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The dual nature of computers

1 Ordenador: a machine to
manage data.

0 Computador: a machine
to do maths.




Evolution,...

Mature HIV-1 capsid (64M atoms) NAMD
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Simulation scale for long and large simulations is calculated multiplying simulation length (nanoseconds)
with size (number of atoms).



Massive parallel simulations {1
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Integrate experiments

DNA double-strand break
by the I-Dmol endonuclease

Ground +M Final cleaved

state (0 h) ) DSEeantion > state

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 % 2 ’ TS
the gaps and thus to complete the vision of the ° w] -
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Molina, R.; et al.. Nat Struct. Mol. Biol. 2014. doi:10.1038/nsmb.2932




Whole-Cell simulation

0 Whole-cell computational model of
the life cycle of the human pathogen
Mycoplasma genitalium from
Genotype (Cell 2012)

O Entire organism (525 genes)
modeled in terms of its molecular
components

O Integration of multi-format data and
very fragmented data

O experimental analysis directed by
model predictions identified
previously undetected kinetic
parameters and biological functions

O 7 hours =2 100 Gb of data
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E. coli binary interactome network

VOLUME XX NUMBER Y FEBRUARY 2014
l I www.nature.com/naturebiotechnology

biotechnology

ATP
THE SCIENCE AND S INESS OF BIOTECHNOL( Y

AtpC
Complex 117

MetQ

RecD RecC

Complex 72

AraG  KefF L
ra e .
FixB YiiM

HolD

.

o B

HolE Rho Gsp

J 4

2 £k

Protein with...
@® complete exp. structure
complete homology model

@ partial structures/models o~
no structural data ﬁ

Interaction from...

. YcaC

il
VI;’;\ . w

YecE

UspA UspD

Literature
Literature and Y2H

2+ LCompiox i22

8 Rajagopala et al. Nat Biotechnol 2014



Human interactome network

Description Tested Identified Not identified P-value
Direct Indirect TP FP FN TN
All interactions 687 56 189 2 498 54 1.01E-05
P=1x10"

Interactions in the crystal

—— Interactions tested and
identified in HI-2012

M Detected (n=189)
B Missed (n=498)

— - Interactions tested in
HI-2012 and correctly
not identified
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HEARTH SIMULATOR
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The dual nature of computers

1 Ordenador: a machine to
manage data.

0 Computador: a machine
to do maths.




e -l google.es

iva  Edicidn  Wer  Favoritos  Heramientas  Awuda EPSON Web-To-Page » | {&1n:
~avoribos | 5.3 [V IRE Barcelona Mall - Inbox -... & A - - .
= iy o Your source for the latest research news

human genome project - Buscar con Google

News Articles Videos Images Books

Earth & Climate

Web |Imagenes Mideos Mapas [Noticias Libros Coreg Mas v

-
30 ;gle human genome project

rexhadamente 2.080.000 resultados (0,25 segundos)

Health & Medicine Mind & Brain Plants & Animals Space & Time IMatter &

Science News 7 Blog @ Cite

'3 Todo » $1.688 whole human exome Human Genome's Breaking Points: Genetic Sequence of Large-Scale
® Imagenes $1.688/1st sample. §1,999 for bulk HiSeq2000({2x100)&NimbleGen v2 cag Differences Between Human GEI‘IOI’I‘IES

www. otogenetics. com

B Videos . e PP . .
- : - : SciencelDaily (Feb 2 2011) — A detailed analysis — .
=2 Noticias Articulos HCacten = M aaaenama el =

oHcias 4 .. EXPresSSEEE \ hitps 23andme.com - @2 3 B B X 2300 enetic Testing T g

-

111

FhRmsan

¥ as 1836
lNew goals ft
larcelona Implications

LLEL LTI
11111

- g

> ambigg

aWe

~ Artin a4

nted

+ Greenland ice-melt map gsts the cold

shoulder

] pased on the analysis of 960000 SNF

‘- ] < lglgj, ] ;‘ll - . B viocos < Pt a0, 02 + Texas prepar:

20 September 20

=y
(\r.

fight for stem cells

> 20000 human genomes x year

Stories by keyw:

"’ RNA-Seq from $698/sample

with guaranteed min seq readsisampl Aprll 24th 2012

KEY =imany species covered,bioinfor anays

§ o o 8 - whini Dtogenetics.com

) i

gl



Genomic Grand Challenges
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NHS England has announced eleven Genomic
Medicine Centres that will lead the way in
delivering the 100,000 Genomes Project. This
marks the start of the main phase of the

Check out this Storify about the day our new
Genomic Medicine Centres were revealed:
bit.ly/GMCStorify #Genomes100k #100KGP

© Show Media

Our Head of Engagement, Vivienne Parry,
explains more about genomics in this film
courtesy of our partners at Health Education
England. | ¥ Department of Health © 22 Dec




World-level genomic consortiums

uropean
enome-phenome
rchive

International
Cancer Genome
Consortium

\ o University of Chicago EBI Barcelona Supercomputer Center
The pancer NIH Trusted Partner Data Manager for 1KGP EGA Partner
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(€ 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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D 2 O 1 O - > paraS Ite Eeqs.zlasr;rhgg%!\!eNEyktlhiEized a fully functional chromosome from the baker's yeast

Saccharomyces cerevisiae. At 272,281 base pairs long, it represents about 2.5% of
the organism's 12 million-base-pair genome.

O 2014: the synthesis 0
of a functional N - .
272,871-base pair o —_—

: : Scientist writes DNA - DNAsynthesis machine croates
designer eukaryotic ; ? i
chromosome 2 — S

NERREERE * »
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sequences into ~750-base-pair (bp) strands

cerevisiae genome g
e
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. . — ‘ the original yeast chromosome

S I O until it is completely ‘synthetic’
CI e n Ce Ap rl 2 14 Part-synthetic yeast

chromosome I —
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A semi-synthetic organism with an —
expanded genetic alphabet e

O Neither the presence of the unnatural

triphosphates nor the replication of the UBP
Introduces a notable growth burden.

O 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) - tn MT"
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~ Data Is extremely noisy
deriving information from data Is very costly

3

AGT AT
ATG

AGT

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



Smufin a reference-free method
for somatic mutation detection

Normal Tumor Normal Tumor

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

either point mutations or Point mutations AND
structural variants structural variants of any size
(inserions, deletions, inversions)

- Need to map reads to reference genome and discard variants. - Detection of somatic variations through direct read comparison
- Low sensitivity and/or specificicty. without mapping to a reference genome.
- Detect either point mutation or structural vaiants - Hihg sensitivity and/or specificicty.
- Best detection of structural variants of certain sizes. - Detects both point mutation or structural vaiants of any size

Nature Biotech 2014
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