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Abstract

Heart and vascular defects occur in a large number of hereditary and

sporadic human diseases as result of a complex interplay of genetic factors.

Since genome sequencing of many organisms disclosed similarities among

genomes, animal models are crucial for the discovery of genes involved

in those pathological processes. Therefore we propose VRG database,

in which human data have been manually managed and integrated with

mouse information in order to create a catalogue of genes involved in

vascular diseases.
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1 Introduction

Heart and blood vessels dysfunctions are predominant causes of disability and

death in humans [1]. In 2003, the World Health Organization [2] estimated that

16.7 million people die each year of cardiovascular (CV) diseases, covering 29%

of all deaths around the globe, thus highlighting the value of devoting resources

to study the pathogenesis of these settings.

Phenotypic alterations result from a complex network of genetic modifica-

tions [3] and a huge effort has to be done to better understand their mechanisms

at the molecular scale. Even though experimental approaches could be relevant

[4, 5, 6, 7], computer science provides an important support as well. It is essen-

tial, in fact, a comprehensive collection and integration of public available data

generated by the research community [8, 9, 10] to allow an easy access and re-

covery of information. To date, different databases collect information of known

genes involved in human vascular diseases. For instance, the Online Mendelian

Inheritance in Man (OMIM) [10] catalogues phenotypes and genotypes classified

by phenotypic features and mutated gene while the Cardiovascular Comparative

Genomic Database (CVCGD) [11, 12] collects well known and comparatively an-

notated cardiovascular genes. However, it is not straightforward to recover a

complete list of genes related to vascular dysfunctions. OMIM, for example,

allows only a free-text search of clinical synopsis thus rendering difficult the

selection of genes involved in vascular dysfunctions. Therefore, in order to gen-

erate an accurate collection of human genes, it would be useful to review all

phenotypic OMIM entries, select those directly or indirectly related to vascular

dysfunctions, and collect the corresponding genes into a catalogue as complete

as possible.

The increasing availability of genomic sequences from many organisms [13,

14, 15] provided the opportunity of orthologous-sequences comparison [16, 17].
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This analysis revealed that sequences performing important functions are fre-

quently conserved among evolutionarily distant species [18, 19]. Moreover, ani-

mal models yield the identification of novel genes that often cause defects when

mutated in humans and therefore they are used as a tool to investigate both

mono and multifactorial human diseases [6, 8, 20, 21, 22]. Because they can be

subject of large scale mutation screenings [23, 24], animals are a simple model

to apply genomic strategies. For instance, knock-out (KO) mice proved useful

in elucidating gene function and provided many insights into human biology

and diseases [19, 23, 24]. Therefore, genome-wide collections of KO mice can

significantly contribute to biomedical discovery [23]. A prominent example is

represented by the Mouse Genome Database (MGD) [9, 25], a publicly available

resource of KO mice which collects genomic, genetic, functional, and pheno-

typic data about mouse genes in order to identify candidate genes associated

with complex phenotypes [26]. Since MGD has generated an ontology in order

to catalogue the altered phenotypes of mutant mice, it results simple to select

genes related to particular vascular dysfunctions.

Gene regulation is one of the major mechanisms underpinning the correct

cardiovascular system morphogenesis and function [1, 24] and it has been demon-

strated that similar molecular mechanisms are involved in its regulation both

in physiological (i.e. during embryogenesis) and pathological conditions [27].

Therefore, an in depth analysis of the embryonic vascular development could

yield useful information to understand the pathogenesis of vascular diseases in

adults [28]. Also in this case animal models, i.e. zebrafish [29] or xenopus [30],

will be crucial to improve our knowledge.

In order to reach a more comprehensive knowledge on vascular dysfunctions

it could be useful to generate a complete list of human and animal genes involved

in vascular phenotypic alterations. Due to the huge amount of information col-

lected in different databases, computerized systems could simplify data recovery,
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management and analysis. Therefore, we generated VRG [31], a publicly avail-

able database aimed at integrating mouse and human information, which were

manually curated to create a wide catalogue of genes involved in vascular dis-

eases.
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2 DATABASE

2.1 Human section

We started with the information contained in the ftp section of the OMIM

database [3] (March 2005 version). We selected two different sources of data:

• the morbidmap file

• the complete OMIM report flat-file

In the first one all the possible diseases presented in the OMIM catalogue are

annotated with the corresponding related gene ids. Overall, the correspondence

between a certain genetic disease and a certain pool of genes is a one-to-many

relationship, meaning that it is possible to have one or more gene for a specific

disease as well one or more diseases associated to the same gene id.

The second one is essentially constituted by the transposition in an ASCII

computerized flat file version of the original catalogue provided by Victor McKu-

sick’s book, Mendelian Inheritance in Man. For our purposes it is necessary to

specify that:

• each OMIM entry is given a unique six-digit number whose first digit

indicates the mode of inheritance of the gene involved;

• each OMIM entry is characterized by a special field, called Clinical Syn-

opsis (CS) which reports a description of the observed phenotype for the

corresponding disease.

The OMIM database is actually not meant to be organized into a rela-

tional database, so an automated managing of the information contained is not

straightforward. We choose the following algorithm:

For each entry of the morbid-map file, in which there is a clear correspon-

dence between a certain gene and a certain disease, we selected the correspond-

6



ing CS from the OMIM file. All the possible CS collected in this catalogue were

then manually-curated and divided into four main categories, where possible:

1. VASCULAR: alterations related to the vascular system

2. NEURO: alterations related to the nervous system

3. NEURO-VASCULAR: alterations related both to the nervous and the

vascular system

4. INTERESTING: metabolic and/or mitochondrial alterations, so impor-

tant to be related with neuro-vascular disturbs.

We than searched the Ensembl database (version 25) [32] to make a direct

connection, where possible, between the gene ids internally used by OMIM and

human gene ids provided by Ensembl. If available, we selected the correspond-

ing mouse and zebrafish orthologous for each of the disease genes.

We finally grouped and stored into a MySQL relational database such infor-

mation, namely:

• disease-name: name of the disease according to OMIM

• disease-id: disease identifier according to OMIM

• gene-name: gene name according to OMIM

• ENSG-id: human gene name according to Ensembl

• gene-mol-descr: description of the molecular activity of the gene

• gene-id: gene identifier according to OMIM

• location: location of the gene involved in the disease

• cs: the Clinical Synopses for the disease

• mouse-ortholog: mouse ortholog according to Ensembl

• zebrafish-ortholog: zebrafish ortholog according to Ensembl
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2.2 Mouse section

The second source of data for our work was the Mouse Genome Informatics -

MGI database [25], 3.44 version. The MGI database is a collection of a large

amount of data related to all the aspects of the mouse biology and genomics. In

particular we concentrated our attention on the manually curated list of mouse

KO experiments recorded in the ftp section of the database. In this section,

each mouse gene is annotated together with the outcome of the correspond-

ing KO experiment, if available, and the complete list of phenotypes is then

organized in a fixed and controlled vocabulary provided by the curators with

unique identifiers. The vocabulary of phenotypes is internally organized in an

ontology-based way. Unlike from the human case, in which a similar collection

of information does not exist, the list of genes / KO phenotype can be hence

handled by computational means in a rigorous manner. The MGI database also

provides a connection with external databases, in particular with the Ensembl

database and also includes annotations of human/mouse orthology.

For our purposes, we extracted from the MGI a list of genes related to three

particular different phenotype annotations:

• MP:0005385 cardiovascular

• MP:0003631 nervous system

• MP:0005386 behavior/neurological phenotype

We identified the corresponding human and zebrafish orthologous for each

of the genes selected as described above.

We finally grouped and stored into a MySQL relational database such infor-

mation, namely:

• MGI-id: internal gene identifier of the MGI

• gene-id: gene identifier according to MGI
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• ENSMUSG-id: mouse gene name according to Ensembl

• phenotype-id: knockout phenotype according to MGI

• human-ortholog: human ortholog according to Ensembl

• zebrafish-ortholog: zebrafish ortholog according to Ensembl

for each of three phenotypes previously selected.

Once equipped with those two relational databases, respectively built from the

OMIM and MGI data, we developed a set of tools devoted to the automatic ex-

traction of data (queries) from these databases themselves and to the automatic

generation of a set of html web pages building up the VRG Disease Database,

available at: http://www.to.infn.it/ftbio/VRG-database/main.html.

In Fig. 1 and 2 we reported two snapshots of the VRG database.
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3 Perspectives

Here we propose a publicly available web based database collecting vascular

related genes. Earlier studies have shown the advantage of comparative ap-

proaches to better understand human biological processes and their altered

counterparts [19, 23, 24]. By using OMIM [3] and MGD [9, 25] , we inte-

grated human and mouse information to create the Vascular Related Genes

(VRG) database, which is structured to easily access and recover information

about genes involved in vascular dysfunctions from multiple species. This allows

determining similar pathogenetic mechanisms or selected specificities character-

izing the role of a gene in different species or combining them thus having a

more complete view of the molecular mechanisms regulating disease onset and

maintaining. Moreover, it allows the exploitation of lower organisms to retrieve

information that could give useful insights on human genes function and even-

tually to discover new diagnostic tools or therapeutic targets to treat vascular

dysfunctions. However, to reach these goals additional work is required to in-

clude data coming from other animal models. Indeed, we are going to integrate

zebrafish data for its qualities as a model for studies of vertebrate genetics in-

cluding cardiovascular diseases [29].

Based on the new emerging parallels in the development of vascular and

nervous systems [33, 34, 35], we decided to integrate vascular and neural phe-

notypes within the VRG database. To this aim, human and mouse genes deter-

mining phenotypic alterations of the nervous system were included in the VRG

database. In particular, genes responsible of both nervous and vascular dys-

functions are collected into a separate list and could be considered candidates

as new molecules regulating nerves and vessels behavior.

Hence, we propose the VRG database as a comprehensive and easily acces-

sible catalogue of genes related to vascular and nervous dysfunctions.
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Figure 1: Snapshot-1 of a page of the database.
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Figure 2: Snapshot-2 of a page of the database.

18


