
1. Comparative Genomics: 

• ACT exercise
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1. Comparative Genomics: 

• Core and accessory genome
• Pathogenomics



Back to the conserved and unique functions

Where do they fit into pathogen evolution?



Genome Content
• Core - Stable

– House keeping genes
• Central metabolism
• Transporters
• Cell division
• Replication and information transfer

– Regulators
– Surface proteins
– Virulence factors

• Accessory - Variable
– Miscellaneous metabolism
– Virulence factors
– Drug resistance
– Phage
– PAI’s or Genomic islands
– Plasmids



Salmonella vs. E. coli - core and accessory genomes
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Pathogenicity Islands
1) DNA loops

2)‘Jorg Hacker’ Definition
•Mobile?
•Inserted next to tRNA
•Anomolous G+C
•Carry virulence genes
•Pseudogenes
•In pathogens absent from non-pathogens

3) Genomic Islands/loops, Islets, Metabolic islands
4) Size 10- >100kb

The Accessory Genome



G+C
tRNA
phage/IS genes
Pseudogenes
virulence

Salmonella typhi vs. E. coli – SPI-2



Salmonella Typhi type III secretion system SPI-1



Salmonella typhi and Yersinia pestis type III secretion systems  



sopE Vi antigentype IV pilus
integrase

tRNA-Phe

S. Typhi

S. Typhimurium



Bacteriophage
The Accessory Genome
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Tail

P2

186

ST35

Capsid
Tail
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Lysogenic conversion
Corynebacterium diphtheriae

Diphtheria toxinHead tail and lysis genesRegulation and replication



Phage carried virulence factors

S. entericaGIFSY-2grvAAntivirulence
P. multocidaUnnamedtoxAMitogenic factor

Others
S. mitisSM1pblA , pblBPhage coat proteins
M. arthritidisMAV1virVir 

Adhesions for bacterial host attachment
E. coliλ-like eibOMP 
E. coliλborOMPb 

Serum resistance
S. entericaFels-1nanHNeuraminidase
S. entericaGIFSY-2sodC-ISuperoxide dismutase

Enzymes
S. entericaGIFSY-2sseI (gtgB)Type III effector
S. entericaSopEfsopEType III effector

Effector proteins involved in invasion
S. flexneriSf6oacO-antigen acetylase
N. meningitidisPnm1Mu-likeMembrane proteins

Proteins altering antigenicity
V. choleraeCTXφctxABCholera toxin
C. diphtheriaeß-PhagetoxDiphtheria toxin

Extracellular toxins
OrganismPhageGeneProtein

Adapted from Boyd & Brussow (2002) Trends Microbiol.



The story outside of the gut

Same or different?

Chlamydia: Opposite end of the spectrum



Intracellular microbial parasites: Chlamydophila

T. Read et al., 2003 Nucleic Acid Research



Cp. pneumoniae (AR39)

Cp. caviae (GPIC)

Cp. abortus (S26/3)

Infxn point
PZ-tryp: 
STD
ocular



C. abortus

C. pneumoniae 

C. caviae

Polymorphic membrane  proteins



Fine Detail



Salmonella typhi pseudogenes

secreted effector protein (type-III)



Salmonella typhi pseudogenes

61% due to single mutations

10% in IS / phage

37% “metabolic”genes

59% lie in unique regions w.r.t. E. coli, compared to 33% of all genes

22%  involved in virulence / host interaction, including:

components of 7/12 chaperone/usher fimbrial systems

flagella methylation fliB

type-III secreted effectors sseJ
sopE2
sopA

host-range determinants slrP
shdA/ratA/sivH

SPI-associated ttrS (SPI-2)
cigR, marT, misL (SPI-3)



Summary to finish
Prokaryotic genomes are far from static

•Genome sequencing set to explode: 454
•Sources of genome variation:

Global

Bacteriophage  1031 tailed phage particles
1025 phage infections per second

Pathogenicity islands remain controversial, diversity and 
source unknown

pseudogenes

•Access to diversity: Environment

•With all this DNA exchange how does that affect the Species
concept
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