The biological problem

Extremely important

Complex

Diffuse and stochastic nature

Bad defined problems

Cover a wide scale (time and space)
Typically defined with poor data
Exponential growth (11 Moore law)
Cost of obtaining data ||

Cost of processing data 11



The dual nature of computers

 Ordenador: machine
to manage data.

« Computador: |
machine to do maths. —
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The computer as data manager

Data growths exponentially

Data management more complex
Data integration a crucial issue
Processing of data very costly

Computers are now the limiting step in many
biological problems

Time Is a major Issue In Bio-research
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Next generation sequencing

9 = K Every experiment 2
' Tb of data

 Every machine 2
experiments a week

e A medium sized
center 10 machines

A sequencing center
generates around
2 Petabytes data a year!




Massive (human) genomic
projects
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Massive (human) genomic
projects
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of 107 compounds




LO QUE DICEN ELLAS...

'Vete al super, limpia el sofa, friega y seca
los platos, mira si hay leche, cuelga la ropa,
quita el polvo a Ia tele, compra un
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Modeling complex diseases using
genomic data
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EX. the genomic approach to
medicine

 Genome healthy vs
pathological

 Trace changes
« Remove noisse

o Correlate changes
with pathology

Every step is computationally demanding
the last simply impossible (for current computers)




The computer as a calculator

e Importance of simulation increases with:
— Increase In data on biological systems
— Better definition of the problem

 Different types of algorithms
 Must be robust to lack of information
o Often set-up conditions are unclear



Simulation scenario In Life
Sciences

Ecosystem simulation
Organ simulation

J.M.Cela

Gene inter-relations (Bayesian logics)
Cell simulation (systems biology)

Molecular simulations

— Structural prediction

— Docking

— Atomistic simulation

— Cell-scale mesoscopic simulations



Breast cancer interactome
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MEMERANE ANCHORING DOMAIN




Moving from abstract networks and real cells

Ribosbme

Permease

Predicting structure of complexes
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Molecular dynamics

Integration step 1 fts (10-1° seg) - 1 mseg = 1 Eur Billion integration steps

Equivalent to follow evolution Nearthental-> H sapiens with photos every sec



Less than 10000 atoms
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CAL, FJL, MO: J. Phys.Chem 99, 11591-11599 (1995).
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Current limitations in MD

* Size of the system
— Typically: 104-10°
particles
— Flagship: 106

e Simulation length
— Typically: 101 -102 ns
— Using HPC: us




Longer and bigger Data scales as 3N*T

N= number of atoms
T= time length
Ex. Scale up 3x103




Compression tools (PCAZIP)

Diagonalization of
covariance matrix

Eigenvectors

Select essential <: Quality
space threshold

Project cart coord.
Essential space

Store projections

Col. C.Laughton



PCAZIP data reduction proteins

95% cutoff
lidr RMSD
6 Protein | RMSd | File size
lark 0.36 8.5
1cel 0.36 7.8
e 1sr0 0.45 6.0
o» e e e w | oghl | 029 | 100
s ey 3ci2 0.36 8.6
2ich 0.33 8.8
1lidr 0.50 5.1




e From Reference Format NetCDF.

NAMD_TrajectoryNetCDF I

Web-based MD Trajectory

Analysis Toolkit
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* Average Structure
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Molecular Dynamics Workflow
MDweb

PDB Cleaning

A 4

Adding Disulphide Bonds

Adding Hydrogens
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Protein Minimization
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Strip Hydrogens Unified PDB
A

Assign Residue Types

Dertermine Box Size & Number of
BT Waters
v
Neutralize
Contains unknown ligand? CMIP v
Add Structural Waters (30 first ones)
A v
~1  Generate Ligand Parameters < tLeap > Box Waters
| add new ligand “Titrated” PDB
| Wi Strip Bulk Waters
A
Strip Monovalent lons ‘ Solvent Minimization }—[RESTRAINT on protein
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Charges DB \ arm u ev:aers unt 40
Add Sulfur Bridges [ e J o || 40
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< tLeap )4—» Add Missing Atoms / Add Charges #
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\ v
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Moving atomistic simulations to
cell-scale

: 270 million
1  Hemoglobin
" molecules




