
 

       PROJECT REPORT 

 

 

Starting point: 

An important percentatge of patients affected by Rare Diseases have no diagnosis nor 

molecular characterization of its etiology. This is a major problem that difficults the proper 

attention and referral by the Health System. 

 

General Purpose: 

The aim of this Project is to provite the Catalan Health Service a collaborative structure for the 

application of Genomic Medicine in favor of those affected by Rare Diseases (RD). 

 

Specific objectives: 

• To exploit the diagnostic capacity of genomics in the RD area. 

• To implement a data analysis and interpretation platform (RDCat) in clinical practice 

that allows having a record of patients affected by RD. 

• To standardize the processes of analysis and integration of clinical and genomic data. 

• To identify the genetic variants responsible for the disease in patients with non-

diagnosed RD (nDRD), 

• To move forward in the incorporation of genomic data as a basis for personalized 

Medicine of the RD. 

• To train clinician and researchers in Genomic Medicine. 

 

Methodology and Expected Results 

The tasks of the Project are performed based on 4 work packages: 

 Selection and characterization of patients affected by neurological nDRD (N = 700) 

 Genomic characterization and data analysis 

 Development of a platform that allows data analysis and interpretation (RDCat) 

 Legal, ethical and social integration of the Genomic Medicine in RD. 

The Project brings together the main groups that work in RD in Catalonia in a multidisciplinary 

environment that includes clinicians, geneticists, biochemists and bioinformatics. This team 

will review and select retrospective cases with nDRD (about 700), will generate new genomic 

data (for about 300 patients), mainly exomes, and will analyze and interpret the data using the 



RDCat platform tools. This application will allow solving a significant percentage of nDRD 

(around 30-40%). 

 

BACKGROUND AND CURRENT STATUS  

New genomic technologies 

During the last 10 years, the new technologies of genomic sequencing (NGS) have 

revolutionized biomedical research and the diagnosis of some diseases. There are three 

approaches that allow identifying the responsible mutations or those mutations conferring 

susceptibility to an NGS disease, with increasing degrees of complexity: 

- Gene panel sequencing involves sequencing all genes previously related to the disease or 

similar diseases with high coverage. There are currently commercial panels, which contain 

between 10 and 500 genes for diseases such as hereditary cancers or neuromuscular diseases. 

- Whole exome sequencing (WES) involves sequencing all regions of the genome that encode 

proteins. 

- Whole genome sequencing (WGS) allows the identification of changes in non-coding regions. 

This includes, therefore, regulatory sequences and other conserved regions, which facilitates 

the identification of structural variants. 

WES or WGS offer the possibility to identify new genes associated with the disease but also 

present important challenges in storing, analyzing and interpreting the large amount of data 

obtained. Typically, the analysis of the sequencing data of an exoma detects some 50,000 

variants with respect to the genome of reference, which are then filtered according to 

inheritance, potential functional impact, population frequency and previous associations with 

similar diseases or phenotypes, in a process in which the collaboration of bioinformatic, 

geneticist and clinical experts is essential. 

Recently, the Eurogentest consortium (1) and the American College of Medical Genetics (2) 

have published guides and quality standards of NGS laboratory assays and methods of analysis. 

 

Rare Diseases 

Rare Diseases (RD) are defined as those diseases with a prevalence lower than 5 sufferers per 

10,000 inhabitants. There are approximately 8,000 different RD; they use to be chronic and 

incapacitating, and many of them begin at the pediatric age. 

A minimum of 80% of RD have a genetic basis and about in 60% of them an associated gene 

has already been described. According to its molecular basis, RD with genetic causes can be 

classified into: 

- Genomic disorders: caused by a reorganization of large segments of DNA. They represent 

around 8-12% of genetic based RD. 



- Genetic disorders: caused by changes in a few base-pairs. They represent 85-87% of genetic 

based RD. 

- Epigenetic disorders: It is estimated that around 2-3% of RD are caused by alterations that 

affect DNA methylation or other epigenetic mechanisms. 

 

Several studies indicate that the percentage of success of exome sequencing for the diagnosis 

of RD in clinical practice is around 25-30%, in which pediatric cases with multiple organ 

affectation represent higher rates of detection of mutations. 

Internationally, consortia such as the IRDiRC (International Rare Diseases Research 

Consortium) (3) and others bring together much of the current efforts to investigate RD. 

 

Non-Diagnosed Rare Diseases 

The cases of non-Diagnosed Rare Diseases (nDRD) are those that escape the diagnosis after all 

relevant explorations and tests have been performed. They include cases of new clinical 

entities, known clinical entities but with unknown molecular bases, and also diseases caused 

by non-genetic factors. Genetic cases may present dominant, recessive, mitochondrial or X-

linked patterns of inheritance, but may also be caused by dominant mutations, mosaicism or 

epigenetis. A recent European study indicates that for around 25% of these patients, have a 

diagnosis may take from 5 to 30 years. 

 

Personalized Medicine 

Personalized medicine (PM) aims to address disease treatment and prevention based on the 

integration of all individual information, from clinical characteristics and genomic data to 

environmental interaction. 

 

Several countries are developing ambitious pilot projects within their own Health Care Systems 

for the implementation of PM based on genomics. Almost all these initiatives have focused 

their short and medium term efforts on rare diseases (RDs) and cancer. In England, in 2013, a 

project with the participation of 13 NHS Medical Centers, a genome sequencing center with 

centralized storage of data and various data interpretation centers was initiated to promote 

genome-based medicine, (4). This project has a budget of 118 million pounds and plans to 

perform whole genome sequencing of 25,000 patients with cancer and 17,000 with RDs. More 

recently, in France, a program to promote PM which plans the implementation of 12 

sequencing centers and an analyzed data storage center has been approved (5). This project 

has financing of 670 million euros for the first 5 years and its goal is to create infrastructure 

capable of sequencing 235,000 exomes or genomes of RDs and cancer patients per year by 

2020.  



At the European level, a Strategic Research and Innovation Agenda (SRIA) grouping 

representatives from major European organizations and institutions has been developed to 

promote the implementation of PM. In the near future, it is probable that whole genome 

sequencing of each individual will be obtained, most likely at birth, and will be integrated in 

each individual’s medical record through their Electronic Clinical History. Clinicians would be 

able to consult this information at any time to determine susceptibility to disease, establish 

prevention strategies or prescribe the most appropriate treatment. 

 

The Spanish and Catalan situation 

Although each clinical entity is individually rare, more than 300,000 people are affected by a 

RD in Catalonia. Some Catalan hospitals already use NGS techniques, mainly gene panel 

sequencing, for the diagnosis of RDs. The routine implementation of these techniques present 

many challenges related to the standardization of processes, data storage and interpretation, 

and training of personnel involved, among others. 

 

At the Spanish level, the CIBER of Rare Diseases (CIBERER) (7) assembles the main national RD 

groups, 12 of which are Catalan and all of them participating in this project. In the framework 

of CIBERER, NGS studies have been conducted in 601 patients, and diagnosis has been reached 

in 50% of the cases. The ENOD program (Undiagnosed Rare Diseases) of CIBERER act as 

coordinator in these types of diseases. Finally, CNAG-CRG also has extensive experience in the 

sequencing of exomes from RD patients and has sequenced a total of 800 exomes within the 

framework of two competitive calls in this area. CNAG-CRG is also leading the development of 

a platform for the analysis and interpretation of clinical and genomic data specific to RDs in the 

context of the RD-Connect European project (8). 

 

Supporting documentation 

1 www.eurogentest.org 

2 www.acmg.net 

3 www.irdirc.org 

4 www.genomicsengland.co.uk 

5 www.aviesan.fr/en/aviesan/accueil/toute-l-actualite/plan-france-medecine-genomique-

2025 

6 www.permed2020.eu 

7 www.ciberer.es 

8 www.rd-connect.eu 
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OBJECTIVES AND HYPOTHESIS 

HYPOTHESIS 

- The implementation of the Personalized Medicine based on the Genomics in the routine of 

clinical practice of the Catalan Health Service will increase the efficiency of the diagnosis and 

in half-long term will also allow to identify new treatments for these patients. 

- The collaborations and data and information exchange, in both national and international 

areas, are crucial to agglutinate fragmented resources in several groups and hospitals in order 

to improve the diagnosis and treatment of Rare Diseases (RD). 

- A high percentage of nDRD cases have a genetic cause that can be identified through genomic 

studies on a large scale (whole exome/whole genome sequencing). 

 

OBJECTIVES 

1. To establish a collaborative framework for the implementation of Personalized 

Medicine based on the genomics in the RD area, with the participation of clinician, 

genetists, bio computer specialists and experimental scientists of the main hospitals of 

Catalonia, in which the interests of the patient and the training of their staff can be 

guaranteed. 

 

2. To impliment a platform of analysis and interpretation of genomic data and medical 

records (RDCat) in the clinical practice that allows to have a register of RD patients, to 

share these data in a controlled way at a local and global level, to standardize the 

collection processes of clinical data as well as analysis and integration of genomic data, 

and finally, to generate a model of results for the corresponding clinical reports.  

 

3. Identification of the genetic variants responsible of the disease in patients with non-

Diagnosed Rare Disease (nDRD), through the re-evaluation of already generated 

genomic data or de novo generation of new genomic data and, in some cases, 

biological functional studies. 

 

4. Evaluation of the results obtained in the context of the usual clinical practice, in 

economic terms, patient return, response time, etc. 

 

  



METHODOLOGY AND WORKPLAN 

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

This Project will focus on the neurological nDRD, divided into two categories (which are not 

mutually excluding) depending on the utility of the NGS in molecular diagnosis, the identified 

mutational mechanisms and the number of known candidate genes: 

Neurodegenerative Diseases: neurometabolic, neuromuscular, ataxias, hereditary paraparesia, 

leukodystrophia, dystonia and other movement abnormalities. 

Neurodevelopment Disorders: severe intellectual disability, epilepsy, autism, malformations of 

the nervous system and neuro skin diseases. 

 

Firstly, patient’s inclusión criteria will be established, taking into account medical records and 

available genomic info. A Case Revision Committee (CRC) has been created with this aim, 

comprised of five neurogenetic experts that are also members of the team, three of them with 

neurological formation and two of them with clinical and molecular genetics formation. The 

initial evaluation will be based on a questionnaire that will be filled in by the clinicians, 

introducing phenotypical signs and biomarkers (biochemistry, neuro-image, histology, 

neurophysiology), and the detected genetic variants (if any). The CRC will be able to address 

those cases with difficult evaluation to experts in each field. 

The CRC will also be able to prioritize the analysis of cases depending on qualitative factors 

such as the availability of parental samples, the exhaustiveness of the clinical information or 

the usefulness of genetic advice in the family. 

In all selected cases patient’s detailed clinical characterization will be proceeded employing 

systems of recognized terminology, mainly the Human Phenotype Ontology (HPO) and OMIM 

codes, ICD-10 and Orphanet that will be introduced into the RDCat platform (WP3). The 

appropriate informed consent must be also obtained. For some phenotype specific ontologies 

this portal will be also used http://bioportal.bioontology.org/ontologies (in autism and 

epilepsy). 

During the first 6 months of the Project, more than 700 retrospective cases will be identified 

and revised in a retrospective way (requirements: approximately MN, n=400, TD, n=300). 

DNA will be obtained from the biobanks of the different centers or it will be de novo extracted 

from peripheral blood, from the affected subjects as well as from their relatives. For those 

cases where mosaicism or somatic mutation are suspected, or if the impossibility of blood 

extraction appears, DNA can be also obtained from saliva or buccal mucosa. For those diseases 

in which target tissue is accessible (skin, muscle) DNA and RNA for the diagnosis and/or 

functional assays will be obtained from these tissues. 

 

 



WP2. Genomics: sequencing, analysis, interpretation and validation (Coordinator: Antonia 

Ribes) 

Previous sequencing results from WP1 patients will be collected (gene panels and/or exomes 

from about 700) and they will be re-analyzed by using standardized platform RDCat (WP3) 

pipelines for the identification and annotation of genetic variants. BWA-

MEM, Picard and GATK-HC will be used for Single Nucleotide Variant identification and InDels; 

and Control-FreeC for the detection of Copy Number Variants. In all cases homozigosity 

regions will be identified with PLINK, and sample consanguinity will be also estimated. The 

detected variants will be marked down and will be available in RDCat platform, together with 

homozigosity regions. RDCat has the tools to select variants according to quality of the data, 

gene variant candidat list, inheritance model, the predictions of pathogeny of and 

their population frequency. For those patients without diagnosis, their data will be re-analyzed 

with new approaches considering phenomena like incomplete penetrance, mosaicism or 

structural re-organizations. 

New genomic data, mostly exomes with high coverage (>90x) will be generated, for those 

cases selected by the CRC (estimated around 300) with only gene panels info. For 

Neurodegenerative Disease cases with probably recessive inheritance patterns and with a list 

of potential gene candidates, de novo exome will be performed only for the affected ones. For 

Neurodevelopment disorders, non-affected relatives (parents) will also be de novo sequenced 

in order to identify any de novo mutation. New generated data will also be analyzed according 

to the described pipelines and they will be available on the RDCat platform. Long-term safe 

data storage options will be discussed with Barcelona Supercomputing Center (BSC) and 

the European Genome-phenome Archive (EGA). 

Identified mutations by de novo sequencing will be validated by Sanger, in both affected 

patients and in all the available relatives samples. Approach false-positives ratio will be 

determined. 

For those cases in which the variant and/or the identified candidate gene is not associated 

with the disease, functional studies will be performed in order to obtain evidences of the 

variant implication in the etiology of the disease. For those patients with a biochemical 

phenotype, mutation pathogenicity will be confirmed by using cellular models (293T, HeLa, 

COS7) or fibroblasts. The pathogenic effect of the mutations will be demonstrated with 

functional complementation studies, through basic clonation techniques, directed mutagenesi, 

cellular transfection, expression studies and other biochemical cell biology studies. 

Lastly, the CRC will check all the data in order to reacj a final diagnosis. If there is no variant 

candidate causing the disease, the CRC will raise the possibility to proceed to analyze the de 

novo whole genome sequencing or the transcriptoma. 

Finally, a guide to validate massive sequencing assays will be established and for the data 

analysis, as well, with setting recommendations and control samples following the American 

College of Medical Genetics and Eurogentest established criteria. 

 



WP3. Data analysis and interpretation platform (RDCat) (Coordinator: Sergi Beltran) 

A platform of clinical use in the RD field (RDCat) will be put into operation, based on the 

current RDConnect (platform.rd-connect.eu). The platform based on BigData technology; it 

works in a Hadoop cluster software, and uses the search engine ElasticSearch, includes RESTful 

APIs and a web interface. An authentication system will be implemented in order to give 

access to authorized users of the project while guaranteeing data security and privacy. 

Scalability tests will be performed at the BSC. 

RDCat platform will allow to connect molecular and clinical phenotypes of the patients with 

sample register, using main data bases and existing resources. It consists of a centralized data 

storage system with online analysis tools that provide: genomic information (Ensembl), 

filtration systems and variants priorization (ClinVar, PP2, SIFT, CADD, ExAC, etc), systems to 

filter pre-defined gene lists based, links to many data bases and external tools at gene and 

variants level (Ensembl, ExAC, dbSNP, HGMD, OMIM, etc), additional tools directly integrated 

in the platform (Exomiser) and access to Matchmaker Exchange system that allows to search 

for similar patients in other data bases without sending any private information. 

The following functionalities will be incorporated into the Platform from this Project: 

- PhenoTips Platform, contains forms for each group of diseases in order to facilitate the entry 

of clinical data. 

- The possiblity to integrate some data from the electronic medical records. 

- Lists of gene panels for the analysis of these diseases that are going to be studied in the 

Project. 

- Other analysis tools to detect structural variants and mosaicism events. 

- A system to generate a results report in an automatic way, following the guidelines of the 

American College of Medical Genetics and Genomics (ACMGG) and the 

consortium EuroGenTest. All variants that fulfill the ACA criteria will be included, meaning they 

must be analytically validated, and have a clinical relevance that can entail a clinical decision 

about the patient or a relative. 

- A pilot project will be carried out along with the Catalan Health System in order to 

integrate RDCat with HC3 (the Shared Medical Records of Catalonia) with the aim to facilitate 

that treated genetic data were useful for assistencial decision making, creating a first step 

towards Personalized Medicine. 

  



WP4. Legal, Ethic and Social Aspects (Coordinator: Francesc Palau) 

The Project contemplates a set of actions and guides to guarantee the preservation of patient 

rights and the respect of ethical principles within the framework of Personalized Medicine: 

-  Criteria to share patient’s clinical and genomic data, and measures to guarantee the privacy 

and the correct use of the information, including the necessary accreditations of the system. 

- A model of Informed Consent based on the autonomy of the patient, with multiple exit and 

re-entry points that allows to share data for research purposes. Models of Inform Consent for 

minors and disabled adults. These models will be adapted to each Institution of the Project. 

- Patient’s results returning protocol, including guides to inform about non-requested probably 

pathogenic variants or incidental findings.  

- Project’s webpage and informative conferences to inform population in promoting the use of 

the PM as a proactive action on the way to maintain the health and the quality of life. 

- Joint work together with the main patients association with RD to collect their suggestions 

and doubts. 

- Joint work together with other initiatives and Health Systems inside the European Union.  

 

Finally, Project results will be evaluated in economical terms and also in terms of returning this 

info to the patient, in order to measure the contribution of the PM to the sustainability and 

equity of the Health System.  

 

FORMATION PROGRAM 

Objective: To assure that present and future knowledge generated by this action has effects on 

the best training of scientists and clinicians belonging to the consortium and to reinforce the 

joint collaboration between the members of the consortium with other institutions. It is also 

intended to contribute in disseminating the knowledge to other health professionals, as well as 

to the patients, relatives and general public. 

Specific objectives: 

1-To provide the best possible formation to all the staff linked to the consortium groups. 

2-To reinforce consortium scientist education and mobility, increasing scientific collaboration 

and technologic transfer. 

3-To organize courses in Personalized Medicine for Rare Diseases, in collaboration with 

participanting institutions and CIBERER, intended for Project participants and for other 

professionals related in RD, as well. 



4-To spread the knowledge to other professionals and general public, introducing the 

significance of the research in this group of diseases and facilitating the traslation for patient 

and relatives profit. 

Activities 

1- Training for Project staff. There will be a specific training program in Personalized Medicine 

targeted to different professional profiles through an intensive two day course with the aim to 

familiarize them with the tools used in the Project. There will also be weekly internal activities 

to take place in each institution (group meetings and other educational activities), a 

consortium meeting will be carried out bimonthly with the participation of all hired staff. In 

these multidisciplinary meetings new generated data will be discussed, but also 

methodological questions and future strategies that will contribute to the training in relevant 

areas. Moreover, incorporated staff will take advantatge of the existing educational activities 

in the consorciated institutions in every aspect of the research, assistencial needs, 

epidemiology, ethics and especially in the CIBERER (http://www.ciberer.es/programas-

transversales/programa-de-formacion), since most of the participants belong to CIBERER. 

2- Mobility and researchers exchange. Short stays in other consortium labs will be encouraged 

by researchers (hired and participants) in other laboratories and groups of the consortium, in 

order to facilitate experience and technology transfer. It will be especially important for the 

training and a better use of the technological platform and will take place in one of the 

participant groups (CNAG, Bio Computer Science). These short stays are estimated to be 

between a week and 2 months in total for each year, taking into account that most of them 

will occur in groups of the same place. External stays will be also facilitated, in national groups 

(CIBER and others) and international for strategic formative actions. Each stay requiring 

additional funding will be evaluated by the Consortium Scientific Committee. 

 

3- Training in Personalized Medicine in RD. The organization of yearly monographic courses, 

intensive monographic that includes workshops, that complements the interests of the 

consortium, focused so much to the junior staff and the senior research staff and opened to 

other Catalan System Health professionals. It is intended to exploit the wealth of experience in 

several approaches for the research in RD which has been managed to be agglutinated the 

consortium. The researchers will take part as main teachers, together with some national or 

international invited teacher. For this purpose, consortium academic and hospitals 

infrastructure will be used.  

4- Consortium Symposium. Yearly, a scientific meeting with consortium members will take 

place. External Scientific Committee Members will be guested. The day before the scientific 

meeting will be fully dedicated to talks given by consortium groups graduated members. 

Interdisciplinary and International cooperation in teaching. There is already a collaboration 

with different groups inside European networks (Orphanet), with the CIBERER and with other 

latin networks (RELAGH), to perform several educational and diffusion activities together. 



5- Knowledge dissemination. A web page will be created with complete and current 

information about the Project objectives and resources. In addition, this portal will provide 

direct link to the consortium groups and other relevant actions in the RD field, providing 

information directed to clinician and general public about RD and related resources, as well.  

In addition, results will be presented in national and international scientific forums, it is 

proposed that every group participates in at least one yearly divulgative confference as long as 

Project lasts.  

 

DESCRIPTION OF THE SOCIAL AND SCIENTIFIC INTEREST OF THE PROGRAM 

This research Project has traslational vocation which principal aim is the implementation of 

large scale genomic studies as a tool for the diagnosis of RD in the Catalan Health System. 

The Project agglutinates the main groups that work in RD in Catalonia, with representatives of 

5 of the 7 Accredited Sanitary Research Institutes aprooved by the Instituto de salud Carlos III. 

The objective is to create a cooperative network and to work expecting that at the completion 

of the project these centers were prepared to the use the genomics in their clinical routine in 

the RD field. The project contemplates organizative themes such as professional training, 

informed consent, medical records adequation and RDCat implementation as a pilot project to 

centralize and standardize Catalonia RD patient data analysis process.  

The Project has a strong assistencial, scientific and social impact. It will determine the RD 

patient’s genomic analysis diagnostic capability, prognostic and therapeutic diagnostic 

consequences, as well. The Project will also attend non-solved cases. 

We shared this Project idea with patient associations and they gave us their support, so we will 

implement their participation along project’s follow-up. 

On the other hand, the capability of determining new genes associated with diseases and 

propose new physiopathological mechanisms or molecular targets is vast, being also relevant 

for the definition of new diseases. A special interest field regarding neural system pathologies 

is the finding of new gene involved in Neurodevelopment Disorders and in Neuromuscular 

Pathologies, as well. A third fundamental point is the social impact that the application of the 

new genomic knowledge represents as a tool of generating personalized information of the 

individual and of how it affects on how each person gets sick, more precisely about the RD 

affected ones.  

This project has a strong attraction and retention capacity for Medical Doctors, young clinician 

and research professionals who want to follow a clinical and scientific career. 

Finally, the structure network will allow us to generate a sustainable model of genomic 

diagnosis of the RD for the clinical attention of the population.  



PROPOSAL ADAPTACION TO THE “PLA ESTRATÈGIC DE RECERCA I INNOVACIÓ EN SALUT “. 

The Pla estratègic de recerca i innovació en salut 2016-2020 (PERIS) establishes Personalized 

Medicine based on genomics, omic technologies and massive data in the RDs, as some of the 

theme priorities centering this plans’s strategy. These are the three main arms of our Project 

and they fit perfectly in PERIS objectives. The Project is focused on solving a great problem: 

cases with non-diagnosed RD and improving this specific population affected by RD, their 

quality of life and health, as some of them are severe diseases, that implies a lot of suffering 

and leading to a premature death. The identification of the genetic causes and the 

understanding of their physiopathology, favors in a future, the therapeutic strategies design 

direct or indirectly related. According to this call objectives, this Project aims is to develop 

traslational research in order to enhance the use of technologies, as the ones that will be used, 

in order to establish routine diagnose lines that were applicable and transferible to Catalan 

Health System.  

 

On the other hand, PERIS places people at the center of Health System and makes them co-
participants in decision making processes, which also implies having citizen and patient 
associations as active partners in order to focus research on the priorities that they identify for 
improving their health and satisfaction Wherefore, we’ve make various patients associations 
co-participants in our Project, so they will contribute with their point of view in decision-
making, at the same time they will help the new knowledge created reaches targeted patients. 
This way, we will provide a reponse to the social challenges posed by RD patient associations. 
 

 

We should also point out that this Project is aligned with the General State Administration 
strategies, articulated through the state plans of scientific and technical research and 
innovation 2013-2020, and with the community policies of the European Program R & D & I 
"Horizon 2020", as it is based on the scientific excellence of the participating teams, the 
response to certain social challenges, and the interest of the industries that support this 
Project. 
 

SCIENTIFIC HISTORY  

The consortium consists of a total of 15 consolidated research groups belonging to 7 Health 
Research Institutes in Barcelona (IMIM, IDIBAPS, IDIBELL, HSJDD, VHIR, HSP, IGTP), the 
National Center for Genomic Analysis (CNAG) and the ISGlobal, with the extra participation 
without funding of the National Supercomputing Center of Barcelona (BSC-CNS) and RD 
patients associations, represented by FEDER. These 13 groups linked to Health Institutions 
encompass most of the hospitals that provide genetic diagnostic services supported by the 
CatSalut Genetic instruction (06/2015). 10 of these groups are also linked to the CIBER of RD 
(CIBERER) belongint to the Institute of Salud Carlos III (ISCIII). The participating groups provide 
great experience in clinical assistance and research in RD relevant areas, such as medical 
genetics, biochemistry, neurology and neuropediatrics, as well as in basic and applied research 
in genetics and genomics, genomic analysis, biostatistics and bioinformatics, but, above all, 
they have huge documented ability and the capability to rapidly transmit their research results 
as they have a close relationship with patients and relatives associations, acting in advisory 
committees and participating regularly in divulgative and informative activities. 



In addition to the consolidated trajectory of each one of the groups that is briefly summarized 
down here (only regarding the last five years), there’s been a very intense cooperative activity 
in RD research among all the participating groups for more than 8 years, through their 
participation in the CIBERER and in several activities with CNAG and ISGlobal. This activity is 
documented in common research projects and scientific documentation, and in numerous 
traslational and transfer actions, as well. 
 
IMIM-UPF (group coordinator). IP: Luis Pérez-Jurado.  
This UPF Human Genetics Unit and Neurosciences IMIM Program is a multidisciplinary team 
that links clinical activities in Hospital del Mar with clinical research centered on 
neurodevelopmental disorders, integrating clinical research with animal models and 
traslational research in Medical Genetics. Their scientific production in the last 5 years 
consisted in a total of 60 publications (and 8 book chapters) with an h index of 27 and an i10 
index of 63. He has participated as a PI in 14 competitive projects including 2 Europeans and 
one from the NIH-USA. The group contributed to the development of the Orphanet resource in 
Spain, currently linked to CIBERER; Luis is the coordinator of the CIBERER strategic action on 
non-diagnosed rare diseases (ENoD) with complementary objectives to the present 
application, and the Center has been nominated as Reference Center (CSUR) for epileptic 
encephalopathies. 
 
H. Clínic-IDIBAPS (3 grups). PIs: Antònia Ribes, Montserrat Milà i Francesc Cardellach. There 
are three multidisciplinary teams that focus their activity on: genetic bases, biochemicals and 
physiopathological mechanisms of hereditary metabolic diseases, the study of the genetic 
bases of rare neuroconductual diseases, and the diagnosis, assistance and research of 
neuromuscular and mitochondrial diseases. In the last 5 years, they have published more than 
150 articles, a patent and a national and European clinical guide. They have also participated in 
more than 20 competitive projects (5 of them were European). Relevant accomplishments are 
the creation of a multidisciplinary group for following-up adult patients affected with 
metabolic diseases diagnosed in childhood and the CSUR nomination for Movement Disorders, 
Ataxia and spastic paraparesis and Familiar Pulmonary Hypertension. 
 
 
HSJD (3 grups). IPs: Francesc Palau, Rafael Artuch i Daniel Grinberg. 
They develop a patient-oriented research, focused on rare genetic-based diseases: the 
development of the central and peripheral nervous system, congenital metabolic errors, 
mitochondrial diseases, lysosomal disorders, monogenic bone phenotypes, Opitz C syndrome, 
childhood muscular dystrophies and movement disorders of genetic origin. They have 
contributed to the description of new genes, the development of patient records and clinical 
trials.  They are part of the Daniel Bravo Center for Diagnosis and Research for Rare Diseases 
and they’re the recipient of the strategic action for singular facilities 2016-18 of the Generalitat 
de Catalunya GenomicScientia: Center for Genomic Sciences in Medicine. It’s also remarkable 
that they have several national CSUR denominations, participated in the European action 
"Inherited NeuRoMetabolic Diseases Information Network", the European Network & Registry 
for Homocysinuria and Methylation defects (DG SANCO) and coordinated a strategic project of 
the International Rare Diseases Research Consortium -ISCIII TREAT-CMT. 
 
VHIR (3 grups). PIs: Alfons Macaya, Eduardo Tizzano i Ramon Martí. 
The HUVH-VHIR Research Groups combine genetic diagnosis and traslational research into 
hereditary diseases, focused in the study of the genetic basis, pathophysiology, and treatment 
of Neurodevelopmental Disorders, neurometabolic diseases McArdle's disease and paroxysmal 
neurological disorders. Their scientific production is important with more than 80 indexed 
publications. They have promoted new treatments for patients with mitochondrial DNA 



depletion syndromes or for the MNGIE and have registered two patents and 3 designations as 
orphan drugs. They are coordinators of a node of the European Reference Network (ERN) in 
"Rare Neurological Diseases," participating in the Neuromuscular Disease ERN and have three 
CSUR designations for Ataxia & Paraparesia, Neuromuscular Diseases and Neurometabolic 
Diseases. Consortium: "Synaptopathies and Paroxysmal Syndromes (SYNaPS) Study Group. 
 
IDIBELL-IGTP (2 grups). PIs: Aurora Pujol & Concepción Lázaro / Eduard Serra (IGTP).  
The scientific trajectory of the IDIBELL-IGTP groups is focused on the study of human genetic 
diseases and deeper, in neurofibromatoses, adrenoleukodystrophy and the diagnosis and 
identification of new genes involved in leukodystrophy and spastic paraparesis. In addition to 
the 65 publications related to RD and 14 competitive projects, they participate in the ERN-
GENTURIS Consortium for the establishment of NGS standards with EMQN and LeukoTreat 
FP7-241622 (Therapeutic challenge in Leukodystrophies). IGTP-ICO has been nominated for 
CSUR for Facomatosis, coordinated by Dr. Ignacio Blanco and organized the 16th European 
Congress of Neurofibromatosis in 2014. 
 
IIB-SP (1 grup). PI: Pía Gallano.  
The research team at the Hospital de Sant Pau Genetics Service has considerable experience in 
the molecular diagnosis of hereditary diseases and their research is focused in neuromuscular 
diseases, hereditary coagulopathies, hereditary cancer and pharmacogenetics. 
 
CNAG-CRG (1 grup) PI: Sergi Beltran.  
The CNAG Bioinformatics Analysis Service collaborates with plenty Spanish and international 
clinical groups in RD research. They have more than 35 publications and leads the 
development of the RD-Connect platform and the RD "work-package" by ELIXIR-EXCELERATE, 
co-leading with Michael Brudno API v2 of IRDiRC / GA4GH MatchMaker Exchange and 
participates in the GA4GH Beacon Project. They also coordinates the data analysis of the 
BBMRI-LPC 2016 call for sequencing> 900 RD exomes. 
 
ISGLOBAL (1 grup). PI: Juan Ramon González.  
The research group of Bioinformatics in Genetic Epidemiology develops bioinformatic tools for 
the analysis of microarray data and mass sequencing 
(www.creal.cat/jrgonzalez/software.htm). Among other things, the group has developed tools 
for the detection of structural variation, inversions and genetic mosaicisms that have been 
used to find new genes in RD and complex diseases. In addition, he leads the GENOMet 
Spanish network, which is dedicated to the development of tools for the analysis of genomic 
data. 
 
Barcelona Supercomputing Center (BSC) (1 grup) PI: Sergi Girona. 
IS an International reference center for high performance computing, also known as HPC (High 
Performance Computing). They’re BigData management specialist with an extensive 
experience in multiple public and private International projects. Only in 2015, they’ve 
participated in 122 publications. 
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TRAINING CAPACITY OF THE MAIN RESEARCHER AND THE TEAM 
 

The training capacity of the consortium is superlative, endorsed by numerous activities 
performed in recent years by each of the member groups, some of them already coordinated 
through their participation in the CIBERER and / or in their own institutions. The proposed 
coordinator is a Professor of Human Genetics and has a very important trajectory in training. 
He is responsible for teaching Genetics and Genomics in Medicine and Human Biology UPF 
degrees, and is the director of the Master's Degree in Genetic Counseling at the same 
university, accredited by the European Board of Medical Genetics. He is also coordinator of the 
CIBER training of RD, that has organized several programs. He has directed a total of 7 theses 
during the last 5 years, as well as numerous Master's work, supervising residents and training 
specialists with a Rio Hortega contract.  
 
The IDIBAPS groups make numerous educational contributions (11 theses, training in Medicine 
and Biomedicine degree, resident medical research and researchers training, etc.). They 
organize an annual Seminar on Adult RD and International Conferences of X- Fragile and 
Metabolic Errors. 
 
The HSJD groups are performing an important task with pre-graduate training in Medicine, 
Biology, Biochemistry, Biotechnology and Biomedical Sciences, a Master's degree 
(Biomedicine, Molecular Biotechnology, Genetics and Genomics), and postgraduate (29 



doctoral theses), training residents of the specialized health training system (FIR / QUIR), 
research training (Rio Hortega) and the training of neuropediatricians in the MSJ / UB 
neuropediatry master's degree. They’ve organized courses, such as the Human Genetics of the 
Spanish Genetics Society and international symposiums.  
 
VHIR group members also have a great teaching activity. They receive undergraduated Master 
students of various training programs, and Vall d'Hebron Hospital residents and from other 
national and international hospitals, as well. They’re coordinators of the Master's Degree in 
Pediatric Neurology of the UAB, and participate in others Master's Degrees such as Medical 
Genetics, Genetic Counseling, Biomedicine and Reproductive Medicine. In addition, they’ve 
directed 14 doctoral theses since 2011. 
 
The IDIBELL-IGTP groups, have directed 17 doctoral theses, 9 master's works, 6 final-grade 
works, and the’ve been tutoring and training laboratory technicians, genetic counselors, high 
school students, and Medical residents. 
 
IIB-SP. They’ve directed a total of 8 doctoral theses, 4 molecular genètics courses and 
postgraduate courses, as well. Currently, they also host two oncology residents, two more of 
clinical analysis and two graduated students in Biology / Genetics.  
 
CNAG-CRG has organized two editions of the "Introduction to genomic analysis" course (in 
2015 and in 2016) and has collaborated in the organization of two symposiums organized on 
RD (2015). They’ve directed 4 projects of bioinformatics master degrees.  
 
The ISGLOBAL group has directed 1 thesis, and 6 pre-doctoral students. The group has 
organized more than 20 courses for the analysis of genetic data and the integration of omic 
data. In addition, they’re responsable for 3 subjects in two Masters of Bioinformatics (UAB and 
Uvic). 
 


