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Figure 2. New search module of rVarBase and an example of data retrieving process.
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DATABASE USAGE

The rVarBase was developed to bridge genetic studies with
functional researches. This database can provide potential
functional interpretation in terms of gene expression reg-
ulation for results of genetic studies. rVarBase can also as-
sist researchers in filtering candidate variants by genes of in-
terest or regulatory mechanisms. Furthermore, for queried
variants, rVarBase provides detailed regulatory informa-
tion, which is practical for the design of experiments that
explore biological function. Because rVarBase can perform
regulatory feature analysis on novel variants, it can be uti-
lized not only with disease-associated SNPs that are gener-
ated by traditional genetic association studies, but also with
more other types of genetic data.

We provide a demonstration dataset as an example to
show the database usage with novel variants. This dataset
includes nine novel non-coding SN'Vs that are associated
with tumors and were identified by Nils ez al. (36) in 2014.
Detailed chromosomal locations of the nine SN'Vs can be
seen in Supplementary Table S3 and http://rv.psych.ac.cn/
tutorial.do. As shown in Figure 2B, these variants can be
quickly entered into the model “Variant search’ with their
chromosomal locations (hgl9 genome coordinates). The
regulatory features of and extended information about the
queried variants are summarized in the ‘Search Results’.
One of the nine variants (located at chr5:1295243-1295244)
has been included in NCBI dbSNP database with the 1D
‘rs35550267°. All of the nine novel SNVs have regulatory
features. They are located in active chromatin regions and
inside TF-binding regions and chromatin-interactive re-
gions; two genes are potentially regulated by the regulatory
elements in which they are located. These regulatory vari-
ants are appropriate candidates for further validation stud-
ies and functional researches. Detailed information about
each regulatory variant, such as the genomic locations of
their overlapping active chromatin regions or regulatory el-
ements, specific tissue types, target genes and related regu-
latory modes, are shown on the ‘Variant report’ page. Since
all variants are overlapped with TF-binding regions, addi-
tional information about matched TFBS and TF-binding
motif is also provided in this page. These detailed reports,
as practical reference data, may directly support experimen-
tal design in functional research.

CONCLUSION AND FUTURE PLAN

Here, we upgraded the rSNPBase database, which provides
reliable regulatory annotation of human SNPs, to the rVar-
Base database, which now provides more comprehensive
regulatory annotation for multiple types of human variants.
The updates include the regulatory annotations of short and
structural variants with reference to up-to-date epigenetic
advancements. The updated rVarBase supports the func-
tional analysis of known and novel variants and will thus
assist users in exploring data from new types of research,
such as novel results from next-generation sequencing. In-
tegrative, tissue/cell-based chromatin-state data were intro-
duced to annotate the variants; these data will be helpful to
users in gathering more biologically meaningful informa-
tion. New types of regulatory elements, more detailed an-
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notation, additional extended information and a new search
module in the updated database will further aid researchers
in future functional analyses of genetic studies and will pro-
vide more comprehensive reference data for candidate vari-
ant selection and for the experimental design of subsequent
genetic and functional research.

rVarBase will be continuously updated with newly re-
ported human genetic and epigenetic data. In addition to
continuously adding newly reported variants in dbSNP and
dbVar, new annotation dimensions and new types of reg-
ulatory elements will be considered and followed. For ex-
ample, the method for IncRNA target site prediction (37) is
appeared and developed; we hope to add the corresponding
data in the future, when the method is mature and validated.
The integration of multi-dimensional regulatory features is
also being considered.

SUPPLEMENTARY DATA
Supplementary Data are available at NAR Online.
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