codon 
usage bias for each gene/bacterium is different

Â A large amount of varied ways, all amino acids (aa) 
are coded by two to six synonymous codons, except 
Met and Trp. 

Â This biased use of codons has been observed in all 
branches of life.

Â The redundancy of the genetic code is due to 
multiple codons which encode the same amino acid.

Â Codon bias is the result of long-term selection and is 
presumed to confer an evolutionary advantage.

Â Codon usage bias is selected to optimize the speed of 
protein production.
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Genomic islands
Codon usage bias is a result of a balance of 
mutation and selection. The degree of codon 
usage bias for each gene/bacterium is different

Â A codon is a series of three 
nucleotides (a triplet) that 
encodes a specific amino 
acid residue in a polypeptide 
chain or for the termination 
of translation (stop codons).

Â The overabundance in the 
number of codons allows 
many amino acids to be 
encoded by more than one 
codon.

Â Because of such redundancy 
it is said that the genetic 
code is degenerate. 
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Due to the degeneracy of the genetic code, 
most amino acids can be encoded by 

multiple synonymous codons. Synonymous 
codons naturally occur with different 
frequencies in different organisms. 

Redundancy: the state of being not or no 
longer needed or useful.



Genomic islands
Codon usage bias: an important 
evolutionary feature in a genome 

Â Because a high amount of 
codon usage bias in bacteria 
is believed to be the result of 
selection for translational 
efficiency.

Â Codon usage bias (CUB) is 
an important evolutionary 
feature in a genome which 
provides important 
information for studying 
organism evolution, gene 
function and exogenous 
gene expression.

29

Distant phylogenetic species usually has 
greater variations in codon usage bias.



Genome of prokaryotes
Codon usage bias(CUB)

Â Translation in the 
ribosome and tRNA 
structure

Â Cartoon of the ribosome
(green) during translation of a 
mRNA(blue) with a wobbling 
codon-anticodon base pair 
encoding a leucine amino 
acid.

Â A site: aminoacyl-tRNA site; E 
site: exit site; 

Â P site: peptidyl -tRNA site.

30

Wobble: pairing of the tRNA anticodon with the mRNAcodon proceeds from 
the 5' end of the codon. In this example, the double -ringed G can pair with 
either a single-ringed U or C. Each organism seems to prefer a different set 

of codons over others; this phenomenon is called codon bias. 



Genome of prokaryotes
Codon usage bias(CUB)

Â Several important variations of codon bias have recently 
been discovered, such as:

1. the existence of a ramp of rare,

2. slowly translated codons at the 5Ź end of protein-coding 
sequences, and

3. the co-occurrence of certain codons.

Â Apart from directly affecting general protein expression 
levels, it has been established that codon bias also 
influences:

1. protein folding, and 

2. differential regulation of protein expression.

31Quax et al.,2015



Genome of prokaryotes
Codon usage

Â Different Types of Codon Bias

A. Frequency bias will result in 
effective protein production when 
the frequency of used codons 
matches the cellular tRNA 
population.

B. Co-occurrence bias enhances 
protein expression, presumably 
because of tRNA recharging in 
the vicinity of the translating 
ribosome.

C. Pair bias is probably selected 
because of more optimal 
interactions of tRNAs in the A site 
and the P site.

32Quax et al.,2015



Genome of prokaryotes
Subgroup of genomic islands(GISs)
Mobility genes, such as integrases ( int ), are frequently located at the beginning of 
the island, close to the tRNA locus or the respective attachment site
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General features of GEIs. GEIs are relatively large segments of DNA whose nucleotide 
characteristics often differ from the rest of the chromosome . GEIs are often inserted at tRNA genes 
and þanked by direct repeat sequences (DR). 

GEIs typically harbour genes encoding factors involved in genetic mobility, such as integrases, 
transposasesand insertion sequences (IS). According to their gene content, GEIs can be described 
as pathogenicity, symbiosis, metabolic, ýtness or resistance islands.

Juhaz et al.,2009



Genomic islands
Fitness islands and saprophytic islands

Â The fitness islands are classified into several subtypes 
based on the life style of the microbes that harbor them. 
E.g.

1. ecological islands: in which the islands contribute to the 
survival of the microbe in a environment.

2. Other fitness that are related with microbe -host 
interaction. These are:

ü Saprophytic islands: in microorganism can persist as a 
saprophyte in a host. 

ü In many case, the fitness factor temporarily or 
prermanetely resides in the host either providing some 
benefits (symbiosis islands) or cause damage (pathogenicity 
islands). 

34Safwat Mohammad,2014;..


