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Figure S1: Cellular phenotypic traces. Trapped bacterial cells were followed over multiple generations, 

and their length (left) and fluorescence (right) reporting the gene E1P1 (A,B; measured every 6 min) and 

LacO (C-L; measured every 3 min) are plotted as a function of time. Black lines show separate 

exponential fits to the trajectory portions between cell divisions. Fig. 1C,D of the main text are samples 

extracted from panels G,H respectively.  
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Figure S4: Residual errors – difference between data and exponential fits. After fitting each cycle by 

an exponential function, the difference between the measured data and the exponential fit was computed 

for cell length (A) and fluorescence (B) for one trajectory. These differences were normalized by the 

average of the entire trace and shown here are the histograms of these relative error values. Such 

distributions are typical to other traces as well. Insets show examples of single cycles, zooming on the 

actual data points as compared to the exponential fits. Same cell analyzed in Fig. 3 of the main text. 
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Figure S4: Residual errors – difference between data and exponential fits. After fitting each cycle by 

an exponential function, the difference between the measured data and the exponential fit was computed 

for cell length (A) and fluorescence (B) for one trajectory. These differences were normalized by the 

average of the entire trace and shown here are the histograms of these relative error values. Such 

distributions are typical to other traces as well. Insets show examples of single cycles, zooming on the 

actual data points as compared to the exponential fits. Same cell analyzed in Fig. 3 of the main text. 
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Brenner et al (2015) 
Eur. Phys. J. 

Cell size Intracellular molecular population

C. crescentus E. coli

Campos et al (2014) Cell



S. Pombe

Nobs and Maerkl (2014) PLoS One

Some organisms do not show exponential growth



Above equations hold as long as

When

Then replace  

Cell Division:

Cell Growth:

Mathematical models of cell growth and division

Growth dynamics can be deterministic (average behaviour) or stochastic (cell-to-cell 
variations)



Precursor Transporter Ribosome cell model

The PTR 

cell

P.P.Pandey and SJ (2016) Th. in Biosc.



PTR(Z) model to understand cell size fluctuations and the 'adder mechanism'

PTR 

Dynamics

+

Z Dynamics





Time -->

PTRZ cell with stochastic chemical dynamics
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Figure S1: Cellular phenotypic traces. Trapped bacterial cells were followed over multiple generations, 

and their length (left) and fluorescence (right) reporting the gene E1P1 (A,B; measured every 6 min) and 

LacO (C-L; measured every 3 min) are plotted as a function of time. Black lines show separate 

exponential fits to the trajectory portions between cell divisions. Fig. 1C,D of the main text are samples 

extracted from panels G,H respectively.  
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Figure S4: Residual errors – difference between data and exponential fits. After fitting each cycle by 

an exponential function, the difference between the measured data and the exponential fit was computed 

for cell length (A) and fluorescence (B) for one trajectory. These differences were normalized by the 

average of the entire trace and shown here are the histograms of these relative error values. Such 

distributions are typical to other traces as well. Insets show examples of single cycles, zooming on the 

actual data points as compared to the exponential fits. Same cell analyzed in Fig. 3 of the main text. 
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Figure S4: Residual errors – difference between data and exponential fits. After fitting each cycle by 

an exponential function, the difference between the measured data and the exponential fit was computed 

for cell length (A) and fluorescence (B) for one trajectory. These differences were normalized by the 

average of the entire trace and shown here are the histograms of these relative error values. Such 

distributions are typical to other traces as well. Insets show examples of single cycles, zooming on the 

actual data points as compared to the exponential fits. Same cell analyzed in Fig. 3 of the main text. 
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Class-I systems have an exponentially growing solution:

Class-I systems

Reason for exponential growth

Class-I property always arises when 
(a) the underlying chemical dynamics is given by mass action kinetics

(b) V is a linear function of the populations

For autocatalytic systems typically this solution is an attractor of the dynamics

with the homogeneous degree-1 condition



The PTR 

cell

PTR is a class-1 system -----> allows  exponential solution
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Analytical formula for Δ distribution:

Universal result independent of the form 
of the functions fi(X), as long as they are 
homogeneous degree one functions of 
the X variables

Experimental distributions for E. coli in 
sorbitol medium from Taheri-Araghi et al 
(2015) Curr. Biol.



PTRZ reproduces adder property



Adder property of cell division

Proposed: Voorn et al (1993) Curr. Top. Mol. Gen.

Model: Amir (2014) Phys. Rev. Lett.

Observations and models: 
Campos et al (2014) Cell
Taheri-Araghi et al (2015) Curr. Biol.


