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A beginners’ guide for research 
strategy of theoretical biology 

•  Exploring analogy in spatio-temporal properties 
between multicellular matter and physico-chemistry, 
since the first principle is mostly absent. 

•  Theoretical prediction of the spatio-tempiral properties 
from a phenomenological model. 

•  Experimental verification.  
•  We could find the next predictions that are more non-
trivial. 

 
☆ Two research examples of the strategy. 
☆ Two future problems for Theoretical Biology. 

 Here I show 



http://en.wikipedia.org/ 

 Analogous shape of 
polygonal “cells”  

ショウジョウバエのサナギ期の上皮細胞	
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  D.	
  Thesis,	
  Dresden,	
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How cells mechanically discriminate whether 
their neighbours are cancer or normal cells ? 
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Forces in Cells 
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Phenomenological	
  model	
  of	
  Mul?cellular	
  Mechanics	


Polygonal	
  cells	
  
in	
  2D	
  space	
  

Cell vertex model (Honda 1983)	
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ri = − ∂U
∂ri

Phenomenological	
  model	
  of	
  Mul?cellular	
  Mechanics	

Cell vertex model (Honda, 1983)	
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Differen?al	
  Growth	
  smoothens	
  the	
  boundary	
  shape	
  
Cell	
  division	
  rate	
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•  What	
  we	
  focus:	
  Polygonal	
  shape	
  and	
  tension.	
  
•  What	
  we	
  predict:	
  Cells	
  mechanically	
  sense	
  cell	
  division	
  rate	
  difference	
  

from	
  their	
  neighbors.	
  
•  Experimental	
  verifica?on:	
  Smoothed	
  boundary	
  and	
  elongated	
  cells.	
  



What developmental properties 
determine special organ numbers?      

Floral organ numbers are mostly 4 or 5 in eudicots (双子葉植物) 
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How to explore responsible properties 
for organ numbers 

ja.wikipedia.org/	


danchino.blog.fc2.com/	


Hamant,	
  2009;	
  Odell,	
  Dev.	
  Biol.	
  1981	


Coarse-graining of interaction 
between concentration spots. 

Biochemical patterning during organ arrangement  

Organ positioning under  



Emergence of concentric arrangement 

Non-concentric Tetra-merous whorl Penta-merous whorl 

Kitazawa	
  &	
  KF,	
  Submi6ed.	


Whorl:  concentric organ positioning 



Dominance of 4 and 5 
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Whorl:  
concentric organ 
positioning 



Reconstructing penta-merous floral 
organ positioning	


Kitazawa	
  &	
  KF,	
  Submi6ed.	




How to verify the predictions 
ja.wikipedia.org/	


danchino.blog.fc2.com/	


Organ positioning under  

Coarse-graining 

Biochemical and mechanical 
patterning during organ arrangement  

1. Inferring genes from their spatio-
temporal patterns and roles on organ 
positioning. 
2. Comparing the gene mutants with  
the model predictions. 

Alternation of organ positioning by 
perturbation into gene networks  



Two Future problems  
for Theoretical Biology 



1. Complementarity of “mathematics-oriented” 
and “phenomena-oriented” approaches 

www.srm.org.uk	

h]p://www.biomedware.com/	


Mathematics-oriented Phenomena-oriented 

Theory of Self-reproduction  
(J. von Neumann) 

	


Theory of Evolution  
(C. Darwin) 

	


Examples 



Ostrom,	
  “A	
  General	
  Framework	
  for	
  Analyzing	
  Sustainability	
  of	
  Social-­‐Ecological	
  Systems.”	
  Science	
  (2009)	


Ostrom,	
  “A	
  General	
  Framework	
  for	
  Analyzing	
  
Sustainability	
  of	
  Social-­‐Ecological	
  Systems.”	
  Science	
  
(2009);	
  	
  “A	
  diagnosbc	
  approach	
  for	
  going	
  beyond	
  
panaceas.”	
  PNAS	
  (2007)	


2. How to “Self-organize” 
Sustainability of  

Socio-Ecological Networks 



Recommended readings 

•  “Physical Biology of the Cell” (2nd ed. 2012) 
•  K. Kaneko, “Life” (Springer) 
•  Newman & Forgas, “Biological physics of 
developing embryo” 

•  鈴木理、「分子生物学の誕生」（秀潤社, 1996） 
•  人体の不思議　（講談社の動く図鑑） 

http://zukan-move.kodansha.co.jp/pc/contents/
human.html 
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