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ABSTRACT

We present here the rVarBase database (http://rv.
psych.ac.cn), an updated version of the rSNPBase
database, to provide reliable and detailed regula-
tory annotations for known and novel human vari-
ants. This update expands the database to include
additional types of human variants, such as copy
number variations (CNVs) and novel variants, and in-
clude additional types of regulatory features. Now
rVarBase annotates variants in three dimensions:
chromatin states of the surrounding regions, over-
lapped regulatory elements and variants’ potential
target genes. Two new types of regulatory elements
(IncRNAs and miRNA target sites) have been intro-
duced to provide additional annotation. Detailed in-
formation about variants’ overlapping transcription
factor binding sites (TFBSs) (often less than 15 bp)
within experimentally supported TF-binding regions
(~150 bp) is provided, along with the binding mo-
tifs of matched TF families. Additional types of ex-
tended variants and variant-associated phenotypes
were also added. In addition to the enrichment in
data content, an element-centric search module was
added, and the web interface was refined. In sum-
mary, rVarBase hosts more types of human variants
and includes more types of up-to-date regulatory in-
formation to facilitate in-depth functional research
and to provide practical clues for experimental de-
sign.

INTRODUCTION

The association between non-coding variants and human
diseases has been of an increasing concern (1-3), and vari-
ants that are associated with gene expression abundance
have been rapidly identified and accumulated in recent
years. Annotating the regulatory features of human variants
has been a practical requirement in clinical and basic re-

search (1,4); multiple approaches have been developed to al-
low the functional annotation of non-coding variants (5-8).
To provide reliable, comprehensive and user-friendly regula-
tory annotation of human single nucleotide polymorphisms
(SNPs), we developed the rSNPBase database (9). In the
past 2 years, burgeoning sequencing techniques have driven
the identification of new disease-associated SNPs and ad-
ditional types of variants, such as copy number variations
(CNVs) and novel variants (10). Meanwhile, advancements
in regulatory research have been made in the past few years.
For example, the Roadmap project systematically charac-
terized the epigenomic landscapes of representative primary
human tissues and cells and then released the relevant data
(11,12); new modes of regulation, such as long non-coding
RNA (IncRNA) mediated regulation, have been studied in
depth (13-16); and more expression quantitative trait loci
(eQTLs) have been identified and analyzed (17). Therefore,
there is a growing need to update the database to host more
types of human variants and include more types of up-to-
date regulatory information.

The updated rVarBase hosts human regulatory variants
(known SNPs and CNVs); furthermore, it annotates novel
variants. rVarBase describes a variant’s regulatory features
in three fields: chromatin states (in different tissues/cells),
overlapped regulatory elements and potential target genes.
rVarBase also provides an optional extended annotation for
variants, including linkage disequilibrium (LD) proxies of
known regulatory SNPs (rSNPs), SNPs that are located in
regulatory CNVs (rCNVs) and traits (diseases and expres-
sion quantitative traits) that are associated with variants.
A three-module (variant-centric, gene-centric and element-
centric) search engine is provided to facilitate data naviga-
tion.

New features

rVarBase is consistent with the previous version in its uti-
lization of experimentally supported regulatory informa-
tion to make relevant annotations. As shown in Figure 1,
genome-wide human variants were gotten and standard-
ized with information from the NCBI dbSNP (build 142)
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Figure 1. Data processing and data content of rVarBase.

(18), the dbVar (GRCh37) (19) and the UCSC (20). The
regulatory features (chromatin states of the surrounding re-
gions, overlapped and experimentally supported regulatory
elements and potential target genes) of each variant were
analyzed with reference to experimentally supported infor-
mation. Known human SNPs and CNVs with regulatory
features were stored as rSNPs and rCNVs, on which further
extended analyses were performed. The reference data uti-
lized for the regulatory feature analysis and extended anal-
ysis are shown in http://rv.psych.ac.cn/datacontent.do and
Supplementary Tables S1 and S2. A summarized compari-
son of the current and previous versions is shown in Table 1.

CNYVs and novel variants

In addition to accounting for the increased number of SNPs
in dbSNP since the publication of rSNPBase 2 years ago,
rVarBase provides annotations on more types of human
variants, such as known CNVs, novel single-nucleotide vari-
ants (SNVs) and regions. Human CNVs were obtained from
the dbVar database (19). To focus on regulatory features
and to avoid including long CNVs that cover one or more
protein-coding gene regions, only CNVs with a length of
less than 1 Mb were analyzed. The analytical flow for CNVs
and user-requested novel SN'Vs (with their chromosomal lo-
cation information) is similar to that of known SNPs; it in-

cludes an analysis of the chromatin states of the surround-
ing regions, a comparison with experimentally supported el-
ements according to their genomic locations and then a map
of potential target genes with reference to the genomic prox-
imity of the regulatory elements and transcript start sites
(TSSs). For novel regions that are uploaded by users, we
provide known regulatory variants that overlap with such
regions.

Chromatin states

The Roadmap project provides 111 reference epigenomes
and a 15-state model that is trained to generate genome-
wide maps of chromatin state using the 111 epigenomes
along with 16 epigenomes from the ENCODE project (11).
The detailed chromatin state map was downloaded from the
project’s supplementary data repository web portal (http://
egg2.wustl.edu/roadmap/web_portal/index.html). Eight ac-
tive states (‘Active TSS’, ‘Flanking Active TSS’, “Transcr. at
gene 5" and 3", ‘Strong transcription’, “Weak transcription’,
‘Genic enhancers’, ‘Enhancers’ and ‘ZNF genes & repeats’)
and three bivalent states (‘Bivalent/Poised TSS’, ‘Flanking
Bivalent TSS/Enhancer’ and ‘Bivalent Enhancer’) from the
15-state model were used to annotate the chromatin state
of a variant’s surrounding region. Purely repressed states in
the 15-state model were not included.
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Table 1. Data content of rVarBase (as of September 11, 2015) and rSNPBase

Data type rSNPBase rVarBase
Variants
rSNPs?* 22 846 898 87 345 304
rCNVsP - 1 368 424
Annotation for novel variants No Yes
Regulatory features
Chromatin states No Yes
Regulatory elements
CpG islands Yes Yes
TF binding regions Yes Yes
Matched TFBS and TF-binding matrixes No Yes
Interactive chromatin regions Yes Yes
IncRNAs No Yes
miRNAs Yes Yes
miRNA binding sites No Yes
Target genes 56 869 82 640
Extended variants
LD-proxies of rSNPs (non-rSNPs) 2281874 1626 737
Non-rSNPs inside rCNVs - 21797 660
Associated traits
Diseases (variant-disease pairs) - 198 928
eQTLs (SNP-mRNA pairs) 2428 727 4201218

2Known human SNPs that have regulatory features were stored as rSNPs.
PKnown human CNVs that have regulatory features were stored as rCNVs.

IncRNAs and miRNA target sites

Regulatory elements that cover or overlap with ana-
lyzed variants are identified as variant-related elements.
In addition to the regulatory eclements that are in-
cluded in rSNPBase (CpG islands, chromatin-interactive
regions, TF-binding regions and mature miRNAs), IncR-
NAs and miRNA target sites were also introduced into
the variants’ annotations. IncRNA information was drawn
from the LNCipedia database (13); experimentally sup-
ported IncRNA target genes were obtained from the
LncRNA2Target database (16). Considering the important
roles that microRINA target site polymorphisms play in hu-
man diseases (21), miRNA target sites in the 3’ UTRs of
experimentally supported miRNA target genes were also in-
cluded for comparison with variants. miRNA target genes
were obtained from the miR2Disease (22) and miRTarBase
(23) databases, and matched miRNA binding sites were
scanned using TargetScan (24,25) and miRnada (26). De-
tailed information about the utilized regulatory elements is
shown in Supplementary Table S1 and http://rv.psych.ac.cn/
datacontent.do.

TF binding sites and TF matrixes

In rSNPBase, experimentally supported TF-binding re-
gions (~150 bp) that had been generated by the ENCODE
project were used to annotate variants. Because exact TF
binding sites are often smaller than 15 bp, a more detailed
annotation is necessary for functional analysis and exper-
imental design. Using predicted genome-wide TFBS maps
from UCSC TFBS conserved (Z score greater than 2.33)
(20), JASPAR (27) and ENCODE-motif (28), the poten-
tial binding sites of matched TF families inside TF-binding
regions were identified and compared with variants. Cor-
responding TF-binding matrixes from TRANSFAC (29),

JASPAR (27) and ENCODE-motif (28) were also included
in rVarBase.

More extended information

As in rSNPBase, an extended information analysis was per-
formed on all rVarBase-hosted variants. In addition to the
LD-proxies of rSNPs, extended SNPs that located in rC-
NVs were also added. eQTL information from more data
sources, including the RTeQTL database (30), BrainEAC
(31), the skin eQTL database (32) and the GTEx Portal
(17,33), was added to provide eQTL labels. Variants’ asso-
ciated diseases/traits were integrated from the database of
GWAS catalog (34) and the database of CNVD (35). De-
tailed information about the reference data that were used
in the extended analysis is shown in Supplementary Table
S2 and http://rv.psych.ac.cn/datacontent.do.

Web interface

The web interface was refined to make data acquisition
more convenient. The input format of queried variants may
be as a dbSNP ID (for a known SNP) or as a genome po-
sition with zero-based coordinates (for all types of vari-
ants). In addition to “Variant search’ and ‘Gene search’, a
new search module, ‘Element search’, was added to facil-
itate searches based on TFs/miRNAs/IncRNAs of inter-
est. As shown in Figure 2A, variants in experimentally sup-
ported binding regions or predicted TFBSs, variants in ma-
ture miRNA or predicted miRNA-binding sites and vari-
ants in IncRNAs may be queried by entering the element
name and the target gene name. An FTP site (ftp://rv.psych.
ac.cn/pub/rv/) was added to facilitate the download of the
whole database.


http://rv.psych.ac.cn/datacontent.do
http://rv.psych.ac.cn/datacontent.do
ftp://rv.psych.ac.cn/pub/rv/

Nucleic Acids Research, 2016, Vol. 44, Database issue D891

sa—————. lement search Search result

Searched by TF STAT3 and gene TOB2 | Download
TF name: STAT3 eg.STAT3 Variant search options: rSNPs:
Gene name: T08B2 £0.TOB2 EGEdBY VAT
Element option: ianti i inding si Reloted cagsietory, Astociens
P Variant in predicted binding site Chromosome Position s | Variant ¢ |  Chromatinstate ¢ e ¢| Exteneavarans ¢ | Ao
Variant search options: ctive TSS
. YIrsNPs [LIrCNVs Transcr. at gene & and
. TF binding region
== 2095 svoarons| ssosmanans [ o S| ovomanmeacie | 44genss) | Owtappsacivs | wa
Flanking Active TSS g
Weak transcription
. ; Active TSS
miRNA name: e.ghsa-miR-193b-3p Tanscr t gone Sana| 1
3 binding region
Gene name: e.g.AKT1 41842968 1636262022 | g o e | Chromatin interactive 45 gene(s) Overlapped CNVs na
Flanking Active TSS roasR
Element option: @ Variant in mature miRNA Variant in predicted target-gene's binding site Weak transcription
Active TSS

Variant search options: (7] snps 7] CNVs Transcr. at gene 5'and | e 1 ing region
3

41842961 75 m: W
193297858 | e TS | Chromatin interactive 45 gene(s) Overlapped CNVs s
Clear Mg region

Flanking Active TSS

Weak transcription
Active TSS
IncRNA name: e.gInc-DYRK2-4 Transcr.at gene 5and| e 1ining region
3
41842935| rs549620407 Chromatin interactive 45 gene(s) Overlapped CNVs na
: g Poi
Variant search options: (7] snps 7] CNVs gln;::xg :::'a ;:: i

Clear Active TSS

Transcr.at gene &' and

TF binding region

|
Input
Enter your variants (max to 500) Searched for 9 input(s) and found 9 variants). léd Download
¢hr5:1295169-1295170 e Regulation type: All
chr5:1295228-1295229 Input of rVarBase could be: |
hr5:1295243-1295244 8 OSNBIO{e] (mampla) Related
hr5:1295242-1295243 = e asingle nudeotide as O-based coordinates(example) Chromosome Chromatin Extended | Associated
95250-1295251 @ chromosomal regions (example) Input Position Nertut state [gitmory ||| Terst genes|| | vapiaits traits
: Bivalen/Poised
:zi;z 1;:3;’; Tips: rVarBase takes hgl9 genome coordinates for L Foles
; analysis, other situation please refer to LiftOver for fransce: st gene 51
Rgo2t- 12802 S assembly convertion and 3
hr5:1295916-1295917 ok TF binding region
lchrs: 1295 1205170 wa | 5::’";“'? | Chromati CL;:"T“‘ Overlapped (CNVs na
Option e interaction
TETIIIEE Active TSS
L Filter by elements type ) ey ks
VITF binding regions  [C] CpG islands Chromatin interactive regions | Tss
INcRNASs coding regions ] Mature miRNASs regions (] Target sites of miRNAs | Bivalent Enhancer
IL Variant search options Bivalent/Poised
7IrsNPs [11rCNVs Active TSS
AT Transcr at gene 5| 1o oo
chis: 1295243 205243 oy o Ctromatin meractvel  TERT | Overapped ChVS a
Variant report
Variant rs35550267
Chromosome Location chr5:1295243-1295244
allele cT
Outlinks “Ensembl =UCSC
Chromatin state Related regulatory elements Target genes Other information
TF binding CpG islands Chromatin interactive LncRNA Mature miRNA miRNA target
region (count: 74) (count: 0) region (count: 1) region (count: 0) region (count: 0) sites (count: 0)
(count:74 , 50 per page) page: n E
Transerition 7
No. Trarscrltlon Chr s ome ol e Location Source TF Matrix 1 TF binding sites
actor
1 “USF1 chr5:1295000-129 :’ 4 n/a
EGR1_disct 5 i
pl EEEE) hr5:1295106-1295115
4 chr5:1294837-1294847
e - _129
2 EGR1 chr5:1294367-12 N [ chr5:1295111-1295121
T ForFeor i T chr5:1294560-1294574
T T T

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 ID
‘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-

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.
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