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The dual nature of computers 

 Ordenador: a machine to 

manage data. 

 

 Computador: a machine 

to do maths. 

FLOPS and BYTES ARE EQUALLY IMPORTANT 
IN BIOLOGY? 



10^2 atoms BPTI (Karplus 1977) 

10^7 atoms  
HIV-1 (Schulten 2013) 

Evolution,… 

10^4 atoms  
mliisec scale  
(Shaw 2011) 

Mature HIV-1 capsid (64M atoms) NAMD 
 



EESI 2 workshop,  
Bologna 

Massive parallel simulations 
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Portella & Orozco, Angew.Chem. 2010 
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Integrate experiments 
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DNA double-strand break  

by the I-Dmol endonuclease 

Molina, R.; et al.. Nat. Struct. Mol. Biol. 2014. doi:10.1038/nsmb.2932 

7 different catalytic intermediates were solved by X-ray, BUT 

reactive species cannot be trapped 

We use a combination of MD and QM methods to fill 

the gaps and thus to complete the vision of the 

reaction, assign roles to the catalytic residues in the 

active site, estimate kinetic energy barriers ... 

TS 

TS ? 

A reaction mechanism is proposed, involving 

the transient protonation of the PO4 group 

by the catalytic water    
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 Whole-cell computational model of 

the life cycle of the human pathogen 

Mycoplasma genitalium from 

Genotype (Cell 2012) 

 Entire organism (525 genes) 

modeled in terms of its molecular 

components 

 Integration of multi-format data and 

very fragmented data  

 experimental analysis directed by 

model predictions identified 

previously undetected kinetic 

parameters and biological functions 

 7 hours  100 Gb of data  

Whole-Cell simulation 
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E. coli binary interactome network 

Rajagopala et al. Nat Biotechnol  2014 



EESI 2 workshop,  
Bologna 9 

Human interactome network 

Rolland et al. Cell 2014 
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HEARTH SIMULATOR 



The dual nature of computers 

 Ordenador: a machine to 

manage data. 

 

 Computador: a machine 

to do maths. 

FLOPS  BYTE but also BYTEFLOPS 
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Genome Sequencing 

« Estimated around 30,000 by the 
end of 2011 »  

« Unclear total number 2013 »  
 

> 20000 human genomes x year  

April 24th 2012 

Around one million people know their genotypes 

(based on the analysis of 960000 SNPS) 

Elixir is predicting 280,000 

humans sequenced in 2014 
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 ICGL     1000G 

Genomic Grand Challenges 
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Genomics-UK 100,000 genomes 
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World-level genomic consortiums 

European Genome-phenome Archive (EGA) repository will 
allow us to explore datasets from numerous genetic studies 

Pan-cancer will produce rich data that will provide a major 
opportunity to develop an integrated picture of differences 

across tumor lineages 
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Source: New 

Yorker 

Here’s my 

sequence … 

Personalized 

Medicine 

1 Individual followed for 14 months 

Adapted from A.Valencia 
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 2010 -> parasite 

 2014: the synthesis 

of a functional 

272,871–base pair 

designer eukaryotic 

chromosome 

 2.5% of the 12-

million-base-pair S. 

cerevisiae genome 

 

Science April 2014  

 

 

 

 

 Synthetic biology 
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 Neither the presence of the unnatural 

triphosphates nor the replication of the UBP 

introduces a notable growth burden.  

 Lastly, we find that the UBP is not efficiently 

excised by DNA repair pathways. Thus, the 

resulting bacterium is the first organism to 

propagate stably an expanded genetic alphabet. 

 

 
Nature 509,385–388 (15 May 2014)  

A semi-synthetic organism with an 

expanded genetic alphabet 
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Data is extremely noisy  
deriving information from data is very costly 

--AGCTAAATAGTATGGCAATTAGCCCGATCGGGGTAATTATATGCGAGCTGGGGGGGGGGTAGCAGTGAGGAGTTGCC-- 

ATGGCAAT 

ATAGTATC 

TAATAGT 

ATGGCAAT 
AGCTAAAT 

ATGGCAAT 

GGGGGGGG 

30 x to 200 x coverage needed 

Final results are strongly dependent on processing 

No accepted standards! 

Processing is very slow 

 

example just CLL processing  25% of Marenostrum 



Normal  Tumor 

Reference 
genome 

Sequencing 

either point mutations or  
structural variants 

mapping 

Normal  Tumor 

Point mutations AND  
structural variants of any size  

(inserions, deletions, inversions) 

Direct comparison  
of reads 

All reported 

and available   

methods 

SMUFIN 

Quad Tree  
Structure  

- Need to map reads to reference genome and discard variants. 
- Low sensitivity and/or specificicty. 

- Detect either point mutation or structural vaiants 
- Best detection of structural variants  of certain sizes. 

 

- Detection of somatic variations through direct read comparison 
without mapping to a reference genome. 
- Hihg sensitivity and/or specificicty. 

- Detects both point mutation or structural vaiants of any size 

Nature Biotech 2014 

Smufin a reference-free method 
for somatic mutation detection 

Reference 
genome 

Sequencing 

mapping 
Direct comparison  

of reads 

SMUFIN 

Quad Tree  
Structure  

Time x 1 cancer sample 

Sequencing: < 7 hours 

Variant Calling: 1 week on a 512 core cluster  

 

Variant Calling Smufin: 7 hours on a 16 core cluster 

Nature Biotech 2014 
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