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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 IOT includes the CNAG-CRG and the COS (Centre for Omics Sciences).

CNAG Overview



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)

http://www.elixir-europe.org/
http://www.elixir-europe.org/
http://genomicsandhealth.org/
http://genomicsandhealth.org/


The CNAG’s Genomehenge 2018

Sequencing

• 1 Illumina NovaSeq6000

• 2 Illumina HiSeq4000

• 4 Illumina HiSeq2000

• 1 Illumina MiSeq

• 3 Oxford Nanopores MinIons

Computing

• 3852 cores

• 3.7 PB disk + 3 PB tape

• 35,5 TB RAM

• Barcelona SuperComputing Center - 10 x 10 

Gb/s

https://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://marcosypagan.wordpress.com/category/standard-iso/page/2/&ei=po19VMWeEYnWapXzgpgF&bvm=bv.80642063,d.d2s&psig=AFQjCNGLKHHLU2MWIlH_3wpdIKS9wPgh1g&ust=1417600817409524
https://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://marcosypagan.wordpress.com/category/standard-iso/page/2/&ei=po19VMWeEYnWapXzgpgF&bvm=bv.80642063,d.d2s&psig=AFQjCNGLKHHLU2MWIlH_3wpdIKS9wPgh1g&ust=1417600817409524


Sequencing Production

4.5x Coverage

2x300bp

50 hours

30x Coverage

2x100bp

11 days

30x Coverage

2x150bp

3 days

30x Coverage

2x150bp

44 hours

Non-Patterned Flow cell Patterned Flow cell

x24

x24
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CNAG’s Workflow
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Genome Sequencing

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



Sequencing

Julie Blanc,Sample
Preparation manager

Katja Kahlem, 
Production manager

Biological 
Resources

Data 
analysis

Lídia Àgueda
Head of Biorespository

Marta Gut
Head of Sequencing
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cBot  Automatic

reagent dispencer

Flow cell  Glass slide with 

a lawn of oligonucleotides



Flow cell  Glass slide with 

a lawn of oligonucleotides
and  sequencing library

HiSeq2000 – the sequencer



Sequencing-by-synthesis (SBS)
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Sequencing Output: FASTQ files

@SEQ_ID

GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT

+

!''*((((***+))%%%++)(%%%%).1***-+*''))**55CCF>>>>>>CCCCCCC65

P7

P5 Index
SP read 1

SP read 2

DNA insert

100bp read 100bp read

- 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



Whole Exome/Genome Seq
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gVCF

RD-Connect Genomics variant calling pipeline

FastQC (.html)

Mapping Stats

Coverage Stats

QC

Trimming

Mapping

Duplicates

Indel realign

BQSR

- FastQC

- Flexbar

- BWA-MEM

- Picard

- GATK

- GATK

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



Mapping to reference genome

Adapted from wikipedia

100bp read 100bp read



Mapping to reference genome

Adapted from wikipedia

100bp read 100bp read



Mapping to reference genome

Adapted from wikipedia

100bp read 100bp read100bp read 100bp read



Mapping: Exome sequence example

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

(Sequence/Alignment Map) format



Aligned

sequencing data 

derived from the 

sample

TGGACCATCTGGTTGAGCATGTGGGGGTCAACTTCCACATTCCCAGGGAGCCCCCGG
TGGACCATCTGGTTGAGCACGTGGGGGTCAACTTCCACATTCCCAGGGAGCCCCCGG
TGGACCATCTGGTTGAGCACGTGGGGGTCAACTTCCACATTCCCAGGGAGCCCCCGG
TGGACCATCTGGTTGAGCATGTGGGGGTCAACTTCCACATTCCCAGGGAGCCCCCGG
TGGACCATCTGGTTGAGCATGTGGGGGTCAACTTCCACATTCCCAGGGAGCCCCCGG
TGGACCATCTGGTTGAGCACGTGGGGGTCAACTTCCACATTCCCAGGGAGGCCCCGG
TGGACCATCTGGTTGAGCATGTGGGGGTCAACTTCCACATTCCCAGGGAGCCCCCGG

ATCTGGTTGAGCACGTGGGGGTCAACTTCCACATTCCCAGGGAGCCCCCGG
GGTTGAGCATGTGGGGGTCAACTTCCACATTCCCAGGGAGGCCCCGG

GTTGAGCACGTGGGGGTCAACTTCCACATTCCCAGGGAGCCCCCGG

ref/ref

0/0

homozygous 

reference

0% alternative allele

?

?

?

20% alternative 

allele

alt/alt

1/1

homozygous 

alternative

100% alternative allele

ref/alt

heterozygous

50% alternative 

allele

Variant calling: Variants in the sequencing data

Identification of genetic differences in comparison to a reference

Reference

(haploid)

The true 

diploid 

genome of 

the sample

TGGACCATCTGGTTGAGCATGTGGGGGTCAACTTCCACATTCCCAGGGAGGCCCCGG
TGGACCATCTGGTTGAGCACGTGGGGGTCAACTTCCACATTCCCAGGGAGCCCCCGG

TGGACCATCTGGTTGAGCATGTGGGGGTCAACTCCCACATTCCCAGGGAGCCCCCGG

ref/ref

0/0

homozygous reference

ref/alt

0/1

heterozygous

alt/alt

1/1

homozygous alternative

ref/alt

0/1

heterozygous



Laurie et al. Human Mutation, 2016

Benchmarking genomics pipelines

99% 65% 62%

76% 31% 31%

Reliably 

Callable

Not

Reliably 

Callable



Rare diseases and genomics

Human Genome:
3,200,000,000 bp

2 x 23 chromosomes

Each of us has 

3.000.000 variantsbbc.co.uk



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
• 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 
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The diagnostic  and gene discovery 
challenge

How do I find the pathogenic mutation within 3.000.000?
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Molecular diagnostics in NGS era

Sample in → Diagnosis out?

Interpretation is  sti l l  diff icult

“black box”
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Molecular diagnostics in NGS era

Sample in → Diagnosis out?

Interpretation is  sti l l  diff icult
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RD-Connect Platform
(plat form.rd -connect .eu)
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RD-Connect  Genome -Phenome 
Analysis  Plat form (GPAP)

Over 3800 WES/WGS

(July 2018)

Ethics Committee Approval, GDPR Compliance, Code of Conduct,
Data Access Committee, Security audited, User Activity logged
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RD-Connect  uses  PhenoTips for  co l lat ing  
phenotypic  data

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

Deep phenotyping in PhenoTips
(Brudno et al.) achieved using the
Human Phenotype Ontology (HPO 
– Robinson, Köhler et al.)

Diseases classified using the
Orphanet Rare Disease Ontology
and OMIM identifiers
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Big-data platform architecture

Hadoop File-system (HDFS)

REST
Web

Server
(Scala)

Metadata, 
user info & 
permissions 
(Postgres)

gVCFs

Variant 
Calling & 

Annotation 
pipeline

Table format 
(Parquet)

Real-time
Queries

Indexed Data
(ElasticSearch) 

External 
hive table

D. Piscia, A. Papakonstantinou., C. Luengo, D. Picó,  S. Laurie, I. Martínez, F. 
Camacho, J. Protasio, I. Gut, S. Beltran (CNAG-CRG)
JM Fernández, S. Capella, A. Valencia (BSC)

Browser
Client

(Angular)

Authorised
Access

Web 
Services
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RD-Connect Genome- Phenome Analysis Platform

1. SAMPLES

2. FILTERS

3. RESULTS
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Genomic platform: samples, inheritance and quality
parameters

Genotypes –
mode of inheritance

Quality
parameters
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1. SAMPLES

2. FILTERS

3. RESULTS

RD-Connect Genome- Phenome Analysis Platform
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Genomic platform: filtering steps

Hover the cursor over the
text to see tool tips that

explains the field
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RD-Connect genome phenome analysis platform:

1. SAMPLES

2. FILTERS

3. RESULTS
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Genomic platform: results section

Links to multiple databases
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Genomic platform: results section

Multiple tabs with detailed information for data interpretation
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 Standard filters and annotations (variant impact on protein, frequency in control
populations, frequency within database, in silico predictors, gene, genomic
position, etc.)

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

 Filter by variants annotated in ClinVar database

 Filter to regions with observed long Runs of homozygosity (RoH)

 Direct link to multiple external resources (Ensembl, UCSC, gnomAD, HGMD,
Human Splicing Finder, DiseaseCards, ALFA, etc.)

 Phenotype driven strategy for variant prioritization (Exomiser)

 TAG and share candidate variants using ACMG guidelines

 Collaborative environment: share data and queries

 Anonymized data discovery through Beacon and Matchmaker exchange

RD-Connect GPAP functionalit ies
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Data discovery:  GA4GH Beacon

Question:
Does any sample in 
your database have 
variant V?

Answer:
Yes / No

https://beacon-network.org/#/
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Data discovery:  MatchMaker Exchange
(MME,  IRDiRC,  GA4GH)

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

Question: Do you have a 
patient with similar phenotype 
and genotype as mine?

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

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

 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

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

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



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)

2016 BBMRI-LPC Whole Exome Sequencing Call
Sequencing the exome of 900 rare disease samples 
in collaboration with EuroBioBank and RD-Connect



Biobank  

Sequencing

Combined 
genome-
phenome 
database

Online 
analysis

Sample

EGA

RD-Connect

Platform

Sample can 

be reused for 

further 

research

Data can be 

reused for 

further 

research

Phenotypic 

record

Diagnosis

RD 

patient

BBMRI-LPC

clinician/ 

researcher

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

CONSENT

INFRASTRUCTURE FOR 

SAMPLE SHARING

INFRASTRUCTURE FOR 

DATA SHARING

INFRASTRUCTURE FOR 

DATA ANALYSIS

PHENOTYPIC DATA 

STANDARDS

STANDARDIZED ALIGNMENT, 

CALLING & ANNOTATION



The Undiagnosed Rare Disease Program of Catalonia (URDCat)

URDCAT is a research project embedded into the “Pla Estratègic de
Recerca i Innovació 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

• Identify 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



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

ISGlobal
CNAG-CRG

BSC

IMIM (Coord)
IRS-IDIBAPS
VHIR
IRSJD

IDIBELL
-IGTP

IIS-SP

Coordinator: Luis Pérez Jurado (IMIM)

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)

WP4. Ethical, Legal and and Social Issues (Coordinator: Francesc Palau)

WP5. Training (Coordinator: Luis Pérez Jurado)

The Undiagnosed Rare Disease Program of Catalonia (URDCat)



Patients with MMnoD

Matchmaker
Exchange

Diagnosis and follow-
up planning

Clinical data
Phenotypes, 

Electronic health 
record

Analysis and 
interpretation tools 

Genomic data
Exomes / Other

WP1-Experts comittee

Groups (Hospitals)
Case managers

Data sharing

Selection / 
prioritization

CNAG
ISGlobal

Re-analysis of data
+/- validations 

WP2

New data generation 
(exomes / genomes 

/ other)

Selection / 
prioritization

WP3

Familiar and 
functional studies

WP2

WP4-CI

WP4-informs

CNAG
Groups

Groups (Hospitals)

New research 
projects

WP3

The Undiagnosed Rare Disease Program of Catalonia (URDCat)



Sequencing 
lab

Standard analysis
(SNVs, InDels, CNVs, 

Mosaicism)

Clinician/Researcher
Dx Unit

Analysis
Tools

FASTQ/BAM
Submission

RD-Cat 
platform(& QC metrics)

PhenoTips

EGA local

EHR
Report

RDCAT platform workflow



Incidental or secondary findings



Training

www.urdcat.cat







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.

ELIXIR-EXCELERATE
Fast-track ELIXIR implementation 

and drive early user exploitation 

across the life-sciences 

5 year project
2015-2020

Tools
Interoperabilty

Data
Compute
Training

Platforms Use Cases

Human Data
Marine Metagenomics

Rare Disease
Plant science



ELIXIR registry of data resources – bio.tools

bio.tools
API

List all tools useful
for RD research

Ongoing work:
Link with benchmarking 

activities (WP2)

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



ELIXIR registry of data resources



Benchmarking and standardizing genomics pipeline

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 Implementation Study: Integration of ELIXIR-IIB 

in ELIXIR Rare Diseases activities

MINT / MENTHA (protein
interaction databases)

VHLdb: A database of von 
Hippel-Lindau protein interactors 
and mutations

GALT-PROTEIN-DB 2.0

disease-gene 
Association database

Human Mitochondrial DataBase



ELIXIR Implementation Study to visualize data deposited at 

the EGA in real-time

EGA
(BAM/CRAM)

RD-Connect
BAM/CRAM

Secure and encrypted connections

1 File submission to the EGA & ID-mapping

2 Request

3 Reply

File ID/s
Chr. coordinates

BAM/CRAM slice
or
Data representation

4 Rendering*

*Broad’s IGV screenshot

Htsget API

Adoptable by other projects and data types



Acknowledgements

S. Beltran
S. Laurie
D. Piscia
L. Matalonga
A. Papakon.
F. Camacho
D. Picó
R. Tonda
J.R. Trotta
G. Parra
C. Luengo
J. Camps
I. Martinez
D. Ovelleiro
J. Protasio

I. Gut
M. Gut
M. Bayès
B. Fusté
CNAG lab
CNAG admin

M. Ingham
E. Casals
R. Alcántara

WP1: Coordination

WP2: Patient registries

WP3: Biobanks

WP4: Bioinformatics

WP5: Unified platform

Ivo Gut / Hanns Lochmüller
(CNAG-CRG)

Domenica Taruscio (ISS and EPIRARE)

Lucia Monaco
(Fondaz. Telethon & EuroBioBank)

WP6 Ethical/legal/social

Ivo Gut (CNAG Barcelona)

Christophe Béroud
(INSERM Marseille)

WP7: Impact/Innovation

Mats Hansson (Uppsala)

Kate Bushby
(Newcastle and EUCERD/ EJARD)

IMIM
Luis Pérez-Jurado
CLÍNIC
Antònia Ribes
Montse Milà
Francesc Cardellach
HSJD
Francesc Palau
Rafael Artuch
VHIR
Alfons Macaya
Ramón Martí
Eduardo Tizzano
IDIBELL
Aurora Pujol
Conxi Lázaro

HSP
Pia Gallano
ISGlobal
Juan R. González
UB
Daniel Grinberg
CNAG
Sergi Beltran

Ángel Alonso
Sara Pasalodos
Josefa Salgado
Joaquín Dopazo
David Gómez


