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The Problem

Genomics has reached an impasse



The genome and combinatorial explosion

Assume each function depends on 2 genes
(absurd, but still instructive)
Total number of possible ‘functions’ would be
0.5 x 25,000 x 24,999

= 312,487,500 10289

With more realistic assumptions about # of gene=agh
function, the figures are huge : at 100/functiorl. (5 €9%9);

for all combinations (~ 2166713 1072403|

(The MUSIC of LIFE, chapter 2).










Some principles
FromExperimental Physiolog{2008) 93, 16-26

Biological functionality is multi-level

Genes do nothing on their own. They are simply whgas.
(There is no ‘genetic program’)

Physiological functions use many genes in collatiana

Therefore need higher level insights to work outclrh
Interactions are functional



Some principles

From Experimental Physiolog{2008) 93, 16-26

Transmise I know one approach_that will fail; one-way
which is to start with genes,

So, the ‘cent make proteins from them  smrorrect!
and to try to build things bottom-up

There iIs ‘dov

This influenc Sydney Brenner, 2001 rking

“Lamarckism is not so obviously false as is someimmade out”
(John Maynard Smitlgvolutionary GenetigOUP, 1998)



Unravelling complexity

Need to work in an integrative way at all levels:
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Speed of Operation

OF THE FERRANTI MERCURY COMPUTER
The time required to add (or subtract) two floating-point numbers is
only 180 micro- seconds, while two such numbers may be multiplied
in 300 microseconds. A group of operations chiefly used for the
organization of a calculation take only 60 microseconds.
An important factor contributing to the high speed of operation is that
there is no delay associated with obtaining any number held in the computing store.

In 1956 Approximately 104
In 2008 we are aiming at 1016



Example of protein interaction in a cell model
Reconstructing the heart’s pacemaker

Sinus rhythm generated by ion channel interaction
Acceleration of sinus rhythm by adrenaline

—
Rhythm abolished when .
interaction prevented All 3 protein levels up-regulated
—
lf

| is example of fail-safe ‘redundancy’



Downward causation
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Impact-induced arrhythmia
Li, Kohl & Trayanova, 2004
Bi-domain modelling with full ionic cell models
iIncluding stretch-activated channels



Virtual Physiological Human (VPH)
IS a form of Systems Biology

Aim to relate genes and phenotypes at
all levels up to the whole organism

Involves mathematics, physics, computation
biochemistry, physiology, engineering ..

Raises important ethical questions

Requires new forms of international
collaboration




Related FP7 projects
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