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ABSTRACT Understanding the regulation of gene expression
is critical to many areas of biology while control via RNAs has
found considerable interest as a tool for scientific discovery and
potential therapeutic applications. For example whole genome
RNA interference (RNAi) screens and whole proteome scans
provide views of how the entire transcriptome or proteome
responds to biological, chemical or environmental perturbations
of a gene’s activity. Small RNA (sRNA) or MicroRNA (miRNA) are
known to regulate pathways and bind mRNA, while the function
of miRNAs discovered in experimental studies is often unknown.
In both cases, RNAi and miRNA require labor intensive studies to
tease out their functions within gene networks. Available software
to analyze relationships is currently an ad hoc and often a manual
process that can take up to several hours to analyze a single
candidate RNAi or miRNA. With experiments frequently high-
lighting tens to hundreds of candidates this represents a consid-
erable bottleneck. We suggest there is a gap in miRNA and RNAi
research caused by inadequate current software that could be
improved. For example a new software application could be
created that provides interactive, comprehensive target analysis
that leverages past datasets to lead to statistically stronger analyses.
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MIND THE GAP

Small RNAs have found an increasing role as biological tools
and potential therapeutic modulators (1). RNA interference
(RNAi) silencing has introduced a faster, less expensive ap-
proach than genetic screening by random mutagenesis. At the
same time it has become the most widely used technique for
analyzing loss of function phenotypes of individual genes and
dissecting complex regulatory pathways (2) with genome-scale
screens in nematode, Caenorhabditis elegans, and assays in fly,
mouse, and human cells (3–8). This technology is an invaluable
tool in identifying novel therapeutic targets, developing thera-
peutic agents and in analysis of mechanisms of action of small
molecules (9). MicroRNA (miRNA) can regulate genes and
represent a large percentage of the human genome, yet the
functional relevance of the majority is unknown (10). Recent
studies have identified miRNAs involved in neurogenesis (11),
type 2 diabetes mellitus (12), and many other diseases. The
availability of miRNA array technologies (Applied Biosystems,
Affymetrix and Capital Bio MicroRNA product lines as
well as academic consortia efforts such as ORB Sanger15
Multispecies MIcroRNA Microarray) in the past 2 years
creates an expectation of more data appearing in the
immediate future.
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siRNA share common mechanisms of action, but the
effectiveness of a given siRNA is difficult to predict. They
vary in terms of their uptake by cell types and experimental
conditions, different sites on the target mRNA will yield
different qualities of results. While there are several methods
to design RNAi reagents (13), RNAi reagents need experi-
mental confirmation to show effective behavior. RNAi high
throughput (HT) screens can be improved substantially with
a system that tracks the specific miRNA probe sets or RNAi
molecule in a way like other cheminformatics software
products already available for small molecules or reagents.
RNA panels typically have thousands of reagents, so track-
ing and annotation of their individual designs would be a
desirable improvement to data analysis.

HT screens tend to yield hundreds of statistically signif-
icant results. Yet a typical analysis of an HT RNAi screen
focuses on a limited number of genes with the greatest
knockdown effects, a method that is dictated more by the
limitations of low replicate count in the experiment and
minimal screening for biological function. For each gene,
available functional and structural annotations across many
databases (Table I) are examined in the search for clues to
understanding the functional response (2). The researcher
can also consult available annotations on homologous genes
in other organisms. This ad hoc process is laborious and
error-prone, usually requiring several hours of work per
gene, repetitive mouse clicks, and copying/pasting among
multiple websites. Some specialized software exists but may
be too sophisticated and expensive for most researchers
(Table II). Researchers typically persevere by using other
alternatives, either software packages for small molecule
chemical screens or MS Excel. These applications are ade-
quate for storing, retrieving and sorting RNAi data, but are
not optimized to facilitate efficient and thorough analysis
and statistical methods used for small molecules screens may
not be as useful for RNAi with its lower Z scores, increased
experimental variability and decreased signal to noise (14).

There is also a need to reduce false positives and false
negatives. A typical screen yielding 400 hits often requires
many hours over weeks or months to analyze manually,

leading many gene results to simply be ignored. One exam-
ple of a typical user was described (15). After controlling for
false positives, 225 hits were found; after reducing cutoffs by
50–75%, 30 hits remained. This experiment indicates the
amount of effort currently required, resulting in publishing
the top 30 hits that are conveniently manually searchable.
Another example is a case in which gene interaction data-
bases are combined with RNAi results to give strong clus-
tering of results (16). Custom software may sometimes
expedite this process. Differences between custom solutions
across institutions also result in the data produced not being
easily reproduced or shared with others. Gene-by-gene
analysis has been shown to be lacking for other types of
genome-scale experiments and is subject to serious flaws
(17). A critical gap therefore exists in available software to
facilitate effective extraction of statistically significant infor-
mation from RNAi screens. The ability to compare RNAi
and coding RNA microarray data would also provide a
broader window on this data. In our minds this is compa-
rable to the development of microarray expression analysis
software where Partek (www.partek.com) and GeneSpring
(Agilent) produced software suites providing comprehensive
and integrated analysis tools and therefore found a route to
commercial success.

While there are several small molecule screening analysis
systems (Accelrys Isentris, IDBS ActivityBase and Cambridge-
Soft (now Perkin Elmer) Enterprise Solutions), none to our
knowledge currently supports RNAi screening data, but they
can be used to archive RNAi plate configurations and assay
data. These systems can perform standard analyses of readouts
but cannot integrate readout information with the biological
context of genes by linking to the many available databases.
Doing so still requires time-consuming, manual collation.
Freely available commercial software for analysis of differential
gene expression in microarray experiments (e.g. FatiScan (18),
GoMiner (19), GSEA (17)) can be used to analyze RNAi
screening hits to find effects correlated with groups of genes
sharing a common annotation. The major shortfall of these
tools is that they are not integrated with other sources of
information needed to analyze an RNAi screen. Databases
such as Ingenuity Systems’ Pathway Knowledgebase and
Thomson Reuters/GeneGo’s MetaCore application

Table I Databases that Contain Functional and Structural Annotations that
Could be Used in Understanding RNAi and miRNA Targets

Website

RefSeq http://www.ncbi.nlm.nih.gov/RefSeq/

UniProt http://www.uniprot.org/

OMIM http://www.ncbi.nlm.nih.gov/omim

MeSH http://www.ncbi.nlm.nih.gov/mesh

PUBMED http://www.ncbi.nlm.nih.gov/pubmed/

Bio-grid http://thebiogrid.org/

STRING http://string-db.org/

Table II Tools for Whole Genome Screen Data Analysis

Website References

Spotfire http://spotfire.tibco.com/ (29,30)

cellHTS http://www.bioconductor.org/
packages/bioc/1.8/html/cellHTS.
html

(20)

Ingenuity Pathways
Analysis

http://www.ingenuity.com/ (31,32)

MetaCore http://www.genego.com/ (33–35)
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(Table II) provide high quality, integrated information for
downstream RNAi screen analyses. Another major problem
that plagues RNAi screens is that there is no standard platform
for primary screening, assay instrumentation and/or data
analyses, compared to what exists for sequencing projects such
as microarrays. It is widely accepted that two RNAi screens
using exactly the same readout for the same pathway often
result in two distinct hit lists, with less than 10% overlap.
Software that integrates datasets from a variety of RNAi-
HTS must consider the quality of the data generated. Other
software tools specifically developed for RNAi screen analysis
include: cellHTS (20) written for the R statistical computing
environment (www.r-project.org). This software and the R
statistical platform are powerful, but require computational
and statistical expertise to use correctly, prohibiting wide-
spread adoption. Integrating this software with the researcher’s
data and other information requires additional software devel-
opment. There are several web-based tools for siRNA probe
design and RNAi screening databases (Table III) but none that
address the gap we have identified above.

FILLING THE GAP

In summary, users of RNAi HT screens and miRNA arrays
need access to tools that will give them the best options
available to screen their data. Currently available tools
provide valuable functionality, but none provides a
biologist-friendly, open platform for integrated analysis of
RNAi screening data. This may be accomplished by

leveraging the experimental performance of the RNA in
question as well as integrating as much of the biological
functional data possible, tracking the performance of specific
probe or siRNA panel designs, decreasing false positives and
clustering results into interpretable groups. Users of RNAi
continue to expend extraordinary time and effort using man-
ual means and abstracting from existing programs to solve
problems. Perhaps what is needed is a software tool that
combines the available open algorithms in an integrated sys-
tem, allowing users to select statistical models, annotations,
sources and annotation evidence codes to include in their
analysis. Briefly this would proceed by; (1) reviewing and
screening hit data with Bayes priors calculated from experi-
ments selected from users own or shared data; (2) query
screening data using arbitrary nucleotide or amino acid
sequences to detect relationships between sequence and
function not already recorded in existing databases; (3)
interactively reviewing and selecting from a variety of
cluster hit data analyses using information from other
RNAi experiments or existing gene annotation databases
and (4) record and share customized annotations repre-
senting the investigator’s conclusions (labeling all genes
that are ‘hits’ in one screen for use in querying genetic
screens with other biological readouts). Although the use
of Bayesian estimates has shown significant improvements
of hit estimates (21), Bayesian estimates of RNAi perfor-
mance across several data sets is not available in any of
the available RNAi analysis packages to date (14).

Such an approach will also allow researchers to search
not just for effects on sets of genes sharing a common

Table III RNAi Related Data-
bases and Software Resources Website References

GenomeRNAi http://genomernai.de/GenomeRNAi/ (13,36)

FLIGHT www.flight.licr.org (37)

RNAiDB http://research.imb.uq.edu.au/rnadb/ (38)

flyRNAi http://www.flyrnai.org/ (39)

E-RNAi http://www.dkfz.de/signaling/e-rnai3/ (40)

siDirect http://sidirect2.rnai.jp/ (41)

DEQOR http://bioinformatics.age.mpg.de/
bioinformatics/DEQOR.html

(42)

siRNA Selection Program
at Whitehead

http://jura.wi.mit.edu/bioc/siRNAext/home.php (43)

BLOCK-iT™ RNAi Designer https://rnaidesigner.invitrogen.com/sirna/

The RNAi Web http://www.rnaiweb.com/RNAi/siRNA_Design/

MIARE http://miare.sourceforge.net/HomePage (44)
Broad RNAi Genome Browser http://www.broadinstitute.org/scientific-community/

software?criteria0RNAi

The RNAi Global Consortia http://www.ncbi.nlm.nih.gov/projects/genome/
probe/doc/ProjTRC.shtml

The Trans NIH RNAi Initiative http://rnai.nhgri.nih.gov/wordpress/?page_id016

miRBase http://www.mirbase.org/ (45)
RNAi Global http://www.rnaiglobal.org/Home/
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annotation, but also for effects on genes sharing possible
novel, investigator-specified sequence motifs or structural
domains. Such software could accelerate RNAi-based re-
search focused on elucidating pathways for new therapeutic
strategies in many disease areas (22–26). While research using
miRNAs is relatively nascent we believe that this too could
benefit from a proposed tool in the same way as RNAi. The
utility of a database that could pull multiple datasets together
could lead to new insights in the same way that a recent study
has integrated many public RNA datasets to identify serum
biomarkers for organ transplant rejection (27).

We believe researchers using miRNA and RNAi would
also benefit from software approaches that foster inter-
group collaboration. Scientists need to manage and analyze
their RNA data more effectively while optionally being able
to share their data securely. From our own experience of
developing a cheminformatics platform targeted at
neglected disease and academic researchers that enables
toggling between and simultaneously mining across private,
shared, and public data sets (28), developing a miRNA and
RNAi user network could increase the efficiency of scientific
research.

In summary, RNA researchers urgently need new ways to
gain an overview of HT arrays and panels that contain tens of
thousands of data points and elucidate the biological mecha-
nisms underlying their observations.Manual processes used for
most data analyses take considerable time to draw on themany
databases available. In the majority of cases these processes are
only performed for a fraction of the data that shows a signifi-
cant effect. Leveraging and clustering the data, will allow
users to evaluate genes which are working in concert but
may be overlooked by manual processes. Also, data
obtained in different laboratories are often stored in in-
compatible formats and inaccessible databases, preventing
effective data mining across laboratories. This is especially
true of sharing negative data, which rarely occurs. Two
potential benefits of a proposed new miRNA and RNAi
software platform over existing methods are; (1) potential
for increased accuracy and reproducibility, and (2) achiev-
ing more comprehensive analyses with additional signifi-
cant time-savings. Such an approach described in this
perspective could have an important impact on the
miRNA and RNAi field and remove a bottleneck that is
impeding rapid progress for pharmaceutical research.
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