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case	
  study:	
  	
  pluripotent	
  stem	
  cells	
  

Wikipedia!	
  



produc0on:	
  
inducible	
  pluripotent	
  stem	
  cells	
  (iPS)	
  

Paradigm:	
  reprogram	
  

Factors:	
  	
  	
  
DNA,	
  protein,	
  small	
  molecules	
  

Delivery:	
  	
  Viruses,	
  transfec'on,	
  …	
  

Maherali	
  &	
  Hochedlinger,	
  	
  
Stem	
  Cell	
  2008	
  

Timescale:	
  	
  weeks-­‐months	
  
Cost:	
  high	
  
Efficiency:	
  few	
  %	
  
Risk:	
  	
  muta'ons,	
  toxicity	
  



breakthrough:	
  	
  s'mulus-­‐triggered	
  
acquisi'on	
  of	
  pluripotency	
  (STAP)	
  

Timescale:	
  	
  days	
  
Cost:	
  low	
  
Efficiency	
  (high)	
  
Risk:	
  	
  low	
  
Paradigm:	
  	
  s5mulate	
  

	
   	
   	
  recontextualise	
  

New	
  Scien'st	
  

“Acid	
  bath	
  offers	
  easy	
  path	
  
to	
  stem	
  cells”	
  Nature	
  

Obokata,	
  Nature	
  2014	
  



systems	
  (and	
  synthe'c)	
  biology	
  
(Kitano,	
  2002)	
  
Structure:	
  	
  components	
  (e.g.	
  genes,	
  proteins,	
  metabolites	
  etc)	
  

	
   	
   	
  interac5ons	
  (networks)	
  
	
   	
   	
  mechanisms	
  (modula'ng	
  interac'ons)	
  

	
  
Dynamics:	
  system	
  behaviour	
  over	
  5me,	
  	
  under	
  various	
  condi'ons	
  
	
  
Control:	
  	
   	
  mechanisms	
  that	
  systema5cally	
  control	
  the	
  	
  state	
  of	
  the	
  

	
   	
   	
  cell	
  (system)	
  can	
  be	
  modulated	
  to	
  minimise	
  malfunc'ons	
  and	
  
	
   	
   	
  provide	
  poten'al	
  therapeu'c	
  targets	
  

	
  
Design:	
   	
  Strategies	
  to	
  modify	
  &	
  construct	
  biological	
  systems	
  	
   	
  

	
   	
   	
  having	
  desired	
  proper'es	
  -­‐	
  devised	
  based	
  on	
   	
   	
   	
  
	
   	
   	
  definite	
  design	
  principles	
  rather	
  than	
  by	
  (blind)	
  trial	
  &	
   	
  
	
   	
   	
  error.	
  	
  	
  	
  

	
  



structure:	
  biological	
  networks	
  

Mapping	
  via	
  experimental	
  and	
  	
  
computa'onal	
  methods	
  
	
  
Data	
  integra'on	
  and	
  network	
  
inference:	
  	
  Bayesian,	
  Graphical	
  
models	
  
	
  
Network	
  analysis	
  (c.f.	
  SNA)	
  

	
  Architecture	
  
	
  Modules,	
  mo'fs	
  
	
  Targe'ng	
  	
  

	
  
Issues:	
  

	
  Incomplete	
  data	
  
	
  Temporality	
  

	
  

thesysbio.bio.ic.ac.uk	
  



networks:	
  	
  experimental	
  mappings	
  are	
  
inconsistent	
  	
  

Wodak	
  S	
  et	
  al.	
  Curr.	
  Op.	
  Struct.	
  Biol.	
  2013	
  23:941–953	
  
	
  



structure?	
  

“Classical	
  view”	
   “New	
  view”	
  
	
  

proteins	
   fold	
  to	
  well-­‐
defined	
  3D	
  
structure	
  

may	
  be	
  “intrinsically	
  
disordered”	
  

	
  
interac0ons	
  

	
  
highly	
  specific	
  

	
  
induce	
  structure	
  
modulate	
  specificity	
  



structure?	
  mul5ple	
  realisability	
  of	
  “higher”	
  
level	
  func'ons	
  based	
  on	
  equivalence	
  classes	
  
of	
  “lower”	
  level	
  variables	
  	
  (Ellis,	
  2012)	
  

one to many

many to one



causa0on:	
  	
  bokom-­‐up,	
  top-­‐down,…?	
  

Noble,	
  2012	
  



“biological	
  rela0vity”	
  :	
  no	
  privileged	
  
level	
  of	
  causa'on:	
  (Noble,	
  2012)	
  

Noble,	
  2012	
  

hkp://www.laetusinpraesens.org/	
  

webs	
  of	
  causa'on?	
  
	
  
Hypernetworks?	
  



systems:	
  engineering,	
  biological,	
  social	
  

Umpleby,	
  2004	
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action. In this diagram are included two further fields: Systems Science is located as an 
abstract, formal science between mathematics and the individual sciences. Systems 
Design indicates the heterogeneous field of methods and practices, which explain how 
problems are best identified, how solutions are found and how the way to solutions is 
created strategically. 
Systems science and its interdisciplinary concepts and language provide a bridge between 
science and the humanities, between descriptive research and normative practice, thus 
making a contribution to the unity of knowledge.11 
 
 

8. SYSTEMS THINKING AND SYSTEMS THINKERS 
“Systems thinking is often defined by its contrast to the Cartesian paradigm 
which is characterized by the belief that the behavior of the whole can be 
understood entirely from the properties of its parts.” Merali & Allen (2011) 

 
What characterizes a systems thinker? There are at least two possibilities: The person 
works in the field of systems science; the person thinks and works with systemic-oriented 
approaches and systemic methods, regardless of what kind of object is involved. Even 
when it is not concerned with the same object: Systemic thinkers often consider multiple 
perspectives and ask various questions, according to their perspective or the existing 
circumstances. 
 

 
Figure 5: Systemic thinkers in action. This picture shows how the same system can 

be examined from different perspectives while posing different questions. 
(Hieronymi) 

 
We now provide a short overview of individual systems thinkers.12  A special feature of 
the systems movement is the fact that many of its important exponents come from very 

                                                
11 Bailey (2001) “Unified science has long been a major goal of the systems movement”. See also Bertalanffy (1968); Boulding 

(1956). 

mul0ple	
  approaches	
  

Hieronymi,	
  2013	
  	
  
	
  



mul0ple	
  
explana0ons	
  
	
  
Aristotle’s	
  
four	
  causes	
  

final

material

formal
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stop	
  press:	
  STAP	
  results	
  under	
  scru'ny	
  

Errors	
  in	
  manuscript	
  (figures)	
  
	
  
Incomplete	
  methodological	
  descrip'on	
  
	
  
Difficul'es	
  in	
  reproducibility	
  
	
  
	
   Contextual	
  approach	
  

	
  
Prior	
  investment	
  
	
  
Paradigm	
  shi0?	
  
	
  As	
  of	
  26/2/14	
  

Blog	
  following	
  the	
  developments:	
  
hkp://www.ipscell.com/	
  
Briefing:	
  hkp://www.biosciencetechnology.com/blogs/2014/02/new-­‐stem-­‐cell-­‐sagas-­‐0	
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