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Cost per Raw Megabase of DNA Sequence

Moore's Law
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A turning point in cancer
research: sequencing the human
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Cancer driver gene

* Oncogene
—EE(ZX->THLL
WEEZ ]I 5,

— RAS, EGFR, PIK3CAZ:
i

Wild-type RAS Mutant RAS
RAS-GDP RAS mutations lead to RAS-GDP

constitutively active RAS

GAPS{

GO GOP

)

RAS-GTP

GAPs (

Normal growth, proliferation,
and differentiation

RAS-GTP

)

Abnormal growth, proliferation,
and differentiation

* Tumor suppressor
—~ FRIZE-THHHEE
M IEIN S (DNAIE
8. M B EADEHZE)
— TP53, RB1, BRCA1, 27+
v
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OpenStax, Biology, OpenStax CNX. May 27, 2016

Hecht et al., Cancer Treat Rev., 2015 7
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CGATools/MutSig
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Back ground mutation rate CDHIEN L E
BEFORS(TINGETHEXGEEF)
GC contents, EEDHHRK

BEFRRE

replication timing

Software

MutSig

Music (Dees et al, Genome Research, 2012)

¥ = Missense mutation
A = Truncating mutation

Vogelstein et al., Science, 2013
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Frequent splicing gene mutations in MDS

o 291&{AMDMDS(myelodysplasia) & & D
whole exome sequencing.
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TCGA (The Cancer Genome Atlas)

Omics characterizations
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ICGC (International Cancer Genome Consortium)
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Mutation detection using high-throughput
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--------------------------------------------------- Exon 4
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Kataoka, Shiraishi, Takeda et al., Nature, 2016
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TCGA database: RNA-seq

ACC 79 ESCA 184 LGG 516 PCPG 179 THCA 501
BLCA 408 GBM 153 LIHC 371 PRAD 457 THYM 120
BRCA 1,083 HNSC 520 LUAD 515 READ 166 UCEC 545 Total
CESC 304 KICH 68 LUSC 501 SARC 258 ucs 57 10,210 cases
CHOL 36 KIRC 633 MESO 86 SKCM 470 UM 80 33 cancer types
COAD 457 KIRP 290 ov 261 STAD 415
DLBC 48 LAML 173 PAAD 178 TGCT 150
PD-L1 fusion gene detection (STAR) I Cancer-related viral quantification I
PD-L1 expression quantification
1 Viral expression (+)
PD-L1 exon 4 expression (RPKM) > 2 1
Exon 4 to 3-UTR ratio > 3.5 or PD-L1 fusion (+) I |dentification of viral infegration sites I
BLCA 1 ESCA 2 SKCM 3 1 Viral integrations
Total CESC 3 KIRC 1 STAD ¢ within or near the PD-L 1 gene
31 cases COAD 2 LUAD 3 UCEC 1 Total
DLBC 4 READ 2 I CESC 1 HNSC 1 STAD 1 I S

2 cases were detected
by both methods

BLCA 1 ESCA 2 READ 2 Total
CESC 3 HNSC 1 SKCM 3 32 cases
COAD 2 KIRC 1 sTAD 9 | 12 cancer types
DLBC 4 LUAD 3 UCEC 1

Visual inspection by IGV
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Infrastructure
(as a Service)

Applications
Security
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[

* Amazon AWS
* Google Cloud
*  Microsoft Azure
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(as a Service)

‘ Applications
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Software
(as a Service)

https://mycloudblog7.wordpress.com

* Seven Bridge Genomics
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GenomonDIKTF/ \wHr—

ﬂenomonPipeline (2.5.3)
e GenomonSV (0.4.2rc)

* GenomonFisher (0.2.0)

¢ GenomonMutationFilter (0.2.1)
EBFilter (0.2.1)

e GenomonPostAnalysis (1.4.0)

*  GenomonQC (2.0.1)

e GenomonExpression (0.3.0)
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NCI cloud pilot
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Genome Medicine

Computing patient data in the cloud: L

practical and legal considerations for
genetics and genomics research in Europe
and internationally

Fruzsina Molnar-Gabor"", Rupert Lueck?, Sergei Yakneen? and Jan O. Korbel”’

Abstract

Biomedical research is becoming increasingly large-scale and international. Cloud computing enables the
comprehensive integration of genomic and clinical data, and the global sharing and collaborative processing of
these data within a flexibly scalable infrastructure. Clouds offer novel research opportunities in genomics, as they
facilitate cohort studies to be carried out at unprecedented scale, and they enable computer processing with
superior pace and throughput, allowing researchers to address questions that could not be addressed by studies
using limited cohorts. A well-developed example of such research is the Pan-Cancer Analysis of Whole Genomes
project, which involves the analysis of petabyte-scale genomic datasets from research centers in different locations
or countries and different jurisdictions. Aside from the tremendous opportunities, there are also concems regarding
the utilization of clouds; these concerns pertain to perceived limitations in data security and protection, and the
need for due consideration of the rights of patient donors and research participants. Furthermore, the increased
outsourcil f information technology impedes the ability of researchers to act within the realm of existing local
regulations owing to fundamental differences in the understanding of the right to data protection in various legal
systems. In this Opinion article, we address the current opportunities and limitations of cloud computing and
highlight the responsible use of federated and hybrid clouds that are set up between public and private partners as
an adequate solution for genetics and genomics research in Europe, and under certain conditions between Europe
and international partners. This approach could represent a sensible middle ground between fragmented individual
solutions and a “one-size-fits-all” approach

doi: 10.1186/s13073-017-0449-6
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