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ABSTRACT

In mammals, thousands of long non-protein-coding
RNAs (ncRNAs) (`200 nt) have recently been
described. However, the biological significance and
function of the vast majority of these transcripts
remain unclear. We have constructed a public repos-
itory, the Noncoding RNA Expression Database
(NRED), which provides gene expression informa-
tion for thousands of long ncRNAs in human and
mouse. The database contains both microarray
and in situ hybridization data, much of which is
described here for the first time. NRED also supplies
a rich tapestry of ancillary information for featured
ncRNAs, including evolutionary conservation, sec-
ondary structure evidence, genomic context links
and antisense relationships. The database is avail-
able at http://jsm-research.imb.uq.edu.au/NRED,
and the web interface enables both advanced
searches and data downloads. Taken together,
NRED should significantly advance the study and
understanding of long ncRNAs, and provides a
timely and valuable resource to the scientific
community.

INTRODUCTION

Non-protein-coding RNAs (ncRNAs) are currently the
subject of intense research activity. Just a decade ago,
the number of known ncRNAs was restricted to a small
number of housekeeping RNAs (including ribosomal
RNAs, transfer RNAs and spliceosomal RNAs) and an
even more limited collection of regulatory RNAs, such as
lin-4 in Caenorhabditis elegans (1) and H19 and Xist in
mammals (2,3). Since then, discovery of novel ncRNAs
has increased dramatically. Thousands of short ncRNAs

have been identified, and various classes—including
microRNAs, endogenous short interfering RNAs, PIWI-
interacting RNAs and small nucleolar RNAs—can now
be readily distinguished on the basis of length, biogenesis,
structural/sequence features and function (4,5). Large
numbers of long ncRNAs (4200 nt) have also been dis-
covered using full-length cDNA cloning/sequencing and
genomic tiling array technologies to comprehensively pro-
file the transcriptome (6–9). In the mouse genome, for
instance, long ncRNAs are estimated to number �30 000
(7,10), and in the human genome the majority of tran-
scription occurs as long ncRNAs (9).

In recent years, long ncRNAs have been implicated in a
variety of regulatory processes, ranging from X chromo-
some inactivation, genomic imprinting and chromatin
modification to transcriptional activation, transcriptional
interference and nuclear trafficking (11,12). The exact
mechanisms by which these long ncRNAs exert their
effects remain unclear. Nevertheless, it has become appar-
ent that long ncRNAs can act both in cis (13) and in trans
(14), and that some function as precursors for short
ncRNAs (9,15–17), while others act independently as
long transcripts.

The function of the vast majority of long ncRNAs is
currently a mystery despite this recent progress. Indeed,
doubts have been raised as to whether these remaining
transcripts are functional at all (18). Certainly, long
ncRNAs lack discernable features to facilitate categoriza-
tion and functional prediction. And yet, there are several
reasons to believe that many of these long ncRNAs are
likely to be functional. First, their expression is often
tissue- and/or cell-specific and localized to specific sub-
cellular compartments (19–21), which suggests they are
regulated and biologically significant. Second, as men-
tioned earlier, there are already numerous precedents of
long ncRNAs having function, and the number of exam-
ples will continue to grow as research in this fledgling area
continues. Finally, Willingham and colleagues (22) recently
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screened several hundred novel long ncRNAs for function
in a limited battery of cell-based assays and successfully
identified multiple functional ncRNAs, which highlights
the untapped functional potential of these transcripts.

To begin to explore the function of the thousands of
remaining novel long ncRNAs, we have recently underta-
ken a range of large-scale expression analyses of long
ncRNAs. First, using in situ hybridization (ISH) data
from the Allen Brain Atlas (ABA) (23), we identified
4800 long ncRNAs that are expressed in the adult
mouse brain, the majority of which were associated with
specific anatomical regions, cell types or subcellular com-
partments (20). Second, we found that4900 long ncRNAs
were expressed during mouse embryonic stem (ES) cell
differentiation using a custom-designed oligonucleotide
microarray, and subsequently showed that some of these
ncRNAs appear to have a role in the epigenetic regulation
of differentiation (21). Using the same custom array plat-
form, we have also profiled the expression of several thou-
sand long mouse ncRNAs during immune cell activation,
neural stem cell differentiation, myoblast differentiation
and gonadal ridge development. Finally, we have identified
organ- and cell-specific expression data for large numbers
of long ncRNAs from both human and mouse, using pub-
licly available data from the Genomics Institute of the
Novartis Research Foundation (GNF) (24).

In this report, we introduce the Noncoding RNA
Expression Database (NRED). The database is available
at http://jsm-research.imb.uq.edu.au/NRED, and its pri-
mary aim is to provide a specific resource for the expres-
sion of long ncRNAs. At this stage, NRED brings
together each of the datasets described above, with more
expected to follow in the near future. Short RNAs are
already well-catered for by a range of other resources
(25–27), and are not directly featured in this database.
As well as providing detailed expression data, NRED
enables researchers to characterize and select long
ncRNAs based on various bioinformatic criteria, includ-
ing predicted secondary structure, evolutionary conserva-
tion, and genomic context. In this way, NRED sheds light
on a vast and largely unexplored territory of the mamma-
lian transcriptome, and should stimulate and guide future
functional studies of long ncRNAs.

DATABASE CONTENT

NRED currently features multiple datasets based on three
different experimental platforms (Table 1), each of which
is described subsequently.

Custom ncRNAmicroarray

We designed a custom microarray that contained probes
uniquely targeting 9225 protein-coding transcripts and
4926 noncoding transcripts from mouse (Supplementary
Material 1). The array was interrogated with RNA sam-
ples from a range of experimental systems (Supplementary
Material 1). These included: (i) ES cell differentiation over
a 16-day time course; (ii) macrophage activation in
response to lipopolysaccharide; (iii) CD8+ T-cell differen-
tiation and activation; (iv) neural stem cell (NSC) differ-
entiation; (v) C2C12 myoblast differentiation; and (vi)
testis and ovary development.
The results of our profiling experiments during ES cell

differentiation have been recently reported (21), and
demonstrate the utility of our custom microarrays in facil-
itating in-depth functional study of long ncRNAs. Across
the six experimental systems currently featured in NRED,
a total of 2913 ncRNAs were expressed above background
levels (Supplementary Material 1). Of these, 1475 were dif-
ferentially expressed in at least one setting (B-statistic43).

GNF SymAtlas

The GNF previously compiled a large-scale atlas of mam-
malian gene expression using custom-designed whole-
genome gene expression arrays (24). This resource utilized
RNAs from 79 human and 61 mouse tissues, and featured
the expression of 44 775 human and 36 182 mouse tran-
scripts. We downloaded this publicly available dataset for
further analysis (http://symatlas.gnf.org/). Although the
probe set used by GNF was originally designed to target
the protein-coding transcriptome, we found that 1287
human and 5692 mouse probes uniquely recognized long
ncRNAs (Supplementary Material 2). Of these, 733 and
3403 were expressed in human and mouse, respectively.

Allen Brain Atlas

The ABA provides a comprehensive catalogue of gene
expression within the adult mouse brain (23). Data were
generated using automated high-throughput ISH techni-
ques, and advanced image-based informatics methods
enabled automated quantification and mapping of expres-
sion information. Through its web interface (http://
www.brain-map.org), the atlas permits high-resolution
visualization of the expression of �20 000 protein-coding
transcripts and comprehensive data mining. We down-
loaded this publicly available dataset for further analysis,
and discovered that the ABA also contains ISH data for
1308 ncRNAs (Supplementary Material 2). Of these, 849
are expressed in mouse brain, the majority of which are
associated with specific neuroanatomical regions, cell
types and/or subcellular compartments (20).

DATABASE ACCESS

Implementation

NRED is available at http://jsm-research.imb.uq.edu.au/
NRED. Datasets are stored in relational form in a
MySQL database. The web application is implemented
in Perl 5, with rich client functionality provided via

Table 1. Summary of NRED datasets

Dataset Organism Number of noncoding
probesa

Custom noncoding microarray Mouse 4926
GNF SymAtlas Human

Mouse
1287
5692

Allen Brain Atlas Mouse 1308

aProbes that exclusively target ncRNAs were identified using a previously-
described classification pipeline (20) (see Supplementary Materials), and
numbers reflect the classification as at 24 September 2008.
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AJAX and other dynamic HTML procedures. Documen-
tation is provided via jQuery, which allows the user to
obtain help on almost any function by simply hovering
the mouse on the relevant item on the website.
Results tables can be sorted by a field in real-time by
clicking on the column headings.

Query interface

NRED can be queried in various ways via the web inter-
face (Figure 1).
To examine the expression of individual ncRNAs,

gene-centric searches can be performed across each of
the experimental platforms using the ‘Probe Search
Term’ field. For example, queries based on gene name

(e.g. ‘Xist’, ‘Air’) or a unique gene identifier (e.g.
Genbank accessions, MGI identifiers and UniGene
Cluster identifier) can be used to readily display expression
data for a given ncRNA of interest.

To identify ncRNAs that are expressed in a particular
organ/region/cell type of interest or under particular con-
ditions, an experimental platform must first be selected
(e.g. ‘Allen Brain Atlas’). This brings up a series of plat-
form-dependent menus, from which a user can then choose
a relevant expression sub-system if desired (e.g. ‘Cere-
bellum’). Then, to restrict the query to those probes that
exclusively recognize ncRNAs, one must specify ‘Non-
coding only’ under the Target Classification menu, since
the probes contained within the NRED datasets include
those that recognize protein-coding transcripts as well.

Figure 1. NRED user interface.
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The two basic query strategies described above—gene-
and platform-centric searches —can be refined further by
applying various filters. Expression-based filters permit
searches to be modified based upon various statistics,
such as significance thresholds (e.g. P-values, B-statistics,
q-values), fold change (M-values) and expression intensity
(e.g. A-values, Affymetrix Present/Absent calls). In this
way, users can select their own criteria by which differen-
tially expressed transcripts are identified. A series of other
filters can also be applied based on information related to
the probe target itself. For example, probes can be selected
depending upon whether their targets are spliced or
unspliced. Similarly, users can filter search results based
on whether target ncRNAs show evidence of evolutionary
conservation or predicted secondary structure using the
PhastCons and RNAz tools, respectively (28,29) (Supple-
mentary Material 3). In addition, we have previously
developed a method for classifying the genomic context
of target ncRNAs (20) (Supplementary Material 4).
Using this information, probes can also be filtered depend-
ing on whether they map in a sense, cis-antisense and/or
bi-directional orientation to other transcripts (including
protein-coding transcripts, miRNAs, snoRNAs or other
ncRNAs).

Data output

Query results are probe-centric, and can be customised to
include any number of associated data fields using a
simple format output menu (Figure 1). Thus, for any
given probe, users can opt to display unique probe
target identifiers (e.g. Genbank accession), selected expres-
sion data (e.g. B-statistics, M-values, etc.), overlapping
sense and antisense transcript information, RNAz predic-
tions and PhastCons data to name just a few.

Results can be displayed in several output formats. The
default is to view the results as an online table, but users
have the alternative option of obtaining information as a
downloadable, tab-delimited text file. Finally, to enable
users to use the search results in downstream applications
[e.g. via the UCSC Genome Browser (30)], probe data can
also be downloaded as individual .bed files.

FUTURE DIRECTIONS

We have recently designed and manufactured second-
generation custom ncRNA microarrays. These new
arrays will profile 12 000 and 16 000 ncRNAs in mouse
and human, respectively. As expression results become
available using this new platform, we will update NRED
accordingly. Submission of other publicly available
expression datasets that might be suitable for NRED
is also invited, and should be sent to m.dinger@imb.
uq.edu.au.

CITING NRED

To reference NRED, please cite this article. When refer-
ring to specific data from the database, the following
format is suggested: ‘These data were retrieved from
NRED, Institute for Molecular Bioscience, Brisbane,

Australia (http://jsm-research.imb.uq.edu.au/NRED)
[Date when you retrieved the data.]’.

SUPPLEMENTARY DATA

Supplementary Data are available at NAR Online.

ACKNOWLEDGEMENTS

We thank Stephen Bruce, Evgeny Glazov, David Hume,
Andrew Jackson, Peter Koopmam, Guangyu Li, Mark
Mehler, George Muscat, Andrew Perkins and Kate
Schroder for providing RNA samples for microarray
analyses.

FUNDING

National Health & Medical Research Council (to K.C.P.);
the Foundation for Research, Science and Technology,
New Zealand (to M.E.D.); the Australian Research
Council, the Queensland State Government and the
University of Queensland (to J.S.M.). Funding for open
access charge: The University of Queensland.

Conflict of interest statement. None declared.

REFERENCES

1. Lee,R.C., Feinbaum,R.L. and Ambros,V. (1993) The C. elegans
heterochronic gene lin-4 encodes small RNAs with antisense
complementarity to lin-14. Cell, 75, 843–854.

2. Brannan,C.I., Dees,E.C., Ingram,R.S. and Tilghman,S.M. (1990)
The product of the H19 gene may function as an RNA. Mol. Cell
Biol., 10, 28–36.

3. Brown,C.J., Hendrich,B.D., Rupert,J.L., Lafreniere,R.G., Xing,Y.,
Lawrence,J. and Willard,H.F. (1992) The human XIST gene: ana-
lysis of a 17 kb inactive X-specific RNA that contains conserved
repeats and is highly localized within the nucleus. Cell, 71, 527–542.

4. Farazi,T.A., Juranek,S.A. and Tuschl,T. (2008) The growing cata-
log of small RNAs and their association with distinct Argonaute/
Piwi family members. Development, 135, 1201–1214.

5. Kawaji,H. and Hayashizaki,Y. (2008) Exploration of small RNAs.
PLoS Genet., 4, e22.

6. Okazaki,Y., Furuno,M., Kasukawa,T., Adachi,J., Bono,H.,
Kondo,S., Nikaido,I., Osato,N., Saito,R., Suzuki,H. et al. (2002)
Analysis of the mouse transcriptome based on functional annota-
tion of 60,770 full-length cDNAs. Nature, 420, 563–573.

7. Carninci,P., Kasukawa,T., Katayama,S., Gough,J., Frith,M.C.,
Maeda,N., Oyama,R., Ravasi,T., Lenhard,B., Wells,C. et al. (2005)
The transcriptional landscape of the mammalian genome. Science,
309, 1559–1563.

8. Imanishi,T., Itoh,T., Suzuki,Y., O’Donovan,C., Fukuchi,S.,
Koyanagi,K.O., Barrero,R.A., Tamura,T., Yamaguchi-Kabata,Y.,
Tanino,M. et al. (2004) Integrative annotation of 21,037 human
genes validated by full-length cDNA clones. PLoS Biol., 2, e162.

9. Kapranov,P., Cheng,J., Dike,S., Nix,D.A., Duttagupta,R.,
Willingham,A.T., Stadler,P.F., Hertel,J., Hackermuller,J.,
Hofacker,I.L. et al. (2007) RNA maps reveal new RNA classes and
a possible function for pervasive transcription. Science, 316,
1484–1488.

10. Liu,J., Gough,J. and Rost,B. (2006) Distinguishing protein-coding
from non-coding RNAs through support vector machines. PLoS
Genet., 2, e29.

11. Prasanth,K.V. and Spector,D.L. (2007) Eukaryotic regulatory
RNAs: an answer to the ‘genome complexity’ conundrum.
Genes Dev., 21, 11–42.

12. Amaral,P.P., Dinger,M.E., Mercer,T.R. and Mattick,J.S. (2008)
The eukaryotic genome as an RNA machine. Science, 319, 1787–1789.

Nucleic Acids Research, 2009, Vol. 37, Database issue D125



13. Wang,X., Arai,S., Song,X., Reichart,D., Du,K., Pascual,G.,
Tempst,P., Rosenfeld,M.G., Glass,C.K. and Kurokawa,R. (2008)
Induced ncRNAs allosterically modify RNA-binding proteins in cis
to inhibit transcription. Nature, 454, 126–130.

14. Rinn,J.L., Kertesz,M., Wang,J.K., Squazzo,S.L., Xu,X.,
Brugmann,S.A., Goodnough,L.H., Helms,J.A., Farnham,P.J.,
Segal,E. et al. (2007) Functional demarcation of active and silent
chromatin domains in human HOX loci by noncoding RNAs. Cell,
129, 1311–1323.

15. Rodriguez,A., Griffiths-Jones,S., Ashurst,J.L. and Bradley,A. (2004)
Identification of mammalian microRNA host genes and transcrip-
tion units. Genome Res., 14, 1902–1910.

16. Tycowski,K.T., Shu,M.D. and Steitz,J.A. (1996) A mammalian gene
with introns instead of exons generating stable RNA products.
Nature, 379, 464–466.

17. Ogawa,Y., Sun,B.K. and Lee,J.T. (2008) Intersection of the RNA
interference and X-inactivation pathways. Science, 320, 1336–1341.

18. Wang,J., Zhang,J., Zheng,H., Li,J., Liu,D., Li,H., Samudrala,R.,
Yu,J. and Wong,G.K. (2004) Mouse transcriptome: neutral
evolution of ‘non-coding’ complementary DNAs. Nature, 431, 1 p
following 757; discussion following 757.

19. Ravasi,T., Suzuki,H., Pang,K.C., Katayama,S., Furuno,M.,
Okunishi,R., Fukuda,S., Ru,K., Frith,M.C., Gongora,M.M. et al.
(2006) Experimental validation of the regulated expression of large
numbers of non-coding RNAs from the mouse genome. Genome
Res., 16, 11–19.

20. Mercer,T.R., Dinger,M.E., Sunkin,S.M., Mehler,M.F. and
Mattick,J.S. (2008) Specific expression of long noncoding RNAs in
the adult mouse brain. Proc. Natl Acad. Sci. USA, 105, 716–721.

21. Dinger,M.E., Amaral,P.P., Mercer,T.R., Pang,K.C., Bruce,S.J.,
Gardiner,B.B., Askarian-Amiri,M.E., Ru,K., Solda,G., Simons,C.
et al. (2008) Long noncoding RNAs in mouse embryonic stem cell
pluripotency and differentiation. Genome Res., 18, 1433–1445.

22. Willingham,A.T., Orth,A.P., Batalov,S., Peters,E.C., Wen,B.G.,
Aza-Blanc,P., Hogenesch,J.B. and Schultz,P.G. (2005) A strategy

for probing the function of noncoding RNAs finds a repressor of
NFAT. Science, 309, 1570–1573.

23. Lein,E.S., Hawrylycz,M.J., Ao,N., Ayres,M., Bensinger,A.,
Bernard,A., Boe,A.F., Boguski,M.S., Brockway,K.S., Byrnes,E.J.
et al. (2007) Genome-wide atlas of gene expression in the adult
mouse brain. Nature, 445, 168–176.

24. Su,A.I., Wiltshire,T., Batalov,S., Lapp,H., Ching,K.A., Block,D.,
Zhang,J., Soden,R., Hayakawa,M., Kreiman,G. et al. (2004) A gene
atlas of the mouse and human protein-encoding transcriptomes.
Proc. Natl Acad. Sci. USA, 101, 6062–6067.

25. Hsu,S.D., Chu,C.H., Tsou,A.P., Chen,S.J., Chen,H.C., Hsu,P.W.,
Wong,Y.H., Chen,Y.H., Chen,G.H. and Huang,H.D. (2008)
miRNAMap 2.0: genomic maps of microRNAs in metazoan
genomes. Nucleic Acids Res., 36, D165–D169.

26. Shahi,P., Loukianiouk,S., Bohne-Lang,A., Kenzelmann,M.,
Kuffer,S., Maertens,S., Eils,R., Grone,H.J., Gretz,N. and Brors,B.
(2006) Argonaute–a database for gene regulation by mammalian
microRNAs. Nucleic Acids Res., 34, D115–D118.

27. Betel,D., Wilson,M., Gabow,A., Marks,D.S. and Sander,C. (2008)
The microRNA.org resource: targets and expression. Nucleic Acids
Res., 36, D149–D153.

28. Siepel,A., Bejerano,G., Pedersen,J.S., Hinrichs,A.S., Hou,M.,
Rosenbloom,K., Clawson,H., Spieth,J., Hillier,L.W., Richards,S.
et al. (2005) Evolutionarily conserved elements in vertebrate, insect,
worm, and yeast genomes. Genome Res., 15, 1034–1050.

29. Washietl,S., Hofacker,I.L., Lukasser,M., Huttenhofer,A. and
Stadler,P.F. (2005) Mapping of conserved RNA secondary struc-
tures predicts thousands of functional noncoding RNAs in the
human genome. Nat. Biotechnol., 23, 1383–1390.

30. Karolchik,D., Kuhn,R.M., Baertsch,R., Barber,G.P., Clawson,H.,
Diekhans,M., Giardine,B., Harte,R.A., Hinrichs,A.S., Hsu,F. et al.
(2008) The UCSC Genome Browser Database: 2008 update. Nucleic
Acids Res., 36, D773–D779.

D126 Nucleic Acids Research, 2009, Vol. 37, Database issue



Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Dinger, ME;Pang, KC;Mercer, TR;Crowe, ML;Grimmond, SM;Mattick, JS

Title:
NRED: a database of long noncoding RNA expression

Date:
2009-01-01

Citation:
Dinger, M. E., Pang, K. C., Mercer, T. R., Crowe, M. L., Grimmond, S. M. & Mattick, J.
S. (2009). NRED: a database of long noncoding RNA expression. NUCLEIC ACIDS
RESEARCH, 37 (Database issue), pp.D122-D126. https://doi.org/10.1093/nar/gkn617.

Persistent Link:
http://hdl.handle.net/11343/260134

License:
CC BY-NC

http://hdl.handle.net/11343/260134
CC%20BY-NC

