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Abstract

The VIRmiRNA Tar-Find web resource is available for the prediction of known and novel miRNA targets. Predicted miRNA targets are provided
as hundreds to thousands of Ensembl transcript IDs, complicating and slowing the determination of the official gene symbol and function. We
developed the Tar- Find Gene Extractor tool for the efficient, real-time conversion of VIRmiRNA Tar-Find miRNA target prediction results from
Ensembl transcript IDs to official gene symbol and gene functions. The Tar-Find Gene Extractor operates through Microsoft Excel™, thus making this

an easy to use tool for fast and efficient retrieval of Tar-Find predicted miRNA target genes’ information.

Availability and implementation

The Tar-Find Gene Extractor Tool is available at Git Hub at https://github.com/ccdoss/tge.
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Introduction

VIRmiRNA Tar-Find is a user-friendly web tool dedicated to
predicting target genes in human reference genes for both known
and novel miRNA sequences [1]. VIRmiRNA Tar-Find is part of
the VIRmiRNA web resource and is backed up by three databases
comprised of 9133 experimentally validated records. The databases
include experimental viral miRNAs, experimental miRNA targets,
and experimental antiviral miRNAs [1]. VirmiRNA Tar-Find utilizes
these databases to predict miRNA targets for known as well as
novel miRNA sequences. Meanwhile, the web-based versions of ,
TargetScan [2], DIANA- TarBase v8 [3], PicTar [4], miRanda [5], etc.,
do not provide this novel miRNA target finding functionality [6,7].

VirmiRNA Tar-Find provides known and novel miRNA target
prediction, and the identified miRNA gene targets are presented as
hundreds to thousands of Ensembl gene transcript IDs. The format
of the VIRmiRNA Tar-Find results complicates and slows down the
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determination of the official gene symbol and function. Manual
gene ID conversion or the Database for Annotation, Visualization
and Integrated Discovery (DAVID) gene ID conversion tool are
candidates for official gene symbol determination. However,
manual and DAVID Gene ID conversion methods have time and
database availability limitations, respectively. Manual retrieval
of gene names requires the user to access each VIRmiRNA Tar-
Find provided hyperlink one by one to copy and paste the gene
name into a new sheet. This process can take days or weeks,
depending on the amount of target genes predicted, thus making
it highly inefficient. DAVID (https://david.ncifcrf.gov/tools.jsp)
is a web-based tool with different analysis capabilities, including
conversion between multiple commonly used gene identifiers [8].
The DAVID Gene ID Conversion tool can perform the conversion of
up to 3000 genes in a second, particularly when used outside of
peak demand hours (The DAVID Knowledge Base. 2016; Huang da,
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2008). However, when used during times of high demand, DAVID
can produce no results or fail to complete the task. Moreover, DAVID
is currently operating on the May 2016 release of Ensembl, even
though the April 2019 release is currently available. Consequently,
the DAVID ID conversion tool is currently limited by its out-of-date
knowledgebase. Thus, we developed the Tar-Find Gene Extractor
for the efficient, user-friendly retrieval of both official gene symbol
and function in real time from Tar-Find miRNA target results as
provided in form of Ensembl transcript IDs.

Materials and Methods
Development and features of the tar-find gene extractor

The Tar-Find Gene Extractor (TGE) is a companion application
for the extraction of gene names and description information

from VIRmiRNA Tar-Find results. TGE was developed by enabling
developer mode within Microsoft Excel TM and utilizing Visual
Basic for Applications capabilities. This facilitates the reading and
writing of information within Microsoft Excel™ sheets, as well as
event driven activities, such as responding to changes in data or
button clicks. The user enters the Tar-Find results into TGE, as
shown in Supplemental Figure 1. The desired start and stop indices
are then entered by the user. Possible values are 2 to N, where N
is the total number of Tar-Find results (Row 1 is the header row,
and therefore is not processed). After entering the indices, the user
presses the Click Me button, which activates TGE. TGE operates
in real time, accessing the Ensembl database and eliminating the
need for any dependencies for operation. It is recommended users
process between 500 and 1000 results at a time.
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Figure 1: Tar-Find Gene Extractor utility as compared to DAVID Gene ID Conversion Tool.
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Testing Methodology and accuracy of results were assessed. The results obtained by TGE

Ensembl transcript IDs predicted by VIRmiRNA Tar-find for
hsa-mir21-5p miRNA were copied into a Microsoft Excel TM
sheet. TGE was used to retrieve both official gene symbols and
functions for the predicted transcript IDs. Percent of IDs converted
(containing duplicate gene symbols), number of unique IDs
converted (containing no duplicate gene symbols), convenience

were compared to results obtained using the DAVID ID conversion
tool.

Results and Discussion

VIRmiRNA Tar-Find predicted 249 target genes with 100%
match to nucleotides 1-10 of hsa- mir-21-5p miRNA; these
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were utilized for testing. TGE retrieved official gene symbol and
description in an average of 6 minutes and 48 seconds. In contrast,
the DAVID ID conversion tool failed to complete the conversion
twice with an average waiting time of 7 minutes prior to manual
program re-start. The DAVID ID conversion tool’s failure to produce
results was likely due to the high traffic typically experienced by
the platform. Following the second manual re-star of the DAVID
tool, the ID conversion was completed in less than a minute TGE
efficiently converted 249 gene IDs and provided their respective
description. In comparison, DAVID only converted 198 IDs and
provided no gene descriptions. Both TGE and DAVID converted IDs
underwent sorting in Microsoft ExcelTM to remove duplicate gene
IDs. A total of 109 unique gene IDs and descriptions were retrieved
by TGE, and 100 unique gene IDs with no description were
retrieved by DAVID (Figure 1A). In total, 97 unique gene IDs were
identified by both TGE and DAVID, leaving an additional 12 gene
IDs retrieved exclusively by TGE and 3 by the DAVID ID conversion
tool (Figure 1B). The difference in functionality between TGE and
DAVID are attributed to differences in the Ensembl database, where
TGE utilizes the complete current release.

Conclusion

In summary, the Tar-Find Gene Extractor outperformed
the DAVID gene ID conversion tool by retrieving 100% of input
transcript IDs. The discrepancy noted between the unique IDs
converted by TGE as compared to DAVID is likely explained by
DAVID'’s limited knowledgebase. While DAVID is operating on the
May 2016 release of Ensembl, TGE accessed the Ensembl database
in real time, and thus made use of the April 2019 release version.
Finally, TGE provided the added benefit of generating brief Ensembl
gene descriptions, while DAVID was limited to only performing
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ID conversions. Taken together, these results suggest TGE is a
an efficient, convenient and reliable companion application for
VIRmiRNA Tar-Find. (Supplemental Figure 1, Supplementary
Data &Supplementary Data-Table).
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