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Case study - vision for 2020 (« dream/nightmare »?)

e Everybody will be sequenced at least once in his/her lifetime
(from womb to tomb — Eric Topol Cell 2014)

Individualized genomic medicine
From prewomb to tomb




Our genome
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all the bugs that lives « with/on/into » us
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We are following disease trajectories
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The large IT costs (storage, bandwidth) are today a major obstacle to the
explosion of genomic medicine.

The huge amount of expected data in the near future will allow
sequencing entire populations, sharing data across institutions.
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ADNI

Alzheimer’s Disease
Neuroimaging Initiative

Alzheimer Disease Neuro Imaging : ADNI

ADNI 809 Whole Genome 3 trillion Cerebral ventricle
139 Ap Sequencing data pairs volume
359 MCI
251 CN 2.5 M SNPs

85 Terabytes
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aligned on reference
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Platform for Advanced Scientific Computing
(PASC)

PoSeNoGap : Portable Scalable Concurrency for Genomic Data Processing.

The main aim of the project is to develop for the Swiss Platform for Advanced
Scientific Computing a new computation node composed of heterogeneous
hardware, a new compression format for genomic data and a software
infrastructure that enables emerging applications such as Genome Analysis to be
able to process extremely large volumes of genome data in an efficient and timely
way for scientific and diagnostic purposes (clinical application).
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The pillars from technolog(ies) to interpretation(s)
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Tools in genomics

Structured data for selective access and streaming

Genomic elementary stream Raw data (FastQ)
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Analysis Information Downstream analysis (VCF, etc.)
Abstract Dataflow Design Design Space Exploration Design Profiling
<€ <€ > <€ >
/

N\

Implementation

T\

O:Egﬁbmo g D

Innovative SW/HW co-design

\_ CiC++ High-level analysis

= Automated code synthesis

Design Space Exploration

e . a Code partitioning

Architecture HDL Efficient porting to

Description parallel architectures
Io'e8

L \

Profiling information ﬂ




Encoding strategies

Create an internal
reference if not
available

Alignment with
respect to an
available
reference(s)

sequence
data

Reference based compression of sequences

Lossless compression based on entropy coding and
context modelling by a range compression algorithm

Lossy compression of QVs
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Current Challenges

The number of projects that use NGS is exploding.

Sequencers deliver output as fastq files
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For the ADNI project alone > 800 patients.
300Gb x 800 = 240000 GB =240 TB

(BAM file- 84Th)
variant calling from a single sample (LP6005115-DNA G11)

~7 days to complete using bwa/Picard/GATKv3.2 pipeline
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Conclusions

* Individuals will be sequenced several times over their entire live, the
ability to compare and evaluate along a timeline will become critical

* Compression-based algorithms are a must but should not require heavy
reprocessing it should include academic and industry stakeholders

* The landscape in sequencing are rapidly evolving providing robust
mechanisms to represent genetic information is a must with the
known/known, unknown/known and the unknown/unknown

*MPEG has a long standing expertise in maintaining standard and also could
serve as a basis to maintain the genomic movie of each individual life
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