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Tracking single bacteria over hundreds of generations

Taheri-Araghi et al. Curr Biol (2015)

Cells achieve homeostasis despite various sources of noise.

Taheri-Araghi et al. Curr Biol (2015)



A “timer” strategy for timing divisions

Phillips et al

𝑣ௗ = 𝑣௕𝑒ఒ௧೏ + 𝜉

If 𝑡ௗ = ln 2 /𝜆…

𝑣௕
next = 𝑣௕ + 𝜉

A “timer” strategy fails to regulate size.

Ho et al. Annu Rev Biophys (2018)

Data“Timer” model



Consequences of “timer”…

Data“Timer” model

Exponential growth at the single cell level

Godin et al. Nat Methods (2010)
Phillips et al



Cells add a constant size from birth to division.

Ho et al. Annu Rev Biophys (2018)

𝑣௕
next =

1

2
𝑣௕ + 𝑣଴ + 𝜉

Consequences of “adder”… fluctuations vs oscillations

Ho et al. Annu Rev Biophys (2018)



Adders are common.

Halobacterium (an archaeon) Mycobacterium (tuberculosis model)

Eun et al. Nat Microbiol (2017)
Logsdon et al. Curr Biol (2017)

Adders are common.

Cadart et al. Nat Commun (2018)

Mammalian cell lines



Consequences of “adder”… noise sources

Taheri-Araghi et al. Curr Biol (2015)

𝑣ௗ = 𝑣௕𝑒ఒ ௧೏ ௩್ ାక

Why care about size?

Neurohr et al. Cell (2019)
Ginzberg et al. Science (2015)



Slope ≈ 60 mins

DNA replication and cell division are tightly linked.

Phillips et al
Schaechter et al. J Gen Microbiol (1958)

Cooper and Helmstetter. J Mol Biol (1968)

𝑣௕ = 𝑣௜2 ஼ା஽ /ఛ 

𝑣௜
ᇱ ≈ 𝑣௜ + 𝑂Δ

Consequences of “adder per origin”… feature not bug

Wallden et al. Cell (2016)
Ho and Amir. Front Microbiol (2015)
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So what is the molecular mechanism?

Reyes-Lamothe and Sherratt. Nat Rev Microbiol (2019)

So what is the molecular mechanism?

Phillips et al



Consequences of “adder per origin”… zoo of models?

Micali et al. Cell Rep (2018)

Initiator accumulation
Slope between size at birth and division
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Noise between initiations

Adder correlations can emerge robustly depending on model structure.

Ho. PhD thesis (2019)

Inhibitor dilution



Summary

- Random walks are everywhere, and noise is not negligible.

- The devil is in the details (but sometimes the details vanish).
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