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Question:
Gene expression is a stochastic process: 
isogenic cells can show very different 
levels of the same protein.
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  microRNA-mediated FFLs are network motifs 
in the mixed network of transcriptional and 
post-transcriptional regulations:
Selected by evolution for functional reasons

Different FFLs (coherent or incoherent) 

Different expression patterns
      

Different functions 

Incoherent FFLs lead to co-expression of the  
microRNA and its targets.

They can fine-tune the level of the target 
protein, setting it in its functional range.

● Analytical solutions of master equations describing the regulative 
circuits in analysis, taking into account the essential features of 
transcription, translation, degradation and interactions between 
genes. 
● Gillespie stochastic simulations.

Master Equation for the FFL

The fine-tuning is effective only if 
coupled with a control of fluctuations.
Can incoherent microRNA-mediated 
FFLs function as noise buffers?
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(1)  miRNA-mediated FFLs can couple the fine tuning 
of target protein level  with noise reduction. Adding a 
miRNA regulative pathway to the  simple activation of a 
gene by a transcription factor reduces the target 
protein mean level together with fluctuations.

(2) The fine-tuning function does not require a FFL 
topology as it can be implemented using an independent 
microRNA (open circuit), but the FFL structure is 
mandatory to control the target fluctuations.

(3)  Incoherent FFL are particularly effective in 
filtering fluctuations of upstream regulators, conferring 
robustness to the gene expression program even in the 
presence of noisy signals. 

(4)  Our model predicts that there is an optimal 
repression strength for noise attenuation. The optimal 
noise buffering requires only a weak suppression of the 
mean target expression, coherently with the fine-tuning 
function and with experimental observations that many 
miRNAs reduce the output of their protein targets of 
less than 50%. The U-shaped profile of the target 
noise can be tested in different ways (varying miRNA 
concentration, TF concentration, miRNA efficiency). Noise of the upstream TF
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