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Main Question: Can Pathogenesis Be Computed? 

What’s a pathogen? 
 Koch’s postulates (1890) 

What’s a virulence factor? 
 Molecular Koch’s postulates (Stanley Falkow, 1988)/ expression in vivo 

Why then is it not trivial to “reconstruct virulence?” 
•   bi/multifunctional proteins 
•   opportunistic pathogens/ commensals in secondary niches 
•   host factors controlling infectious diseases 
•   complex traits 
•   are virulence regulators and regulatory RNA virulence factors? 
•   are essential genes virulence factors? 

The key (if any)? 
more genomes + better annotations + expression and functional data  

in a “pathogen-friendly” database 



Platform: NMPDR/ SEED- Another Biological Database!! Why? 

Known(?) Problems with current databases: 



Need a
 platform
 that… 

Platform: NMPDR/ SEED- Another Biological Database!! Why? 

http://www.nmpdr.org 



What’s a subsystem? 
“A subset of functional roles studied across genomes” 

“ A spreadsheet where: 

  - each row represents a genome 

  - each column represents a functional role/ feature/ protein” 

Using Subsystems to Understand Virulence?! 

Protein 1 Protein 2 … Protein n 

Genome a 

Genome b 

… 

Genome z 



Using Subsystems to Understand Virulence?! 

What can fit in a subsystem? 
1)  Chromosomal clusters or virulence operons.  

2)  Pathogenicity islands/ Integrons.  
Genome context will reveal them; they may be unique to very few strains. 

3)  Indirectly coupled proteins.  
Proteins known to be related or to contribute to common phenotypes
 based on mutational analysis, functional studies, extensive literature
 mining, etc…(Need wet-lab experts) 

4)  Expression coupling/ Co-expressed proteins.  
Members of regulatory networks,  

5)  Scattered proteins sharing motifs/ domains.  
e.g., proteins with LPXTG motif (cell wall-anchored), proteins with
 antibiotic resistance domain. 



Using Subsystems to Understand Virulence?! 

Examples 1) S. pyogenes virulome 

An attempt to collect all S. pyogenes virulence proteins in comparison to
 other Streptococci  

Looking at the subset “Exotoxins: Superantigens”: Strain-specific patterns 
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Examples 2) Streptolysin-S (SagA) operon in S. pyogenes 

Toxin 
(SagA) 

Toxin Biosynthesis Toxin Transport 

-  SagA and SagF are linked. 
-  In M5 pyogenes, the ORF
 was missed. 
-  In Clostridium, the toxin is
 not there. What else could be
 transported? 
-  In Listeria, only 3 genes are
 conserved. 

Using Subsystems to Understand Virulence?! 



Future: a Project to Integrate 1 million transcriptomes/
 proteomes/ phenomes 

Pick transcriptomes for checked genome(s): a list of microarray data

Pick proteomes for checked genome(s): a list of proteomic data

Pick phenome for checked genome(s): a list of PMs (phenotypic microarrays)


X 

Pick transcriptomes for checked genome(s)



