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A New Dimension for HPC In Life Sciences
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The Era of Big Data
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Source: Eric Green, Director, National Institute of Health: NextGen 101 Workshop
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Next Generation Sequencing (NGS)

e Cost per sequenced human genome
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Big Data Generation Evolution and Explosion

Single
molecule?

1,000,000,000

@ 100,000,000 4 Massively parallel
= sequencing
A =

% TR Short-read
e Sequencers
+». 1,000,000+

D

|

= 100,0000- ; - Microweil
g Capillary sequencing ByroReERNCHD
€ 10,000

B Gel-based systems

E 1,000 - Second-generation
E Ao capillary sequencer
g 1009 Manual slab ge First-generation
il slab gel capillary

10~
I I I I I I I 1
1980 1985 1990 1995 2000 2005 2010 Future
Year
MR Stratton et al. Nature 458, 719-724 (2009) doi:10.1038/nature07943 nature

5/8/2013 CuUG 2013 @



Current Processing and Analytics Tools Cannot Cope R

with the Amount of Data Generated in Genomics SO

\

Think about this: you need to collect the 1.5 GB for each person
and likely extract out the genetic markers. Then you need to
analyze the cancer and the treatment data.

According to The American Cancer Society, 12,549,000 people in
the U.S. have cancer. So at 1.5 GB per person, that comes out to
about 18.8 PB of data — and this does not include the
genetics of the cancer.

Henry Newman - Cancer, Big Data and Storage

5/8/2013 CUG 2013



CRANY

. : : .. \

Data Explosion in the Quest for Personalized Medici  nes
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draft completed by competing teams.

Genomes Genomes Disease Medicine Healthcare

L ) IR 1L B First sequence of an
individual human, James Watson.

G A1V First sequenced
family uncovers causative gene for
Miller syndrome.

1990-2003 .;"
Human Genome Projed 2

Doctors help to restore
health of Nicholas Volker {pictured)
after sequencing indicates that his
inflammatory bowel disease could be
alleviated by a bone-marrow transplant.

2004-2010 | :3a

2011-2020

1 IR NI Sequencing spares
a woman with leukaemia from
undergoing a bone-marrow transplant.

Beyond 2020

AL B Doctors report using

whole-genome sequencing to improve
Source: Eric Green, Director, National Institute of Health: NextGen 101 Workshop treatment for a patient with the movement

Ericka C. Hayden, NATURE, VOL 482, 16 FEBRUARY 2012 disorder dopa-responsive dystonia.
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What is Sequencing?

Obtain DNA sample
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Best Practices for Variant Calling with the GATK, Broad Institute, MIT, Cambridge, MA
Image source: http://www.broadinstitute.org/gatk//events/2038/GATKwhO-BP-0A-Intro_to_NGS.p
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WorkFlow Based on Illumina Sequencer \

Selected Applications
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Workflow Based on IT Resources Required
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Analysis: Leveraging Cray Solutions

Analysis
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Cray started a collaborative
effort with Université Laval:

CUG 2013

To achieve the goal of
assembling a human genome in

less than 1 hour

Ray can achieve it in 10 hours
and other assemblers in days
This tool will help toward the
goal of personalized medicine




Bioinformatics and CRRY:
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Ray: Hybrid De Novo Assembler cRAay
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Accelerating Genomic Applications
Is a Collaborative effort

The goal in De Novo assembly is to correctly assemb  le short
reads into longer sequences

e Representing contiguous genomic regions

Current Next Generation Sequencing technologies off  er increase
In throughput and decrease in cost and time

Most software is available to assemble reads froms  pecific NGS
system

Ray has been developed to assemble reads obtained f rom a
combination of sequencing platforms

e S. Boisvert, F. Laviolette, and J. Corbeil, J. Comp. Biol. 17, 1519-1533(2010)
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Ray Parallel Performance

Human gut gene catalog
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Future Work

- Ray represents a major step forward in overcoming some of the
major challenges facing genome assembling today

- This is particularly true for large datasets that otherwise are
Intractable

- To achieve the goal of sequencing even large data sets additional
optimization work will be required
We'll put particular attention to the bidirectional extension of seeds

- Continue to explore the role of Lustre, large scale data storage and
storage optimization in detail with the parallel, high-throughput
genomics workflow.

- Extend the scalability of Ray in collaboration with ORNL on Titan
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« NGS machines technology have provided critical tools for
deciphering DNA

- The cost of one Mb of DNA sequence has gone down
from about $5,000 in 2001 to approximately $0.78 in 2009

- Assembler programs have been created to assist in the
process of assembling genomic data

- Data coming from seguencers outpaces Moore’s law, it is
critical to develop tools and procedures that can
accurately and efficiently keep pace with the data
production

- Ray provides next generation of assemblers

- Ray represents a major step forward in overcoming some
of the major challenges facing genome assembling today
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