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ABSTRACT
Creation of a vast variety of proteins is accomplished by genetic variation and a variety of alternative splicing transcripts. Currently, however, the
abundant available data on genetic variation and
the transcriptome are stored independently and in
a dispersed fashion. In order to provide a research
resource regarding the effects of human genetic
polymorphism on various transcripts, we developed
VarySysDB, a genetic polymorphism database
based on 187 156 extensively annotated matured
mRNA transcripts from 36 073 loci provided by
H-InvDB. VarySysDB offers information encompassing published human genetic polymorphisms for
each of these transcripts separately. This allows
comparisons of effects derived from a polymorphism on different transcripts. The published information we analyzed includes single nucleotide
polymorphisms and deletion–insertion polymorphisms from dbSNP, copy number variations from
Database of Genomic Variants, short tandem
repeats and single amino acid repeats from
H-InvDB and linkage disequilibrium regions from
D-HaploDB. The information can be searched and
retrieved by features, functions and effects of polymorphisms, as well as by keywords. VarySysDB
combines two kinds of viewers, GBrowse and
Sequence View, to facilitate understanding of the
positional relationship among polymorphisms,
genome, transcripts, loci and functional domains.
We expect that VarySysDB will yield useful

information on polymorphisms affecting gene
expression and phenotypes. VarySysDB is available
at http://h-invitational.jp/varygene/.

INTRODUCTION
Accumulated information on human genetic polymorphisms has encouraged genome-wide association studies that
use polymorphisms as markers. This approach is now
commonly used in various studies (1,2), and has led to a
greater understanding of the diversity in phenotypes as
well as pathogenic biological processes.
Currently, several kinds of human genetic polymorphism databases aid researchers in exploring genetic
information for various applications. Examples of such
databases include the dbSNP database (http://www.
ncbi.nlm.nih.gov/projects/SNP/index.html) (3) containing
information on single nucleotide polymorphisms (SNPs)
and short deletion and insertion polymorphisms (DIPs) as
submitted by the corresponding authors of the published
data. The Database of Genomic Variants (http://projects.
tcag.ca/variation/) (4) provides genomic regions involved
in structural variations as deﬁned by alternations in DNA
segments larger than 1 kb. Short Tandem Repeats (STRs),
also known as simple sequence repeats or microsatellites
are a diﬀerent type of major source of genomic
diversity. Information on human STRs is available from
public domains such as UgMicroSatdb (http://www.
veenuash.info/web1/index.htm) (5), UCSC Genome
Browser
(http://genome.ucsc.edu/cgi-bin/hgGateway)
(6) and GDBS/H-GOLD (http://hinv.jp/gdbs/) (7).
Accordingly, these polymorphism data are described by
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position in the human reference genome (i.e. genome
coordinate).
Recently, the accumulated knowledge on alternative
splicing and the regulation of gene expression has reinforced the importance of transcript multiplicity as another
source of diversity of protein function. H-InvDB catalogs
a comprehensive annotation of the human transcriptome
including transcript diversities and gene expression proﬁles (8,9). H-InvDB is concentrating on full-length
cDNA annotation to overcome the limitation of conventional databases based on high-throughput EST data,
such as scarce distributions around the 50 -ends of
mRNAs and absence of some combination of the alternative splicing (AS) exons (10). Thus, H-DBAS, a satellite
database of H-InvDB which is a specialized AS database,
is the comprehensive database containing AS accurately
annotated manually and automatically based on highly
reliable cDNA sequences (11).
The currently available human genetic polymorphism
databases described above have not yet been integrated
with well-annotated AS isoforms conforming to a uniform
standard. Therefore, we developed VarySysDB, a database of human genetic polymorphisms based on all of
the 187 156 matured mRNA transcripts from 36 073 loci
provided by H-InvDB. [Hereinafter, these matured
mRNA transcripts annotated by H-InvDB and the loci
deﬁned by transcript clusters will be called H-inv transcripts (HITs) and H-Inv clusters (HIXs), respectively].
VarySysDB provides separately annotated genetic polymorphisms for each HIT, even from multiple transcripts
forming a HIX. It provides information regarding SNPs,
DIPs, STRs, single amino acid repeats (SARs), structural
variation (or copy number variations; CNVs), linkage disequilibrium (LD) regions and their relationship with
the genome, HITs, and functional domains. Moreover,

we designed VarySysDB to include annotations we
made, which covers intronic SNPs located on conserved
dinucleotide splice sites, nonsynonymous SNPs that aﬀect
functional (InterPro) and protein structural (SCOP)
domains, and polymorphic tandem repeat sequences, as
well as other publicly available information. Since
VarySysDB is a satellite database of H-InvDB, it is well
designed to provide appropriate links for each HIT to
H-InvDB, as well as to other related public databases.
All of the annotation data in VarSysDB is available to
all users, with no restriction to academic users only. We
hope that VarySysDB will deliver an even greater understanding of the various biological processes, permit a
detailed evaluation of how polymorphisms aﬀect diﬀerent
phenotypes, and foster a rich research environment
focused on exploring the causes of genetic variation
through genome-wide association studies.
CONSTRUCTION OF THE DATABASE
Source of data
Table 1 lists the data used to construct VarySysDB. This
database includes the transcript data from H-InvDB, as
well as published genetic polymorphism data.
Mapping genetic polymorphism on H-Inv transcripts
We mapped all the genetic polymorphism data onto the
exact transcript position using our in-house program to
convert their location from genome coordinates to those
of the HIT.
VarySysDB contains these polymorphism data with the
following conditions as well as our own annotations.
(i) SNPs and DIPs: SNP and DIP data were downloaded
from dbSNP (Table 1). We eliminated SNP and DIP

Table 1. Data used in VarySysDB
Database: name
Number of
data available and version (or date
in VarySysDB of download)
H-Inv Transcripts (HITs)
187 156
SNPs & DIPs
11 817 893c
STRs
18 637
SARs
33 007
CNVs
11 966
LD-bins
99 921
OMIM allelic variants
950
Functional domain
–
Structural domain (SCOP) –
a

H-InvDB 5.0a
dbSNP build 128
H-InvDB 5.0
H-InvDB 5.0
DGV (hg18.v3)e
D-HaploDBg
OMIM (1.28. 2008)h
InterPro 15.1
GTOP (2.4. 2008)j

Provider

URL

BIRCb
http://h-invitational.jp/hinv/
NCBId
http://www.ncbi.nlm.nih.gov/projects/SNP/
BIRC
http://h-invitational.jp/hinv/
BIRC
http://h-invitational.jp/hinv/
f
TCAG
http://projects.tcag.ca/variation/
Kyushu University http://orca.gen.kyushu-u.ac.jp/
NCBI
http://www.ncbi.nlm.nih.gov/omim/
http://www.ebi.ac.uk/interpro/
EBIi
k
NIG
http://sybock.genes.nig.ac.jp/hinv4/gtop.html
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National Center for Biotechnology Information.
e
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Database of Deﬁnitive Haplotypes.
h
Online Mendelian Inheritance in ManTM.
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European Bioinformatics Institute.
j
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National Institute of Genetics.
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Figure 1. View of polymorphism search page, which is one of the search pages contained in VarySysDB. In the polymorphism search page, users can
search the polymorphism data by features, classiﬁcation and our analysis results such as eﬀects on functional domains and protein 3D structures.
Four boxes (‘Search by postion’, ‘Polymorphism features’, ‘Polymorphism classiﬁcation’, ‘Search for analysis result’) organize the search criteria
by subject. When multiple search criteria are speciﬁed ‘over’ these boxes, an ‘and’ search is conducted, oﬀering polymorphisms matching all the
speciﬁed criteria.

data if their alleles contradicted the transcript sequences
(12). (ii) STRs and SARs: We searched HIT sequences
for STRs, with an STR deﬁned as a repeat of ten or
more dinucleotides and a repeat of ﬁve or more tri-,
tetra- and penta-nucleotide sequences. For SARs, we
searched the amino acid sequences translated from HIT
sequences for single amino acid repeats of ﬁve or more.
(iii) OMIM allelic variant (OMIM AV): we downloaded
OMIM AVs with MIM Number Preﬁxes of ‘gene with
known sequence’ using the ‘limit’ GUI of the OMIM
web page (Table 1). We ﬁltered the OMIM AVs in the
exonic region included in the dbSNP by checking each
location in the HIT using our in-house programs to annotate separately.
Annotation
We classiﬁed SNPs according to their eﬀect on translation
based on each HIT sequence (Table 1). This highlighted
our unique annotation regarding the eﬀect of each SNP on
diﬀerent HITs within a HIX. We also classiﬁed SNPs and
DIPs according to their locations in HITs, which includes

the promoter (deﬁned as the region within 2 kb upstream
of ﬁrst exon), the splice dinucleotide site or the exonic
regions. Furthermore, we annotated SNPs and DIPs in
the coding region into the following categories: (i) those
that alter functional (InterPro) domain sequences so
drastically that InterProcScan results change (eﬀect on
functional domain); (ii) those that are located in protein
structural (SCOP) domains and change amino acid
characters so as to result in harmful eﬀects on the protein
3D structure; (iii) those that match their location in HITs
and alleles to descriptions of OMIM AVs (OMIM
Allelic Variants) (Figure 1). Cases in category (ii),
those that have an eﬀect on protein structure, are subdivided into three subcategories chosen according to
the eﬀect of the polymorphism: (a) ‘Not Harmful’;
(b) ‘Recessively Harmful’ due to loss or reduction of
function; (c) ‘Possible to be Harmful (Unclear)’ because
of a drastic change of a structural domain which may
induce toxic aggregation.
Within STRs and SARs, we distinguished the polymorphic cases by transcript sequence alignments.
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For CNVs, we downloaded from DGV (Table 1), and
classiﬁed them according to the detection methods
described in the downloaded data into six divisions for
the convenience of users.
ACCESSING THE DATABASE
Database contents and organization
Table 2 lists the web-interfaces or GUIs in VarySysDB
containing six search pages. The results of searches can
be downloaded as well as easily displayed on the computer
screen. VarySysDB is composed of three subsystems,
including Varygene2, LD Search System and GBrowse.
A menu bar of Varygene2 is designed to select search

pages from ‘Polymorphisms’, ‘Transcripts’, ‘STRs/SARs’
and ‘CNVs.’
By clicking ‘Polymorphisms’, users can search by feature and our aforementioned annotation regarding SNPs
and DIPs (Figure 1).
STRs/SARs with length polymorphisms proven by our
sequence alignment can be extracted from an STR/SAR
Search page. VarySysDB can retrieve STRs and SARs
according to features such as the repeat unit sequence
(e.g. ‘at’ nucleotides for STR, ‘P’ amino acid for SARs)
and number of repeats.
By clicking ‘CNVs’, users can search by features of
CNVs, such as CNV class (i.e. copy number variation or
inversion) and detection method.

Table 2. System and web-interface design of VarySysDB
Subsystem

Web-interface

Function

Varygene 2

Polymorphism search
Polymorphism table
Transcript search
Transcript table
Sequence view
STR/SAR search
CNV search
CNV table
Keyword search
System information
–
–

Retrieving and displaying genetic polymorphisms.
Displaying detailed information on polymorphisms.
Retrieving and displaying transcript information.
Displaying detailed information on transcripts.
Displaying cDNA sequence with information on polymorphisms and functional domains.
Retrieving and displaying STRs and SARs.
Retrieving and displaying CNVs.
Displaying detailed information on CNVs.
Retrieving and displaying by ID, gene name or deﬁnition.
Displaying summary table showing total numbers of transcripts and polymorphisms in VaryGene2.
Retrieving and displaying LD-bins within the speciﬁed region.
Displaying genomic region speciﬁed with HITs, HIXs and polymorphisms.

LD-Search
GBrowse

Figure 2. Transcript table containing information on HIT, polymorphism mapped on the HIT (SNP classiﬁcation, STRs and SARs), and functional
domain included in the HIT.
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Figure 3. Two graphical viewers in VarySysDB. Left: Sequence View containing polymorphism, domain, sequence of HIT and amino acid sequence.
Right: GBrowse showing position of SNP, CNV, HIT and HIX.

The genetic polymorphism data in VarySysDB are also
searchable by the features of the HIT on which the polymorphism is located (Transcript Search in Table 2). The
HIT features deﬁned in H-InvDB include ‘representative
transcript’, that is, the best HIT to represent a HIX, and
‘similarity category’ as determined by the level of similarity to known human proteins or InterPro domains
(Figure 2).
Sequence View shows the sequence of a HIT and the
corresponding amino acid sequence with positional relationship among SNPs, DIPs and functional domains
(Figure 3).
VarySysDB also has an LD Search System. This is a
subsystem to retrieve LD-bin data distributed within a
speciﬁed region of the chromosome. The LD-bins oﬀered
here are deﬁnitive haplotypes that originate from a single
sperm, indicating that they are free from errors, which are
typically caused by the inference from diploid genotypes
(13). This enables users to detect associations among
polymorphisms.
GBrowse in VarySysDB can be used to navigate positional relationships among HITs, HIXs and polymorphisms. Since GBrowse is an open-source architecture with
various functions, users can conveniently download information from the retrieved region and upload their own
data to make comparisons with the information in
VarySysDB (Figure 3).
These various web interfaces enable users to extract
human genetic polymorphism annotations with userfriendly search systems.

Availability
VarySysDB can be downloaded and freely accessed,
with no restriction to academic users only, from http://
h-invitational.jp/varygene/. A help document is also
available from http://www.h-invitational.jp/hinv/help/
Documents/VarySysDB_help.pdf.
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