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The genomehenge

Sequencing capacity
*  >1000 Gbases/day = 9-10 human genomes per day

at 30x coverage
RN
Equipment 'é‘ V"’ "
* 12 lllumina HiSeq2000/2500/4000

* 1 lllumina MiSeq

* 4 lllumina cBots

* 3 Oxford Nanopore Minions

»  Caliper/Eppendorf liquid handling robotics

*  Fluidigm C1

*  Bull 3500 core cluster super computer
*  Maxeler Data Flow Engine

200 Tflops

* 7.5 petabyte disc space/tape

*  Barcelona Supercomputing Center (10 x 10 Gb/s)



Size of a Human Genome Seqguence
« Twice 3.200.000.000 nucleotides

* One human genome requires sequencing
100.000.000.000 nucleotides (T,C,G or A)

* If one nucleotide is a corn of rice this would fill
TWO Olympic size swimming pools
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Sequencing of a Human Genome

« 1.000.000.000 fragments of 100 nucleotides

« Alignment against the reference sequence of the
human genome

* |dentification of the deviations from the reference

« Computational requirements ~ 2000 CPUh per
human genome
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Vol 464[15 April 2010|de10.1038/nature08987 nature

PERSPECTIVES

International network of cancer genome
projects

The International Cancer Genome Consortium®

The International Cancer Genome Consortium (ICGC) was launched to coordinate large-scale cancer genome studies in
tumours from 50 different cancer types and/or subtypes that are of clinical and societal importance across the globe.
Systematic studies of more than 25,000 cancer genomes at the genomic, epigenomic and transcriptomic levels will reveal
the repertoire of oncogenic mutations, uncover traces of the mutagenic influences, define clinically relevant subtypes for
prognosis and therapeutic management, and enable the development of new cancer therapies.
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CANADA

Pancreatic cancer
(Ductal adenacarcinoma}
Pediatric brain tumors
(Medulloblastoma)
Prostate cancer
[Adenocarcinoma)

UNITED STATES

Bladder cancer

Blood cancer

{Acute myaloid leukemia)
* Brain cancer
(Glioblastoma multiforme/
Lower grade glioma/
Neuroblastoma)

Breast cancer

(Ductal & lobular)

Cervical cancer
(Squamous)

Colaractal cancer
(Adenocarcinoma)
Endometrial cancer
(Uterine corpus endometrial
carcinoma}

Gastric cancer
(Adenccarcinoma)

Head and neck cancer
(Squamous cell carcinoma/
Thyroid carcinoma}

Liver cancer
(Hepatocellular carcinomal
* Lung cancer
(Adenccarcinomal
Squamous cell carcinoma)
Cwarian cancer

(Serous cystadenocarcinomal
Pancreatic cancer
(Adenacarcinoma)

* Prostate cancer
[Adenacarcinomal

Renal cancer

(Renal clear cell carcinomal
Renal papillary carcinoma)
Skin cancer

(Cutaneous malanoma)

..

.

.

.
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International

Cancer Genome

Consortium

EU/UNITED
KINGDOM

® Breast cances
({ER positive,
HERZ negative)

UNITED
KINGDOM

¢ Hone cancer
{Osteosarcomal
chondrosarcomal
rare subtypes)

® Hreast cancer
(Triple nagative/lobular/
other)

¢ Chronic Myzloid Disorders
(Myslodysplastic syndromes,
myeloproliferative neoplasms
and other chronic myeloid
malignancies)

¢ Esophageal cancer
({Esophageal adenocarcinoma)

® Prostate cancer
{Adaenocarcinoma)

SPAIN

o Chrenic lymphoeytic
leukemia
{CLL with mutated ang
unmutated IgVH)

MEXICO

® Blood cancer
(Diffuse large B-cell
lymphoma)

® Breast cancer
(Ductal carcinoma)

® Cervical cancer

® Head and neck cancer

(Squamous cell carcinoma
of oral cavity/oropharynx/
sinonasal cavity/
hypopharynx/arynx)

® Pediatric solid umors

BRAZIL

® Skin cancer
Melanoma)

GERMANY

* Lung cancer
Multiple rare subtypes)
Malignant lymphoma

SAUDI ARABIA

* Thyroid cancer
{Papillary carcinoma}

83 Projects/18 Countries

{Germinal center B-cell
- derived lymphomas)
Pediatric brain umars
{Medulloblastoma and
Pediatric pilocytic
astrocytoma}

Prastate cancer

{Early onset)

ITALY

Rare pancreatic tumors
(Enteropancreatic endocrine

.

tumors and rare pancreatic
exacrina tumors)

FRANCE

Bone cancer
(Eving sarcoma)
Breast cancer
(Subtype defined by an
amplification of the

HERZ gene)

Eye cancer
(Retinablastoma)

Liver cancer
[Hepatocellular carcinoma)
(Secandary to zlcohol

and adiposity)

Prostate cancer

CHINA

Bladder cancer

{Urothelial carcinoma)
Blaod cancer

{Acute myeloid leukaemia
and Chronic myelagenaus
leukaemia)

Brain cancer
(Glioblastoma multiforme)
Breast cancer

(Triple negative)
Colorectal cancer
(Adenocarcinoma,

. .
. .

non-Western) * Renal cancer
¢ Esophageal cancer {Clear cell renal cell carcinomal
{Squamaous carcinoma) * Thyroid cancer

¢ Gastric cancer
{Intestinal- and diffuse-type)

(Nasopharyngeal carcinoma,
Asia)
Ovarian cancer

{Ductal adenacarcinoma)

Liver cancer
{Hepatocellular carcinoma,
HBV-associated}

Lung cancer

{Squamous celi carcinoma}
Nasopharyngeal cancer

Pancreatic cancer

Prostate cancer

{Papillary carcinoma}

—

JAPAN

® Liver cancer

"

{Virus-assaciated)

({Hepatocellular carcinoma)

Blood cancer

Braast cancer

SINGAPORE

o Biliary tract cancer
(Gall bladder cancer!

Adenacarcinoma)

T INDIA

EU / FRANCE

® Oral cancer
(Gingivobuccal)

Renal cancer

Renal cell carcinoma)
(Focus on but not limited
to cdear cell subtype)

y = Coliaboration

Cholangiocarcinoma)

{Asian phenotype)
Lung cancer
(Adenocarcinoma/

SOUTH KOREA

(Acute myeloid leukaemial

Squamous cell carcinoma)

AUSTRALIA

® Cwvarian cancer
® Pancreatic cancer

Endacrine neoplasms)

(Serous cystadenocarcinoma)

(Ductal adenccarcinomal




Sampling structure

peripheral peritumoral

[ Tumoral ]
[ Non-Tumoral ]

[ DNA ] [ DNA methylation ] [ RNA ]

Whole-genome seq Whole-genome
short insert PE bisulphite seq
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Garbage In — Garbage Out Paradigm



GC bias of different libraries
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BM1.2 Somatic Single-base Mutations (SSM)
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Somatic Insertion/deletion Mutations (SIM)
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BM 1.2 SSMs Sensitivity and Specificity

recall

International
Cancer Genome
Consortium
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SIMs Sensitivity and Specificity
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International
Cancer Genome
Consortium

ICGC Verification/Validation Group
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ARTICLE

Received 16 Jun 2015 | Accepted 23 Od 2015 | Published o xoox 2015 O 10,1038/ oo OPEN

A comprehensive assessment of somatic mutation
detection in cancer using whole-genome sequencing

Tyler 5. Aliota'>*, lvo Buchhalter®**, Sophia Derdsk™®, Barbara Hutter®, Matthew D Eldridge®, Eivind Hovig™”, Lawrence E. Heisler®,
Timathy A Beck?, Jared T. Simpson®, Laure Tonon®, Anne-Sophie Sertier®, Ann-Marie Patch®?, Natalie 13ger**2, Philip Ginsbach3,
Ruben Drews’, Magarajan Paramasivanr, Ralf Kabbe®, Sasitharn Chotewutmontri, Micolle Diess'®, Christopher Previti™,

Sahine Schmidt™. Benedikt Brors®, Lars Feuerhach® Michael Heinold®, Susanne Gribner'®, Andrey Korshunow®, Patrick 5. Tarpey'®
Adam P. Butler'®, Jonathan Hinton'®, David Jones™, Andrew Menzies'®, Keiran Raine®®, Rebecca Shepherd' Lucy Stebhings'®

Jan W. Teague'®, Paalo Ribeca'?, Francesc Castro Giner' Sergi Beltran'?, Emanuele Raineri?, Marc Dabad'?, Simon €. Heath'2,
Marta Gut'?, Robert E. Denroche®, Micholas | Harding®, Takafumi M. Yamaguchi®, Akihiro Fujimota”, Hidewaki Makagawa'’,

Victor Quesada'®, Rafael Valdés-Mas'® Sigve Nakken® Daniel Vod2K5'%, Lawrence Bower™, Andrew G. Lynch®, Charotte L. Anderson™>2C,
Nicola Waddel "%, John V. Pearson'®", Sean M. Grimmaond'®®, Myron Peto®® Paul Spellman™, Minghui He??, Cyriac Kandoth®,
Semin Lee®, John Zhang?*2%, Louis Letouneau®, Singer M2, Sahil Seth®, David Torents®®, Lin %70, David A. Wheeler®®,

Carlos Lapez-Otin®, Elias Campa™, Peter |. Campbel '€, Paul C. Boutros®32, ¥ose 5. Puente'® Daniels 5. Gerhard® 2, Stefan M. Pister™34,
John 0. McPherson®™ 2 Thomas J. Hudson® 3235 Matthias Schlesner, Peter Lichter®®?7 Roland Eils 328392 Dayid TW. Jones®0-+*
& lvo G. GutH=+

As whole-genome sequencing for cancer genome analysis becomes a dinical tool, a full undarst anding of
the variables affecting sequencing analysis cutput is reguired. Here using tumowr-nomnal sample pairs
from two different types of cancer chronic lymphooytic leukaemia and medulloblastoma, we conduct a
benchimar king exercise within the contest of the International Cancer Genome Consortiom. We compare
saquencing methods, analysis pipelines and validation methods. We show that using PCR-free methods
and increasing sequencing depth to ~100: shows benefits, as long as the tumourcontrol coverage
ratio remains balanced. We observe widdy varying mutation call rates and low concordance among
analysis pipelines, reflecting the artefact-prone nature of the raw data and lack of standards for dealing
with the artefacts. However, we show that, using the benchmark mutation set we have oreated, many
issues are infact easy to remedy and have an immediate positive impact on mutation detection accuracy.

Alioto et al, Nature Communications, 2015, 10001



Value of data and its footprint

Image fastq
atcgagctttagagaggat
ggcgatttagtagcagggsg
atcgagctttccttttaggat
ctcaagctttaggtaaggcc
ctcaagggaaagtaagtttc

100um

Random array
of clusters

FOOTPRINT

bam

atcgagctttagagaggat
tcgagctttagagaggata
cgagctttagagaggataa
gagctttagagaggataaa
agctttagagaggataaag

vcf

t/c
t/-
a/g
t/c
t/a



Value of data and its footprint Phenotype

Image fastq bam

atcgagctttagagaggat  atcgagctttagagaggat
ggcgatttagtagcagggs tcgagctttagagaggata

atcgagctttccttttaggat cgagctttagagaggataa
Ctcaagctttaggtaaggcc gagctttagagaggataaa
ctcaagggaaagtaagtttc agctttagagaggataaag
100um
Random array
of clusters

FOOTPRINT
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Rare Diseases

1 in 2000 people of the general population

~ 9000 rare diseases

~ 12% of the population is affected by a rare disease

Rare disease patients have an interest that their data is used/shared

centre nacional d'andlisi genémica
sniro nacional de andlisis gendmico
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Data in the RD-Connect platform

Clinical data
Genomic data (registries, phenotypic databases)

(WES, WGS)

N

y

Other omics data Sample data
(metabolomics, (biobank databases)

transcriptomics, proteomics...)

05 July 2016



Whole RD-Connect Platform
Architecture Overview 2016

Biobanks and
Reo (1d Card]

Samples (Molgenis)

COEE

REST API

Security Application server

. i -1 [Spring-Java)
relationships

Application server i
[Liferay - Java) ] (RDFrpDSTgrE S
———— s, d2r) il
Interoperability

Genﬂmlcs

-@

Application server
[Play2 -5cala)

Integrated security
(coming soon)

Phenoﬁns

Application server

[Mwriki)

Application server
[Play2 -Scala)

Sacurity

Web browser

“I Security |

N | RESTAPI

| REST AP \l Security |

| RESTAPI [*) |

UMD [web
service **)

Legend

El : Elasticsearch
P=ql : Postgres
Solr: Apache Solr

RD%2Connect
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Sequencing
lab

Raw data
(.bam)

Data flow to RD-Connect

Standard analysis
pipeline

— RD-Connect
Scm aq platform

PhenoTips
(HPO terms)
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Genomics platform architecture

B

Authorised

Variant
Calling &
Annotation
pipeline

/Hadoop File-system (HDFS)

-

External
hive table

Y
~

Indexed Data
(ElasticSearch)

\z’\s/

N
-~

/

gVCFs

=

Table format
(Parquet)

Real-time
Queries

N

Metadata,
userinfo &
permissions

Y

Access

Y

REST
Web
Server
(Scala)

NS

RD%2Connect
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D.Piscia, J. Protasio, S. Laurie, S. Beltran,
JMFernandez, A. Cafiada, V. de la Torre et al

Browser
Client
(Angular

Web
Services



RD-Connect Genomics Platform

[5] Search Samples
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Results 7 Baaesumn

Variants

Chrom

13

17

17

19

19

RD%=

Pos dbSNP

12855648 rs200816125
17302199

TT835365

9066234

41584471

39062815

54746382 rs201396172

=(Connect

Ref Al
A G
T G
G A
A c
G c
G c
c T

First = Previous Mext

Candidate
?

0 (iadd]
0 [ add
0 [add
0 [add]
0 Ladd
0 [add ]
0 [add]

GTERORNID

AIG

TiG

GiA

AC

AdA

T

AdA

RD-Connect Genomics Platform

Last

Color coding of pathogeneicity predictors

Effect
GTEWNIT  |NDEL Gene Name Impact

AR PRAMEF: MODE 8.1
i MFAR? - sTE

GIG MycBp2  MOPERATE

AA NTNA MO . ERATE

GIG DHX8 Mo

GIG RYR1 MOD ;

LILRB3

D. Piscia, ]. Protasio, S. Laurie, A.
Papakonstantinou, S. Beltran
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Results 7 Baaesumn

Variants

Chrom

13

17

17

18

19

First Previous Mext Last

Variants tagged in RD-Connect

Pos dbSNP
12855648 r520031:rf
17302199
77835365
9066234

41584471
39062815

54746382 15201396173 .

RD%2Connect

GTEDOOO36  GTEG0037

AJA AJA

LI

this variant has been tagged 3 time(s) at:
with signi/icance pathogenic

with significance benign

with = gnificance pathogenic

INDEL

Effect
Gene Name Impact

PRAMEF: MODERATE
MFAP2 MODERATE

MYCBE? MODERATE

MNTMA MODERATE
DHX8 MODERATE
RYRA MODERATE

LILRAG MODERATE
LILRB3

CADD

8.1

211

247

215

16.3

16.8

13

RD-Connect Genomics Platform

SIFT  PP2
T B
D P
T D
D P
T B
D D
T B

MT

ExAC

4.0E-4

1.0E-4

0.0017

2.0E-4

1000GP
AF

D. Piscia, ]. Protasio, S. Laurie, A.
Papakonstantinou, S. Beltran



RD-Connect Genomics Platform
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Identifying variant as causal
Results 7 —
Researcher username
j.protasio
Variants
Date
Tag a variant 071032016
Candidate sample 1000GP
Chrom Pos dbSHP Ref Alt ? 00 SIFT PP2 MT ExAC AF
EQOOD02 H
1 12855648 rs200816125 A G Mode of inheritance I T B N 40E-4 O
w-linked dominant H
1 17302199 T G 1 D P D 1064 0
Origin
13 77835365 G A Somatic CI | nva r Categﬂ ries T D D 0 o
17 9066234 A c D P D 0.0017 0
17 41584471 G C Pubmed1os T B (D 0 0
199514
19 39062815 G c Comments (evidence and/or experiments done and any other relevant detalls) 8 D D D o 0
19 54746382 rs201396172 © T 3 T B P 20e4 0
susur

Protasio, S. Laurie, A.
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GA4GH Beacon Project

A beacon is a simple web service that answers questions:

Question: Is this variant present in your dataset?

Answer: Yes/No

RD%2Connect

http://gadgh.org/#/beacon

Posted: May 29, 2015

Beacon Project
@

Being implemented on the website of the world's top
genomic organizations to test the willingness of
international sites to share genetic data.

About this Project

The Beacon project is a project to test the willingness of international sites to share genetic data in the simplest
of all technical contexts. It is defined as a simple public web service that any institution can implement as a
service. The service is designed merely to accept a query of the form "Do you have any genomes with an ‘A’ at
position 100,735 on chromosome 3" (or similar data) and responds with one of "Yes" or "No." A site offering this
service is called a "beacon™. This open web service is designed to be technically simple, easy to implement, and to
not return privacy violating information.
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The MatchMaker Exchange
(MME, IRDiRC, GA4GH)

L0 iy,

R
n l"’

http://www.matchmakerexchange.org/

©Q HOW TO GET STARTED I OUR RESOURCE LIBRARY - % EXCHANGE PARTICIPANTS &% CONTACT US

- Datasits isolated in
databases
Matchmaker Exchange
omic disc ) the exchange of phenotypk - Sometimesdifficultto
find another case with a
variant in the same
gene

-  MMEis working
towards afederated
platform to facilitate
matching of cases with
similar phenotypicand
genotypic profiles.

Human Mutation
- Volume 36, Issue 10, pages 915-921,17 SEP 2015 DOI: 10.1002/humu.22858
RD%2Connect Pag

http://onlinelibrary wiley com/doi/10.1002/humu.22858/fulEthumu22858-fig-0001




== The MatchMaker Exchange

== (MME, IRDiRC, GA4GH)
D e Question: Do you have a
ClinGen Cerin & ek G - - L
g arswws  patient with similar phenotype
(= ClinGen Gene v -
o 3 Ganome and genotype as mine?
> O @ncrome
°-.:N
(@) Bfsanger . .
monach ceeerer - Two-sided matching
- One-sided matching
Matchmaker
Exchange Undiagnosed
- ceverr )
e GENESIS(P PROJECT
ZB% < PEER RDE®Connect
==k \I-/Iulman %ﬂéltlabon 10 915-921,17 SEP 2015 DOI: 10.1002/h 22858
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Final Remarks

Importance of standards
Provenance of data is important

With assured quality there is no need for storing raw data on high end,
spinning disks. Tape storage is cheaper and saves on electricity.

Primary analysis close to large volume data — bandwidth

Who is the data user? Clinician (competence — web-service or command
line?)

Data sharing increases benefit to patient

Rare disease is a use case for omics data in other diseases
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