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ABSTRACT

The MiRNA SNP Disease Database (MSDD, http:
//www.bio-bigdata.com/msdd/) is a manually cu-
rated database that provides comprehensive experi-
mentally supported associations among microRNAs
(miRNAs), single nucleotide polymorphisms (SNPs)
and human diseases. SNPs in miRNA-related func-
tional regions such as mature miRNAs, promoter
regions, pri-miRNAs, pre-miRNAs and target gene
3′-UTRs, collectively called ‘miRSNPs’, represent a
novel category of functional molecules. miRSNPs
can lead to miRNA and its target gene dysregula-
tion, and resulting in susceptibility to or onset of hu-
man diseases. A curated collection and summary of
miRSNP-associated diseases is essential for a thor-
ough understanding of the mechanisms and func-
tions of miRSNPs. Here, we describe MSDD, which
currently documents 525 associations among 182
human miRNAs, 197 SNPs, 153 genes and 164 hu-
man diseases through a review of more than 2000
published papers. Each association incorporates
information on the miRNAs, SNPs, miRNA target
genes and disease names, SNP locations and alleles,
the miRNA dysfunctional pattern, experimental tech-
niques, a brief functional description, the original
reference and additional annotation. MSDD provides
a user-friendly interface to conveniently browse, re-
trieve, download and submit novel data. MSDD will
significantly improve our understanding of miRNA
dysfunction in disease, and thus, MSDD has the po-
tential to serve as a timely and valuable resource.

INTRODUCTION

MicroRNAs (miRNAs) are a class of small, endoge-
nous, non-coding RNAs of ∼22 nt in length that post-
transcriptionally regulate the cleavage of target mRNAs
or participate in translational repression (1,2). To date, in-
creasing evidence has shown that miRNAs are involved in
various physiological processes and play important roles in
various human diseases (3,4). Among these studies, the role
of miRNA-related single nucleotide polymorphisms (SNPs)
is gaining increasing attention.

Human miRNA biogenesis and function is a multi-step
process. First, an miRNA gene is transcribed to produce a
primary miRNA (pri-miRNA) that is then processed into
a precursor miRNA (pre-miRNA) and subsequently into
a mature miRNA, which ultimately binds to the 3′-UTR
of the target messenger RNA (mRNA) (5). Emerging stud-
ies have shown that SNPs in pri-miRNAs, pre-miRNAs,
mature miRNAs and 3′-UTRs of target mRNA may func-
tion as a novel class of regulatory SNPs (commonly called
‘miRSNPs’), which can modify miRNA biogenesis and/or
target binding and lead to diverse human diseases (6–8).
However, most of these studies have each identified one or
several disease-associated miRSNPs, so a wealth of infor-
mation on experimentally supported miRSNPs is buried
among the published literature and is not easily accessible.
Thus, the need to develop a database to collect and store the
latest experimentally supported miRNA–SNP disease asso-
ciations is urgent.

Due to the important roles and functions of miRSNPs in
regulating many aspects of cellular processes relating to dis-
ease development, several databases and web tools such as
miRNASNP (9), MirSNP (10), PolymiRTS (11), Patrocles
(12), SubmiRine (13), MicroSNiPer (14), miRNA–SNiPer
(15), Mirsnpscore (16) and mrSNP (17) have been devel-
oped. These databases are useful for identifying functional
miRSNP candidates. However, most of these databases only
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focus on predicting SNP effects on putative miRNA tar-
gets or RNA secondary structure or collect human SNPs in
predicted miRNA–mRNA binding sites. Other databases,
miRNASNP v2.0 (9) and miRdSNP (18), map phenotype-
associated SNPs from genome-wide association studies to
predicted or experimentally validated miRNA targets and
do not provide miRNA dysfunctional patterns or experi-
mental methods. To date, no database has been designed to
capture the experimentally supported relationships among
miRNAs, SNPs and genes. A manually curated database
of experimentally supported miRSNPs that are associated
with various human diseases will be useful for researchers
and can serve as ‘gold standard’ data set for accuracy tests,
especially for further experimental designs and verification.

To bridge this gap, we have developed MiRNA SNP
Disease Database (MSDD), a manually curated database,
to collect and integrate experimentally supported disease-
associated miRSNPs into a high quality, comprehensive re-
source (Figure 1). The current version of MSDD docu-
ments 525 manually curated relationships between 182 hu-
man miRNAs, 197 SNPs, 153 genes and 164 human dis-
eases. We expect that this elaborate database specifically de-
signed for miRNAs, SNPs and human diseases will serve as
an important catalyst for future research.

DATA COLLECTION AND DATABASE CONTENT

To ensure the quality of the database, all MSDD entries
were manually collected through several steps that were
used to assemble the databases miRTarBase (19), HMDD
v2.0 (20) and Lnc2Cancer (21) in the collection process.
First, we searched the PubMed database (22) with a list of
keywords, such as ‘SNP miRNA,’ ‘polymorphism miRNA,’
‘SNP microRNA’ and ‘polymorphism microRNA.’ All
published literature expounding miRNA–SNP interactions
that described associations with human diseases or traits
was downloaded to extract the key information. It this
step, 2387 published literature were downloaded from the
PubMed database (22) (before May 2017). Second, we ex-
tracted experimentally supported miRNA–SNP disease as-
sociations by manually curating information from pub-
lished papers. All selected studies were reviewed by at least
two researchers. In this step, we retrieved the miRNA, SNP,
miRNA target gene, disease name and all identifiers were
manually annotated using the controlled vocabularies (e.g.
controlled vocabulary for ncRNA classes, MeSH), the in-
formation of population, number of samples and minor al-
lele frequency of disease-associated SNPs, the SNP location
(relative position of the SNP, such as within the 3′-UTR
or pre-miRNA) and allele, the miRNA dysfunctional pat-
tern (the effect of the miRNA on the expression of the tar-
get gene, e.g. increase, decrease, loss or gain), the experi-
mental methods used (e.g. western blot, quantitative reverse
transcriptase-polymerase chain reaction (qRT-PCR)), the
experimental samples (cell line and/or tissue), hyperlinks to
the PubMed database and a brief functional description of
the miRNA–SNP disease regulation mechanism from the
original study. We referred to previous studies and selected
miRNA–SNP disease associations for manual curation us-
ing strict criteria (23). We only collected high-quality associ-
ations with multiple lines of strong experimental evidence,

including confirmation by genotyping, western blot, qRT-
PCR or luciferase reporter assays.

After completing this process, a total of 525 associations
between 182 human miRNAs, 197 SNPs, 153 genes and 164
human diseases were manually curated from 397 published
papers. Each curated association was given a unique ac-
cession number (accession ID: MSDD00###). Moreover,
We extracted the annotation information of each miRNA
from miRBase (24), including the genome context, stem–
loop structure and sequence of mature miRNA. We also
downloaded the annotation information of each SNP from
dbSNP (25), including ancestral allele (wild-type) and con-
textual information.

Finally, all data in MSDD is stored and managed us-
ing MySQL (version 5.7.18). The web interfaces were built
in JSP. The data processing programs are written in Java
(version 1.8.0), and the web services are built using Apache
Tomcat. The MSDD database is freely available at http://
www.bio-bigdata.com/msdd/ and http://www.bio-bigdata.
net/msdd/.

USER INTERFACE

MSDD provides a user-friendly web interface that enables
users to browse, search and retrieve all miRNA–SNP dis-
ease associations in the database (Figure 2). In the ‘Browse’
page, users can click on a specific gene, miRNA, SNP or
disease name, and a list of matched entries is returned. In
the ‘Search’ page, MSDD allows users to search by gene
name, miRNA name, SNP ID, disease name or or com-
binations of these categories. MSDD offers fuzzy keyword
searching capabilities, facilitating searches by returning the
closest possible matching records. MSDD provides an op-
tion in the ‘Search’ page that allows users to filter associa-
tions by experimental method and SNP position. MSDD
also offers a submission page that enables researchers to
submit novel experimentally supported miRNA–SNP dis-
ease associations. Once approved by the submission review
committee, the submitted record will be included in an up-
dated release. In addition, all data in the database can be
downloaded in the ‘Download’ page. MSDD also provides
two visualization maps on the ‘Download’ page that enables
users to download data by clicking on the appropriate area.
One is a human body map that classifies data according
to the organ and another map is a tag cloud that displays
hotspot data. Finally, a detailed tutorial showing users how
to use MSDD is available on the ‘Help’ page.

FUTURE EXTENSIONS

More recently, high-throughput technologies, such as next-
generation sequencing, have produced extensive data on hu-
man disease biology, and the number of validated disease-
associated miRNA–SNP interactions will continue to in-
crease in the future. These advances in research will provide
an opportunity to further extend MSDD. We will continue
to manually curate newly validated miRNA–SNP disease
associations and update the database every 2 months. We
will incorporate new tools and functional annotations as
well as more data sources to improve the utility and con-
tent coverage of this database.

http://www.bio-bigdata.com/msdd/
http://www.bio-bigdata.net/msdd/
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Figure 1. Data sources and the structure of MSDD.

DISCUSSION AND CONCLUSION

Over time, studies have increasingly indicated that vari-
ants in miRNA sequences may trigger disease by altering
the expression or maturation of miRNAs or by interfer-
ing with miRNA interactions with mRNA (26,27). In the
past few years, many databases have been published to aid
researchers in exploring the impact of SNPs on miRNA
genes and their targets. For SNPs in miRNA genes, it is
convenient to map SNPs to miRNA regions from resources
like miRBase (24). For SNPs in miRNA targets, identifying
potential binding sites for a given miRNA in genomic se-
quences is important. However, these studies and databases
emphasize the importance of prediction tools in the iden-
tification of potential miRNA–SNP relationships (Supple-
mentary Table S1). To the best of our knowledge, none of
these resources were developed to specifically collect ex-
perimentally supported miRNA–SNP association data in
various human diseases. Thus, we developed MSDD, a
disease-association database that provides a comprehensive
resource on miRNA dysregulation with the modulation of
SNPs.

In addition to collecting a great number of experimen-
tally supported miRNA–SNP disease associations, MSDD
may provide mechanistic insight and experimental evidence

into future research. For example, by searching MSDD us-
ing ‘miR-34,’ a well-known human miRNA gene family, we
found that the present study clearly demonstrates the SNP
rs4938723, located in the promoter region of miR-34a/b/c,
can significantly affect miRNA expression in various hu-
man cancers. This miRNA–SNP association has the poten-
tial to be an effective biomarker for different human can-
cers. In another example, by searching MSDD using ‘gas-
tric cancer’, one of the most common cancer types world-
wide, we found that several SNPs in miRNA genes or tar-
get sites have been proved to be associated with this can-
cer by affecting the miRNA-mediated regulatory function.
More importantly, some functional miRNA–SNP associa-
tions, such as the SNP rs2910164 in the pre-miRNA of miR-
146a, are supported both in blood and in tissue, which may
be especially useful for cancer specialists who focusing on
circulating miRNA cancer biomarker.

Data from MSDD can facilitate the understanding of
important principles and future research trends. For ex-
ample, despite that miRSNPs in many functional regions
such as the promoter regions of miRNAs are associated
with diseases, we found that most of the disease-associated
miRSNPs are located four main functional regions, in-
cluding pri-miRNAs, pre-miRNAs, mature-miRNAs and
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Figure 2. A schematic workflow of MSDD.

miRNA target genes (Supplementary Figure S1A). Addi-
tionally, we list the top 10 miRNAs, SNPs and disease in the
database (Supplementary Figure S2A–C). Remarkably, we
found that miR-146a and the SNP rs2910164 make up the
most common miRNA–SNP pair in the MSDD, which is
involved in 52 diseases. The disease with the highest connec-
tivity is hepatocellular carcinoma, which is associated with
26 miRNAs and 25 SNPs, thus potentially providing fur-
ther insight into this disease. Finally, we quantified the num-
ber of published papers each year that reported miRNA–
SNP disease associations and found that the number of pub-
lications has generally been increasing dramatically (Sup-
plementary Figure S1B). In particular, from 2012 to 2014,
the number of publications has increased in an exponential
manner, suggesting that research on miRNA–SNP disease
associations has become a hot topic in recent years, thus
highlighting the timeliness of developing a special-purpose
repository to document these valuable data.

In summary, MSDD not only provides a comprehen-
sive miRNA–SNP disease database with experimental sup-
port but also presents a more global view on miRNA func-
tions in human diseases. MSDD will serve as a valuable re-

source for researchers interested in determining the role of
miRNA-related SNPs in human diseases.

SUPPLEMENTARY DATA

Supplementary Data are available at NAR Online.
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