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Breaking the Complexity of Cancer
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The Cancer Genome Atlas )

Insights from Genomic Approaches

Functional classes
Tue Cancer GEnOME ATLAS'

1ST ANNUAL SCIENTIFIC SYMPOSIUM: Protein and lipid kinases BRAF (melanoma). PIK3CA (breast). PIK3R1 (GBM),

Enabling Cancer Rescarch Through TCGA EGFR (lung). FGFR2 (endometrial)
JAK2 (myeloproliferative)

November 17-18, 2011

B fe e i Lineage survival genes  MITF (melanoma), NKX2-1 (lung), SOX9 (colon)
e SOX2 (squamous lung and esophagial),
(¢ @ LK 52
i Epigenetic regulators DNMT3A (AML), EZHZ (DLBCL). UTX (many), MLL2/3
Metabolic enzymes IDH1/2 (GBM and others)
. - L — |- F fra=]
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Surprises
Notch Oncogene (T-ALL) and tumor suppressor (squamous)
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Genia Technologies, Inc.
2013F ~Er7 / LIEX100RJLELT, 1EFE LA

“Last-Generation Sequencer”

A single molecule of DNA.

Reaching the
$16€8- $100 genome.

http://www.geniachip.com/




Current

DNA sequencing by a nanopore with phosphate-
tagged nucleotides
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Fig. 2
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General principle of single molecule electronic
DNA sequencing by synthesis using PEG-labeled
nucleotides and nanopore detection

The single molecule electronic Nano-SBS system, which
is shown schematically in Fig. 2, depicts the DNA
polymerase bound in close proximity to the nanopore
entrance. A template to be sequenced is added along
with the primer. To this template-primer complex, four
differently tagged nucleotides are added to the bulk
aqueous phase. After polymerase catalyzed
incorporation of the correct nucleotide, the tag-attached
polyphosphate will be released and pass through the
nanopore to generate a unique ionic current blockade
signal, thereby identifying the added base electronically
because the tags have distinct chemical structures.

Kumar S, Tao C, Chien M, Hellner B, Balijepalli A, Robertson JW, Li Z, Russo JJ,
Reiner JE, Kasianowicz JJ, Ju J. PEG-labeled nucleotides and nanopore detection
for single molecule DNA sequencing by synthesis. Scientific Reports 2, Article
number: 684, 2012. doi:10.1038/srep00684
http://www.nature.com/srep/2012/120921/srep00684/full/srep00684.html
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Che New lork Times  Genetic Gamble

201247A8H ~New Approaches to Fighting Cancer

Dr. Lukas Wartman
Washington Univ. St. Louis
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"I was definitely scared. It was so unreal," said Dr. Wartman on first suspecting that he had
leukemia, the very disease he had devoted his medical career to studying.

A drug that had been tested and approved only for advanced kidney cancer. Dr. Wartman
became the first person ever to take it for leukemia.

http://www.nytimes.com/2012/07/08/health/in-gene-sequencing-treatment-for-leukemia-glimpses-of-the-future.html
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Open

Impleménting genomic medicine in the clinic:
the future is here

Teri A. Manolio, MD, PhD’, Rex L. Chisholm, PhD?, Brad Ozenberger, PhD', Dan M. Roden, MD?,
Marc S. Williams, MD*>, Richard Wilson, PhD?, David Bick, MD’, Erwin P. Bottinger, MD?,

Although the potential for genomics to contribute to clinical care has long been anticipated, the pace of defining
the risks and benefits of incorporating genomic findings into medical practice has been relatively slow. Several
institutions have recently begun genomic medicine programs, encountering many of the same obstacles and
developing the same solutions, often independently. Recognizing that successful early experiences can inform
subsequent efforts, the National Human Genome Research Institute brought together a number of these groups to
describe their ongoing projects and challenges, identify common infrastructure and research needs, and outline an
implementation framework for investigating and introducing similar programs elsewhere. Chief among the
challenges were limited evidence and consensus on which genomic variants were medically relevant; lack of
reimbursement for genomically driven interventions; and burden to patients and clinicians of assaying, reporting,
intervening, and following up genomicfindings. Key infrastructure needs included an openly accessible knowledge
base capturing sequence variants and their phenotypic associations and a framework for defining and cataloging
clinically actionable variants. Multiple institutions are actively engaged in using genomic information in clinical care.
Much of this work is being done in isolation and would benefit from more structured collaboration and sharing of
best practices.Genet Med advance online publication 10 January 2013Genetics in Medicine (2012);
doi:10.1038/gim.2012.157.
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Managing and Analyzing 1,000,000 Robert Grossman

Genomes: September 18, 2012 by Robert Grossman . : ,A W& TN
: ¥

Recently, we have been thinking about what you might call the
Million Genome Challenge. Over the next several years, the
National Cancer Institute, and perhaps other organizations, will
sequence a million genomes and use this data to increase our
understanding of biological pathways and of genomic variation
across individuals. With this knowledge, we can begin to stratify
diseases, leading to precision diagnosis and precision treatment
that is personalized for individual patients.

The numbers associated with a million cancer genomes are
worth thinking about. The whole genome data for a tumor and a
matching normal tissue sample require about 1 TB. Thus, one
million genomes require about 1,000,000 TB. This is 1,000 PB or

1 EB. Compressing the data might reduce the data by about a — Why is it till 50 hard to analyze remote and distributed Datascopes for the Long Tail of Science —
factor of 10. Throwing away the alignment data and retaining data?

only the variation data would reduce the data by about a factor

of about 100. Assuming it costs about $1,000 to sequence each Managing and Analyzing 1,000,000 Genomes

whole genome, the project as a whole requires about $1B for Posted on September 18, 2012 by Robert Grossman

the sequencing. It might require another $1B for the o o
I zave a talk last week at XLDE 2012 about Bionimbus, which is cloud based system for

infrastructure and ana Iys is. Altho ugh managing, analyzing, transporting, and sharing large genomics datasets in a secure and
obviously a large project, a project like this  compliant fashion. Bionimbus was developed at the Institute for Genomics and Systemns

is |IkE|V to fundamentallv alter the way we Biology (IGSB) and is used by IGSB and some of their collaborators to manage and analyze
. their next gen sequencing data.
understand and treat diseases.
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Knocking on the clinic door

Nailure Biofechnology 30, 1009 (2012) | doii10.1038/nbt.2428
Fublished online 08 November 2012

Download PDF ..?!’, Citation r‘ Reprints ﬂ., Rights & permissions

High-throughput sequencing for clinical purposes faces technical and quality challenges,
but it's worth it.

The 33-billion price tag for the first human genome would now buy not one but a million human
genome sequences, each completed in just a few weeks. Personal genome sequencing is becoming
a reality, and targeted or whole exome sequencing is being explored to facilitate diagnosis and
guide treatment, in some conditions and for some patients. The problem is that extracting clinically
actionable information from genome data is currently hit or miss, time intensive and dependent on
access to knowledgeable specialists. What's more, much of the IT infrastructure and decision
support systems necessary to deliver genome information to physicians has yet to be put in place.
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