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Introduction

Leiden Open Variation Database (LOVD)[1]
is an open-source lLocus Specific Database
(LSDB) system. LSDBs are set up around
a specific gene or disease to aid researchers
by storing a patient’'s variants in a structured,
searchable way. Various online data sources
and publications are referenced to help iden-
tify possibly pathogenic variants.

The Human Genome Variation Society
(HGVS) has provided a nomenclature[2] for
the description of variants in LSDBs. The
HGVS nomenclature has been created to avoid
ambiguities in variant descriptions.

Next Generation Sequencing

LOVD 3.0, which entered the beta phase of
development in January 2012, extends its abil-
ities beyond that of a traditional LSDB by
allowing storage of variants anywhere on the
genome, including intergenic regions. This en-
ables the ability to store Next Generation Se-

Making HGVS descriptions

##fileformat=VCFv4.1

##INFO=<ID=DP,Number=1,Type=Integer,Description="Total Depth"=
##INFO=<ID=INDEL ,Number=0, Type=Flag,Description="Indicates that th t INDEL. "=
##INFO=<ID=SUBST,Number=8,Type=Flag,Description="Indicates that th t t an INDEL."=

##FILTER=<ID=q18,Description="Quality below 18">

##FORMAT=<ID=GT ,Number=1, Type=5String,Description="Genotype"=
##FORMAT=<ID=GOQ,Number=1,Type=Integer,Description="Genotype Quality"=

##FORMAT=<ID=PL ,Number=-1,Type=Integer,Description="List of Phred-scaled genotype likelihoods"=>

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT samplel
chrx logeaee . GA G 20 PASS INDEL; DP=15 GT:GO:PL 0/1:75:219,0,247
hrx legeaes . AC A 12 PASS INDEL;DP=15 GT:GO:PL 1/1:61:127,285,0
hrx leeeaes . G Ga 8 gle INDEL;DP=11 GT:GO:PL B/1:51:103,08,95
hrx loeeaes . T TC 17 PASS INDEL;DP=13 GT:GO:PL 1/1:62:130,126,0
hrx legeeale . CTTGG CCAAG 13 PASS INDEL;DP=13 GT:GO:PL 0/1:70:201,0,234
hrx legeals . AGG AL AG 7 gle INDEL;DP=18 GT:GO:PL 1/2:56:250,245,198,210,0,193
hrx leeeez2e . T G 20 PASS SUBST; DP=14 GT:GO:PL 8/1:80:252,0,249
hrX legeaaz2 . A C 19 PASS SUBST; DP=15 GT:GO:PL 1/1:72:218,281,0

Figure 1: An example VCF file. The data shown here
is artificial.

Mapping variants to transcripts

Since VCF files do not include transcript-
related data, LOVD 3.0 automatically maps
the variants to transcripts. For this, data is
fetched from a number of web services pro-
vided by the Mutalyzer[5] project.

Because the many queries that need to be

Finding variants in other LOVDs

As a side project, a service was created that
allows users to search individual variants in all
known public LOVDs. So, after having fil-
tered the imported NGS data, users can click a

References

quencing (NGS) data.

NGS is becoming increasingly popular due to
the rapidly increasing performance of sequenc-
ing platforms. A major advantage of NGS is
the ability to screen all genes simultaneously,
eliminating the need for selecting genes of in-
terest beforehand, which can be a very labori-
ous task.

Importing the data

NGS generates a huge amount of data — too
much to enter into LSDBs manually. There-
fore, LOVD 3.0 offers import functionality
for two popular NGS file formats: Variant
Call Format (VCF)[3] and SeattleSeq Anno-
tation format. The Variant Call Format is the
most popular file format currently in use for
the description of variants found using NGS.
The SeattleSeq Annotation file format is the
output format of the SeattleSeq Annotation
service[4], which combines a number of web
resources to annotate variants in detail.

POS REF  ALT

203 GA G => Deletion g.204del

402 AC ATGC = Insertion g.402_4031insTG
514 ACT  ACTCT => Duplication g.515 516dup
587 T A —> Substitution g.587T>A

598 CTTGG CCAAG = Inversion g.599 601inv
623 AT AGGC => Del & ins g.624delinsGGC

Table 1: Constructing HGVS descriptions from VCF
variant data.

done over the internet make the mapping pro-
cess very slow, mapping is done in the back-
ground after the variants have been imported.
Variants are mapped in small groups while
users are browsing the database. Progress is
visualised by means of a small progress meter
in the footer of every page, as can be seen in
Figure 5.

‘Search’ button for the potential variants of in-
terest. LOVD will then open up a simple pop-
up window listing all other LOVDs worldwide
that share the same variant, so the user may
find more information there. A screenshot of
the pop-up window can be seen in Figure 6.
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Screenshots
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Figure 2: The user is asked which type of file they want to upload in
the LOVD 3.0 submission process.
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File selection

File type Variant Call Format (VCF)
Select the file to import Browse. ..
Imported variants are assumed to be relative to Human Genome build hg19 ~
Import options
Select where to import dbSNP links, if they are present in the file @ | VariantOnGenome/dbSNP
Compute genotype data from Phred-scaled likelihood data? @| Use Phred-scaled genotype likelihoods (PL) -
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Mapping variants to transcripts
Automatically map these variants to known genes and transcripts
Add new genes to LOVD if any variants can be mapped to them Q]

General information
Owner of all imported variants Jerry Hoogenboom
Status of this data Public

Upload VCF file
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Figure 3: The VCF file upload form.
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Upload a SeattleSeq file

Warning: Importing large SeattleSeq files may take several hours if genes need to be created. As a rule of thumb, it will take about 10 minutes
to import 1500 variants when creating genes, as opposed to one minute if no genes are created.

SeattleSeq files may contain additional annotations that can be imported into LOVD. To import this data into existing genes, the relevant
@ columns need to be enabled for those genes. To import this data into genes that will be created during import, the columns need to be set to
'standard’ so that they are enabled for the new genes. (Re-check)

VariantOnGenome/Conservation_score/GERP: currently not enabled (enable)
VariantOnTranscript/Distance_to_splice_site: not enabled for some existing genes (enable) and not enabled for new genes (make standard)
VariantOnTranscript/Poly Phen: not enabled for new genes (make standard)

File selection

File type SeattleSeq Annotation file
Files with ‘SeattleSeq Annotation original allele columins
created from indel-only VCF files are not supporied.
Select the file to import Browse. ..
Imported variants are assumed to be relative to Human Genome build ERR
Import options
Select where to import dbSNP links, if they are present in the file @ | variantOnGenome/dbSNP

Do you want to create new gene and transcript entries automatically? Create genes and transcripts

General information
Owner of all imported variants Jerry Hoogenboom
Status of this data Public

Upload SeattleSeq file
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Figure 4: The SeattleSeq Annotation file upload form.

Jerry Hoogenboom Puiblic - W? subst Jerry Hoogenboom Puiblic

Mapped 45% of 3197 variants; temporarily suspended because of network problems
on the last attempt. Click to retry.

Mapped 13% of 3197 variants

Figure 5: Variants imported from VCF files are mapped to transcripts
automatically in the background.

Search other public LOVDs for variant #0000040682

The variant has been found in the following public LOVDs. Click the entry for which you want to see more information.

Genome build Gene Transcript Position DMNA change DE-ID LOVD location
hgl19 CAV3 NM_033337.2 chr3: 877642 c.BDG=A CAVI DDDOT hittp A warer dmd. nlinmdb2
hg19 CAV3 MNM_033337 .2 chr3: 8775642 c.BDG=C CAVI DDDE3 hittp/Awnaner dmd. nlnmdb2

Figure 6: Individual variants of interest can be searched in other
public LOVDs worldwide.
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