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ABSTRACT: The importance for research and clinical util-
ity of mutation databases, as well as the issues and diffi-
culties entailed in their construction, is discussed within
the Human Variome Project. While general principles and
standards can apply to most human diseases, some specific
questions arise when dealing with the nature of genetic
neurological disorders. So far, publically accessible mu-
tation databases exist for only about half of the genes
causing neurogenetic disorders; and a considerable work
is clearly still needed to optimize their content. The cur-
rent landscape, main challenges, some potential solutions,
and future perspectives on genetic databases for disorders
of the nervous system are reviewed in this special issue of
Human Mutation on neurogenetics.
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Introduction

The Human Variome Project (HVP) is an international ini-
tiative for the development of standards and actions toward
public databases of genetic variation causing human disease
(http://www.humanvariomeproject.org/). In addition to country-
centered collections, the HVP is also fostering the organization of
clinical discipline-centered working groups, one of which is the neu-
rogenetics consortium [Haworth et al., 2011]. Neurogenetics can be
defined as an intersection of the fields of genetics, neurology, and
neuroscience to gain a better understanding of the molecular mech-
anisms involved in the function and dysfunction of the nervous
system. Although genetic methodologies are having a major impact
on neuroscience, there is also an increasing need of thorough, cu-
rated catalogues of the resulting knowledge, which will involve an
unprecedented amount of data that, for the most part, will not find
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its way into traditional biomedical publications. The confluence of
clinical and basic neuroscience research, high-throughput genetics
analyses, innovative biostatistics tools, and information and com-
munication technologies is producing an explosion of Web-based
data in patients and control populations. These data will facilitate
both research and diagnostic work; however, it is also essential that
neuroscientists and clinicians learn to exploit and make appropriate
use of the information becoming available.

Locus-specific databases (LSDBs) are repositories of sequence
information on specific genes associated with medical conditions
to help clarify the pathogenic role of a genetic variant in a given
patient. The extensive use made of available LSDBs by the research
and clinical communities alike demonstrates that these repositories
are among the most useful sources of information when confronted
by the need of assigning a disease-causing role to a given variant.
However, for reliability and efficiency, LSDBs need continuing ex-
pert effort to annotate and supervise sequence variations and their
associated biological effects [Samuels and Rouleau, 2011]. This spe-
cial issue of Human Mutation (volume 33 issue 9, September 2012;
http://onlinelibrary.wiley.com/doi/10.1002/humu.v33.9/issuetoc)
explores the current situation of genetic databases for neurogenet-
ics disorders and the tools used to build them. The contributing
authors provide an overview of representative disease groups, the
challenges, and potential sources of interpretation problems, as
well as some hints of future prospects and evolution of the field.

Neurogenetics databases will have to be prepared to accommodate
different types of data: single-gene variants identified in laboratories
worldwide (mostly diagnostic centers), results from targeted and
genome-wide association studies, and high-throughput “-omic”
data (so far mostly from research laboratories), together with in-
formation on the clinical side (phenotype) and—when possible—a
link to functional, cellular, and animal experimental evidence. It is
also clear that the needs and challenges will be different for research-
oriented repositories than for databases aimed at providing reference
tools for clinical practitioners, who need reliable markers for disease
diagnosis and prognosis. Clinically oriented databases should, thus,
provide the highest level of validation and interpretation accuracy,
while being operationally adapted to the professional profile of the
expected users, who will generally not be so familiar with the lan-
guage and tools of genetics research. LSDBs for neurological diseases
should foster investigation of genotype—phenotype correlations and
the mechanisms that govern this relationship. Databases of genetic
variation causing neurological disease will provide knowledge on
which to develop guidelines and update diagnostic algorithms for
genetic testing in neurogenetics.

© 2012 WILEY PERIODICALS, INC.



Current Landscape of LSDBS for Neurological
Diseases

Abouthalf ofall human genes are expressed in the brain, while also
about half of all disorders listed in the Online Mendelian Inheritance
In Man (OMIM®) catalogue (http://omim.org/) and with known
molecular basis are related to neurological phenotypes. According
to Orphanet, one of the most widely used portals of information
on rare diseases (http://orpha.net), there are around 6,000 to 8,000
rare diseases [Rath et al., 2012], including over 2,000 neurological
entities, many of which have been linked to specific genes. Most
neuromuscular and sensory diseases are caused by genetic factors,
while for others the etiologies and heritability are not well under-
stood. In many instances, mutations have been identified that appear
to increase the risk for a disease, even though they have not been
proven to be a direct cause of the disease (e.g., APOE4 in late-onset
Alzheimer disease). Even in conditions where we know of specific
genetic mutations (e.g., familial Parkinson’s disease [PD], muscular
dystrophy, and many forms of epilepsy), it has become clear in re-
cent years that the genetics of many of these disorders is complex,
entailing contribution from many genes. The same points can be
made with regard to psychiatric disorders, which are among the
most prevalent disorders worldwide. Indeed, advances in genetics
have brought the fields of neurology and psychiatry closer together
than ever before.

To provide a gross landscape of mutation databases for neu-
rogenetics, the authors of this special issue conducted a review
of LSDBs for genes involved in neurological disorders. These re-
sults were presented in the fourth Biennial Meeting of the HVP
Consortium [Paris, 2012]. Briefly, we identified neurologic records
using the OMIM Clinical Synopsis advanced search tool [Am-
berger et al., 2011]. Disorders with unknown molecular basis, as
well as nondisease phenotypes, susceptibility factors, and diseases
with unconfirmed mapping, were filtered out. We then searched
for phenotype—gene relationships with OMIM Morbid Map and
identified the approved Hugo Gene Nomenclature Committee
(HGNC) symbol through the mim2gene tool. Finally, we searched
the GEN2PHEN Knowledge Center LSDB listing [Webb et al.,
2011; http://www.gen2phen.org/data/lsdbs] to identify mutation
databases for the genes selected in the previous stage and com-
pared the database system used, curator status, number and update
of variants reported. The results were compared with the situation
of neurogenetic databases in 2010 [Mitropoulou et al., 2010]. A
total of 1,025 genes were identified, for 98 of which no database
was listed. On the other hand, a total of 1,272 databases were avail-
able for the remaining 927 genes. For further analysis, we removed
databases without variant entries, most of them without a curator,
and databases with restricted access. After the previous stepwise
filtering, 616 databases remained covering 471 genes, meaning that
46% of genes related to neurological conditions are covered in atleast
one LSDB. Of the 616 databases, 443 (72%) were built with the Lei-
den Open Variation Database (LOVD) [Fokkema et al.,2005], while
the remaining 173 (28%) corresponded to University of Antwerp
databases [Cruts et al., 2012], MUTbase [Riikonen and Vihinen,
1999], Universal Mutation Database (UMD) [Béroud et al., 2000],
and other platforms, including Web-based tables. Regarding re-
dundancy, for 363 genes (77%) only one database was detected, two
databases per gene were found for 81 genes (17%), and >3 databases
per gene for 27 genes (6%). Since 2010, the number of neurological
genes covered increased from 283 to 471 (an increase of 66%). There
was one individual curator in over 65% of the LSDBs for which this
information was available, whereas <15% had three or more cura-
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tors and <3% were curated by a larger consortium or institute. In
conclusion, currently there is a freely available mutation database
for about half of the genes known to cause Mendelian disorders
of the nervous system, most of the neurogenetics LSDBs are built
under LOVD, and there is a moderate degree of overlap between
databases. Although the number of databases for neurogenetic dis-
orders has significantly increased during the past two years, many
of the recently created LSDBs have very limited content and/or little
information on the curating process.

Challenges for Neurogenetic Databases

Many of the difficulties for neurogenetic LSDBs are not signifi-
cantly different from those inherent to other fields of medicine, such
as the sources of data, the challenge of expert curation and update,
assessment of pathogenicity of the variants, collection and annota-
tion of phenotype and family data, as well as ethical considerations.
These and other issues are being discussed with a multidisciplinary
approach within the HVP consortium and recommendations are
being produced [Kaput et al., 2009; Povey et al., 2010]. However,
specific characteristics of neurological disorders call for the conflu-
ence of experts in the clinical aspects, as well as in neuropathology,
neurophysiology, neuroimaging, genetics, and molecular and cell bi-
ology [Haworth et al., 2011]. Some of these challenges are reviewed
in more depth in this special issue of Human Mutation.

The list of genes and mutations associated with neurological dis-
orders keeps expanding and genetic heterogeneity seems to be the
rule. At the same time, the overlap of pathophysiological events
among clinically different neurogenetic diseases is also increasingly
recognized, originating a sheer complexity of genotype—phenotype
relationships. Abundant examples can be found in neurology where
a given gene has been associated with different clinical presenta-
tions, even within the same family [Ito, 2012; Nishioka et al., 2009].
Furthermore, often the diverse clinical profiles also reflect variability
that can be demonstrated in the neurophysiologic and pathologic
examination even in patients with the same mutation [Muelas et al.,
2010]. Among recent discoveries further highlighting the variability
of phenotypes that can be caused by a same mutation is the C9orf72
intronic expansion associated with motor neuron, extrapyramidal,
cognitive, and psychiatric manifestations [Byrne et al., 2012; Simé6n-
Sanchez etal., 2012]. Clinically, different disorders may share related
molecular mechanisms, such as mutations in gap junction proteins
[Sargiannidou et al., 2010] and ion channelopathies, that can cause
pain syndromes, muscle disease, cerebellar ataxia, paroxysmal dys-
tonia, and epilepsy [Cregg et al., 2010; Crompton and Berkovic,
2009]. Also, solute carrier disorders such as SLC2A 1-associated syn-
dromes challenge classification of neurological disease based on the
phenotype and point to a possible pathophysiological overlap be-
tween epilepsy and movement disorders [Leen et al., 2010]. The
biological explanation why mutations in the same gene—gene family
may cause highly variable phenotype is often unknown.

The opposite situation is also frequent in neurogenetics: an in-
distinguishable clinical picture can result from alterations in dif-
ferent genes, even with evidence of diverse pathoanatomical and
pathophysiological alterations. The broad molecular heterogeneity
of Charcot—Marie-Tooth disease, the spinocerebellar ataxias (SCA)
or the hereditary spastic paraplegias (HSP)—a group of disorders
affecting upper motor neurons—are just some examples of this.
While Hersheson et al. (2012) review the broad genetic hetero-
geneity among inherited ataxias, Bettencourt and collaborators re-
vise cases from the literature and from their own experience with



mutations in the SCA genes presenting with a phenotype closer to
HSP than to the ataxias [Bettencourt et al., 2012]. Abel et al. (2012)
further illustrate the evolving landscape of genotype—phenotype re-
lationships in motor neuron diseases, leading to the evolution of
the ALSoD database from a single-gene LSDB to a multigene and
bioinformatics analysis installation. The neurodegenerative brain
diseases group and neurogenetics laboratory of the University of
Antwerp have developed some of the most broadly used LSDBs
for Mendelian CNS disorders [Cruts et al., 2012]. The AD&FTLD
and PD mutation databases described in their article currently pro-
vide thorough information on 15 genes causing Alzheimer disease
(AD), frontotemporal lobar degeneration (FTLD), and PD. How-
ever, some genes can lead to a variable combination of amyotrophic
lateral sclerosis, frontotemporal dementia, and PD, indicating once
more that there is a need for standardized procedures and integra-
tion capabilities of the informatics tools used to build neurogenetic
databases, so that efforts can be added up, cross-searches are possible
and potential discrepancies and errors can be readily detected.
Comprehensive and reliable genotype—phenotype databases
should accelerate the understanding of the molecular and cellu-
lar mechanisms underlying neurogenetic conditions. As this un-
derstanding evolves from the single molecular alteration to patho-
physiological routes, the nosology of neurological diseases will also
evolve, so that syndromes with similar molecular pathogenesis will
be grouped together more so than those with similar clinical pre-
sentation. The above-mentioned issues pose a great challenge to the
differential diagnosis in clinical neurology. It is increasingly clear
that efforts toward genotype interpretation also need better tools
for a harmonized, computer-readable description of the pheno-
type, including the capture of the evolving clinical picture in either
treated or untreated patients. Kohler et al. (2012) review this ques-
tion and illustrate how the Human Phenotype Ontology (HPO;
http://www.human-phenotype-ontology.org), combined with dis-
ease classification systems such as that from Orphanet, provide a
systematic approach to phenotype representation and link to other
biomedical data sources. Expansion of currently available ontologies
to specific clinical domains will be achievable with the coordina-
tion of bioinformatics and clinical experts [Robinson and Mundlos,
2010; Schofield and Hancock, 2012]. The phenotypic manifestations
of the nervous system’s correct function and dysfunction are often
more apparent that those from other organ systems, in the form
of abnormal movements, language, sensory, cognitive, and behav-
ioral traits that are often subjectively measured. However, over the
centuries such observations have produced a very rich, geograph-
ically and culturally variable, non-controlled medical vocabulary.
The construction of phenotype ontologies will, therefore, be espe-
cially difficult in the realm of neurological and psychiatric disorders.
Another challenge for the development of LSDBs in neurogenet-
ics comes from the nature of some of the mutation types frequently
encountered in neurodegenerative diseases. Expansions of repetitive
elements in the genome, also called dynamic mutations, underlie
neurological disorders such as Huntington disease, fragile-X mental
retardation, and several SCA, among others. These oligonucleotide
repeats amenable to pathologic expansions vary in structure, size
and location of the repetitive element within the gene. Some of the
main difficulties posed by this type of mutations to build mutation
databases, discussed by Martindale et al. (2012), include the defini-
tion of the reference repeat structure, accurate sizing, and naming of
the alleles, establishing normal and abnormal repeat number, and
mitotic and meiotic instability of the expanded allele.
Mitochondrial cytopathies represent another group of disorders
often manifesting at the level of the nervous system and posing a
challenge for database curators, as reviewed by Elson et al. (2012).

Additional factors such as nuclear modifying genes or the mito-
chondrial DNA haplotype background may influence phenotypic
expression of mitochondrial disease. Both the central and periph-
eral nervous system may be involved in many ways, complicating the
diagnosis of mitochondrial disorders and calling for the concurrence
of experts in different clinical areas [McFarland et al., 2010]. How-
ever, given the peculiar features of mitochondrial biology, together
with the fact that there is a common pathophysiological theme—
dysfunction of the cellular energy production—the maintenance of
a unique, coordinated LSDB to deal with mitochondrial disorders
seems desirable.

In addition to LSDBs for monogenic or oligogenic disorders, the
study of genetic variants influencing the development of more com-
mon neurological conditions (e.g. PD, AD, multiple sclerosis) has
been a very active fields in recent years. A model for the storage,
curation, and usage of the large amount of information emanating
from both targeted and genome-wide association studies are de-
scribed by Lill and Bertram (2012), as exemplified in the PDGene
and AlzGene databases. Both complex disease and monogenic neu-
rogenetic databases will have to be prepared to deal with the “next-
generation” sequencing (NGS) technologies, which represent a new
challenge for genetic information storage and interpretation [Her-
sheson et al., 2012; Lill and Bertram, 2012]. In such scenario, the
foreseeable difficulties for interpreting the pathogenic relevance of
rare variants will only be worked out with the availability of curated
LSDBs and databases of rare variants seen in healthy individuals
in various ethnic backgrounds. The continuous pathogenetic fron-
tier between Mendelian and complex neurodegenerative diseases
will possibly be challenged as the scientific community moves from
SNP-based association studies to the analysis of individual genomes.

Last but not least, all new technologies and methods—including
genetic databases for public use—deserve thoughtful debate con-
sidering the ethical, social, and legal implications, and must decide
whether, on balance, the “positive” uses outweigh the “negative”.
It is important to emphasize that we are dealing with brain dis-
orders. As we learn more about genetic determinants, traditional
distinctions between neurological and psychiatric diseases may fade
or disappear altogether. Genes may influence personality, behav-
ioral, and cognitive traits in addition to defined clinical disorders.
Thus, the scientific exploration of genes that affect normal and
abnormal function of the brain deserves an even more thoughtful
consideration than already, and need to be linked to questions in the
field of neuroethics [Illes and Bird, 2006]. The vision of the HVP
is that expert-curated LSDBs coupled with standardized genetic
and clinical terminology offers one efficient way to deal with these
and other challenges [Samuels and Rouleau, 2011]. Because there
is probably no individual or research group with equal expertise
in the clinical, genetic, physiological, histopathologic, biochemical,
and cell biology domains or (bio)informatic tools that are needed
for a robust data synthesis and interpretation, it appears that the
best framework to develop high-quality, long-standing LSDBs and
other genetic databases will be within multidisciplinary networks.
The main goal of the neurogenetics consortium within the HVP
is exactly to reach this goal, that is to bring together experts from
diverse fields in join efforts in our quest to better understand the
pathogenetic forces underlying diseases of the nervous system.
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