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1. INTRODUCTION

Locus-specific databases (LSDBS) store information about one or more specific genes. They
have been developed by curators with different interests, leading to patient-centered, sequence
variation-centered, disease-centered, and protein-centered databases. Clinicians and researchers
can search these databases to assess the potential disease-causing effects of sequence variants in
specific genes or to see which diseases or phenotypes are associated with specific variants in
different genes. Most LSDB data are presented in tabular format, but many data are generally
easier to interpret when presented as graphical displays. In addition, graphical displays may help
to avoid errors when entering variant data and errors when searching for variants.

To facilitate collection and expert curation of gene sequence variants in these databases,
GEN2PHEN partners INSERM and LUMC have developed their ‘LSDB-in-a-box’ software: the
Universal Mutation Database (UMD - http://www.umd.be/, 1) and the Leiden Open-source
Variation Database (LOVD- http://www.lovd.nl, 2). UMD and LOVD can store DNA sequence
variation information data generated by different clinicians and researchers for one or more
specific genes in combination with phenotypic and disease-related information.

Since Work package 4 “Genetics G2P Databases” is focussed on creating locus-specific database
solutions, this also includes the development of graphical software to display LSDB data.

2. GRAPHICAL DISPLAY OF LSDB DATA

In this deliverable, we describe the approaches and software components used by UMD and
LOVD to create graphical displays of the LSDB contents. Detailed information about the
graphical tools can be found in the user manuals for UMD (version December 2009) and LOVD
(version 2.0-23), which are available from the UMD and LOVD websites. Two complementary
approaches are used: creating graphical displays within the database application and providing
data to generate displays using third party tools.

2.1 Graphical displays created within ‘LSDB-in-a-box’ applications

LOVD:

After setup, LOVD has a sequence variation-centered focus with a limited set of fields to store
the minimal LSDB contents as described previously (3). Curators are able to extend this set by
creating custom columns, which may contain a large variety of data. This variable content makes
it difficult to use an automatic approach for graphical display of custom data. Therefore, the
standard graphical tools included in LOVD are limited mostly to display data present in all
LOVD installations. These are mainly used to display variant statistics for a (sub)set of the
database contents (Annex I, Fig. 1). For more integrative views of variant data, LOVD supports
data exchange with central repositories and genome browsers (including NCBI, UCSC, Ensembl,
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see below). The development of a data exchange format by WP3 will also allow LOVD data
display by third parties (e.g. Phenosystems (4), Alamut (5).

UMD:
Since its creation, the UMD system has been designed to help users to extract knowledge from
crude data and therefore includes many sophisticated algorithms with graphical display options.
They address a wide range of topics ranging from molecular to genotype-phenotype analysis or
even to therapeutic hypothesis validation. In order to facilitate the interpretation of these data,
graphical displays are used in combination with tables. Because these tools are frequently
unique, we developed an easy-to-use import interface to rapidly integrate data from any source
within the UMD system. This allows all curators to use these algorithms easily no matter which
system they had used to set-up their LSDB (LOVD, MutDB (6, http://mutdb.org/) or any other
system). This procedure is detailed in the UMD manual (version December 2009, pages 29-42).
The graphical displays can be used to:
- Present general characteristics of the gene (UMD manual pages 53-54):
o Coding sequence
0 Exon phasing (cf. annex 2)
o Genomic organization
o Constitutive splice sites characteristics
- Analyze molecular mechanisms (UMD manual pages 63-64):
o Involved in small deletions
o Involved in small insertions/duplications
- Analyze the various reported mutations (UMD manual pages 68-107):
o0 Detailed mutational events
Frequency of mutations
Distribution of mutations (small or large rearrangements)
Mutation maps (cf. annex 3)
Geographic distribution (cf. annex 4)
Binary or multiple comparisons
Sequence analysis for splicing auxiliary motifs identification
Hydrophobicity impact of missense mutations
3D graph
Haplotype and phylogeny
Modules analysis
Branch point maps
Splice site maps
o0 ESE maps
- Analyze phenotypic (mostly clinical) data
Expressivity analysis
Onset of symptoms
Diagnosis delay
Survival rate

O0O0O0OO0OO0OO0OO0OO0O0OO0OO0O

@]
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o0 Weight graph

o Graph per symptom

o Graph per age

o 3D graph with two symptoms (cf. annex 5)
- Validation of therapeutic hypothesis

o0 Nonsense mutations and read-through

0 Stop codons map

o0 Exon skipping

With the development of the data exchange format, UMD is exporting data that can also be
displayed by genome browsers or third parties (e.g. Phenosystems (4), Alamut (5)).

2.2 Graphical displays of LSDB data created by third party tools

Many genome browsers (Ensembl, UCSC, NCBI Genome Workbench) support display of LSDB
data and other genome related information as custom tracks, which are generated on demand (7,
8). To accomplish this, the LSDB curator has to convert the LSDB data into the standard General
Feature Format (GFF, http://www.sanger.ac.uk/Software/formats/GFF) or in genome browser-
specific formats (e.g. the BED format specified by the UCSC, see
http://genome.ucsc.edu/goldenPath/help/hgTracksHelp.html). Clicking the appropriate link on
the LSDB website will submit the selected data to the genome browser. The LSDB variant data
are then shown as a separate track in a genome browser window. This functionality has been
included in LOVD (See Annex I, Fig. 2). LSDB curators can also set up Distributed Annotation
System (DAS) servers to display their data in Ensembl (See Deliverable 3.8 DAS
Implementation for GEN2PHEN Data and http://www.ensembl.org/info/docs/das/index.html for
more information).

Another possibility is to use a well-described data exchange format as developed within WP3
(See Deliverable 3.7 Derivation and Specification of Exchange Format). The exchange format
contains all the information necessary to support automatic exchange of data between different
databases and allows visualization by third party tools. In combination with a web service,
automatic import of LSDB data for display can then be initiated by genome browsers and other
visualization tools (Universal Browser, NCBI Sequence Viewer, etc.)(7-10). One important issue
is that LSDB curators have to allow data exchange. To limit concerns that the availability of
LSDB data in genome browsers will render individual LSDB web sites obsolete, the HGVS
recently published recommendations for LSDB data sharing with central repositories (11). In
general, this will result in the display of sequence-related information with a link to the original
LSDB. To demonstrate the use of minimal LSDB data described by the HGVS, variants in the
LOVD FKRP database have been visualized in the UCSC genome browser as part of the
PhenCode project (http://globin.bx.psu.edu/phencode/pui.html, 12) (See Annex I, Fig. 3).
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3. FUTURE WORK

New graphical tools are expected to be added as part of the extension of the UMD and LOVD
‘LSDB-in-a-box’ software to fit the general Gen2Phen data model developed by WP3 (D3.2).
The rapid development of new technology is expected to lead to a growing demand for new data
displays from clinicians and researchers. Many patient and control samples are in increasing
numbers analysed using high throughput omics approaches. Due to a lack of standards for
emerging technology, omics data differ in format and nature depending on the platforms used.
Therefore, the incorporation of these data and their display are difficult to accomplish using
“LSDB in a box” software. The most practical solution to generate integrated views of high-
dimensional omics data and sequence variant data is to provide LSDB data for use in integrative
tools developed by third parties, such as the Integrative Genomics Viewer (13). The data
exchange format developed by WP3 (D3.7) is expected to enhance the integration of LSDB data
in integrative tools.
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Fig. 1. Variants statistics of the LOVD DMD gene database
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Fig. 2. Distribution of CAPN3 variants displayed using the NCBI Sequence Viewer.
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UCSC Genome Browser on Human Mar. 2006 Assembly (hg18)
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Fig. 3. FKRP variants displayed using the Phencode version of the UCSC Genome Browser.
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ANNEX 2

Example of the Exon phasing graphical display of the DMD gene extracted from the UMD-
DMD database (http://www.umd.be/DMDY/):

() Exon phasing

FE SOEREERED I IIEE
ABREERERD IJF =2
E 21Kl ElEl ElElEE]E}
0 A 7 B B B BT B8 B
S O 3D 33 Ak
DI 0D DI AD 3D

IIIF T 10 S T
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ANNEX 3

Example of the theoretical consequences of large deletions on the reading frame of the DMD
gene. Note that antibody epitopes localized within the deleted region are also displayed. These
data were extracted from the UMD-DMD database (http://www.umd.be/DMDY/):
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ANNEX 4

Example of the distribution of missense mutations of the ATP7B gene. These data were extracted
from the UMD-ATP7B database (http://www.umd.be/ATP7B/):

=
f"?ﬁi . / gﬂ"
"z:*“‘
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O B @ @ @ @ B B B B B B

21225 WS40 241055 THAT0 2TLAS 206300 |
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