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Tillandsia landbeckii
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On the emergence of diversity lessons from E. coli

1. Empirical motivation

2. Model



Previous Blog home

Bacteria make computers look like
pocket calculators

Biologists have created a living computer from E. coli bacteria
that can solve complex mathematical problems

Scanning electron micrograph of E. coli bacteria. A rapidly growing colony can be
programmed to act as a hugely powerful parallel computer. Photograph: Getty

Figure |

A directed graph containing a unique Hamiltonian
path. The seven nodes are connected with fourteen
directed edges. The Hamiltonian Path Problem is to start :
node |, end at node 5, and visit each node exactly once wh
following the available edges. Adleman programmed a DN
computer to find the unique Hamiltonian path in this grapl
(1 24—7—52—->3—-6-5).



CFU ml!

10"+

10'2_

108_

107

10°%

10!_

Empirical Motivation E. coli under prolonged starvation
(Zambrano, Finkel, Kolter)
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Figure 1| The five phases of the bacterial life cycle. Once bacteria are inoculated into fresh medium, such as Luria-
Bertani (LB) medium, there is an initial lag period followed by exponential-phase growth. After remaining at high density
for 2 or 3 days, cells enter death phase. After ~99% of the cells die, the survivors can be maintained under long-term
stationary-phase culture conditions for months or years. The arrow indicates the time afterwhich cells expressing the
growth advantage in stationary phase (GASP) phenotype are observed (usually day 10 in LB batch cultures).




The mutation cycle
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igure 3 | Population dynamics of long-term statlonary-phase cultures. After T
death phase, as cells continue to incubate under long-term stationary-phase conditions, DNA from dead siblings
the apparent number of colony-forming units (CFU) per ml remains relatively stable. Response to resource stress

However, these cultures are not static. There is a dynamic equilibrium between newly
created growth advantage in stationary phase (GASP) mutants and less competitive
cells. The birth rates and death rateswithin the population are balanced. Each coloured
line represents a different GASP mutant that appears during long-term incubation. The
black line represents the total population density.

and competition.



Progressively older mutants outcompete younger ones
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The model

d
ECI" =rd(l — ¢)

r(w) = fw—m.

d
S=S-cC
dt”

S = M1 —-w)
C = epwf

(1)

(2)

(3)

(4)
(5)

Phi= Biomass
f = fecundity
m= mortality
w = Available resources

e= Conversion efficiency
of resources into biomass



d
26 = (fw—m)p(1 - ¢)

%w = A1 —w) — epwf.
Equilibium solutions
Extinction qu; 0 = ¢0.
Bottom-up regulation O v/ = MR )/(fe)
R =1/w* and w* = m/f
Top-down regulation a) =1

H = M(\+€f)

w=1
W = wk
w=H



| Top-down solution
AASE
Bottom-up solution
0 Extinction
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H = M (A+€f)
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Adaptive Dynamics

Top-down solution

Emergences of diversity
(neutral ecology)

Bottom-up solution
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Figure 3 | Population dynamics of long-term stationary-phase cultures. After
death phase, as cells continue to incubate under long-term stationary-phase conditions,
the apparent number of colony-forming units (CFU) per ml remains relatively stable.
However, these cultures are not static. There is a dynamic equilibrium between newly
created growth advantage in stationary phase (GASP) mutants and less competitive
cells. The birth rates and death rateswithin the population are balanced. Each coloured
line represents a different GASP mutant that appears during long-term incubation. The
black line represents the total population density.

Niche Construction

THE NEGLECTED PROCESS IN EVOLUTION

F. John Odling-Smee, Kevin N. Laland,
and Marcus W. Feldman

MONOGRAPHS IN POPULATION BIOLOGY = 37




Natural selection
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Niche construction
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Natural selection



- ll-'._l .I-.
o

STOP CLIMATE CHANGE
BEFORE IT GHANGES YOU.
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Populations in dynamic landscapes

VoOL. 156) NO. 5 THE AMERICAN NATURALIST NOVEMBER 2000

Extinction Thresholds and Metapopulation Persistence

in Dynamic Landscapes

Juan E. Keymer,"" Pablo A. Marquet,>" Jorge X. Velasco-Hernandez,>* and Simon A. Levin"*
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