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ABSTRACT

Long non-coding RNAs (lncRNAs) play important
functional roles in many diverse biological pro-
cesses. However, not all expressed lncRNAs are
functional. Thus, it is necessary to manually collect
all experimentally validated functional lncRNAs (EVl-
ncRNA) with their sequences, structures, and func-
tions annotated in a central database. The first re-
lease of such a database (EVLncRNAs) was made
using the literature prior to 1 May 2016. Since then
(till 15 May 2020), 19 245 articles related to lncRNAs
have been published. In EVLncRNAs 2.0, these arti-
cles were manually examined for a major expansion
of the data collected. Specifically, the number of an-
notated EVlncRNAs, associated diseases, lncRNA-
disease associations, and interaction records were
increased by 260%, 320%, 484% and 537%, respec-
tively. Moreover, the database has added several new
categories: 8 lncRNA structures, 33 exosomal lncR-
NAs, 188 circular RNAs, and 1079 drug-resistant,
chemoresistant, and stress-resistant lncRNAs. All
records have checked against known retraction and
fake articles. This release also comes with a highly
interactive visual interaction network that facilitates
users to track the underlying relations among lncR-

NAs, miRNAs, proteins, genes and other functional
elements. Furthermore, it provides links to four new
bioinformatics tools with improved data browsing
and searching functionality. EVLncRNAs 2.0 is freely
available at https://www.sdklab-biophysics-dzu.net/
EVLncRNAs2/.

INTRODUCTION

The discovery of one order of magnitude more transcripts
coded for RNAs (i.e. non-coding RNAs) than proteins pro-
vided a paradigm shift in our understanding of genome
regulation (1,2). Long non-coding RNAs (lncRNAs), in
particular, have emerged as key players in essentially ev-
ery biological process and associated with many human dis-
eases including cancer, cardiovascular and neurodegenera-
tive diseases (3–6). LncRNAs could regulate gene expres-
sion in cis and perform functions in trans (7). Accumu-
lating studies indicated that lncRNAs exert their functions
by regulating the expression of target genes (8), while ge-
netic variations, such as single-nucleotide polymorphisms
(SNPs), could affect lncRNA expression (9). These RNA
molecules are perhaps the final missing pieces of the puz-
zle to complete our understanding of living organisms on
the molecular level. With the availability and development
of high-throughput technologies, the number of lncRNAs
predicted from high-throughput data (HTLncRNA) has in-
creased exponentially (10), as demonstrated from the his-

*To whom correspondence should be addressed. Tel: +86 534 8985 933; Fax: +86 534 8985 884; Email: jhw25336@126.com
Correspondence may also be addressed to Yaoqi Zhou. Tel: +61 7 55 52 82 28; Fax: +61 7 55 52 90 40; Email: yaoqi.zhou@griffith.edu.au
†The authors wish it to be known that, in their opinion, the first two authors should be regarded as Joint First Authors.

C© The Author(s) 2020. Published by Oxford University Press on behalf of Nucleic Acids Research.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work
is properly cited. For commercial re-use, please contact journals.permissions@oup.com

http://orcid.org/0000-0002-9958-5699
https://www.sdklab-biophysics-dzu.net/EVLncRNAs2/


Nucleic Acids Research, 2021, Vol. 49, Database issue D87

Figure 1. (A) The number of EVLncRNA and HTLncRNA as a function
of year (Drawn from the history data of NONCODE (for HTLncRNA),
lncRNAdb and EVLncRNAs (for EVLncRNA) databases). (B) The num-
ber of lncRNA publications per year from 1990 to August 2020 (data from
PubMed).

torical data in NONCODE (10–15) (Figure 1A). By com-
parison, a significant increase in the number of functional
lncRNAs (EVLncRNA) validated by low-throughput ex-
perimental techniques did not occur until after 2016 (Fig-
ure 1A) (16–18). The vast difference between the number
of HTlncRNA and the number of EVlncRNA demands a
separate and yet comprehensive database for the sequences,
structures, and functions along with associated phenotypes
for EVlncRNA, similar to what the UniProt database has
done for proteins (19). The EVlncRNAs database was the
first such database to take up the challenge (18).

Since its publication, the EVlncRNAs database remains
the only comprehensive database for experimentally vali-
dated functional lncRNAs. With an increasing interest in
lncRNAs, the number of associated studies and publica-
tions are increasing exponentially, especially in recent years
(Figure 1B, from 1990 to August 2020), and novel func-

tions and mechanisms are constantly discovered (20). For
example, LINC-PINT is a circular lncRNA encoding a pep-
tide, which suppresses oncogenic transcriptional elonga-
tion in glioblastoma (21). Expression signatures of exoso-
mal lncRNAs MALAT1, PCAT-1 and SPRY4-IT1 in urine
could serve as non-invasive biomarkers for diagnosing and
predicting bladder-cancer recurrence (22). Here, we report
a major update of EVLncRNAs to version 2.0 by manu-
ally extracting the information from nearly 19 000 articles
of the last four years (1 May 2016 to 15 May 2020). The
new version now contains 4010 EVlncRNAs in 124 species
more than doubled from the previous version. The major
increase of data, however, is in functional and disease as-
sociations along with new types of lncRNAs. The database
is freely available at https://www.sdklab-biophysics-dzu.net/
EVLncRNAs2/.

DATA COLLECTION

As in the previous version of EVLncRNAs (18), we only
included those functional lncRNAs confirmed by low-
throughput experiments such as qRT-PCR, knockdown,
Northern blot, and luciferase reporter assays. We also em-
ployed the same literature-search procedure (18). Briefly,
we first searched the PubMed (20) with keywords matching
‘lncRNA’, ‘long non coding RNA’, ‘long ncRNA’, or ‘long
non-code RNA’ along with their plural forms. We found 19
245 publications from 1 May 2016 to 15 May 2020. we man-
ually went over these new articles and extracted necessary
information on new as well as existing experimentally vali-
dated lncRNAs, including their names, species, function an-
notations, disease associations, interaction information, ex-
perimental methods and samples, expression patterns, and
brief descriptions.

To avoid inclusion of the papers that may have been ex-
posed as fraudulent or retracted, we searched PubMed with
keywords ‘lncRNA retracted’, combining with the paper-
mill list (23) and the search result of the PubPeer website
(for post-publication peer review) (24), and removed 267 pa-
pers along with 470 associated entries in the database. This
retraction removal will be included as a standard operation
in all future updates of the database.

In the interaction category, we collected not only direct
physical contacts between biomolecules, but also associa-
tions by co-expression and regulation (similar to NPInter
database (25)). We used ‘co-expression’ to indicate posi-
tively or negatively correlated expression of lncRNA with
other molecules in the same physiological process. The ‘reg-
ulation’ shows that lncRNA can regulate the expression of
other biomolecules in the same physiological process. The
‘binding’ indicates that lncRNA has direct physical contact
with other biomolecules. State-of-the-art methods such as
ChIRP (26), CHART (27), RAP (28), HyPR (29), CRUIS
(30), CLIP (31,32) or CLASH (33) make screening of the
direct physical binding interactions between lncRNAs and
proteins, RNAs or DNAs. However, whether or not these
interactions have any biological significance require fur-
ther low-throughput experimental validations. Because our
database only collects functional lncRNAs, we only include
functional interactions demonstrated by subsequent exper-
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Table 1. Data collected in EVLncRNAs V2.0 in comparison to that in V1.0 according to the numbers of experimentally validated lncRNAs, species,
lncRNA-associated diseases, lncRNA-disease associations and annotated functions and interactions, along with newly included lncRNA structures, exo-
somal RNA, circular RNAs and drug-resistant, chemoresistant and stress-resistant lncRNAs

Version #lncRNA #Species #Diseases
#Disease

association #Function #Interaction #peptide #Structure
#Exosomal

RNA #CircRNA
#Resist-

RNA

1.0 1543 77 338 2324 793 1163 14 0 0 0 0
2.0 4010 124 1082 11 257 1665 6244 37 8 33 188 1079
Inc% 260% 161% 320% 484% 210% 537% 264%

iments that confirmed functional roles of the binding in dis-
eases or biological processes.

The new additions contain lncRNAs with experimentally
solved structures, experimentally validated circular lncR-
NAs, exosomal lncRNAs, peptide-encoded lncRNAs, and
drug-resistant, chemoresistant, and stress-resistant lncR-
NAs. The structure information of lncRNAs were manually
collected from PDB database (34) and presented with the
structural views and PDB links. For peptide-encoded lncR-
NAs, we extracted the names, sequences and lengths of the
encoded peptides. Each entry was curated and checked by
at least two specialists and proofread non-standard names
of lncRNAs according to the HUGO Gene Nomenclature
Committee (HGNC) (35). Sequence and position informa-
tion of lncRNAs were annotated according to NCBI with
links pointing to accessions in the NCBI (20) and Ensembl
(36) provided if known.

DATABASE CONSTRUCTION

All data in EVLncRNAs were organized using MySQL.
The web interface was designed by PHP. The web services
were built on Apache Tomcat. Echarts4 (37) was employed
to construct interactive interaction networks.

CONTENTS

Data expansion over previous records

Table 1 summarizes the changes of the contents since the
last release. More specifically, the number of annotated EVl-
ncRNAs was increased by 260%, (4010 in 124 species), the
number of lncRNA-associated diseases by 320%, the num-
ber of lncRNA-disease associations by 484%, the number of
functions annotated (excluding interactions) by 210%, and
the number of interaction records by 537%. The database
also includes 37 peptide-encoded lncRNAs, 264% increase
from 14 in the previous release. Figure 2 compares the
top 20 species for the number of EVlncRNAs in the two
versions of the database. Human and mouse remain the
top 2 species with the largest number of lncRNAs vali-
dated. Capra hircus (goat), Manihot esculenta (cassava) and
Bos taurus (cattle) are the newly collected species in top
20 species, indicating the increasing interest in animal and
plant lncRNAs.

New contents

In addition to the expansion of the original records, sev-
eral new contents were added, reflecting new discoveries in
the field of lncRNAs. Exosomal lncRNAs were found in ex-
osomes along with their potential roles in drug resistance

Figure 2. Top 20 species for the number of experimentally validated lncR-
NAs in the two versions of the database.

and possible use as diagnostic biomarkers (38,39) (33 col-
lected in the database). LncRNAs were shown circularizable
with covalently closed-loop structures without a 5′ cap or
a 3′ Poly A tail (40) (188 collected). Moreover, many lncR-
NAs were discovered in response to or induced by the drugs,
chemicals or stress treatments (1079 added). What is more
significant is that the protein databank now contains eight
structures solved for lncRNAs.

Interaction network of lncRNAs

As shown in Table 1, the interaction records have the largest
expansion with more than five times annotations. To facili-
tate the navigation of such highly complex interaction net-
work, we implemented Echarts4 to visualize interactions as-
sociated with lncRNAs (37). As an example, Figure 3D1
shows the interaction network of lncRNAs with proteins,
RNA, DNA and transcription factors as well as their re-
lated diseases (if available). When an item is selected, its
associated factors and diseases will be highlighted. Fig-
ure 3D shows a few examples: illustration of liver cancer-
related lncRNAs (Figure 3D2), display of lncRNAs inter-
acting with a microRNA miR-124 (Figure 3D3), and visual-
ization of the diseases and interactive biomolecules related
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Figure 3. The user interface of EVLncRNAs2. (A) The homepage. (B1) The browse page. (B2) The interaction network graph after clicking on the ‘inter-
action target’ button. (C) The detailed information after clicking on the ‘Detail’ button. (D1) The highly interactive visual interaction network of lncRNAs
with biomolecules and related diseases. (D2) An illustration of liver cancer-related lncRNAs. (D3) A display of lncRNAs interacting with a microRNA
miR-124. (D4) Visualization of the diseases and interactive biomolecules related to MALAT1.

to MALAT1 (Figure 3D4). The relations between lncRNAs
and diseases and between lncRNAs and biomolecules are
distinguished in purple and yellow colors, respectively. Us-
ing the search box in the upper left corner, user can search
for the lncRNA or interaction target of interest, and exam-
ine the small interaction network for the keyword searched.
Such a network map allows users to locate overlapped in-
teractions between lncRNAs and biomolecules in different
diseases and different biological processes and to discover
previously unknown relations between lncRNAs, miRNAs,
proteins, genes and other functional elements. The types
of interaction networks that can be displayed are bind-
ing, regulation and co-expression networks (see Total net-
work in the pull-down menu, Figure 3A). Binding networks
are those lncRNAs having direct contact interactions with
other functional elements. A detailed help page is included
to facilitate the usage.

User interface

To make EVLncRNAs more accessible and user friendly,
we improved the web interface (Figure 3). For example, in
the ‘Browse’–‘Species’, the records are now classified ac-
cording to species first, followed by lncRNA names. In
the ‘Browse’ page, the information on the same lncRNA
function from different articles are now combined to dis-
play as a single item for simplifying the view. The ‘Browse’
page now contains ‘interaction target’ and ‘Detail’ buttons
(Figure 3B). The ‘interaction target’ button will lead to an
interaction network graph which shows involved interac-
tion partners (Figure 3B2). More specific details will be
shown after further clicking on the ‘Detail’ button. The
‘Detail’ contains the tables of lncRNA information, pep-
tide information, structure information, disease informa-
tion, function information, interaction information and a

mini-network of lncRNAs along with their associated in-
teractive biomolecules and diseases (Figures 3C). Only the
tables with information available will be displayed. The
database ‘Search’ function was also improved substantially.
Now users can search for a specific lncRNA, disease or
lncRNA-interacting molecule within a specific drop-down
option (lncRNAs, Diseases, Interactions) in addition to the
previously provided keyword-based search. The keyword
search now includes the first round of screening experimen-
tal methods such as ChIRP (26), CHART (27), RAP (28),
HyPR (29), CRUIS (30), CLIP (31,32) and CLASH (33)
in addition to low-throughput techniques. The ‘Tools’ page
now includes EVlncRNA-pred for predicting the likelihood
of a given lncRNA from high-throughput expression exper-
iments to be functional (41), Context Fold (42) and SPOT-
RNA (43) for RNA secondary structure prediction, and
RNAsnap2 for RNA solvent accessibility prediction (44).

DISCUSSION AND CONCLUSION

The field of lncRNAs has expanded significantly in the last
few years. This is not only because they were found in more
species but more significantly in previously unknown loca-
tions (exosomes) and structures (in circular forms). They
are also induced by various environmental stress factors.
The much-needed update of EVlncRNAs reflects a largely
unexplored world that is emerging with periodic new dis-
coveries. EVlncRNAs 2.0 attempts to capture this exciting
dynamic by manually collecting all recent literature relevant
to lncRNAs. This timely update should provide the scien-
tific community with a must-have platform to further ex-
plore what seems to be unlimited possibilities of lncRNAs
in every aspect of biology.

One new addition in EVlncRNAs 2.0 is the visualiza-
tion capability of interaction networks. Such a visualiza-
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tion tool should be useful for discovering the hubs and is-
lands of the interactions. The binding interaction networks
of lncRNAs in various cancers such as hepatocellular car-
cinoma, gastric cancer, and colorectal cancer have the most
extensive data with a network of more than 100 interacting
molecules. We found that MALAT1 (Figure 3D4), NEAT1,
H19, MEG3, XIST, PVT1 and UCA1 are the lncRNAs with
the most interactions with other biomolecules (all >70).
MiR-21, miR-34a, miR-206, miR-145, miR-214, miR-129-
5p, miR-124 and miR-124-3p are the miRNAs with most
known interactions with lncRNAs (all >20). The protein
EZH2, which binds with the most lncRNAs, can directly
interact with 170 lncRNAs. This is likely due to its asso-
ciations with many types of cancer (45). LncRNAs can be-
have differently in different cancers. For example, MALAT1
binds with 13 biomolecules, including 10 miRNAs and 3
proteins (EZH2, MIT, BRG1) in hepatocellular carcinoma
but 7 biomolecules, including 6 miRNAs and 1 protein
(EZH2) in gastric cancer. Such a difference is interesting
and requires further studies for better understanding.

In conclusion, the new release of EVLncRNAs reveals
fast accumulations of our knowledge in lncRNAs. We fully
expect that such a fast expansion will remain for some times
in the near future because what we have explored is only
a tip of the iceberg. In future, we will update it more fre-
quently due to unexpected sheer volume of the literature.
This will allow the scientific community to stay current with
the evolving field. We also encourage all scientists to submit
and enhance the impacts of their discoveries by using the
submission page.
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