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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:
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R "“"\' ProPagatlon some pyrogenic exotoxins in S. pyogenes genomes
of error eg are annotated as enterotoxins (incorrectly propagated
— from homologous staphylococcal superantigens).

Phage lysins have catalytic and recognition domains:
Problems due to Two lysins with identical recognition domains are not

domain homologies necessarily identical in function
(e.g, amidases and glycosidases).
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Platform: NMPDR/ SEED- Another Biological Database!! Why?
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Using Subsystems to Understand Virulence™?!

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”

Protein 1 Protein 2 Protein n

Genome a

Genome b

Genome z




Using Subsystems to Understand Virulence?!

What can fit in a subsystem?

Chromosomal clusters or virulence operons.

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

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)

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

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 ~ er
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Using Subsystems to Understand Virulence?!

Examples 2) Streptolysin-S (SagA) operon in S. pyogenes

- SagA and SagF are linked.
- In M5 pyogenes, the ORF

2 3 5 6
—g,—q,?—‘;—: . —

was missed.

- In Clostridium, the toxin is

not there. What else could be | Toxin
transported? (SagA)

- In Listeria, only 3 genes are
conserved.

2 3 5. 6 7
1 4 8
‘ == pe—x

Toxin Biosynthesis | \ [Toxin Transport

| Organism Variant Code SagA [SagB [SagC [SagD [SagE [SagF [SagG *ABC_permease|
Clostridium botulinum ATCC 3502 [B] ~ [o102 67 68 69 |70 72 73-10,74-10
Listeria monocytogenes str. 4b F2365 [B] o100 1103 1104 1105

Listeria monocytogenes str. 4b H7858 [B] W 613 612 611

[SBU']cptococcus equi subsp. zooepidemicus Ir 837 838 839 840 841 842 |843-8,844-9
Streptococcus pyogenes M1 GAS [B] IT 540 541 542 543 544 545 546 |547-8,548-9
Streptococcus pyogenes M5 [B] o111 686 687 688 689 690 691 692-8,693-9
Streptococcus pyogenes MGAS10394 [B] IT 578 579 580 581 582 583 584 |585-8,586-9
Streptococcus pyogenes MGAS315 [B] ’r 480 481 482 483 484 485 486 487-8,488-9
Streptococcus pyogenes MGASS005 [B] (1111|874 875 876 877 878 879 880 881-8,882-9
Streptococcus pyogenes MGAS6180 [B] ,r 925 926 927 928 929 930 931 |932-8,933-9




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

Basic Spreadsheet

. GenomeID | Organism Variant Code RR 'HK | ISP MAP Mga Emm  Scp
[ 2111101 Streptococcus agalactiac NEM316 [B] ||o 1692 1971, 449
[0 [1336.1 Streptococcus equi subsp. zooepidemicus [B] “0 2147 5
X 160490.1 Streptococcus pyogenes M1 GAS [B] “0 1555|1554 1553 1552 1551 1550 (1547
[0 [1314.1 Streptococcus pyogenes M5 [B] “0 578 579 580,237 581 583 585 586
[ ||286636.1 Streptococcus pyogenes MGAS10394 [B] “0 1725 (1724 1523, 1723 1720 1719 1718
| 1198466.1 Streptococcus pyogenes MGAS315 [B] “0 1733 1732 1731 1730 1728 1727 (1726
O |186103.1 Streptococcus pyogenes MGAS8232 [B] “O 1715 1714 1713 1712 1711 1710 17
[J |193567.1 Streptococcus pyogenes SSI-1 [B] ||0 17301929 1728 1727 1726 1725 1724
[0 [1349.1 Streptococcus uberis [B] “O 1771|1770

Sort spreadsheet genomes by | Alphabetical ~|

Pick transcriptomes for checked genome(s)

|
| Transcriptome for selected Genome: |#/variant $ |RR |3 HK | $+|ISP |$ MAF? Mga® Emm3 Scp B8
:Streptococcus pyogenes M1 GAS [B] 1555 1554 1553 15521 1551 1550 1547
yGrowth at 37C 100 10 50 0 -30, -20 -10 0
| Growth at 42C 110 11 44 o -12! 23  -14 0
IGrowth in THB medium -1 0 -1
| Growth in Iron-deficient medium 101 49 99 100, 0 100 100
in vivo BALB/c mice 200 -20 -30 100 34: 55 66 100
yTaken from TSS patients 200 -21 -35 100 33, 88 S0 90

ITaken from pharyngitis patients 300 _-10__ -20 -5 0! 0 10 -10




