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Biological Problems

Stress response genes and their regulators form
networks that underlie drug resistance. They can
quickly emerge iIn the genomes of infectious
microbes and cancer cells, protecting them from
treatment.

Yet, the evolution of stress resistance networks Is not
well understood.

How mutations alter stress response networks to
Improve fitness under such circumstances, how
quickly, especially in phenotypically heterogeneous
populations. 5



Materials & Methods

Material:
Haploid Saccharomyces cerevisiae strain YPH500

Methods:

Using a two-component synthetic gene circuit integrated
Into the budding yeast genome to model experimentally
the adaptation of a stress response module and its host
genome in three different scenarios.

Developing two computational models to predict specific
aspects of evolutionary dynamics in six different
environmental conditions.



Results

Gene regulatory networks that control the expression of
stress-protective genes.

Cells can survive because they respond to stress.

However, stress-protective gene expression can be costly
or toxic in the absence of stress, or even in the presence of
stress when the expression level exceeds the requirement
for survival.

Overall, the costs and benefits of survival mechanisms
create a tradeoff between maximizing growth while also
ensuring survival during stress.



B DO0Zo0 (flat) DiZ0 (monotone)
§ 1 z 100. =z
~ [e) o
. :
£ 50 8 |- 50 8
-v - > =
< Er i 8l | 8
1 ZEE = c c
£ wmm Y © 0 =1 0 =1
@025}~ 3 © 3 -2 0 -4 - 0
8™ Gene expression Gene expression
=
“E - D220 (monotone)
2 S z
So1s " 2 3
a ¢ s 4 ;
& eyl & 50 8
< 1 s M.
6’o/ . 2. 8 8
7 3 15 = c
% 7o 05\ : 3 o 3
/b/}' [Dox]*(gg/m‘) S O 2 - 0
K 7% 2 Gene expression
.,' D0Z2 (monotone) “‘-\‘Dizz (peaked) \‘\‘Dzzz (peaked)
<100 z - 100 z = 100 Z
~ o - o = o
2 3 2 3 2 E
e & ' 2 :
E 50 8 | 50 8 |Z s0 8
@ Q % -
Q —— @ = Y] —
o 9 = 0 © 9 = 0 °c 4 -2 0
Gene expression Gene expression Gene expression

Gene expression is measured as log,,(fluorescence).

DxZy denotes the environment.(the x and y indicate lg/ml doxycycline and mg/ml
zeocin concentrations, respectively.)

Cellular fitness (cell division rate) is a function of gene expression.
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Figure 2. Simulation framework predicts evelutionary dynamies.

Simulating the initial
steps of evolution.

The speed at which
mutants.

Number of established
mutations.

Population fractions of
T-, K-, and G-type
mutations at day 20.
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Figure 3. Evolutionary dynamics of PF cells in D220 and DiZ0, corresponding to scemario (i): futile response to harmless signal.
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Scenario (i): reproducible circuit failure from
gratuitous circuit response

A

Time-dependent changes in the fluorescence
distributions.

Both the fluorescence and fitness were
significantly different in populations
evolving in D2Z0 compared at Days 4 and
21 (t-test).

Pairwise comparisons with the same days in
D0Z0 showed no significant fitness
differences.

Intra-rtTA mutations observed in conditions
D2Z0 (blue lines) and DiZ0 (light blue lines)
mapped along the rtTA activator.

D, E

Time-dependent allele frequencies for
mutations observed in conditions D220 (D),
and DiZ0 (E).

F G

Time-dependent allele frequencies from
simulations using mutation parameter values.

log,,[(fluorescence with doxycycline)/(fluorescence
without doxycycline)]

log,,[(fitness with zeocin)/(fitness without zeocin)]
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Scenario (ii): gaining gene expression
for an initially unresponsive gene circuit

A

Figure 4. Evolutionary dynamics of PF cells in DOZ2, corresponding to scenario (ii): lack of response when needed.

Time-dependent changes in the
fluorescence distributions

Both the fluorescence and fitness
were significantly different in
populations evolving in D0Z2
when compared at days 4 and 21.

Time-dependent allele frequencies
for mutations observed in
condition D0Z2.

Time-dependent allele frequencies
from simulations using mutation
parameter values.

Extra-rtTA, but intra-circuit
mutations observed in condition
D0Z2 (red lines) mapped along
YEGFP::zeoR.
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Figure 5. Evolutionary dynamics of PF cells in D2Z2 and DiZ2, corresponding to scenario (iii): suboptimal response.
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Thanks for your attention!



