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Personalised mathematical 
models of the effect of exercise 

> 10 000 individuals 



Eroom’s Law in pharmaceutical R&D: The 
number of new drugs approved by the US Food 
and Drug Administration (FDA) per billion US 
dollars (inflation‑adjusted) spent on research and 
development (R&D) has halved roughly every 9 
years. 

Nat. Rev. Drug Disc. 11:191-200 (2012)  





“If you know the enemy and 
know yourself, you need not 
fear the result of a hundred 

battles.  
 

― Sun Tzu, The Art of War 

 

Take home message: 1 !



Physiology 

“the study of the functions and activities of 
living matter (as of organs, tissues, or cells) as 
such and of the physical and chemical 
phenomena involved” 
 

   Webster's Third New International Dictionary  

 
 
 
 
 
 
 





VPHi 
history
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2011 2015

2012 2014 2016

2013 2017

Incorporation

The VPHi gets officially in-
corporated

Digitial Patient

Relased Roadmap for the 
Digital Patient

Parliament event

Organised event at the
European Parliament

Avicenna Roadmap

Released Roadmap for in 
silico Clinical Trials

FDA

The FDA signed a Memo-
randum of Understanging 

with AA
Digital Health Society 

Declaration

PAWG

Establishment of the Policy 
Affairs Working Group

Position statement

Why we need a strategy for 
health research in Europe

Parliament & EC

Following an official par-
liamentary request the EC 

ensures continued 
funding to VPH

Strategic policy docs

3Rs, big data...

Avicenna Alliance

Created an Industry-Aca-
demia Association. 

e-Health Stakeholder 

group

EC appointed VPHi as one 
of its 30 members

AA





Tissue	

Osteon Nephron Acinus Liver lobule Lymph node Cardiac sheets 

Organ	

Heart Lungs Diaphragm Colon Eye Knee Liver 

Environment	

Organ	system	
Organism	

Cell	

Protein	
Gene	
Atom	

Network	

x 1million 20 generations 

IUPS	Physiome:	Molecular	pathways	to	organ	systems	



cell-cell 
connections  

proteins 
genomic 
sequence 

amino acid 
sequence  

torso 

The heart physiome 

3D cell 

tissue 

heart 

cellular processes 

nm 
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Markup Languages, PMR, OpenCOR 

www.cellml.org	
	
	

sed-ml.github.io		
	
	

www.sbml.org		

models.cellml.org			

		www.opencor.ws		



 The Physiome Repository (~1000 models) 
Endocrine system Cell migration 

PKPD models 

Myofilament mechanics 

Metabolism 

Cell cycle 

Calcium dynamics  

Circadian rhythms 

Excitation-contaction 

Electrophysiology 

Gene regulation DNA repair 

Synthetic biology 

Material 
constitutive 

laws 



Your guess is right: ko and k-o are 
95 and 22/s, resp. They are not a 
function of voltage (as kv and k-v). 
I'll fix the bug in the table and make 
it clearer for the print version. 

Thank you for your interest in our 
work and your careful reading of 
the paper. Eq. 7 was printed 
wrong. Whilst proofreading the 
article for publication we found 
several misprints but we missed 
this one (hopefully the only one). 
You are right, the last two iron 
terms in Eq. 7 should be in the 
ferrous form as in the pathway 
diagram (Fig. 1). Also, k8 and k8_ 
should have their units swopped 
over. 

The value of 'a' was indeed missing, 
it is 2.5218 (at temp = 286K). Also 
note that the value of delta-H for 
gamma should be 200240 rather 
than 200.24, this is an error in the 
Table (the period should have been a 
comma). 

That's sounds wonderful, I'm glad you were able to get the code 
to match the published results. I'm also glad to hear about the 
student interested in our 2007 model, it's always nice to know 
that someone other than myself is interested in the models. 

Most authors happy to have models ‘fixed’ ..  







“Bond graphs deal with energy 
transfer between different physical 

systems and make a distinction 
between the supply, storage, 

transmission and dissipation of 
energy. “ 

Henry M. Paynter  
(1923 –2002)  



Joseph-Louis Lagrange 
      (1736-1813) 

William Rowan Hamilton 
 (1805 – 1865) 



Take	home	message	2	

Physiology	is	the	place	in	the	known	universe	where	we	see	the	most	sophis"cated	
inter-twined	exploita"on	of	electro-magne"sm,	fluid	mechanics,	mechanical	
behaviour	of	solid	materials	and	the	principles	governing	the	change	in	space	and	
"me	of	the	concentra"on	of	chemical	substances.	

Can	we	drama"cally	improve	our	understanding	of	the	salmon	without	
making	use	of	tools	that	are	designed	for	taming	such	complexity?	



“A Digital Twin is a 
dynamic software model 

of a physical thing or 
system”

 



					Top	prioriGes	for	Digital	Salmon	Twins:	
1.   Metabolism	+	genotype-phenotype	map	
2.   Immune	system	+	genotype-phenotype	map	



Structure of genetic theory

R. C. Lewontin (1974):  
The genetic basis of  
evolutionary change 



dφ1
dt

= p1φ2 − β1φ1

dφ2
dt

= p2φ1 − β2φ2



Causally cohesive genotype-phenotype models 
•  Mathematical models describing how phenotypes 

arise from lower level processes in a causally 
cohesive way 

•  Genetic variation tied to model parameters 
•  Population of dynamic systems connected to 

genetic maps 





The genotype-
phenotype map 

for a given 
environment is 

incredibly predictable! 
59/190 59/192 

The excuse… 



Heritability concept 
     

  R = h2S
Ronald Fisher 
(1890-1962) 

JBS Haldane 
(1892-1964) 

Sewall Wright 
(1889-1988)  
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VP =VG +VE
VG =VA +VD +VI

h2 = VA
VP

H 2 = VG
VP

h2

H 2 =
VA
VG

Glycolysis 

Nature, nurture, dynamics and monotonicity 

Circadian clocks 



New	Kid	in	Town:	
There's	talk	on	the	
street;	it	sounds	so	
familiar		
Great	expecta"ons,	
everybody's	watching	
you		
People	you	meet,	they	
all	seem	to	know	you		
Even	your	old	friends	
treat	you	like	you're	
something	new		

An	exact	determina"on	of	the	laws	of	heredity	
will	probably	work	more	change	in	man’s	outlook	
on	the	world,	and	in	his	power	over	nature,	than	
any	other	advance	in	natural	knowledge	that	can	
be	foreseen.	

		 												William	Bateson		



Annu.	Rev.	Biochem,	2016,	
85:22.1-22.38	

•  Cas9	FOR	GENOME	EDITING	

•  Cas9	FOR	GENE	REGULATION	
	

•  Cas9	FOR	EPIGENOME	EDITING		

•  Cas9	FOR	GENOMIC	IMAGING	
		
•  Cas9	FOR	STUDYING	

ENDOGENOUS	PROTEIN–GENOME	
INTERACTIONS	AT	SPECIFIC	LOCI		

CRISPR (clustered regularly 
interspaced short palindromic 
repeats)/Cas (CRISPR-associated 
protein)  



Is there a neat genetic solution to the sea louse 
problem?  







 Take home message: 3 
A log's flame leaps to another. 
Fire kindles fire.  A man listens, 
thus he learns. The shy stays 

shallow.  
                              Hávamál 



“Give	me	the	fruiYul	error	any	
"me,	full	of	seeds,	burs"ng	
with	its	own	correc"ons.	You	
can	keep	your	sterile	truth	for	
yourself.”		

	Vilfredo	Pareto	(1848-1923)	

Take home: 
• Remember Sun Tzu 
• Taming complexity by 
computational physiology  
• Remember old Norwegian 
saying 


