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Hamilton’s relation of kin selection and Spite
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Spite - Common Examples

Two strains of the bacterium
Photorhabdus luminescens
(pink versus orange) engage
in chemical warfare

The bacterium Wolbachia
causes males to spitefully
sterilize females in many
species of insects

Red fire ant workers execute
a queen who carries the
wrong genes

A suicidal soldier of the
parasitoid wasp Copodisoma
floridanum murders and eats
her embryonic hostmate

Gardner et al. Curr. Bio 2006




Competition between the bacterial communities

Exploitative competition Interference competition
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A plethora of defence mechanisms

Chemical weapons
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A plethora of examples!

tumefaciens
(plants)

T6SS, small
molecules

Agrobacterium

Bacillus subtilis Bacteroides Escherichia coli
(soil, plants) fragilis (gut) (gut)
Nanotubes, T6SS, proteins T6SS, CDI,
small small
molecules molecules,

proteins, phage

Lactobacillus Myxococcus
plantarum xanthus
(gut, foods) (soil)
Small OME, small
molecules molecules,
proteins

Pseudomonas
aeruginosa
(ubiquitous)

T6SS, CDI,
proteins,
tailocins, phage

Salmonella Staphylococcus Streptococcus
Typhimurium aureus pneumoniae
(gut) (nasopharynx) (nasopharynx)
TBSS, proteins, T7SS, small Small
phage molecules, molecules
phage proteins

Streptomyces Vibrio cholerae
coelicolor (gut, water)
(soil)
Small T6SS
molecules
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Why evolve warfare mechanisms?
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Uniqueness of bacterial warfare
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Comparisons to animal contests

e Lethal combat

e Limited ability of
dispersal — Intense
aggression

Animals

Bacteria

Contested
resources

Food, territory,
shelter, mates ...

Nutrients, space

Competition
model

® O

Individual vs.
individual

Clonal group vs.
clonal group

Motility

Often
unconstrained

Often constrained

Typical
outcome

X

Fight
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Long term consequences
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Part II : Exploring Spatial Dynamics : A Foundational Model

Allelopathy in Spatially Distributed Populations
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Experimental observations

Chao & Levin 1981.:5



A look through ‘deterministic nonspatial’ eyes

e Assume the population of the bacteria is large and homogeneously
mixing.

e Let u; and u, be be the densities of the Colicin-producing and
Colicin-Sensitive bacteria

duz-
dt

= Biui(1 — u;) — diu;




A Two species competition model

duy
dt
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Stability analysis
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Spatial model

Agent based modelling approach
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Results — Producer strain wins
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http://www.youtube.com/watch?v=XgmPWIRXmNc

Results — Sensitive strain wins
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http://www.youtube.com/watch?v=HFM4SwNoKA8
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