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ABSTRACT

Eukaryotes produce functionally diverse classes of
small RNAs (20–25 nt). These include microRNAs
(miRNAs), which act as regulatory factors during
growth and development, and short-interfering
RNAs (siRNAs), which function in several epigenetic
and post-transcriptional silencing systems. The
ArabidopsisSmall RNAProject (ASRP) seeks to char-
acterize and functionally analyze themajor classes of
endogenous small RNAs in plants. The ASRP data-
base provides a repository for sequences of small
RNAs cloned from various Arabidopsis genotypes
and tissues. Version 3.0 of the database contains
1920 unique sequences, with tools to assist inmiRNA
and siRNA identification and analysis. The com-
prehensive database is publicly available through a
web interface at http://asrp.cgrb.oregonstate.edu.

INTRODUCTION

Recent studies revealed that plants contain populations of
small RNAs (20–25 nt) that belong to two major classes—
microRNAs (miRNAs) and endogenous short-interfering
RNAs (siRNAs). MIRNA gene transcripts adopt imperfect
foldback structures and are processed by DICER-LIKE 1
(DCL1), resulting in 20–22 nt miRNAs. Mature miRNAs
function as post-transcriptional regulators that guide either
site-specific cleavage or non-degradative repression of target
mRNAs (1). In many cases, disruption of miRNA-mediated
control results in severe developmental abnormalities (2–10).

siRNAs arise from endogenous transcripts that form dsRNA
structures, or that are substrates for RNAi pathways. Proces-
sing of siRNAs often requires other DCL proteins, such as
DCL3 (11). In addition, biogenesis of several classes of endo-
genous siRNAs requires RNA-dependent RNA polymerases,
such as RDR2 (11). siRNA-generating loci often yield multi-
ple, overlapping clusters of small RNAs, in contrast to
MIRNA loci that generally yield a single miRNA. Endogenous
siRNAs arise from repetitive sequences, transposons and

retroelements, genomic regions containing inverted duplica-
tions, as well as other genic and intergenic regions. A subset
of siRNAs also act to guide or assist formation of hetero-
chromatin (12–14). A subclass of siRNAs has been shown
to guide cleavage of specific target mRNAs in trans, similar
to miRNAs. Biogenesis of trans-acting siRNAs (ta-siRNAs)
requires DCL1 and RDR6 (15,16). In contrast to miRNA
genes, ta-siRNA precursor transcripts do not form a foldback
structure, but rather both sense and antisense small RNAs are
processed from perfectly complementary RNA duplexes.

Several small RNA libraries have been constructed from
Arabidopsis thaliana plants with the primary goal to identify
miRNAs and endogenous siRNAs (17–22). The aim of the
Arabidopsis Small RNA Project (ASRP) is to analyze small
RNAs from different tissues and genotypes of Arabidopsis,
provide a public database of cloned small RNA sequences and
develop web-based tools to assist in analysis of small RNA
populations. These resources are intended to aid the identifi-
cation of miRNAs and MIRNA genes, and to enable functional
analysis of siRNA-producing regions of the genome.

DATABASE CONTENT

The ASRP database currently contains 5521 small RNA
entries representing 1920 unique sequences. The collection
represents small RNA sequences from both in-house cloning
projects and sequences deposited in the miRNA registry (23).
For sequences derived in-house, multiple small RNA libraries
were constructed from Arabidopsis (Columbia-0 ecotype) at
various developmental stages, including embryos, 3-day post
germination seedlings, aerial tissues (including rosette leaves
and apical meristems) and inflorescences (stages 1–12). To
genetically enrich for miRNA populations, libraries were con-
structed from rdr2-1 and dcl3-1 mutants that have defects in
the chromatin siRNA pathway. All unique sequences were
given an independent ASRP database (DBE) identifier.

DATABASE ORGANIZATION

The ASRP database relies on freely available and open-source
software. The ASRP graphical user interface (GUI) is
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composed of web pages delivered by an apache HTTP server
(http://httpd.apache.org). In addition, the server incorporates
mod_perl (http://perl.apache.org) and Mason (http://www.
masonhq.org) to dynamically produce web pages based
upon user input. The vast majority of the GUI is generated
by custom Perl code that increasingly incorporates object-
oriented coding practices to improve extensibility and re-
usability of the individual software components. Bioperl
(24) is used for specific tasks, such as parsing the GenBank
files containing the Arabidopsis chromosomes. The GUI inter-
acts with a custom database backend utilizing Structured
Query Language (SQL) and the open source MySQL
(http://www.mysql.com) database engine. Table structures
and specific query statements conform to standard SQL lan-
guage syntax and are portable to other SQL database engines.
Currently, the ASRP database resides on a custom-configured
server managed by the RedHat Linux AS operating system.

DATA ACCESS AND WEB INTERFACE

The ASRP database web interface enables users to view and
analyze the small RNAs in text and graphical formats. Data for
each small RNA is stored in MySQL database tables that are
easily sorted and searched. Through the web interface, users
may sort and view the small RNA data in the following ways:

(i) All small RNAs. This page displays basic information
about all unique small RNAs in the database, including,
if applicable, the miRNA or ta-siRNA name, number of
loci in the Arabidopsis genome, number of near predicted
loci in the Rice genome, number of potential mRNA
targets and number of times isolated. More information
about a specific small RNA is available by following the
database number (DBE#) link.

(ii) Small RNA clusters. Some small RNA loci are clustered
in the Arabidopsis genome. This page displays clusters
containing a minimum of four small RNA loci, with each
within 500 nt of the next small RNA loci. From this page,
the user can view the sequences and positions of the small
RNAs in each cluster in text format or the cluster can be
viewed graphically in relation to the Arabidopsis genome
using an open access genome viewer (25).

(iii) miRNAs. All small RNAs characterized as miRNAs are
displayed in a similar format as section (i) (Figure 1A).
The display page for each individual miRNA is split into
four sections; general information, Arabidopsis MIRNA
genes, predicted and validated target genes, and Oryza
sativa MIRNA genes (Figure 1B). The general informa-
tion section includes the sequence and source of the
miRNA. The predicted foldback structure for the
pre-miRNA, the flanking sequence around the MIRNA
gene and the graphical genome view are available through
links on the Arabidopsis MIRNA genes section
(Figure 1C). Information about the predicted target genes,
the target-miRNA binding site, and the computational or
experimental validity of the target-miRNA binding site
is displayed in the third section (Figure 1B). The fourth
section displays information about the small RNA in
O.sativa, including the predicted secondary structure of
validated precursor miRNAs.

(iv) ta-siRNAs. All published ta-siRNAs are in the database.
The page is similar in format to the miRNA page. General
information, ta-siRNA-generating locus information, and
predicted target genes are displayed. The user can view
the information about the ta-siRNAs in a manner similar
to the miRNA section of the database.

(v) Annotated small RNAs. Automated annotation programs
such as RepeatMasker (http://ftp.genome.washington.
edu/RM/RepeatMasker.html) are used to identify small
RNAs that originate from genomic regions of highly
repetitive sequences, as well as transposons and retro-
elements. The user can display and sort small RNAs
by the specific class of annotated repeat element such
as MuDR or SINE.

In addition to the sorting features, the web interface provides
users with a variety of searching capabilities. Quick searches
enable users to locate specific miRNAs based on either the
miRNA names or the ASRP database identifiers (DBE#). To
search for small RNAs predicted to target specific Arabidopsis
genes, or that originate from generic sequences, the locus
identifiers (e.g. At3g60630) or user-defined FASTA formatted
sequences are used, respectively. Finally, users can determine
if a small RNA sequence is represented in the ASRP database
by searching the sequence against the entire population of
small RNAs.

AVAILABILITY

All small RNAs in the ASRP database are available through
the publicly available website (http://asrp.cgrb.oregonstate.
edu) or can be downloaded in FASTA format from the website
download page (http://asrp.cgrb.oregonstate.edu/downloads/).

FURTHER DIRECTIONS

The ASRP database was created to serve as a repository and
tool to facilitate the analysis of miRNAs and endogenous
siRNAs and their targets. To increase accessibility of the
database, we are working to more completely integrate the
ASRP database with existing Arabidopsis resources, such as
TAIR. In addition, integration of miRNAs, ta-siRNAs and
endogenous siRNAs from the database with other research
projects, such as genomic tilling microarrays and chromatin
immunoprecipitation arrays (14,26), will enhance the informa-
tion acquired from these experiments and further expand our
understanding of small RNA function.

There are still many unanswered questions concerning
miRNAs, ta-siRNAs and endogenous siRNAs. The regulatory
roles of miRNA-target gene interaction, the regulation of
MIRNA gene expression, and the function of siRNAs in the
regulation of chromatin structure and gene silencing are just a
few questions currently being studied. Future plans include the
integration of data from genome-scale microarray projects into
the ASRP database (27). The scope of the database may widen
with the addition of other plant genomes, libraries or compu-
tational analysis. The inclusion of additional plant genomes
will enable a more in-depth study of miRNA evolution and
conservation and activities of endogenous siRNAs.
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Figure 1. Windows from the ASRP database website. (A) A partial list of all miRNAs in the database. (B) Information specific to a single miRNA. (C) Display from
the genome browser.
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