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@ Founding Conference

BiG data Is bioinformatics

* Heterogeneous data
 numerical
* non-numerical

» Structures at different levels (from molecules to organisms)—images
e Sequences
« Longitudinal/dynamic—movies

 Multi-dimensional

 Collected at multiple sites
» Produced by indivual small labs to large international consortiums

« Shared through the internet
* Real time acces

* Need of integrative analysis
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FOUIC o€ : X-informatics (june 4,2015)

bioinformatics 24,500,000
chemoinformatics 275,000
astroinformatics 27,800
neuroinformatics 331,000
socioinformatics 14,100
geoinformatics 548,000
meteoinformatics 146
econoinformatics 2,010
ecoinformatics 92,800
"' bhysicoinformatics 5,390 '
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Number of scientific
expeditions

M # of commissioned years

1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
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m— Astronomy [NRAQ]
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= Physics [LHC]
Simulation [ICESS]

= Gene Sequencing [EBI]
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Data Phase  Astronomy Twitter YouTube
Acquisition 25 zetta-byles/year 0.5-15 bilkon 500-900 million hours/year
tweets/year
Storage 1 EByear 1-17 PBlyear 1-2 EBlyear
Analysis I situ data reduction Topic and Limited requirements
sentiment mining
Hoaktime procossng Motadata analysis
Massive volumes

Distribution  Dedicated lines from antennae  Small units of Major component of modem user's
o server (600 TB/s) distribution bandwidth (10 ME/s)

MARCH 31, 2017

Table 1. Four domains of Big Data in 2025

Big Data:

Astronomical or Genomical?

Genomics
1 zetia-bases/year

2-40 EBNyear

Helerogeneous data and analysis

Vanant calling, ~2 trillion contral
procassing unit (CPU) hours

Allspairs genome alignments, ~ 10,000
trilion CPU hours

Many small (10 MB/s) and fewer massive
(10 TB/s) data movement

CCCB | Barcelona
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We are the Big Data
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Wearable medical devices
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Implantable
e \Wearable devices

Epilepsy

Parkinson’s Disease

©

Temperature
Essential Tremor

©

Heart rate, ECG
Severe Spasticity Oxygen, pH

Chronic Pain Capsule Glucos

Nonopioid
Chronic Pain
Retention Motion
o Fecal Incontinence

Acceleration

©

Algometer

A CCCB | Barcelona
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Molecular Computation of Solutions to
Combinatorial Problems

Leonard M. Adleman

Founding Confe

The tools of molecular biology were used to solve an instance of the directed Hamiltonian
path problem. A small graph was encoded in molecules of DNA, and the “operations’ of
the computation were performed with standard protocols and enzymes. This experiment
demonstrates the feasibility of carrying out computations at the molecular level.

@i\\ 0, TATCGGATCGGTATATCCGA

) B ﬂ’ GCTATTCGAGCTTAAAGCTA

o , GOCTAGGTACCAGCATACTT

€}, ,, STATATCCGAGCTATTCGAG

=6 ). CTTAAAGCTAGGCTAGGTAC
el

5 'ﬂl-n-_ﬂ 1 ﬂl-—ﬂ-
Fig. 1. Directed graph. Whenv,, = O and v, = 6, FEATATCCGAGCTATTCGAGCTTAAMGCTAGOCTADITAC
a unique Hamiltonian path exists: 0—1, 1—2, a
253, 3—4, 4—5, 56, : ; a ¥

Fig. 2. Encoding a graph in DNA. For each vertex /
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doi:10.1038/naturel11875

Towards practical, high-capacity, low-maintenance
information storage in synthesized DNA

Nick Goldman', Paul Bertone', Siyuan Chen?, Christophe Dessimoz', Emily M. LeProust?, Botond Sipos' & Ewan Birney’

2 PB perlgDNA

Binary/text file

[ - - 1000100001010111001111000000100110001000110110011 - - - |

| ... [Tl [drt] Iolre] [Llovely and more temperate...

Base-3-encoded

021101010120001

| .. pe112020de211d100002212011110101110221022171102

DNA-encoded
[ . JTAGATIGTGTACAGACTACGCIGCAGTGAGATICGACTICGCAGTGCT

Alternate fragments
have file information
reverse complemented
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DNA fragments

DNA encoded |ndexmg
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Relative cost of DNA-storage writing
versus tape transfer fixed cost
(6)
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1. 25—

Tape less expensive
(assuming tape rewritten every 5 yr)

Current costs for 1 MB of data

DNA synthesis
10x cheaper

age less expensive
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“Goldman prediction”

« 2PB per 1g DNA (2 x 10*° bytes)

« Total world info (2013): 3ZBytes (3 x 104! bytes)
« Aproximately 1.5 x 10° g (1,5 tonnes of DNA) to store all information

* Information doubling time: 2 years
« Mass of earth: 6 x 1027 g (google)
¢« 1.5x 100 x 2¥2 =6 x 10?7 =» x = 140 years

 the mass of total info in the world stored in DNA exceeds the
mass of the Earth in year 2157
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DMNA STORAGE

DNA Fountain enables a robust and

efficient storage architecture 215 PB per 1 g DNA

Yaniv Erlich"*** and Dina Zielinski®

DMA is an attractive medium to store digital information. Here we report a storage strategy,
called DNA Fountain, that is highly robust and approaches the information capacity per

nuch otide. Using our approach, we stored a full computer operating system, movie, and other
files with a total of 2.14 x 10° bytes in DNA oligonucleotides and perfectly retrieved the
information from a sequencing coverage equivalent to a single tile of lllumina sequencing.
We also tested a process that can allow 2.18 x 10% retrievals using the original DNA sample
and were able to perfectly decode the data. Finally, we explored the limit of our architecture
in terms of bytes per molecule and obtained a perfect retrieval from a density of 215 petabytes
per gram of DNA, orders of magnitude higher than previous reports.
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