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Identical gene copies



  



  



  

● Self-regulating gene:

Mean does not depend 
linearly on the number of 
gene copies G.



  

Self-regulating gene: Fano Factor and CV 
vary in a different manner as G is varied.



  

Self-regulating gene: Fano Factor and CV 
vary in a different manner as G is varied.

This demonstrates that experimental assessments of the influence 
of gene expression noise on cell fitness may be ambiguous because 
they are dependent on the particular function used to quantify noise.



  

2-color assay to determine intrinsic 
and extrinsic contributions to gene 

expression noise

Problem: Equivalence between the two fluorescent proteins



  

1-color assay

Fluorescence

P
ro

b
a
b
ili

ty

Fluorescence

P
ro

b
a
b
ili

ty

1 copy of the gene 2 copies

Stewart-Ornstein et al:
Compare the variability in gene expression between these two cell populations



  

1-color assay
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Mean burst size is 
the same in each cell

Mean burst size 
differs from cell to cell
(extrinsic noise)

If interpreted according to Stewart-Ornstein et al., 
this would mean that extrinsic noise is zero, 
which is not true!



  

Two non-identical gene copies 
(imperfect duplication)
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Mixed, binary+graded response to signal



  

Relative change in average protein number 
due to gene duplication, depending on 

how the genes differ in the regulation strength

● 1/K1, 1/K2: regulation strength
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Relative change in average protein number 
due to gene duplication, depending on 

how the genes differ in the regulation strength

● 1/K1, 1/K2: regulation strength

● Gene expression is not 
necessarily twice as high

● Large changes may be 
detrimental 

● Mutants with small changes 
may survive

● The relative change depends 
on the burst frequency, a, in 
a non-monotonic manner
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Relative change in average protein number 
due to gene duplication, depending on 

how the genes differ in the regulation strength

● 1/K1, 1/K2: regulation strength

● Gene expression is not 
necessarily twice as high

● Large changes may be 
detrimental 

● Mutants with small changes may 
survive

● The relative change depends on 
the burst frequency, a, in a non-
monotonic manner 

● K2 > K1: Gene 2 has a weaker 
regulation



  

Relative change in average protein number 
due to gene duplication, depending on 

how the genes differ in the regulation strength

Negative autoregulation:

● Gene 2 has a stronger regulation than Gene 1 : 
Accumulation of gene duplications is more 
probable at larger a (smaller noise)

● Gene 2 has a weaker regulation than Gene 1 : 
Accumulation of gene duplications may be most 
probable at an optimal a 

Positive autoregulation:

● Intermediate values of a give the greatest 
change in gene expression (one gene is 
uninduced, but two genes induce each other)

● Accumulation of gene duplications more 
probable for very small or very large a



  

Fano factor and CV vary in a different manner 
as the relative difference 

in regulation strengths is varied



  

Fano factor and CV vary in a different manner 
as the relative difference 

in regulation strengths is varied

This demonstrates that experimental assessments of the influence 
of gene expression noise on cell fitness may be ambiguous because 
they are dependent on the particular function used to quantify noise.



  

By the way...

Single gene, not regulated



  

Single gene, not regulated



  

The gene was at a certain 
level of expression

Then, the expression is 
reduced:

● By the reduction of mean 
burst size

or

● By the reduction of mean 
burst frequency



  

Relative change in mean/variance:

where cumulants are:

Top figure:



  

The gene was at a certain 
level of expression

Then, the expression is 
reduced:

● By the reduction of mean 
burst size

or

● By the reduction of mean 
burst frequency



  

Single gene, not regulated

● Again, Fano factor and CV 
vary in a different manner

● If we propose any 
biological hypothesis about 
optimization with respect 
to noise, we need to justify 
why the specific measure 
of noise has been chosen. 



  

Conclusions
● Stochastic model of an autoregulated gene, present in 

multiple copies.

● One-reporter assay may not measure correctly the 
extrinsic noise in self-regulated genes.

● Imperfect duplication of auto-activated gene: mixed, 
binary+graded response possible.

● Accumulation of gene duplications: non-trivial 
dependence on inherent noisiness of gene.

● Measurement of noise using Fano Factor or coefficient 
of variation is ambiguous.



  

Open problem

● If the amount of noise in gene expression is 
optimized by the evolution, how is it measured?
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