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Models in daily life 



Weather prediction 
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Weather prediction 
�  Why is prediction successful? 

�  We have good numerical models predicting the 
weather changes. 

�  We have a significant set of  measurable standardized 
parameters to feed the models. 

�  Type of  prediction: 
�  Weather development 
 



Weather prediction 
�  Does weather forecast  prediction work at any space 

scale? 
 

 

�  Space scale is important! 
 

 



Can biological processes be 
modeled? 

�  Over the past 10-20 years, biology has become 
increasingly quantitative, and mathematical 
sciences have in turn been increasingly influenced 
by biology.  

�  However to be able to do really quantitative biology: 
�  Questions need to be addressed in the right biology 

space 
�  Data need to be provided in a sufficient amount 

�  Analytical methodologies need to be standardized 



Biology model 

Body space 
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Organ space 



Biology model 

Cell & tissue spaces 



Biology model 
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Biological research 
strategies 

�  How a biological problem is defined? 
�  A hypothesis is proposed. 

�  Experiments are designed to validate hypothesis: 
�  Budget phase 

�  Technology phase 

�  Discovery phase 

�  Validation phase 



Budget phase 
�  This issue is part of  every biological project in daily 

life. 

�  Biological experiments are getting more and more 
expensive. 

�  Technology offers constantly new opportunities to 
have more robust and effective experiments, but 
not always it is possible to use new methodologies 
because of  their intrinsic cost.  

 



Technology phase 
Serial approach 

bottom 

up 



Technology phase 
Parallel approach 

down 

top 



Technology phase 
�  Since the serial and parallel approach have similar 

time frame, why not using always the parallel 
approach? 



Next Generation Sequencing 

Technology phase 



Technology phase 

  

Correlation between cell type expression profiles

Shared protein coding 
(n = 12007)

Shared lncRNA 
(n = 657)  

Protocol: PolyA+ , Total RNA

totalRNA 

polyA+ 

�  Technologies have 
limitations! 

�  Methodological bias 



Technology phase 
�  Technologies have 

    limitations! 

�  Lack of  standardized 
methods 

�  Inconsistency between 
technologies 





Limited data sampling 
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Limited sample sampling 

Genes: > 25 K 



Limited sample sampling 

SNP: > 2 milions < 1000 < 1000 



Discovery phase 
�  If  top è down approach is used, data can have different 

in depth depending on the lab producing them. 

�  Small biological laboratories: 
�  Data are limited: 

�  Time series: 4 points 
�  Perturbations: 1 perturbation 
�  Number of  replicates: 2:3 
�  In some cases difficult accessibility to raw data. 

�  Public consortiums: 
�  High quality data 
�  Large amount of  data 
�  In some cases difficult accessibility to raw data. 



Validation phase 
�  After having defined some key elements for 

a specific biological problem various 
experiments are designed to confirm and 
motivate the involvement of  the key 
elements in the problem under study. 
�  Time frame: 2-3 yrs 
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Models in biology 
�  What do we want to predict? 

�  Disease appearance 
�  Disease development 
�  Drug effect 

�  What do we want to study? 
�  Effect of  perturbations on molecular spaces affecting at 

least cell space 
�  Understanding cell mechanisms: 

�  Development 
�  Differentiation 

�  What do we want to detect? 
�  Key elements involved in disease development 
�  Key elements involved in molecular pathways 
 

 



Biologist’s model idea 
�  Key element involved in a molecular pathway 

Spadaro et al. submitted 

Talattoferrin IL1β 
TNFα 

iDC iDC 

DC DC 



Biologist’s model idea 
�  Models represent a way to define new working 

hypotheses. 

Spadaro et al. submitted 

Talattoferrin 
specific 
 network 



Models in biology 
�  Particularly intriguing are multi-level models: 

�  Cell population 
�  Molecular networks controlling cell population 



population level 

molecular level 

Models in biology 

Cordero et al. BMC Bioinformatics 2013, 14(Suppl 6):S11 



Parameter definition 
�  The critical issue that require interaction with 

biologists is parameters definition  

In this case we had a total of  124 reactions  
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Small labs 
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Conclusions 
�  Mathematical models offer new perspective to 

biologists. 

�  With the present amount of  data models can give 
new incites in providing new working hypotheses. 

�  Strong interaction between biologists and 
mathematician is needed to  
�  correctly define data for parameters definition  

�  highlight methodological limits 
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