Piloting the implementation
of genome-phenome
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CNAG Overview

The CNAG-CRG is a non-profit organization integrated in the CRG. It is funded by
the Spanish Ministry of Economy and Competitiveness and the Catalan
Government,

Our Mission

To carry out projects in genome analysis that will lead to significant improvements in
people’s health and quality of life, in collaboration with the Catalan, Spanish, European
and International research and clinical community.

CNAG-CRG
Director: Ivo Gut
80 people, 60 bioinformaticians

ICTS — Infrastructure for OMICS Technologies (IOT)
The 10T includes the CNAG-CRG and the COS (Centre for Omics Sciences).

c<na CRGY
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CNAG-CRG: Relevant partnerships

Member of the Global Alliance for Genomics and Health
(GA4GH)

Participation, through the National Bioinformatics Institute
(INB), in ELIXIR, the European bioinformatics
infrastructure.

Participation in the International Human Epigenome
Consortium (IHEC)

Participation in the International Cancer Genome
Consortium (ICGC)

Participation in the International Rare Diseases Research
Consortium (IRDIRC)
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http://www.elixir-europe.org/
http://www.elixir-europe.org/
http://genomicsandhealth.org/
http://genomicsandhealth.org/

K Agilent
cnag

' llumina
SGS %0 ez

GERTIFIED
SERVICE PROVIDER

The CNAG’s Genomehenge 2018

Sequencing
* 1 lllumina NovaSeq6000

* 2 lllumina HiSeq4000
* 4 lllumina HiSeq2000

* 1 lllumina MiSeq ' ‘ - \
» 3 Oxford Nanopores Minlons U e =y

Lopyrlgb(ZOOS. Bircgl,ol&ngelc_ampuung Ccher - BSC

Computing

3852 cores

« 3.7 PBdisk + 3 PB tape
« 35,5TB RAM

cBot

« Barcelona SuperComputing Center - 10 x 10
Gbl/s
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4.5x Coverage
2x300bp
50 hours
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HiSeq2000

30x Coverage
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NovaSeq6000 (high-output run mode)
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NAG’s Workflow

BIOREPOSITORY

(]

Subproject

—— Deadline

Open 2012-10-01

(Experimental) (26 days)

Open 2012-10-02

(Experimental) (27 days)

Open 2012-10-03

(Experimental) (28 days)

Details

Details

(Countdown)by Sample by Library

Expected
Sample _—

Analysis Application Capture
Tyme Protocol
gDNA ExomeCapture-Seq  Agilent

Human All
Exon 51Mb
vé

BAG  gDNA WG-Seq

Exome library  ExomeCapture-Seq  Nimblegen

SeqCap 64
Mbv3

LABORATORY

Numbers of Samples

Ready for

Sample. Libraries

Libraries

/ Sequence
yes

yes

Aliquots,
s pass /
201207-02 861C  3/4
948C
20120702 8
8

8

20120703 580C  2/2

2012-07-03

2012-06-18 80/80

2012-07-04

580C
581C

Samples
with a

pass Library

3

80

Flowcells & Dates

BACXX
3ACXX - 2

\d,um:%a
cnag
g 8

Samples
above Coverageabove pfmrby Sample

Samples

Agilent

Services Provider
Target Enichment
System

Data Transfed

W 4 tobeseq

[lumina

GERTIFIED
SERVICE PROVIDER
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Genome Seqguencing

\ 4
e
~ \//\

\

CATACACGTAGCTATACG
GTTACAGTGCTGCATA
GCTATCAGGCTACGTTA

GCTATCAGGCTACGTTACAGTGCTGCATACACGTAGCTATACG

Adapted from http://www.micronautomata.com/bioinformatics



Lidia Agueda
Head of Biorespository

Marta Gut
Head of Sequencing

~

Julie Blanc,Sample
Q;eparation managd

Hybridize to flow cell
- Extend hybridized template
Perform bridge amplification
Prepare flow cell for sequencing

Kafja Kahlem,
Croduction managy

cnag



Library Preparation

[ 1]

( )
Fragmentation

o v

| |

( )

Repair Ends

L v

" Add an “A” to |
. the3’ ends |

| |

( N\

Ligate
. Adapters

Size Selection

Qc

cnag



Library Preparation

WG BS SEq MRNA Seq
Target capture

...and many more

smallRNA_Seq ChIP _Seq

cnag



Hybridize to flow cell

Extend hybridized template
Perform bridge amplification
Prepare flow cell for sequencing

L LN R IR R ]

Piercing
manifold

Ready-to-use, sealed,
96 well reagent plate

Easy access,

Built-in wash
reservoir

Touch screen
monitor

Barcode
scanner




Hybridize to flow cell

Extend hybridized template
Perform bridge amplification
Prepare flow cell for sequencing

£P Sequencing

0 OO THIE AT O —

cnag



Sequencing-by-synthesis (SBS)

3 5 “ |
4

NN

Wy

= All four labelled nucleotides
in one reaction

._Q\@

= High accuracy
= Base-by-base sequencing

= No problems with
........ homopolymer repeats






Sequencing Output: FASTQ files

' 100bp read | 330 - 430 bp unknown sequence | 100bp read I

@SEQ_ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT

+
DUk ((((F**4) ) $9%++) ($%%%) . 1¥*¥*—4* ' 1) ) **55CCF>>>>>>CCCCCCCEH5

- Developed by the Wellcome Trust Sanger Institue

- Usually, each sequence (read) is split in 4 rows
- Sequence identifiers, description and quality encoding can be different

cnag



% Whole Exome/Genome Seq
o) (BAM -> FASTQ)
fQC - FastQC )
g Trimming - Flexbar
- § & | | Mapping - BWA-MEM
|| 8= Duplicates - Picard
(‘% o Indel realign - GATK
> \BQSR Q GATK -/
3| M=ol( A
S| 8 S
=k GATK Haplotype Caller
> 0O L )
~
I5 SnpEff
IS SnpSift
= VEP
-
< |\ Ensembl / GRCh37 y

~
<
~

RD-Connect Genomics variant calling pipeline

-3
:>©
—)

FastQC (.html)
v

—
S —

Mapping Stats

Coverage Stats
¥/

R. Tonda, S. Laurie, S. Beltran, et al.



Mapping to reference genome

- h
I 100bp read | 330 - 430 bp unknown sequence ‘ 100bp read \

cnag
Adapted from wikipedia



Mapping to reference genome

: Reference Genome Sequence

-

-
l 100bp read | 330 - 430 bp unknown sequence | 100bp read i

<nag
Adapted from wikipedia




Mapping to reference genome

: Reference Genome Sequence

| L | L L L &I
I I I I I l -
| L | L L | 1 I
— — L] I L2 a
I A | I | | |
L | L L L L
L] L [ ] I |
[ | L L] _____ L1
L L L I L I
I I I I L
I T I I L
— I — S — ]
— — — . —
[ | [ L | L
I | I L |
L L L L L] I
] L L] |
[ ] —
— I —
— —
_A— _\
/// \
—
—_ N

,
I 100bp read | 330 - 430 bp unknown sequence | 100bp read I

<nag
Adapted from wikipedia




Mapping: Exome sequence example

I - NN S S s |
p24.2 p24l p23 p223 p2Z1 p2l3 p2l.2 p211 pl33 pl3I pl1.2 qll ql2

I I I I I I
qi3 qI112 q212 q2132 qIZl  q2Z31 q2233 q3l1 q312 q313 q32 q331 q33.2 q333 q3d

5,323 bp

139,404,000 bp 139,405,000 by
| |

139,401

= L m—— —n o
j ' ! i

;

‘ F—_ s

NNNNNN

Alignments are stored in a BAM file, which is the binary version of SAM

(Sequence/Alignment Map) format



|dentification of genetic differences in comparison to a reference

Reference
(haploid) TGGACCATCTGGTTGAGCATGTGGGGGTCAACTCCCACATTCCCAGGGAGCCCCCGG
Th? tru_e TGGACCATCTGGTTGAGC TGGGGGTCAACTTCCACATTCCCAGGGAGGLCCCGG
diploid  TGGALCCATCTGGTTGAGCACGTGGGGGTCAACTTECACATTCCCAGGGAGCCCCCGG
genome of
the sample
ref/ref ref/alt alt/alt ref/alt
0/0 0/1 1/1 0/1
homozygous reference heterozygous homozygous alternative heterozygous

Aligned TGGACCATCTGGTTGAGCATGTGGGGGTCAACT
sequencing data TGGACCATCTGGTTGAGCACGTGGGGGTCAACT
derived from the TGGACCATCTGGTTGAGCACGTGGGGGTCAACT

sample TGGACCATCTGGTTGAGCATGTGGGGGTCAACT

TGGACCATCTGGTTGAGCATGTGGGGGTCAACT
TGGACCATCTGGTTGAGCACGTGGGGGTCAACT
TGGACCATCTGGTTGAGCATGTGGGGGTCAACT
ATCTGGTTGAGCACGTGGGGGTCAACT
GGTTGAGCATGTGGGGGTCAACT
GTTGAGCACGTGGGGGTCAACT

CACATTCCCAGGGAGCCCCCGG

ref/ref ref/alt alt/alt ?
0/0 heterozygous 1/1 ?
homozygous 50% alternative homozygous ?
reference allele alternative 20% alternative
0% alternative allele 100% alternative allele allele

c<nag CRG

cenfre nacional d'andlisi gendmica b § Regulati
centro nacional de andlisis genémicc



Benchmarking genomics pipelines

SNVs: NIST reliable Dels: NIST reliable Ins: NIST reliable

Reliably
Callable

SNVs: NIST non-reliable Dels: NIST non-reliable Ins: NIST non-reliable

Not
Reliably
Callable

® FreeBayes @ HaplotypeCaller ® SAMtools

RD%&Connect EII Ir
CI‘ICIg %RGB Laurie et al. Human Mutation, 2016

rrrrrrrr
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Rare diseases and genomics

R
D

ARE
ISEASES

1% OF THE

"

POPULATION

bbc.co.uk

’ LESS THAN

1IN 2000 SUFFER

OVER 7000
DISEASES

Human Genome:
3,200,000,000 bp
2 X 23 chromosomes

Each of us has
3.000.000 variants



Rare diseases and impact of reaching a molecular diagnosis

* High phenotypic and genetic heterogeneity:
* Challenge for diagnosis mean average : 4.8 years.

 Importance of reaching a molecular diagnosis:

Treatment options
e Curative (very few at this time)
* Prevent progression: diet restriction metabolic disorders (e.g
galactosemia)
* Symptomatic and functional therapies
Progression and prognosis of the disease
Genetic counselling (prenatal / pre-implantational options)

Reduce patient and family anxiety

cnag CRG?
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The diagnostic and gene discovery
challenge

)

How do | find the pathogenic mutation within 3.000.0007?
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Interpretation is still difficult

Molecular diagnostics in NGS era

Sample in - Diagnosis out?
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RD-Connect Platform
(platform.rd-connect.eu)

a Iy
[N
\\‘ I"’!

\L1n)

ii

o)

D%<2Connect

Genome-Phenome PhenoTips Registry and Biobank Biosample Catalogue
Analysis Platform Finder

An integrated platform connecting databases, registries,
biobanks and clinical bioinformatics for rare disease research

Welcome to the central platform for access to data submitted by RD-Connect’s partner
projects. The online Genome-Phenome Analysis Platform is now open for submissions
from all users. Our automated registration system will come online shortly, but if you
would like to access the interface now please email platform@rd-connect.eu and we will
contact you to request the information we need to set you up on the system.

Get started today



~==. RD-Connect Genome-Phenome z

IRDIRC
== Analysis Platform (GPAP) HHHAE )
Raw data Standard analysis
(bam/ fastq)

pipeline

Sequencing

RD-Connect

Lab Platform

Over 3800 WESIWGS = ”: = '“: " -:"" :—-mm--n (-
(July 2018) a

— PhenoTips

: (HPO terms)
Sample UCIinician / researcher

Clinical phenotype

. Ethics Committee Approval, GDPR Compliance, Code of Conduct,
RD== Connect Data Access Committee, Security audited, User Activity logged

=



=. RD-Connect uses PhenoTips for collating
== phenotypic data

v NEUROLOGICAL

Congenital 1
N Generalized hypotonia ‘:‘hv‘v‘whvyuy:n onae set
o] e . . .
) et Deep phenotyping in PhenoTips
Y '~ Dystonia

Pace of progression:
N Chorea

. .
(Brudno et al.) achieved using the
N Spasticity Nonprogressive disorder O Rapidly progre °
v [ spinal dystaphism o Slow progression > Variable progression rate
N Morphological abnormality of the central nervous system

Human Phenotype Ontology (HPO

Other No complications
(enter free text and choose ng s

v GROWTH PARAMETERS

Weight for age
Y N <3rd

Image / photo (optional):

— Robinson, Kohler et al.)

Diseases classified using the
Orphanet Rare Disease Ontology

N Hemihypertrophy

and OMIM identifiers

Other
(enter free text and choose

v CARDIAC Medical report (optional):

N Defect in the atrial septum

Phenotype

Information from PhenoTips can be sent Basics >
directly to other tools within the platform
(e.g. Exomiser, MME)

Diagnosis >

Clinical symptoms >

RD%2Connect nag RNE

fre naciona \d nalisi si gendmica
o nacional de andlisis genémicc



=== Big-data platform architecture

Authorised
/Hadoop File-system (HDFS) Access
4 N
D Real-time
External Queries
hive table Indexed Data REST
(ElasticSearch)
Web quwser
(Scala) hgular
, a D | —
Variant Metadata,
Calling & | |:> Table format user info &
Annotation / gVCFs (Parquet) permissions
pipeline @
& /
D. Piscia, A. Papakonstantinou., C. Luengo, D. Pic6, S. Laurie, I. Martinez, F. Web
== Camacho, J. Protasio, I. Gut, S. Beltran (CNAG-CRG) Services
RD == ConneCt JM Fernandez, S. Capella, A. Valencia (BSC)



VIE TEST  {PLATFORM V1

RD-Connect Genome- Phenome Analysis Platform

FICERS @ T PRESET FILTERS | | < T SHARE ~ » RUN QUERY

Sample Selection &

-~
Select individual Samples <  or search across all O® (accessible: 15, own: 0, shared: 0, visible to all: 15)
Variant Type © (™)
Population & [
SNV Effect Prediction € v
Genes, Disorders and Phenotypes [
Position Specific filters and Runs Of Homozygosity ~
Samples Functional Predictive Population Pathways Protein interaction Diseasecard Candidate Links ALFA
RD-Connect ID Participant ID GT GQ DP AAF
Phenotype Analysis status Variants () Exomiser
Phenotips External Clinical OMIM ORDO HPO
id id Gender status® Inheritance Consanguinity Genes Family Pedigree Relatives disorder disorder terms

o1 gy,

i
L
\ W14

:Connect

_} 1. SAMPLES

. 2. FILTERS

. 3. RESULTS




==. Genomic platform: samples, inheritance and quality
=—7 parameters

I I ———————————

Sample Selection & A

Select individual Samples + or search across all (] @ (accessible: 15, own: 0, shared: 0, visible to all: 15)

(] Compound het.

Affected Experiment ID Phenotips MME REF/REF REF/ALT ALT/ALT ) Min Depth Min Min Max

Genotype Alternate Alternate

Quality Allele Freg  Allele Freg
Case1C POD07498 27} [ O 10 EH 30 H 0.2 i 0.8 sl ®
O Case1F POD07499 P4 [ O 10 = 30 H 0.2 = 0.8 ) ®
O Case1M PO007500 P4 [ O 10 EH 30 H 0.2 = 0.8 K b4

\ J \ )
| |
Genotypes — Quality
mode of inheritance parameters

RD%2Connect



VIE TEST  {PLATFORM V1

RD-Connect Genome- Phenome Analysis Platform

FICERS @ T PRESET FILTERS < T SHARE ~ » RUN QUERY

Sample Selection &

-~
Select individual Samples <  or search across all O® (accessible: 15, own: 0, shared: 0, visible to all: 15)
Variant Type © (™)
Population & [
SNV Effect Prediction € v
Genes, Disorders and Phenotypes [
Position Specific filters and Runs Of Homozygosity ~
Samples Functional Predictive Population Pathways Protein interaction Diseasecard Candidate Links ALFA
RD-Connect ID Participant ID GT GQ DP AAF
Phenotype Analysis status Variants () Exomiser
Phenotips External Clinical OMIM ORDO HPO
id id Gender status® Inheritance Consanguinity Genes Family Pedigree Relatives disorder disorder terms

\

o1 My,
mi
L
W L]

== Connect

_} 1. SAMPLES

. 2. FILTERS

. 3. RESULTS




=22 Genomic platform: filtering steps

Variant Type €

As defined by SnpEFF - see
Variant Class

_ section for a detailed
L1 High explanation
L] Moderate

L] Low
L] Modifier

ClinVar Classification

[ Pathogenic

[ Likely pathogenic

[ variant of uncertain significance
[ Conflicting interpretations

[ Drug response

Ll Any

Population €
SNV Effect Prediction €

Genes, Disorders and Phenotypes

Variant Type
Y
L] INDEL

Transcript Biotype
[ Protein_coding
L1RNA

L] Other

Position Specific filters and Runs Of Homozygosity

Tagged Variants
[ selected samples
L1 Any samples

Hover the cursor over the
text to see tool tips that
explains the field



VIE TEST  {PLATFORM V1

RD-Connect genome phenome analysis platform:

FICERS @ T PRESET FILTERS < T SHARE ~ » RUN QUERY

Sample Selection &

-~
Select individual Samples <  or search across all O® (accessible: 15, own: 0, shared: 0, visible to all: 15)
Variant Type © (™)
Population & [
SNV Effect Prediction € v
Genes, Disorders and Phenotypes [
Position Specific filters and Runs Of Homozygosity ~
Samples Functional Predictive Population Pathways Protein interaction Diseasecard Candidate Links ALFA
RD-Connect ID Participant ID GT GQ DP AAF
Phenotype Analysis status Variants () Exomiser
Phenotips External Clinical OMIM ORDO HPO
id id Gender status® Inheritance Consanguinity Genes Family Pedigree Relatives disorder disorder terms

\

o1 My,
mi
L
W L]

== Connect

_} 1. SAMPLES

. 2. FILTERS

. 3. RESULTS




;:_EE-_‘-{: Genomic platform: results section

Phenotype Analysis status Variants (22) Exomiser

First = Previous Mext | Last

GT GT Effect clinvar 1000GP gnomAD Internal
Chr Position dbSNP Ref Alt Candidate GT CaseiC Caself  CaselM |NDEL Gene  Impact e CADD SIFT PP2 MT EXAC  AF AF Freq
1 01850888 GT G 0 aT/G GTIGT GT/GT &  HFMM HIGH <20 NA NA NA 0.166667
G C 0 GIC GIG GIG OMIM 231 D P N NA NA NA 0.166667
Ensembi
G A 0 GIA GIG GIG Ensemb 234 D B N NA NA NA 0.166667
e cC G 0 CIG cic CIC 20 NA NA NA 0.166667
PubMed B :
gnomaAD G A 0 GIA GIG GIG LD <20 T B N 0000025 NA 0.000004 0.166667
L
ucsc A C 0 AIC AA AR 240 D D N NA NA NA 0.166667
Entrez
T A 0 TIA TIT TIT 262 D D N NA NA NA 0.166667
MCEI
GeneCards
T C 0 TIC TIT TIT 235 D P D |NA NA NA 0.166667
DGVa COSMIC
G A 0 GIA GIG GIG 248 D D D 0.000033 NA 0.000033 0166667
GWAS Central TAG T 0 TAGIT TAG/ITAG TAGITAG (& ClinVar <20 NA NA 0.000482 0.166667
GA445H Beacon G GTTTTTTTTIT. O GIGTTTTTTT. GIG GIG EXAC <20 NA NA 0.000095 0.166667
T G 0 TIG T TIT GTEx <20 0.000480 NA NA 0.166667

VarSome

gnomaAD

GWAS Central
ATLAS

Links to mUItiple databases e

Open PHACTS

RD%2Connect



Multiple tabs with detailed information for data interpretation

RD%2Connect

< Samples Functional Predictive Population Pathways Protein interaction Diseasecard Candidate Links Dﬁ
\
Amino
Gene Effect Feature HGVS Amino Acid Acid Exon CcDs Transcript
Name Transcript ID Impact Consequence Type coding change length Rank Position BioType
HFM1  ENSTO00000370425 HGH frameshift_variant transcript  c.255delA  p.Leu86Ter 1435 4139 255/4308  protein_coding
HFM1 ~ ENSTO00000427444 HGH frameshift_variant transcript  ¢.129delA  p.Leud4Ter 196 3/4 129/591 protein_coding
HFM1  ENSTO00000455133 H|GH frameshift_variant transcript  c.255delA  p.Leu86Ter 138 414 255/417 protein_coding
A
Phenotype Analysis status Variants (22) Exomiser
First = Previous Mext | Last
GT GT Effect ClinVar 1000GP gnomAD Internal
Chr Position dbSNP Ref Alt Candidate GT Caset Caseff  CaselM |NDEL Gene  Impact CADD SIFT PP2 MT ExAC  AF AF Freq
1 91850888 GT G 0 L GT/G GT/GT GTIGT & HFM1 HIGH < 20 MNA NA NA 0.166667
1 225477618 . G C 0 L GiC GIG GIG DNAH14 MODERATE 231 D P N MNA NA NA 0.166667
2 233349186 . G A 0 L GIA GIG GIG ECEL1 MODERATE 234 D B N MNA NA NA 0.166667




e —

o My,
i\

RD-Connect GPAP functionalities

\Li
L

ii

L I ————

v/ Standard filters and annotations (variant impact on protein, frequency in control
populations, frequency within database, in silico predictors, gene, genomic
position, etc.)

v Filter by genes of interest (predefined/custom lists, associated to OMIM disease,
HPO symptoms or Reactome)

v Filter by variants annotated in ClinVar database
v"  Filter to regions with observed long Runs of homozygosity (RoH)
v'  Direct link to multiple external resources (Ensembl, UCSC, gnomAD, HGMD,

Human Splicing Finder, DiseaseCards, ALFA, etc.)
v" Phenotype driven strategy for variant prioritization (Exomiser)
v' TAG and share candidate variants using ACMG guidelines
v'  Collaborative environment: share data and queries
v

Anonymized data discovery through Beacon and Matchmaker exchange

RD%=2Connect



222 Data discovery: GA4GH Beacon

GRCh37 ~ 13 : 32954208 A>T

Question:

Does any sample in

Response All Mone .
_ EBI - 1000 Genomes Project, ...
Il*:donlt-"llduund 42 EMBL European Bioinformatics Institute yo u r d ata b a S e h ave
rror 8 g

) EXAC ez  variant V?

Broad Institute

Organization All None
[C] AMPLab, University of C._. |CGC _ Cancer Pro'ec‘ts .
Sl ! Answer:

Ontario Institute for Cancer Research

Kaviar Yes / No

Institute for Systems Biology

BioReference Laboratories
Broad Institute
£ Centre for Genomic Regu...

CNAG
Curoverse

Not Found
DMAstack

@SN a

NHLBI Exome Sequence Proj...

magiechnology Information

EMBL European Bioinfor...
Global Alliance for Geno....
Google

Institute for Systems Bial...
Mike Lin

Mational Center for Biote...

[ [P - Hanner ot Faund

RD-Connect

CNAG

RD 'Ejji_‘ Connect https://beacon-network.org/#/ cnag Jurk
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centro nacional de andlisis genémicc
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= Data discovery: MatchMaker Exchange
(MME, IRDiRC, GA4GH)

Question: Do you have a
patient with similar phenotype

and genotype as mine?

Human Mutation

Volume 36, Issue 10, pages 915-921, 17 SEP 2015 DOI: 10.1002/humu.22858

http://onlinelibrary.wiley.com/doi/10.1002/humu.22858/full##humu22858-fig-0001
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http://onlinelibrary.wiley.com/doi/10.1002/humu.2015.36.issue-10/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/humu.22858/full#humu22858-fig-0001

2016 BBMRI-LPC Whole Exome Sequencing Call

Sequencing the exome of 900 rare disease samples
in collaboration with EuroBioBank and RD-Connect

Objectives

v’ to promote the usage of biobanks for rare diseases
- samples deposited in the EuroBiobank network

v’ to promote the utilization of cutting-edge next-generation sequencing technology
for the identification of novel causative variants and genes

- free-of-charge sequencing of 900 exomes

v’ to molecularly diagnose rare disease patients
- analysis through the RD-Connect platform

v’ to promote data sharing for rare disease research to enable future discovery
- data sharing through the EGA and RD-Connect and phenotyping with HPO

cnag Qoret Kfsanger #EuoBioBonk



2016 BBMRI-LPC Whole Exome Sequencing Call

Sequencing the exome of 900 rare disease samples
in collaboration with EuroBioBank and RD-Connect

17 transnational projects selected

899 samples for sequencing in total

10 projects sequenced at CNAG-CRG (545 samples)
7 projects sequenced at WTSI (354 samples)

fnag CRGQ .Sanger o EuroBioBaonk



A paradigm for best practice in data sharing in genomic studies?

(Qp% i1 bbmrilpe RD&2Connect ¥ EuroBioBank
“
m Sample q Biobank | _SAMPLESHARING

i
nmy
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EuroBioBank Sample can
Zl ) Phenotypic be reused for
record further
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Diagnosis
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INFRASTRUCTURE FOR
DATA ANALYSIS

Online . Sequencing

=5kl STANDARDIZED ALIGNMENT,
N CALLING & ANNOTATION
BBMRI-LPC \ Combined

clinician/ genome-
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researcher P
database

ata can be
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further
research
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DATA SHARING
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#URDCat - The Undiagnosed Rare Disease Program of Catalonia (URDCat)

URDCAT is a research project embedded into the “Pla Estrategic de
9. PERIS% Recerca i Innovacié en Salut (PERIS) 2016-2020” funded by the
Health Department of the Generalitat de Catalunya.

MAIN OBJECTIVE:

Enable the Catalan Health System to provide personalised genomic medicine as a fully
integrated service for patients with RDs, initially as a pilot project for RDs with
neurologic involvement.

Specific objectives:

» Standardise the process of analysis and integration of clinical and genomic data

* Implement a platform for analysis of genomics data that is suitable for clinical practice

* ldentify causative genetic variants of undiagnosed RD patients

* Highlight the utility of genomics, and advance its usage as a tool of personalised medicine for
RD diagnostics

* Educate and train stakeholders in the value and use of genomic data

www.urdcat.cat



The Undiagnosed Rare Disease Program of Catalonia (URDCat)

Coordinator: Luis Pérez Jurado (IMIM)

16 Groups
- 7 Hospitals (lIS)
- 3 CERCA centers
- FEDER (Patients)

IDIBE

11S-SP
ISGlobal

WP1. Clinical data: patient selection and characterization (Coordinator: Alfons Macaya)

WP2. Genomics: sequencing, analysis, interpretation and validation (Coordinator: Antonia Ribes)
WP3. Data analysis and Interpretation platform (RDCat) (Coordinator: Sergi Beltran)

WPA4. Ethical, Legal and and Social Issues (Coordinator: Francesc Palau)

WP5. Training (Coordinator: Luis Pérez Jurado)




#URDCat - The Undiagnosed Rare Disease Program of Catalonia (URDCat)

Patients with MMnoD

Groups (Hospitals)

WP4-C Case managers
Clinical data w (
WP3 Phenotypes, “ Genomic data CNAG
Electronic health J Exomes / Other ISGlobal
record
WP1-Experts comittee Selection / Analysis and
CNAG prioritization/ interpretation tools
Groups WP2 Re-analysis of data
4 I ' +/- validations WP4-informs
Selecti
Matchmaker Data sharing election /
Exchange prlorltlzatlon
Diagnosis and follow-
WP3 .
\_ - ‘ New data generation up plannlng
(exomes / genomes
/ other)

/ Groups (Hospitals)

WP2 Familiar and New research
functional studies projects




RURDCat RDCAT platform workflow

Standard analysis

FASTQ/BAM Submission Data to RDCat @  see instructions (SNVS, |nDE|S, CNVS, "v; o
. Submission Mosaicism) —
SIS p— )
o (& QC metrics) - _

PhenoTips

Clinician/Researcher

Dx Unit \

o /

cnag Gere:

\d \ si genomica
ndlisis genémicc



g\URDCat Incidental or secondary findings

Genet Med. 2017 Feb;19(2):245-255. doi: 10.1038/gim.2016.180. Epub 2018 Nov 17.

Recommendations for reporting of secondary findings in clinical exome and genome
sequencing, 2016 update (ACMG SF v2.0): a policy statement of the American College of Medical
Genetics and Genomics.

Kalia 557 Adelman K2, Bale SJ% Chung WK*®, Eng €2 Evans JP7, Herman GE®, Hufnagel SB® Klein TE'®, Korf BR'?, Mckelvey K022 Ormond KE'?,
Richards C5'¥ Wlangos CM'8 Watson M8 Martin CL17, Miller DTE.

FUCER () T PRESET FILTERS ‘ P RUN QUERY

Sample Selection ? -~

Select individual Samples « | or search across all ' ?  (accessible: 0, own: 568, shared: 0, visible to all: 568)

? Compound het.

Affected Experiment 1D Phenatips MME REF/REF REF/ALT  ALT/ALT Min Depth Min Genotype Min Alternate Max Alternate
Quality Allele Freg Allele Freqg
’ EPR532870 439 Pﬂ ’ 20 50 0.2 0.8 x
Variant Type ? v
Population ? v

ACMG Medically Actionable Genes (n=59) v

BabySeq Class A and B Genes (n=889)
Decipher all, July2017 (n=1,692) [53 genes for which the ACMG recommends reparting as inddental or secondary findings: Kalia 55 et al (2016). Genetics in Medicine | Fs
Decipher confirmed, July2017 (n=1,098)

Digenic gene list, Feb2017 (n=136)
Imprinted-confirmed list, Feb2017 (n=80)
Imprinted-all, Feb2017 (n=253)

Intellectual Disabiltity-confirmed, Nov2017 (n=10
Intellectual Disability-all, Mov2017 (n=1648) Search OMIM
Leukodystrophy Associated (n=229)
Medically Interpretable Genome (n=5,419)
Mitocarta 2.0 (n=1158) Genes linked to : % Remove All
Muscle Gene Table, July2016 (n=416)
Primary Immune Deficiency, Nov2017 (n=38T7)
Tubingen HSP Version 6 (n=140) - Search HPO

Enter search terms

Search OMIM for clinical features, phenotypes

& Fetch HPOs From PhenoTips | X Remove All

Upload comma separated list of HGNC identifiers Genes linked to :




g\URDCat

Training

CURSO MEDICINA GENOMICA
PERSONALIZADA

DIAGNOSTICO DE ENFERMEDADES
NEUROLOGICAS NO DIAGNOSTICADAS

Clinica y Heramientas de Diagnostico
Genomica e Interpretacion de Datos
Resultados y Asesoramiento Genético

Cwso dirigido a profesionales sanitancs e investigadores

Coordinadores del Curso

Dr. Luis Pérez Jurado
Dr. Francesc Palau
Dra. Antonia Ribes
Dr. Alfons Macaya

Dr. Sergi Beltran

5,6y 7 de NOVIEMBRE de 2018
de 15 a 20h (Campus del Mar - UPF)

Precio del curso: 50€
Inscripciones: curso@urdcat.cat

«Reconocida con 1.5 creaitas de formacion continusda

Gonerpity: de Catearm
de Sebut

x.JHDEat Mas informacion en: www.urdcat.cat [[[[|

www.urdcat.cat
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CENTRO DE INVESTIGACICHN RIOMEDICA

" NAGEN - Proyecto Genoma Navarra

NAGEN es un proyecto piloto 1+D+i promovido por el Centro de Investigacién Biomédica Navarrabiomed en
colaboracién con la Direccidn del Complejo Hospitalario de Navarra (CHN) para la implementacion de la
tecnologia de secuenciacion de Genoma Humano Completo (WGS) para su uso clinico en pacientes del

CHN.
El objetivo de NAGEN es identificar las alteraciones del genoma de pacientes con mas de 170 tipos de
enfermedades raras o con ciertos tipos de cancer de posible origen genético, cuya alteracién genética causal
no ha podido ser determinada a pesar de haberse realizado las pruebas genéticas indicadas para ello.

Empiece hoy

for Genomi
Regulation

cnag Qe

tre nacional d'andlisi si genomica
fo nacional de ana/ is gendmicc
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ELIXIR - the European life-science Infrastructure for
Biological Information

ELIXIR consolidates Europe’s national centres,
services, and core bioinformatics resources into
a single, coordinated infrastructure.

/ Platforms \ / Use Cases \

Tools
Interoperabilty » Human Data

Data Marine Metagenomics
Compute Rare Disease
Training Plant science
N NS /
5 year project ELIXIR-EXCELERATE
2015-2020 Fast-track ELIXIR implementation

and drive early user exploitation \
across the life-sciences elixir



ELIXIR registry of data resources — bio.tools

EIM Tools and Data Services Registry

Welcome to bio.tools! Please check out our Documentation. There is a lot of useful information there.

- List all tools useful
This site uses cookies. By continuing to browse the site you are agreeing to our use of cookies. Find out more here.
for RD research

rare disease
Everything Name Topic Function Input Output Credit | Collection
Rare Disease

Ongoing work:
l Link with benchmarking

activities (WP2)

Ongoing work:
bio.tools  RD-connect collection to pull up
API to date information concerning
the tools integrated in the GPAP

elixir



ELIXIR registry of data resources

o
EII II' Registry Home Addcontent &Docs =#llogin & Signup

Welcome to bio.tools! Please check out our Documentation. There is a lot of useful information there.

This site uses cookies. By continuing to browse the site you are agreeing to our use of cookies. Find out more here.

' Search browser: type a resource
| Everything: diseasecard Search Q| —»» yp /

tool of interest
Enter search query, e.g "Proteomics”, "Sequence ahgnment". "BAM"

Previous Next RESULTS SECTION Sortby Score IH Display as | Cards

ksl A% s g Tool name and link to

. . .
Diseasecard: Rare disease research portal Added 4 months ago " more detailed information
http:iibioinformatics ua pidiseasecard/ ___ 3, Link to the resource Topic  Rare diseases, Pathology,
Molecular interactions, pathways ‘
Diseasecard is an information retrieval tool for accessing and and networks, Medical informatics,
integrating genetic and medical information for health applications. Database management
Resorting to this integrated environment, clinicians are able to Tool Type  Database portal = =
access and relate diseases data already available in the Internet, Collection  Rare Disease Diseasecard: Rare disease research portal
scattered along multiple databases. | Rare diseases, | Pathotogy » | Molecular interactions, pathways and networks »
\ ) o e
Data retrieval, ID retrieval, Query and retrieval, Genotyping, Brief description SR Dl
Diffraction data integration Rare Disease

Diseasecard is an Information retrieval 1ool for accessing and integrating genetic and medical information for health
it 10 this . clinicians are able 1o access and relate diseases data

aiready avaiiable in the Intemet. scattered along multiple databases.

hitp //bioinformatics ua ptidiseasecard/

Links to useful Dt rtioval
. . . - 10 retrieval »
information concerning < s
the tool. ey
Ddfiraction data mtegration »

Reference / source (direct link Pubtcstons
<—

to pubmed entry) | eueneo,
*

Otheractions e T E l ’ ' r




Benchmarking and standardizing genomics pipeline

Reliably
Callable

SNVs: NIST reliable

99%

Dels: NIST reliable

65%

Ins: NIST reliable

® FreeBayes @ HaplotypeCaller ® SAMtools
Laurie et al. Human Mutation, 2016

.

USEFUL FOR THE RD COMMUNITY
-> RD-connect variant calling pipeline

» Working in collaboration with the RD communities to implement the adequate quality
reporting standards

» ELIXIR IS: "Development of Architecture for Software Containers at ELIXIR and its use by
EXCELERATE use-case communities"”

elixir



ELIXIR Implementation Study: Integration of ELIXIR-1IB
In ELIXIR Rare Diseases activities

RD%EConnect

G
e e | eDGAR
e o — . disease-gene
i e Association database
MINT / MENTHA (protein o — BB . —— s
interaction databases) e —— - - —— T U O

VHLdb: A database of von

Hippel-Lindau protein interactors
and mutations

\

REDIportal

An ATLAS of A-to-l RNA
editing events in human

GALT-PROTEIN-DB 2.0

Human Mitochondrial DataBase

Human Mitochondrial DataBase

elixir



ELIXIR Implementation Study to visualize data deposited at
the EGA In real-time

- @ File submission to the EGA & ID-mapping
RD-Connect
BAM/CRAM

éé} RD-Connect Genomics Platform

File ID/s
@ Request {Chr.coordinates

..... Cor S
....... m- P&.,..'
R D |
——a — m.
i'- . i . e . e Co
— ' ' : BAM/CRAM slice
— : Reply or
i Data representation

i“ ‘E - Htsget API

—E—E’M

*Broad’s IGV screenshot
‘ Adoptable by other projects and data types
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