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The Clinical Bioinformatics Area

The Bioinformatics Area, created in June 2016 in the Fundación Progreso y Salud, has 
as main goal supporting the Program of Personalized Medicine of the Andalusian 
Community by facilitating the use of genomic data for  precision diagnostic and 
treatment recommendation, implementing a prospective health care functionality in the 
public health system.

http://www.clinbioinfosspa.es/
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Introduction
Bioinformatics for personalized medicine within 
the Andalusian health system
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Introduction
Genomic initiatives in Spain

PERIS 
2017

RareGenomics 
2018

http://rare-genomics.com

NaGen 
2016

MGP 2011

CIBERER 
2012

CLL 2009-2014
http://www.cllgenome.es
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(CIBERER) 

2016
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Introduction
Genomic initiatives without universal eHR are just 
clinical studies but not Personalized Medicine
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Time
• Each study requires of a 

specific genomic and 
clinical data collection 
into an external 
database

• Static clinical data (e.g. 
if a control becomes a 
case the external DB will 
not be updated)

• Limited genomic data 
reuse for purposes 
different from the 
original study

• Model of GEL (100,000 
genomes) and other 
initiatives.
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Introduction
The value of genomic data for the health 
system

Currently, because of the lack of adequate resources, genomic data analysis is 
externalized to companies or private software. We lose the control on the data 
externalized and actually work for external companies for free
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Introduction
Personalized medicine requires a model that 
integrates genomic data and universal eHR
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• The whole health system 
becomes a enormous 
potential prospective 
study

• Clinical data dynamically 
associated to patients

• Possibility of many clinical 
studies by reanalyzing 
genomic data under 
diverse perspectives (with 
no extra investment)

• Growing genomic DB with 
increasing study 
possibilities
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Introduction
Genomic initiatives in Spain

PERIS 
2017

RareGenomics 
2018
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opportunity
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Introduction
Previous initiatives: MGP and CIBERER initiatives 
to sequence rare disease patient exomes

Diseases with
• Unknown causal genes
• No mutations in known genes

Search for:
• New disease genes
• Susceptibility genes

http://www.gbpa.es/

Sample providers         Sequencing platforms        Data analysis

A total of 1044 exomes of 300 
healthy controls and patients of 
more than 30 diseases were 
sequenced between 2012 and 2013. 
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Introduction
Data analysis and the cycle of knowledge 
generation

http://www.gbpa.es/
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Introduction
Pace of disease gene discovery

MAX, Pheochromocytome
NFU1, Mitochondrial disease
GlialCAM, MLC OTOG,  Deafness

PLOD2,  Osteogenesis
COQ4,  CoQ10
BMP1,  Osteogenesis

 
2011

 
2012

PHOX2B,  Hirschprung
SERAC1,  Aciduria
ERCC4,  Fanconi anemia
PPM1K  MSUD
TNPO3  Muscular dystrophy
CFHR1 DDD
SERPINF1, LEPRE1, CRTAP, PPIB. Osteogenesis
WNT1 Osteogenesis

  
2013

DNMT3B,  Hirschprung
YWHAZ, DRP2,  Retinitis pigmentosa

RD3 Retinitis pigmentosa
TUFM, IL27,  Chromosomal 

rearrangements
LIPT1 Lipoiliation defects

BMP1 Osteogenesis
IFITM5 Osteogenesis
RNF125 Overgrowth

 
2014

ZNF408,  Retinal dystrophy
ATP4A  Carcinoid tumor
MDH2 Pheochromocytome
Junctophilin-1,  CMT
EGR2 CMT
JMJD1C Rett syndrom
POT1 Cardiac angiosarcome
FAN1 Hereditary colorectal cancer
ALDH18A1 Hereditary paraplexy
MORC2 CMT 
ZNF408 Retinitis pigmentosa AR
KITLG Waardenburg Syndrome Type 
2
CAV1 Neonatal  lipodystrophy 
syndrome 
IL8, IL13 Renal cell carcinoma

 
2015

ATP4A  Gastric 
tumor
CCNF ALS

 
2016

Sequencing 
initiative

ACCI projects
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Introduction
CIBERER initiative for diagnosis and biomarker 
discovery using massive sequencing

Ongoing (second phase) Project  with the collaboration of seven hospitals: 
La Paz, FJD, Ramón y Cajal, CBM (Madrid), Virgen del Rocío (Sevilla), Hospital 
del Mar (Barcelona), HU La Fe (Valencia)., within the context of CIBERER

?

http://team.babelomics.org
http://BiERapp.babelomics.org
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Introduction
Lessons learned: the importance of local 
variability in the prioritization process

We discovered some 
12,000 “spanish” 
polymorphisms not 
present in other 
databases. The 
filtering efficiency 
enormously 
increases using local 
population data
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Introduction
The CSVS is a crowdsourcing project

http://csvs.babelomics.org/

Allelic population frequencies 
obtained from about 2,000 
samples (exomes and genomes) 
available in CSVS

Scenario: Sequencing projects of healthy 
population are expensive and funding 
bodies are reluctant to fund them
CSVS Aim: To offer increasingly accurate 
information on variant frequencies 
characteristic of Spanish population.
CSVS Main use: Frequency-based 
filtering of candidate variants
Main data source: Sequencing projects 
of individual researchers (CIBERER and 
others)
Problem: Most of the contributions 
correspond to patient exomes
Idea: Patients of disease A can be 
considered healthy pseudo-controls for 
disease B (providing no common genetic 
background exist between A and B)
Beacon: CSVS has a Beacon server 
(Beacon network is search engine across 
beacons which enables global discovery 
of genetic mutations)

URL: https://beacon-network.org 

https://beacon-network.org/
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Introduction
MMP for diagnosis and clinical research within 
the Andalusian health system

?

eHR

K
K

NO

YES

D
D

I: patient's 
Information
G: patient's 
Genome
D: high precision 
Diagnosis
Knowledge

K
K

Clinical research
Clinical research

D
D

Knowledge

Diagnosis
Diagnosis

G
G

I
I

Sequencing 
Unit

Bioinformatics 
Area

Corporative
Corporative

11

22

33

44
55

66 77

88



18

Overview

● Introduction

● Big Data in Genomics

● OpenCB: Open source initiative for Computational 
Biology

● A case study: Personalized Medicine Module (MMP)



19

Big data in Genomics
A new scenario in biology
NGS experiments have increased data size by more than 5000x compared to microarrays. 

Challenges:

➔ Sequencing cost keeps falling while throughput keeps increasing. Today a whole genome can be 
sequenced by less than $1000

➔ Variant analysis: re-sequencing projects such as Whole Genome Sequencing (WGS) aims to find 
genomic variants and genes involved in phenotypes and diseases

A single HiSeq X Ten System can sequence 
~20,000 human genomes a year
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Big data in Genomics 

A new scenario in biology

NGS experiments have increased data size by more than 5000x compared to microarrays. 
Challenges:

➔ Sequencing cost keeps falling while throughput keeps increasing. Today a whole genome can be 
sequenced by less than $1000

➔ Variant analysis: re-sequencing projects such as Whole Genome Sequencing (WGS) aims to find 
genomic variants and genes involved in phenotypes and diseases

● Illumina NGS sequencer series:
● HiSeq 2500 provides high-quality 

2x125bp: 50-1000Gb in 1-6 days, 90.2% 
bases above Q30. One human genome 
at ~60x coverage

● HiSeq 4000 provides high-quality 
2x150bp: 125-1500Gb in 1-4 days, >75% 
bases above Q30. Up to 12 human 
genomes at ~40x coverage

● Each sample produces a FASTQ file ~1TB 
size containing ~1-2B reads

● Illumina X Ten: Consists if 10 ultra-high-
throughput HiSeq X sequencers. First 
$1000 human genome sequencer, it can 
sequence up to 20,000 genomes per year
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Big data in Genomics
Standard NGS variant data analysis

Sequence pre-processing

Mapping

Variant calling

Variant annotation

Variant prioritization

Knowledge-based prioritization

Candidate variants

Primary processing

Secondary analysis

Tertiary analysis
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Big data in Genomics
Standard NGS variant data analysis

Sequence pre-processing

Mapping

Variant calling

Variant annotation

Variant prioritization

Knowledge-based prioritization

Candidate variants

Primary processing

Secondary analysis

Tertiary analysis



24

Still a challenge → PRIORITIZATION

● A whole genome can carry 3.5 million variants on 
average

● After annotating there will be hundreds of 
deleterious variants

Big data in Genomics
Standard NGS variant data analysis

Sboner, Genome Biology 2011

CAUTION!

On average, each normal person is found to carry 
in the exome:

~11,000 synonymous variants

~11,000 non-synonymous variants

250 to 300 loss-of-function variants in 
annotated genes

50 to 100 variants previously implicated in 
inherited disorders

1000 Genomes Project Consortium. A map of human genome 
variation from population-scale sequencing. Nature. 2010 Oct 
28;467(7319):1061-73. PubMed PMID: 20981092
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Big data in Genomics
Standard NGS variant data analysis

Sequence pre-processing

Mapping

Variant calling

Variant annotation

Variant prioritization

Knowledge-based prioritization

Candidate variants

● Variant level: population frequencies, conservation 
scores, protein substitution scores....

● Experimental design level: case/control, Family, 
Trios, Disease Panels

199 200

201 249
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Big data in Genomics
Standard NGS variant data analysis

Sequence pre-processing

Mapping

Variant calling

Variant annotation

Variant prioritization

Knowledge-based prioritization

Candidate variants

● Variant level: population frequencies, conservation 
scores, protein substitution scores....

● Experimental design level: case/control, Family, 
Trios, Disease Panels

The filtering efficiency of the local population can be between 
5 and 10 times those of a general database, such as the 
1000 genomes
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Big data in Genomics
Standard NGS variant data analysis

Sequence pre-processing

Mapping

Variant calling

Variant annotation

Variant prioritization

Knowledge-based prioritization

Candidate variants

● Functional (system) level: gene set, network 
analysis, pathway analysis, burden tests....
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Big data in Genomics
Genomic Variant Dataset, big and complex

Hundreds of millions of 
mutations, some meta data 
needed: Variant annotation
● Clinical info
● Consequence types
● Conservation scores
● Population frequencies
● ...

Clinical data: Sample annotation
● Phenotype
● Family and population pedigree
● Clinical variables
● ...

Genomics England project:
● 250M variants x 100K 

samples, about 25 trillion 
points

● With different layers of data, 
about 100 trillion points

● A lot of meta data for 
variants and samples 

● About 400TB to be indexed

Logical view of genomic variant dataset, 
data come from different VCF files.

Heterogeneous data analysis 
and algorithms, different 
technologies and solutions 
required:
● Search and filter using data 

and meta data
● Data mining, correlation
● Statistic tests
● Machine learning
● Interactive analysis
● Network-based analysis
● Visualization
● Encryption
● ...

Applications:
● Personalized medicine
● Clinical Genomics
● ...

Different layers of information:
● Genotype for samples
● Allele counts
● Quality scores
● Phase information
● ...
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● NIHR BRIDGE: 10,000 whole genomes from rare diseases, ~1-2PB of data expected
● Genomics England (GEL): is sequencing 100,000 whole genomes from UK, several rare 

diseases and cancers being studied, data estimation: ~20PB of BAM and ~400TB of 
compressed VCF data are expected!  About 100 whole genomes/day, ~5-10TB/day

● International Cancer Genome Consortium (ICGC): store more than 10,000 sequenced 
cancers, few PB of data

● NAGEN: 1000 whole genomes from rare diseases and cancer
● France Médicine Génetique 2025: 10.000 WGS correspondign to 20.000 patients with 

rare diseases and their families, and 50.000 patients with metastatic or refractory cancers
● Genome of the Netherlands Consortium (GoNL): GoNL is interested in genetic 

variation in the Dutch Population.
● Andalusian program for Personalized Medicine:  4500 samples per year (targeted 

sequencing, rare diseases)
● …..
● Danish National Strategy of Personalized Medicine (2017-2020) 
● Qatar Genome Programme (QGP)
● …..

Big data in Genomics
Some Big Data current projects
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Big data in Genomics
Some Big Data current projects
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● Data Analysis and visualization: Real-time and 
Interactive graphical data analysis and visualization is 
needed.

● Data mining: Complex queries, aggregations, 
correlations, ...

● Security: sometimes data access require 
authentication, authorization, encryption, ... 

● Performance and scalability: software must be 
high-performance and scalable

● Data Integration: different types of data such as 
variation, expression, ChIP, ...

● Share and collaboration: data models to ease the 
collaboration among different groups. Avoid moving 
data.

● Knowledge base and sample annotations: many of 
the visual analytic tools need genome and sample 
annotations

Do current bioinformatic tools 
solve these problems?

Big data in Genomics
Big data analysis challenges
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● Many bioinformatic tools are great but, in general, not designed and implemented for 
processing and analyzing big data. 

● Tools usually don't exploit the parallelism of modern hardware and current high-performance 
and scalable technologies. Poor performance and scalability.

● We need to develop new generation of software and methodologies to:

– Improve performance and scalability of analysis

– Store data efficiently and secured to be queried and visualized

● Bioinformaticians have new challenges and requirements, given the volume, 
complexity, heterogeneity and nature of data.

Big data in Genomics
Current status of big data tools in bioinformatics
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Overview

● Introduction

● Big Data in Genomics

● OpenCB: Open source initiative for Computational 
Biology

● A case study: Personalized Medicine Module (MMP)
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● OpenCB is a collaborative project that aims to design and develop high-performance and scalable solutions 
for genomic big data analysis using most modern computing technologies.

● OpenCB is a collaborative project with more than 15 actives developers and data analysts and more than 12 
repositories (http://www.opencb.org)

● No one computing programming language oriented: BioPerl, BioPython, Bioconductor, ...  Good software 
solutions may use different languages and technologies to solve different problems and use cases

● So far, is where all the software we develop is being released. About 15 active committers. Available as 
open-source at GitHub   https://github.com/opencb 

OpenCB
Open source initiative for Computational Biology

https://github.com/opencb


35

OpenCB
Some relevant projects

● biodata (https://github.com/opencb/biodata ) and ga4gh (https://github.com/opencb/ga4gh )

– Contain all data models (Variant, Alignment...) parsers and converters (avro, protobuf) for all OpenCB projects

● CellBase (https://github.com/opencb/cellbase )

– A NoSQL database the integrates the most relevant biological information about genomic features and proteins, gene expression 
regulation, etc. The biological knowledge-base for OpenCB project . A Variant Annotation tool implemented.

– A high-performance NoSQL implementation, a CLI and web services implemented

● HPG BigData (https://github.com/opencb/hpg-bigdata )

– Hadoop-based implementation of data converters (avro, parquet) and bioinformatic tools (ie. samtools)

– Simple indexing for HBase, Hive and Impala developed

– C code embedded using JNI to speed-up processing

● OpenCGA (https://github.com/opencb/opencga )

– Integrates most of the OpenCB projects to provide a scalable and high-performance platform for the analysis of HT genomic data

– OpenCGA Catalog provides an authenticated environment, files and sample annotations, system audit, ...

– OpenCGA Storage is a plugin-oriented framework that allows to index hundreds of millions of variants for thousands of samples in 
different storage engines. Stats and annotation implemented..

● Interactive Variant analysis (IVA)

– Web-based variant analysis tool

● Genome Maps (https://github.com/opencb/genome-maps )

– A web-based NGS and genome browser: http://genomemaps.org/ 

● Many other related projects for big data analysis and visualization, check https://github.com/opencb 

https://github.com/opencb/biodata
https://github.com/opencb/ga4gh
https://github.com/opencb/cellbase
https://github.com/opencb/hpg-bigdata
https://github.com/opencb/opencga
https://github.com/opencb/genome-maps
http://genomemaps.org/
https://github.com/opencb
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● CellBase is a comprehensive integrative NoSQL database and a RESTful Web Service API, designed 
to provide a high-performance and scalable solution. 

● It integrates the most relevant biological information about genomic features and proteins, gene 
expression regulation, functional annotation, genomic variation...Currently contains more than 2TB of 
data

● Used by EMBL-EBI, ICGC, GEL, MMP among others

Wiki: http://docs.opencb.org/display/cellbase/  ● Project:   https://github.com/opencb/cellbase  

OpenCB: CellBase
An integrative database and RESTful Web Service API

● Official Domain and swagger: http://bioinfo.hpc.cam.ac.uk/cellbase/webservices/   
● Current version: v4.7.1
● Data sources for homo sapiens: 

http://bioinfo.hpc.cam.ac.uk/cellbase/webservices/rest/v4/meta/hsapiens/versions?assembly=grch37&limit=-1&skip=-1&s
kipCount=false&count=false&Output%20format=json
  

http://docs.opencb.org/display/cellbase/
https://github.com/opencb/cellbase
http://bioinfo.hpc.cam.ac.uk/cellbase/webservices/
http://bioinfo.hpc.cam.ac.uk/cellbase/webservices/rest/v4/meta/hsapiens/versions?assembly=grch37&limit=-1&skip=-1&skipCount=false&count=false&Output%20format=json
http://bioinfo.hpc.cam.ac.uk/cellbase/webservices/rest/v4/meta/hsapiens/versions?assembly=grch37&limit=-1&skip=-1&skipCount=false&count=false&Output%20format=json
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● Example of variant annotation:

– http://bioinfo.hpc.cam.ac.uk/cellbase/webservices/rest/v4/hsapiens/genomic/vari
ant/19:45411941:T:C/annotation
 

OpenCB: CellBase
Arquitecture

http://bioinfo.hpc.cam.ac.uk/cellbase/webservices/rest/v4/hsapiens/genomic/variant/19:45411941:T:C/annotation
http://bioinfo.hpc.cam.ac.uk/cellbase/webservices/rest/v4/hsapiens/genomic/variant/19:45411941:T:C/annotation
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OpenCB: OpenCGA
Overview and goals

● Open-source Computational Genomics Analysis (OpenCGA) aims to provide to researchers and 
clinicians a high performance and scalable solution for genomic big data processing and analysis

● OpenCGA is built on OpenCB
● Project: https://github.com/opencb/opencga ; Doc: http://docs.opencb.org/display/opencga
● Currently, the fastest and more powerful genomic engine in the world. Used in Genomics England (GEL) 

and MMP 

https://github.com/opencb/opencga
http://docs.opencb.org/display/opencga
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OpenCB: OpenCGA
Overview and goals

● Main features:
● High-performance and scalable variant storage and index that allow to load and merge VCF/gVCF files
● Annotate and calculate statistics for all the variants
● Client libraries developed in Java, Python, R and Javascript
● Clinical interpretation analysis of samples and families
● Integrated Catalog keeps track of users, files, jobs, clinical data...
● Interactive web-based data mining tool based on IVA
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OpenCB: OpenCGA
Catalog, a metadata database

● OpenCGA Catalog provides a user authentication and 
authorization environment, implements sample annotation 
database, tracks all files and job, audit, …

● Authentication & authorization: roles definition, detailed 
ACL system implemented to share sample, file, jobs, ...

● File and jobs: file and jobs are tracked, stats calculated

● Sample annotations is one of the main features:

– Allow complex queries and aggregations

– Allow to detect bias and other problems with the data

– Cohort definitions

● Audit: all actions (login, data indexing, ...) and queries are 
audited

● Allow to the different big data storage engines to perform 
optimizations

● Implements a job launcher and a execution monitor

● Data models at 
https://github.com/opencb/opencga/tree/develop/opencga-
catalog/src/main/java/org/opencb/opencga/catalog/models
 

https://github.com/opencb/opencga/tree/develop/opencga-catalog/src/main/java/org/opencb/opencga/catalog/models
https://github.com/opencb/opencga/tree/develop/opencga-catalog/src/main/java/org/opencb/opencga/catalog/models
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OpenCB: OpenCGA
Storage Engines

OpenCGA Storage provides a pluggable Java framework for storing and querying alignment 
and variant data
● Two default implementations: MongoDB and Hadoop for huge performance and scalability ~ hundreds 

of thousands of samples

Variant Index Pipeline

1. Transform
● Validation: VCF files are read using the library HTSJDK → validation
● Files are converted to Biodata models. The metadata is stored into a file serializing in json a single 

instance of the biodata model “VariantSource” (header and some general stats). The real variants 
data is serialized in file (avro) with a set of variant records described as the biodata model “Variant”

● Normalization → unify the variants representation, since the VCF specification allows multiple 
ways of referring to a variant and some ambiguities.

2. Load
● Variants are loaded into the database and merged with the existent ones.

3. Enrichment
● Variant annotation (from Cellbase or read from local files provided by the user)
● Stats calculation useful for filtering variants
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OpenCB: OpenCGA
User interfaces: REST, command lines and client libs

● RESTful API: 

– more than 160 web services developed for Catalog (e.g. search samples or files) 
and Analysis (e.g. query variants or fetch alignment reads)

– Other features: authentication and authorization, Swagger documentation (
http://bioinfo.hpc.cam.ac.uk/hgva/webservices/    ), ...

● opencga.sh command line: you can query remote REST or gRPC services 
after authentication

● Client libs: allow to easily query REST web services. At the moment Java, 
Python, R and Javascript are fully developed and with similar level of 
functionality (e.g. authentication, parallel fetches, error support, …).

● Current version: v1.4.1

– Roadmap: http://docs.opencb.org/display/opencga/Roadmap 

http://bioinfo.hpc.cam.ac.uk/hgva/webservices/
http://docs.opencb.org/display/opencga/Roadmap
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OpenCB: Interactive Variant Analysis (IVA)
An interactive web-based variant analysis suite

● A collaborative project to implement a rich and interactive web-based variant analysis 
tool on top of OpenCGA, currently supports:

– Variant Browser

– Prioritization

– Clinical Analysis

– Panels

– Tools

– ...
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OpenCB: Interactive Variant Analysis (IVA)
An interactive web-based variant analysis suite
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● Integrates variants from the main reference human projects

– Adds valuable information such as variant annotation: consequence types, population 
frequencies, protein effect predictions, variant-associated phenotype, etc

● Main features:

– Annotation performed using CellBase

– Population frequencies calculated, including populations and super-populations

– Data is indexed using OpenCGA

– Rich interactive web-based data mining tool based on IVA

Other OpenCB projects: HGVA
The Human Genomic Variation Archive
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Other OpenCB projects: HGVA
The Human Genomic Variation Archive

● Published at NAR, 2017
● http://hgva.opencb.org  

http://hgva.opencb.org/
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Overview

● Introduction

● Big Data in Genomics

● OpenCB: Open source initiative for Computational 
Biology

● A case study: Personalized Medicine Module 
(MMP)
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Big data in Genomics
MMP for diagnosis and clinical research within 
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Back-end: OpenCGA
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Front-end: Customized IVA (MMP-SAS)
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Front-end: MMP-SAS



52

Front-end: MMP-SAS
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Front-end: MMP-SAS
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Front-end: MMP-SAS



55

Front-end: MMP-SAS
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Front-end: MMP-SAS
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Front-end: MMP-SAS
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Front-end: MMP-SAS
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Front-end: MMP-SAS
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Front-end: MMP-SAS
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Front-end: MMP-SAS
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Front-end: MMP-SAS
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Front-end: MMP-SAS

Consequence type: the location or effect of a sequence variation on a transcript
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Front-end: MMP-SAS
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Front-end: MMP-SAS
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Front-end: MMP-SAS
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Front-end: MMP-SAS
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Front-end: MMP-SAS
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Front-end: MMP-SAS
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IVA dev version (available soon)

● Gene panel component
– Design and management of panels of genes
– Goal: Diagnostic purposes 

Define a panel with 
diagnostic variants for a 

disease (Clinvar, 
COSMIC)

VCF file

Diagnostic 
variants are 

found in 
VCF?

Diagnosis

Manual prioritization

YES

NO
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● Gene panel component
– Essential for defining (informed consent is necessary):

● Pharmacogenetic variants: variability in genes implicated in drug 
response can modulate treatment efficacy or predispose to adverse drug 
reactions

● Secondary findings: reporting of known pathogenic or expected 
pathogenic variants in the 56 ACMG genes even when unrelated to the 
primary medical reason for testing

IVA dev version (available soon)
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● Variant classification according to ACMG Standards:
– Pathogenic, likely pathogenic, benign, likely benign, 

uncertain significance

IVA dev version (available soon)
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● Cohort information

– Existence of a given variant in a cohort
● Federation of applications

– A single installation can query other installations for variants, 
additional information, stats, etc (more powerful than Beacon)

● User annotation of variants:

● Technological artifacts
● Novel and diagnostic variants
● …..
●

●

IVA dev version (available soon)
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IVA dev version (available soon)
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IVA dev version (available soon)
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IVA dev version (available soon)
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IVA dev version (available soon)
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IVA dev version (available soon)
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IVA dev version (available soon)
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IVA dev version (available soon)
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IVA dev version (available soon)
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