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Background: Recent studies have demonstrated the importance of long non-coding RNAs (IncRNAs) in
chromatin remodeling, and in transcriptional and post-transcriptional regulation. However, only a few
specific IncRNAs are well understood, whereas others are completely uncharacterized. To address this,
there is a need for user-friendly platform to studying the putative regulatory functions of human IncRNAs.
Description: IncRNAMap is an integrated and comprehensive database relating to exploration of the puta-
tive regulatory functions of human IncRNAs with two mechanisms of regulation, by encoding siRNAs and
by acting as miRNA decoys. To investigate IncRNAs producing siRNAs that regulate protein-coding genes,

Keywords:
Long non-coding RNA (IncRNA)
Endogenous siRNA (esiRNA)

iRNA di
;r:nctionecoy IncRNAMap integrated small RNAs (sRNAs) that were supported by publicly available deep sequencing
Database data from various sRNA libraries and constructed IncRNA-derived siRNA-target interactions. In addition,

IncRNAMap demonstrated that IncRNAs can act as targets for miRNAs that would otherwise regulate
protein-coding genes. Previously studies indicated that intergenic IncRNAs (lincRNAs) either positive or
negative regulated neighboring genes, therefore, IncRNAMap surveyed neighboring genes withina 1 Mb
distance from the genomic location of specific IncRNAs and provided the expression profiles of IncRNA
and its neighboring genes. The gene expression profiles may supply the relationship between IncRNA
and its neighboring genes.
Conclusions: IncRNAMap is a powerful user-friendly platform for the investigation of putative regulatory
functions of human IncRNAs with producing siRNAs and acting as miRNA decoy. IncRNAMap is freely
available on the web at http://IncRNAMap.mbc.nctu.edu.tw/.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction (Alexander et al., 2010; Birney et al., 2007; Kapranov et al., 2007).

These ncRNAs are divided into two major classes according to their

For over 50 years, the central dogma of molecular biology has
been that DNA is transcribed into messenger RNA, which subse-
quently serves as the template for protein synthesis. However, only
2% of the human genome encodes proteins, whereas over 80% of
the human genome produces non-protein coding RNAs (ncRNAs)
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nucleotide length, i.e. small (<200 bp) and long ncRNAs, each with
distinct mechanisms. For the past 10 years, the small ncRNAs have
been recognized as being involved in post-transcriptional regula-
tion through translational repression (i.e. the RNAi pathway), while
the much less well-studied long ncRNAs (IncRNAs) are implicated
in epigenetic regulation (Deiters, 2010; Lee, 2012; Rinn and Chang,
2012; Snead and Rossi, 2010; Wang and Chang, 2011).

IncRNAs, transcripts >200 nt in length that are similar to protein-
coding transcripts but are not translated, were initially considered
to be transcriptional noise associated with low RNA polymerase
fidelity and low sequence conservation (Marques and Ponting,
2009; Struhl, 2007). However, technological developments, espe-
cially of high-throughput sequencing methods, together with
improvements in computational techniques, have led to an increas-
ing number of functional IncRNAs being identified in mammals.


dx.doi.org/10.1016/j.compbiolchem.2014.01.003
http://www.sciencedirect.com/science/journal/14769271
http://www.elsevier.com/locate/compbiolchem
http://crossmark.crossref.org/dialog/?doi=10.1016/j.compbiolchem.2014.01.003&domain=pdf
http://lncrnamap.mbc.nctu.edu.tw/
mailto:bryan@mail.nctu.edu.tw
mailto:d6781@mail.cmuh.org.tw
dx.doi.org/10.1016/j.compbiolchem.2014.01.003

42 W.-L. Chan et al. / Computational Biology and Chemistry 50 (2014) 41-49

These IncRNAs include not only antisense, intronic, and intergenic
transcripts but also transcribed pseudogenes and retrotransposons.
Most IncRNA functions still remain to be uncovered and specified
through experiment. However, recent findings have revealed the
involvement of IncRNAs in diverse cellular processes, such as chro-
matin modification, molecular scaffolding and cell cycle regulation,
and IncRNAs have been found to play key roles in the circuitry con-
trolling the embryonic stem cell state (Guttman et al., 2009, 2011;
Khalil et al., 2009; Mercer et al., 2009; Rinn and Chang, 2012). In
addition, IncRNAs may perform regulatory actions in cis (on neigh-
boring genes) or in trans (on distantly located genes) (Hekimoglu
and Ringrose, 2009; Hung and Chang, 2010; Khalil et al., 2009;
Kim and Sung, 2012). Moreover, post-transcriptional regulation by
IncRNA can be mediated through antisense RNA, with mechanisms
involving siRNA, miRNA decoys or modulation of protein activation
and localization (Chan et al.,2013b; Hung and Chang, 2010; Mattick
et al., 2009; Poliseno et al., 2010; Wang and Chang, 2011).

Therefore, compilation and annotation of these data are crucial
for a better understanding of IncRNAs. Indeed, a variety of pub-
lic databases already provide some insight into IncRNA structure
and function. For instance, IncRNAdb comprises IncRNA trans-
cripts with well-documented functions in the literature (Amaral
etal.,2011); LncRNADisease focuses on IncRNA-associated diseases
(Chen et al., 2013); NRED provides probe-level expression profiles
of IncRNAs (Dinger et al., 2009); ncRNAdb (Szymanski et al., 2007)
and NONCODE (Bu et al., 2012) highlight RNA sequences and anno-
tation from different sources; miRcode (Jeggari et al., 2012) and
DIANA-LncBase (Paraskevopoulou et al., 2013) are tools for pre-
diction of miRNA targets in IncRNA; and GENCODE (Derrien et al.,
2012)and LNCipedia (Volders et al., 2013) reveal the structure, evo-
lution and expression of human IncRNAs. Although each of these
resources provides valuable information on IncRNAs, an integrated
platform that explores the function of IncRNAs is currently lacking.

Small RNA-guided posttranscriptional regulation of gene
expression is mainly covered by small RNA (sRNA) of 18-40nt
in size. More recently, deep sequencing approaches of various
transcriptomes identified many classes of SRNA such as miRNAs,
siRNAs, piRNAs, endogenous siRNAs (esiRNAs), mirtrons, miRNA-
like sRNAs and others may derived from transcriptional read
through of inverted repeat sequences, or from intermolecular
double-strand RNA (dsRNA) precursors arising from transcrip-
tion of either natural sense/antisense loci in the same (cis-nat
siRNA) or different (trans-nat siRNA) position in the genome
(gene/pseudogene) (Babiarz et al., 2008).

Here, we developed a systematic workflow to predict the
siRNA-encoding or miRNA decoy functions of human IncRNAs.
Accordingly, we have constructed an innovative and comprehen-
sive database, IncRNAMap (http://IncRNAMap.mbc.nctu.edu.twy/),
capturing information including IncRNA sequence data, homolo-
gous protein-coding gene and neighboring gene annotation, deep
sequencing data, predicted RNA secondary structure, gene expres-
sion profiles, miRNA annotation and target prediction. To our
knowledge, IncRNAMap is the first database to identify the neigh-
boring protein-coding genes within a 1Mb distance of known
IncRNA and to focus on two mechanisms of action of human IncR-
NAs: (i) endogenous siRNA (esiRNA) generation from IncRNAs for
the regulation of protein-coding genes; and (ii) IncRNA-mediated
miRNA decoy.

2. Materials and methods

2.1. Data generation

A total of more than 20,000 human IncRNA transcripts
were obtained from the Ensembl Genome Browser (Ensembl

65, GRCH37) (Flicek et al., 2012) using BioMart (http://www.
ensembl.org/index.html). Functional small RNAs (fsRNAs) with
sequence length from 18 to 40 nt were collected from the Func-
tional RNA Database (fRNAdb) (Mituyama et al., 2009), which hosts
a large collection of known/predicted non-coding RNA sequences
from public databases. The public deep sequencing data from sRNA
libraries were obtained using human embryo stem cells, liver tis-
sues or hepatocellular carcinoma (HCC) tissues (Hou et al., 2011;
Morin et al., 2008; Seila et al., 2008; Yeo et al., 2007). We summa-
rize the statistics of the deep sequencing data from various SRNA
libraries (Supplementary Table S1). The miRNA related informa-
tion, including the accessions and miRNA sequences were obtained
from miRBase release 18 (Griffiths-Jones et al., 2008; Kozomara
and Griffiths-Jones, 2011). The genomic sequences and conserved
3’-UTR data were obtained from UCSC hg19.

Supplementary material related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.compbiolchem.
2014.01.003.

2.2. Systematic workflow for exploring the regulatory function of
IncRNAs

The workflow for this study is presented in Fig. 1, and mainly
consists of the collection of datasets such as the IncRNAs them-
selves, protein-coding genes, fSRNAs, sSRNA deep sequencing data,
gene expression profiles, the integration of various tools, and
the identification of human IncRNA functions, together with how
IncRNAs are regulated. Table 1 lists the integrated databases
and tools for mining potential regulatory functions of human
IncRNAs. Based on a genome-wide computational pipeline of
sequence-alignment approaches, this work highlights two major
discoveries: IncRNA-derived esiRNA-target interaction, and the
miRNA-decoy mechanism of action of IncRNAs. The detailed anal-
yses are described below.

2.3. Identification of IncRNA-derived esiRNAs using publicly
available next-generation sequencing (NGS) data

According to the previously studies, esiRNAs may derive
from long non-coding RNAs to regulate protein-coding genes. To
systematical explore that human IncRNAs may generate esiR-
NAs to regulate protein-coding genes, a computational pipeline
was developed (Fig. 2). The sRNA deep sequencing reads were
obtained from Gene Expression Omnibus (GEO) (Barrett and
Edgar, 2006) and the Sequence Read Archive (SRA). The FASTX-
Toolkit (http://hannonlab.cshl.edu/fastx_toolkit/), SRA-Toolkit
(http://www.ncbi.nlm.nih.gov/sra), and bowtie (http://bowtie-bio.
sourceforge.net/) were incorporated into the identification of
IncRNA-derived esiRNAs. The pipeline included adapter trimming,
quality control and read alignment. Then these candidates of
esiRNAs were mapped by IncRNAs with no mismatch. Finally,
the hairpin structure predicted by Mfold (Zuker, 2003) was then
determined by using the extended sequences of these candidate
esiRNAs.

2.4. Identification of IncRNA-derived esiRNA-target interactions
(eSTls)

Our previously described approaches (Chan et al., 2013a,b)
were modified to predict IncRNA-derived esiRNA targets. Briefly,
esiRNA target sites within the conserved coding regions, 5'-UTRs
and 3’-UTRs of genes were identified in 12 metazoan genomes
(data were obtained from UCSC table) using three computational
approaches, TargetScan (Friedman et al., 2009; Grimson et al., 2007;
Lewis et al.,, 2005), miRanda (John et al., 2004) and RNAhybrid
(Kruger and Rehmsmeier, 2006). The minimal free energy (MFE)
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Fig. 1. Schematic of workflow for mining the putative regulatory functions of IncRNAs.

threshold was —20 kcal/mol with a score >150 for miRanda and
default parameters for TargetScan and RNAhybrid. The targets were
identified using the following criteria: (i) potential target sites were
determined by at least two approaches; (ii) multiple target sites
were prioritized; and (iii) target sites must be located in accessible
regions. Finally, we compared the expression profiles of IncRNA and
its target gene to construct the esiRNA-target interactions (eSTIs).

2.5. Gene expression analysis

The expression levels of IncRNAs and mRNAs of protein-coding
genes were obtained from Gene Expression Omnibus (Barrett and
Edgar, 2006). These included GDS596, with data from 79 human

Table 1
Supported databases and tools in IncRNAMap.

physiologically normal tissues (Su et al., 2004); GSE2109, examined
in 2158 samples from 61 tumor tissues; GSE3526, profiled in 353
samples from 65 normal tissues (Roth et al., 2006); and GSE5364,
with data from primary human tumors and adjacent non-tumor
tissues (Yu et al., 2008), representing 270 tumors and 71 normal-
cancer pairs from patients with breast, colon, liver, lung, oesophagal
and thyroid cancers. The Pearson correlation coefficient was com-
puted for IncRNAs and their homologous protein-coding genes.

2.6. Neighboring genes analysis

Previously, studies have demonstrated either positive (Kim
et al., 2010; Orom et al., 2010) or negative (Brockdorff et al.,

Integrated database or tools Dataset

Description

miRBase (Griffiths-Jones et al., 2008; miRNA annotation
Kozomara and Griffiths-Jones, 2011)
fRNAdb (Mituyama et al., 2009)

Ensembl Genome Browser (Flicek et al.,

sRNA annotation
Pseudogene, protein-coding gene

2012)
UCSC Genome Browser (Kent et al., Conserved region
2002) Genomic view of genes

GeneCards (Stelzer et al., 2011) Gene annotation

Mfold (Zuker, 2003)
GEO (Barrett and Edgar, 2006)

RNA folding tool
Gene expression profiles and deep
sequencing data

BLAST (Altschul et al., 1990) Sequence alignment tool

This database not only provides published miRNA sequences and annotations
but also supplies known/predicted targets

A database to support mining and annotation of functional RNAs

Produces genome databases for vertebrates and other eukaryotic species

This browser provides a rapid and reliable display of any requested portion of
genomes at any scale, together with dozens of aligned annotation tracks
GeneCards is a searchable, integrated database of human genes that provides
concise genome-related information on all known and predicted human genes
Folded RNA structure

A public functional genomics data

BLAST finds regions of similarity between biological sequences
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Fig. 2. A computational pipeline for exploring the IncRNAs may generate esiRNAs to regulate protein-coding genes.

1992; Nagano etal.,2008) regulation of neighboring protein-coding
genes by intergenic IncRNAs (linRNAs). In this study, the number
of protein-coding genes was detected within a 1 Mb distance of
IncRNA as well as the expression profiles between IncRNA and its
neighboring genes.

2.7. Determination of miRNA-target interactions (MTIs)

According to a previous study (Poliseno et al., 2010), pseu-
dogenes PTENP1 and KRAS1P act as a “miRNA decoy”, binding to
and thereby reducing the effective cellular concentration of miR-
NAs, resulting in their cognate genes escaping miRNA-mediated
repression. In this work, we analyzed the potential for each specific
IncRNA and its homologous protein-coding genes to be regulated
by a miRNA decoy mechanism by examining miRNA-target inter-
actions (MTIs) using the following pipeline. First, homologous
genes were obtained by mapping the IncRNAs to cognate genomic
sequences with the BLAST program (Altschul et al., 1990). The
MTIs with IncRNAs and homologous protein-coding genes were
then investigated as outlined previously (Chan et al., 2013a,b). The
MFE threshold was —20 kcal/mol with a score >150 for miRanda
and default parameters for TargetScan and RNAhybrid. Finally, the
IncRNAs and their homologous protein-coding genes co-regulated
by miRNAs were obtained. The miRNA and 3’UTR sequences were
obtained from miRBase R18 (Griffiths-Jones et al., 2008; Kozomara
and Griffiths-Jones, 2011) and Ensembl Genome Browser release
65, respectively.

2.8. Architecture of IncRNAMap

To enable the systematic compilation and updating of the results
of analyses, as well as additional information, we constructed
the database, IncRNAMap (http://IncRNAMap.mbc.nctu.edu.tw/),
which is maintained with the MySQL (http://www.mysql.com/)
relational database management system. Operating on an Apache
HTTP server (http://www.apache.org/) with PHP (http://www.php.

net/) on a Linux operation system (http://www.linux.com/), IncR-
NAMap was constructed using the Smarty template engine
(http://www.smarty.net/). Based on PHP, JavaScript (http://www.
javascriptsource.com/), CSS (http://www.w3schools.com/css/) and
HTML languages (http://www.w3schools.com/html/), the web
interface enables dynamic MySQL queries to be made with user-
friendly graphics. All the above are open source technologies.

3. Results and discussion
3.1. Overview of IncRNAs

Atotal of 23,179 IncRNAs and 21,160 protein-coding genes were
obtained from Ensembl 65. The number of IncRNAs and protein-
coding genes per chromosome indicated that there are more
IncRNAs than protein-coding genes on all chromosomes except
chr14, 15, 16, 17, 18 and 19, which are not manually annotated by
the HAVANA team (Supplementary Fig. S1). Of these IncRNAs, 4343
were detected by Affymetrix Human Genome U133A/U133Plus2
microarray. Subsequently, the gene expression profile was esti-
mated based on log, average intensity of IncRNAs in 79 human
normal tissues. Hierarchical clustering results indicated that two
fifths of IncRNAs were highly expressed in blood-related tissues
(Supplementary Fig. S2 with red line genes). Expression profiles of
six different tissues revealed that most IncRNAs were more highly
expressed in tumors than paired non-tumor tissues (Supplemen-
tary Fig. S3 with red line genes).

Supplementary material related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.compbiolchem.
2014.01.003.

3.2. Arole for IncRNAs in the modulation of miRNA-mediated
gene regulation

Given recent findings that pseudogenes PTENP1 and
KRAS1P can de-repress their cognate genes by a miRNA decoy
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Table 2

A complete statistical analysis of IncRNAMap.
Dataset Counts
No. of miRNA regulators 1886
No. of TPG-derived miRNAs 80
No. of TPG-derived piRNAs 4879
Deep sequencing data for profiling TPG-derived esiRNAs
Human embryo stem cell-hB 1792
Human embryo stem cell-hESC 3847
Human embryo stem cell-hues6 761
Human embryo stem cell-hues6NP 489
Human embryo stem cell-hues6Neuron 216
HBV(+) Adjacent Tissue Sample 1 5424
HBV(+) Adjacent Tissue Sample 2 21,970
HBV(+) Distal Tissue Sample 1 5886
HBV(+) HCC Tissue Sample 1 6001
HBV(+) HCC Tissue Sample 2 15,790

13,190

(+)

(+)

(+)

(+)
HBV(+) Liver Tissue
HBV(+) Side Tissue Sample 1 6120
(+)
(+)
(

HCV(+) Adjacent Tissue Sample 71,912
HCV(+) HCC Tissue Sample 49,381
HBV(-) HCV(-) Adjacent Tissue Sample 13,298
HBV(—) HCV(—) HCC Tissue Sample 23,831
Human Normal Liver Tissue Sample 1 9690
Human Normal Liver Tissue Sample 2 7100
Human Normal Liver Tissue Sample 3 6587
Severe Chronic Hepatitis B Liver Tissue 1247

mechanism, we investigated MTIs using a similar approach. Anal-
ysis of the results indicated that 431 miRNAs with MFE threshold
<—20kcal/mol and score >150 interact had many possible target
sites in 21,164 IncRNAs and 5521 homologous protein-coding
genes, and might potentially co-regulate specific pairs of IncRNAs
and cognate protein-coding genes.

3.3. Possible role of IncRNA-derived esiRNAs in regulating
protein-coding genes

Our survey of more than 20,000 human IncRNAs detected 4343
transcribed IncRNAs, 3280 of which were revealed in silico to have
sequence features associated with the generation of endogenous
siRNAs (esiRNAs). A total of 80 miRNAs, 4879 piRNAs and 264,532
[llumina-Solexa reads were represented in 310, 4533 and 3234
IncRNAs, respectively. Table 2 summarizes the complete statistical
analysis of this research.

3.4. The number of InRNAs across protein-coding genes within a
1 Mb distance

Previous studies have demonstrated linRNA regulation of neigh-
boring protein-coding genes (Brockdorff et al., 1992; Kim et al.,
2010; Nagano et al., 2008; Orom et al., 2010). Therefore, we exam-
ined the number of IncRNAs and neighboring protein-coding genes
within a 1 Mb distance of the IncRNA-encoding locus. The results
show that half of IncRNAs are across 1-10 protein-coding genes
within a 1 Mb distance (Fig. 3).

3.5. Web interface and data visualization of IncRNAMap

To facilitate the systematic compilation and updating of datasets
and any additional information, we constructed a web-based
system called IncRNAMap by which we can comprehensively
identify IncRNAs where (i) the IncRNA acts as a miRNA decoy;
and/or (ii) the IncRNA produces esiRNAs to regulate protein-coding
genes. There are two ways of accessing IncRNAMap: by brows-
ing the database content, or by searching for a particular IncRNA.
Fig. 4A displays the interface of output results of the browse
gateway. The interface contains general information on IncRNAs,
the involvement of IncRNA and its homologous protein-coding
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Fig. 3. The number of IncRNAs across protein-coding genes within a 1 Mb distance.

gene in miRNA-mediated repression, under the heading “miRNA
Regulator”; IncRNA-derived esiRNA-target interactions, given as
“esiRNA”; “Neighboring”, indicating the genomic view of neighbor-
ing genes within a 1 Mb distance of a IncRNA; and “Expression”,
showing the gene expression profiles. The esiRNA view gives the
IncRNA-derived esiRNAs themselves together with a graphical dis-
play of deep sequencing data (Fig. 4B). The red line represents
the IncRNA, while the blue line refers to esiRNAs. We not only
estimate the esiRNA-target interactions but also formulate the
RNA folding structure of IncRNA-derived esiRNA. Fig. 4C provides
a detailed view of the miRNA Regulator feature, which displays
more fine-grained information. The “Expression” view presents the
gene expression profiles not only of distinct IncRNAs, but also the
corresponding homologous protein-coding genes under various
experimental conditions (Fig. 4D). Moreover, all of the results and
sequences can be downloaded for further analysis. In IncRNAMap,
we also incorporate external sources, such as the UCSC genome
browser (Kent et al., 2002) for a genomic view, GeneCards (Stelzer
et al,, 2011) for gene annotation, and miRBase (Kozomara and
Griffiths-Jones, 2011) for miRNA annotation. Additionally, IncR-
NAMap also contains a tutorial and knowledge base for IncRNAs.

In the search gateway, the ID or symbol of a particular IncRNA
and/or its homologous protein-coding gene, can be deployed as
search terms for further analysis. The search result screen is simi-
lar to the browse interface in that it contains general information
on the searched IncRNA, its protein-coding gene, miRNA regula-
tors, gene expression profiles and IncRNA-derived esiRNA-target
interactions.

3.6. Comparison with other IncRNA databases

Avariety of IncRNA databases have been constructed, including
IncRNA Database, which provides comprehensive annotations of
eukaryotic IncRNAs; Valadkhan Lab-IncRNA Database, a repository
of mammalian long non-protein-coding transcripts with sequence
and structure annotation; ncRNA expression database, a database
integrating annotated expression data based on probe characteris-
tics; and LncBase, a database providing predicted/experimentally
verified miRNA-IncRNA interactions. However, these databases
focus on automatic detection of IncRNAs using a variety of
similarity-based approaches. Our database, IncRNAMap, aims to
provide a comprehensive resource for genome-wide identifica-
tion of the regulatory functions of human IncRNAs. In brief, there
are four major features differentiating IncRNAMap from currently
available public IncRNA databases. First, IncRNAMap elucidates
the likelihood of IncRNA regulation of its homologous protein-
coding gene by a miRNA decoy mechanism. Second, to explore
the interaction of IncRNA and its homologous protein-coding gene,
IncRNAMap provides the gene expression profiles of IncRNA and its
homologous gene under various experimental conditions. Third,
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Comparison of IncRNAMap with currently available public databases of IncRNAs.

Supported features

IncRNAMap (our database)

IncRNA database

Valadkhan Lab-IncRNA
database

NRED

Web interface

Description

Species supported
Sequence download
IncRNA information
Homologous gene
information
Knowledge of IncRNA
miRNA-IncRNA
interactions
Gene expression profiles

IncRNA-derived esiRNAs

Deep sequencing data for
profiling IncRNA-derived
siRNAs

IncRNA’s neighboring
genes

http://IncRNAMap.mbc.
nctu.edu.tw/

IncRNAMap is a
comprehensive resource
for studying the functions
of human IncRNAs

Human
Yes
Yes
Yes

Yes
Yes

Yes (both of IncRNA and its
homologous gene)

Yes

Yes

Yes

http://www.Incrnadb.org/

IncRNAdD is a database
providing comprehensive
annotations of eukaryotic
IncRNAs

Eukaryote
Yes
Yes

http://www.valadkhanlab.
org/database

A repository of mammalian
long non-protein-coding
transcripts that have been
experimentally shown to
be both non-coding and
functional

Human, mouse and rat

Yes

http://nred.matticklab.com/
cgi-bin/ncrnadb.pl

NRED integrates annotated
expression data from
various sources

Human, mouse

Yes (probe-level)



http://lncrnamap.mbc.nctu.edu.tw/
http://lncrnamap.mbc.nctu.edu.tw/
http://www.lncrnadb.org/
http://www.valadkhanlab.org/database
http://www.valadkhanlab.org/database
http://nred.matticklab.com/cgi-bin/ncrnadb.pl
http://nred.matticklab.com/cgi-bin/ncrnadb.pl

W.-L. Chan et al. / Computational Biology and Chemistry 50 (2014) 41-49

N 4

47

PPMIK DNA

24355 bp
4
A Y 4
\\ RNA processing ’I
~J | "
2405 2083
PPM1K mRNA 3725 < Ty 3
(B725DBP) BB BB § e e e e e e e o e e e e e e N
$PPM1K mRNA 1 %474 !
{474 bp) 153 4356 :
(B) wPPMIK 135 210 H
PPMIK 2409 2351 < __:
wPPMIK 211 269
PPMIK 23350 2202
wPPMIK 270 BOCT CCCOAGTAGCTOGAAT TACAGOCT TCCOCTACCGTGOCOOOCT AR = = = = = == = ’zo
I s A S T L MR S LY
PPMIK 2290 CASCCICCCGAGTAGCIGGGATTIACAGGTGICTGOCACCACGOCCAGCCARITTTITITT 2231
WPPMIK 321  —---eee—e———cct tOTATTTITAGTACAGATCAGGTITTOCCATATICICOCAGSC 3628
llllllll FRARELEY B0RNND [ SRR F00) 18000
PPMIK 2230 TITITTTITTIITITITITTOCATITIT, ACACAOGGTTTCACCATIGITOOCCAGGT 2171
wPPMIK 369 TCGTCTCGARCTOCTGACTTCANG CGGOCTCCCAMSTISCIGGGA €27
JOBRRE BRY dpRERRORER 1} Illll ISR SSSESNNEREISNRENNRY)
PPMIK 2170 TSGICITGAATICCIGACCTIC-AGATOATCTACCCACCTITGOCCTCTICARRAGTGCTGOGA 2112
wPPMIK 420 TTACAGGCATGAGCCACT CCTGGCCA 456
T Sy ERNy TEINEN)
PPMIX 2113 CAGGCATCAGTCAS CTGGCCA o83
24 144 170 273 328 455
(€) 1 Precursor Precursor Precursor 474bp
esiRNAL (4 esiRNA2(32) esiRNA3 (39)

(D)

{;. {. ,z;x;z;.;. £astsy Ssssna gt

esiRNAl regulated NEKB with B target sites
! eniRNAl  caCCOTGOGOGGACATCAGGGTCg
PRERRErreneneeenennd

NEKS GLGGCACGCGCCTGTAGTCCCAGE

eniRNA]l regulated NEK8_3UTR with 2 target sites
eniRNA] caCCOTGCGCGAACATCAGGGTCy
FEErreeerrenereeennn

NEKS8_3UTR GLGGCACGCGCCTATAGTCCCAGEe

O 0 -

esiRNA]l regulated PPMIK with 8 target sites
esiRNAL  caccGTGCGOGGACA-TCAGGGTC
PR REReene e e

PPM1K tgacCACCCGCCTGTCAGGGOCAGe

Fig. 5. Schematic representation of ¥PPM1K-derived esiRNAs and their targets. (A) Location of PPM1K and ¥PPM1K. (B) The mapping result between PPM1K and PPM1K.
(C) Location and read counts of ¥PPM1K from sRNA deep sequencing data. (D) Mfold was used to predict the hairpin structure of precursor esiRNA1. The predicted mature
esiRNA1 sequence is depicted in green. (E) Matches of esiRNA1 sequences with target gene NEK8 and parental gene PPM1K. Canonical pairings, solid lines; non-canonical
pairings (G:U), dotted lines (modified from Chan et al. (2013b)). (For interpretation of the references to color in this figure legend, the reader is referred to the web version

of the article.)

IncRNAMap curates IncRNA-derived esiRNAs, supported by deep
sequencing data, as well as highlighting interacting gene targets
in the human genome. Fourth, IncRNAmap surveys the neighbor-
ing genes within 1 Mb of a specific IncRNA. Table 3 lists detailed
comparisons of IncRNAMap with other IncRNA databases.

3.7. Applications

There are two major applications of IncRNAMap, the first of
which is the identification of non-coding RNA products of IncR-
NAs that may generate esiRNAs for the regulation of protein-coding
genes in humans. In this case, IncRNAMap supplies NGS data
from sRNA libraries to support the candidature of specific IncRNA-
derived esiRNAs, together with gene expression profiles to verify
the target interactions. The second application pertains when both
the IncRNA and its cognate gene contain the same miRNA tar-
get sites, such that the IncRNA competes for miRNA repressor
molecules, thereby alleviating miRNA-mediated gene repression.
In other words, IncRNAMap helps to identify situations where the
IncRNA may act as a miRNA decoy. IncRNAMap thus provides fur-
ther insight into the IncRNA-mediated pathway of miRNA-target
interactions.

3.8. Case study

Transcribed pseudogene is one class of IncRNAs. PPM1K (protein
phosphatase, Mg2*/Mn2* dependent, 1K), located on chromosome
4q22.1, produces a 3725-nt mRNA encoding a mitochondrial matrix

serine/threonine protein phosphatase shown to regulate the mem-
brane permeability transition pore (MPTP) essential for cell survival
and organ development (Lu et al., 2007). Pseudogene PPMI1K
(YPPMIK), 474bp in length, is partially retrotranscribed from
PPM1K and is also located on chromosome 4 (Fig. 5A). According to
our computational pipeline (Fig. 5B-E) and subsequent experimen-
tal tests, we found that ¥ PPM1K may generate esiRNAs to regulate
protein-coding genes in HCC cell lines (Chan et al., 2013b).

4. Conclusions

Increasing studies have shown that IncRNAs are involved in
a variety of biological functions. However, only a few specific
IncRNAs are well understood. The IncRNAMap integrated various
dataset, such as sequences, cognate and neighboring gene, NGS
data, gene expression profiles and secondary structure. Moreover,
we constructed a pipeline to investigate IncRNA producing esiR-
NAs to regulate protein-coding genes and IncRNA acting a miRNA
decoy. We believe that IncRNAMap is useful for the studies of the
potential functions and regulations of IncRNAs in human.
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