How do variability&size control affect population growth?

Are “adders”
optimizing
population

growth?
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* Assume here a constant environment, and will not consider “bet-hedging” scenarios
e.qg., Balaban et al., Science (2004)
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Single-cell variability: Gaining from noise?
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Result: variability enhances the population growth

Noise-driven growth rate gain in clonal rnas, 2016
cellular populations

Mikihiro Hashimoto?, Takashi Nozoe®, Hidenori Nakaoka?®, Reiko Okura?, Sayo Akiyoshi®, Kunihiko Kaneko®®,
Edo Kussell“®, and Yuichi Wakamoto®®!

Noise and Epigenetic Inheritance of Single-Cell Current Biology, 2016
Division Times Influence Population Fitness

Bram Cerulus, Aaron M. New,
Ksenia Pougach, Kevin J. Verstrepen



Simplified scenario: no growth rate variability

Cell size is regulated == the population growth rate = the volume growth rate
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Statistics on lineage trees

25 a=0.5 — fo(T)

Four distinct statistics: fi+f
“Leaf” cells, “Branch” cells, Lineage and Tree fo = L > 2
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Lin and Amir, Cell Systems (2017); Levien, Kondev and Amir, Biorxiv:680066 (2019)
See also: Lebowitz and Rubinow, Journal of Mathematical Biology (1974)



g The book: What If? Serious Scientific
—/ Answers to Absurd Hypothetical Questions
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Facebook of the Dead

When, if ever, will Facebook contain more profiles of dead people than of living ones?

Emily Dunham

Either the 2060s or the 2130s.




Growth rate and doubling time variability

* Two sources of noise

or = affects generation time noise

0, = growth rate variability

- Growth rate fluctuations are often small: CV of 6-8 %

- Generation time variability : CV of 20-30%
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Only stochasticity in growth rate matters

In 2
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Lin and Amir, Cell Systems (2017)
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Lin and Amir, arXiv: 1806.02818 (2018)
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Can we test this?
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Generalizations: growth rate correlations
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Conditional probability distribution
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Lin and Amir, arXiv: 1806.02818



Single-cell variability: Gaining/Losing from noise

Lin and Amir, arXiv: 1806.02818



Single-cell variabilitv: origins and fitness advantage

Environment 1 | Environment 2

&_

- O
e @
Stochastic Deterministic
e.g. bacterial persistence e.g. aging in yeast
Gene expression patterns Partitioning of efflux pumps in bacteria
Plasmids Growth of M. tuberculosis
Generation time and cell size Lin, Min and Amir, Physical Review Letters (2019)

Martins and Locke, Current Opinion in Microbiology (2015)



Another mechanism of phenotypic heterogeneity:
Asymmetric protein segregation

Deleterious proteins

A Control Oxidative stress (HyO5)

Div. 2 Div. 1

Hsp104-GFP Small
aggregates

Hsp104-GFP Large Clean
aggregate cell

Coelho et al., Current Biology 2013

Cell Systems

Asymmetric Damage Segregation Constitutes
an Emergent Population-Level Stress Response

Saren Vedel,'*" Harry Nunns,'-®> Andrej Kosmrlj,* Szabolcs Semsey," and Ala Trusina'*
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Bergmiller et al., Science 2017

Under what conditions does

asymmetric protein segregation
enhance the population fitness?



Mathematical model

(|) Exponential growth of cell volume (||) Protein concentration determines
the single-cell growth rate
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(iii) Asymmetric segregation of protein
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Jiseon Min Jie Lin

“1-a Lin, Min and Amir, PRL (2019)



Solution for small asymmetry: &\ damage
0
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Fitness function: a1 2 ™
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Leading term changes

Solution for total asymmetry:
sign at the inflection point S
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fitness

Graphical interpolation
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Result of graphical interpolation: Phase transitions!

* Control parameter: the protein accumulation rate, ¢

 Order parameter: the optimal asymmetry degree, U¢
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