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ABSTRACT

RNA endowed with both protein-coding and noncod-
ing functions is referred to as ‘dual-function RNA’,
‘binary functional RNA (bifunctional RNA)’ or ‘cn-
cRNA (coding and noncoding RNA)’. Recently, an
increasing number of cncRNAs have been identi-
fied, including both translated ncRNAs (hcRNAs with
coding functions) and untranslated mMRNAs (mRNAs
with noncoding functions). However, an appropriate
database for storing and organizing cncRNAs is still
lacking. Here, we developed cncRNAdb, a manually
curated database of experimentally supported cn-
cRNAs, which aims to provide a resource for effi-
cient manipulation, browsing and analysis of cncR-
NAs. The current version of cncRNAdb documents
about 2600 manually curated entries of cncRNA func-
tions with experimental evidence, involving more
than 2,000 RNAs (including over 1300 translated ncR-
NAs and over 600 untranslated mRNAs) across over
20 species. In summary, we believe that cncRNAdb
will help elucidate the functions and mechanisms of
cncRNAs and develop new prediction methods. The
database is available at http://www.rna-society.org/
cncrnadb/.

INTRODUCTION

Over the past decades, the ‘central dogma’ of molecular bi-
ology has been used to describe messenger RNA (mRNA)

as the information-carrying intermediate in protein synthe-
sis (1). Other RNA types, such as transfer RNA (tRNA)
and ribosomal RNA (rRNA), are part of the protein-
synthesizing machinery as well. However, the rapid devel-
opment of high-throughput sequencing technologies has re-
vealed the pervasive transcription of eukaryotic genomes
(2). Subsequently, various kinds of noncoding RNAs (ncR-
NAs), such as microRNAs (miRNAs), long noncoding
RNAs (IncRNAs) and circular RNAs (circRNAs) were dis-
covered, with functions ranging from epigenetic regulation
to transcriptional regulation and signal transduction (3-7).
Consequently, the current narrative of RNA involved arbi-
trarily divided into mRNA and ncRNA according to their
protein-coding capacity (8).

However, recent studies have shown that many previously
annotated ncRNAs have protein-coding functions (trans-
lated ncRNAs) (9,10). For instance, pri-miR171b of Med-
icago truncatula and pri-miR165a of Arabidopsis thaliana
can produce peptides that enhance the accumulation of
their corresponding mature miRNAs (11). The IncRNA
LINCO00961 harbours a peptide named SPAR that can in-
teract with the lysosomal v-ATPase to negatively regulate
mTORCI activation (12). The circRNA circB-catenin can
activate the Wnt pathway through a 370 aa peptide that
it encodes (13). The rapid development of ribosome pro-
filing and mass spectrometry has revealed pervasive trans-
lation outside of annotated protein-coding genes (14-18),
and some databases have recorded many small open reading
frames (smORFs) and micropeptides located in noncoding
regions (19-23). All these findings indicate that there is a
hidden world of small peptides/proteins produced by ncR-
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Figure 1. The classification of cncRNAs in cncRNAdb.

NAs waiting to be explored (24). On the other hand, some
mRNAs have also been proven to harbour noncoding func-
tions independent of the proteins they encode (25). For ex-
ample, the mRNA of P53 can interact with MDM?2, block-
ing E3 ligase activity and stimulating translation of the P53
mRNA (26,27). The pre-mRNA of H2B can function as a
scaffold in the formation of major nuclear bodies (28). Sev-
eral mRNAs (CNOT6L, SERINCI and VAPA) have been
shown to regulate PTEN by competing for common miR-
NAs (29). These clues suggest that some mRNAs in certain
situations may be able to fulfil regulatory functions similar
to those of ncRNAs (30).

Given the above observations, the class of RNAs en-
dowed with both protein-coding and noncoding functions
has been referred to as ‘dual-function RNA’ (31-33), ‘bi-
nary functional RNA (bifunctional RNA)’ (8,34) or ‘cn-
cRNA (this term was proposed as RNA with both coding
and noncoding function in 2015)’ (35,36). In a sense, the
discovery of cncRNA blurred the boundary between ‘cod-
ing’ and ‘noncoding’ RNAs and led researchers to recon-
sider the function, evolution and understanding of RNAs
(8,25,37,38). Recently, an increasing number of cncRNAs
have been identified, including translated ncRNAs and un-
translated mRNAs (18,39-41), and some studies began to
identify cncRNAs by combining different high-throughput
experimental technologies, such as mass spectrometry, ribo-
some profiling and CRISPR-based screening (18,24,42,43).
Here, we developed cncRNAdb (http://www.rna-society.
org/cncrnadb/), a manually curated database of experimen-
tally supported cncRNAs, which aims to provide a resource
for efficient manipulation, browsing and analysis of cncR-
NAs. The current version of cncRNAdb documents about
2600 manually curated entries of cncRNA functions with
experimental evidence, involving >2000 RNAs (including
over 1,300 translated ncRNAs and over 600 untranslated
mRNAs) across over 20 species. In summary, cncRNAdb
provides a user-friendly interface to query and browse de-
tailed information about these cncRNAs and will be of help
in integrating, analysing and predicting cncRNAs, enabling
faster structural and functional research of RNA.

l—| Untranslated mRNA I—IL

DATA COLLECTION AND ORGANIZATION

The cncRNAs in cncRNAdb were curated manually from
peer-reviewed literature (before July 2020). First, we re-
trieved the literature from the PubMed database using the
following keywords: ‘cncRNA’, ‘bifunctional RNA’, ‘dual
function RNA’, ‘translated ncRNA’, ‘untranslated mRNA’,
‘regulatory mRNA’, ‘scaffold mRNA’, ‘sponge mRNA’,
‘competitive endogenous mRNA’ and ‘ncRNA encode pep-
tide’. Then, all retrieved literature was preliminarily re-
viewed by expert curators to remove irrelevant articles.
Meanwhile, to avoid omitting any new cncRNAs, we fur-
ther checked all the articles that cited at least one of the
remaining relevant articles. Only the experimentally sup-
ported data were collected in the cncRNAdDb. Besides, cn-
cRNAGdD collected 504 translated IncRNAs and 53 trans-
lated circRNAs from the SmProt (19) and circRNADD (44)
databases, respectively.

In the most up to date version of cncRNAdb, all the cn-
cRNAs were divided into two categories: translated ncR-
NAs, representing ncRNAs that harbour protein-coding
functions, and untranslated mRNAs, representing mRNAs
that possess noncoding functions that are independent of
the proteins they encode (see Figure 1). Then, the trans-
lated ncRNAs was further divided into 6 subcategories:
IncRNAs, pri-miRNAs, circRNAs, SRNAs, rRNAs and un-
translated regions (UTRs). Meanwhile, after careful con-
sideration common perspectives from multiple review arti-
cles (25,30,36,45) and the characteristics of the data, the un-
translated mRNAs were further divided into three subcat-
egories: regulatory mRNAs, scaffold mRNAs and sponge
mRNAs. Regulatory mRNAs refer to mRNAs that play
regulatory roles in various biological processes, such as pro-
tein binding, action, inhibition and chromatin remodelling
(30,36). Scaffold mRNAs refer to the mRNAs that can
serve as a scaffold to help form ribonucleoprotein com-
plexes (30,36,45). Sponge mRNA refers to the mRNAs that
can act as a competitive endogenous RNAs by competing
with other RNAs (30,36,45). In addition, many studies have
found some ncRNAs play new regulatory roles independent
of their primary function (such as tRNA) (46). It should be
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Figure 2. Data statistics of cncRNAdb. (A) Subcategory distribution of translated ncRNA entries (upper) and ncRNAs (down). (B) Subcategory distri-
bution of untranslated mRNA entries (upper) and mRNAs (down). (C) Organismal distribution of translated ncRNAs (upper) and untranslated mRNAs
(down). (D) Sequence length distribution of peptide encoded by the translated ncRNAs.

noted that these RNAs were not included in cncRNAdb be-
cause of lacking evidence for coding capacity.

To unify the cncRNAs into authoritative reference
databases, the translated ncRINAs were mapped to the En-
semble database (Ensemble Gene ID) (47), NCBI gene
database (Entrez ID), RNAcentral database (RNAcen-
tral ID) (48) and miRbase (miRbase Accession) (49). The
untranslated mRNAs were mapped to the NCBI gene
database (Entrez ID). The orthologous genes of cncRNA
were obtained from Ensemble database (Ensemble Gene
ID) (47).

DATABASE CONTENT

This current version of cncRNAdb documents 2598 man-
ually curated cncRNA-associated function entries with ex-
perimental evidence (including 1,936 translated ncRNA en-
tries and 662 untranslated mRNA entries) involving 2002
cncRNAs (including 1358 translated ncRNAs and 644 un-
translated mRNAs) across 21 species. The distribution of
the translated ncRNA entries and ncRNAs in categories
is shown in Figure 2A, over 85% of translated ncRNAs
are IncRNAs (1200/1358). In addition, we found 144 previ-
ously annotated translated ncRNAs that have been reanno-

tated as protein-coding genes in the NCBI and/or Ensemble
databases. The distribution of the untranslated mRNA en-
tries and ncRNAs are shown in Figure 2B, there are 32 reg-
ulatory mRNA entries (31 mRNAs), 482 scaffold mRNA
entries (482 mRNAs) and 148 sponge mRNA entries (141
mRNAs). The organismal distribution of translated ncR-
NAs and untranslated mRNAs is shown in Figure 2C, and
over 95% of cncRNAs are from humans and mice. More-
over, the length distribution of the ncRNA-coding peptides
is shown in Figure 2D, over 90% of the ncRNA-coding pep-
tides contain fewer than 20 aa (1749/1927).

DATA QUERYING, SEARCHING AND BROWSING

To make it convenient for users to query and browse data,
cncRNAdb provided three different search methods on the
‘Search’ page (see Figure 3), including ‘By Keyword search’
(search by inputting keywords of RNA name or disease
name, fuzzy search is supported), ‘By Locus search’ (search
by inputting a locus of RNA with the associated option
of organism) and ‘By Blast search’ (search by inputting an
RNA or peptide sequence).

A brief summary of the search results is presented in a
table. Detailed descriptions, such as peptide sequence and
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Figure 3. The ‘Search’ page and ‘Detail’ page of cncRNAdb. cncRNAdb provides three different search methods on the ‘Search’ page, including ‘By
Keyword search’, ‘By Locus search’ and ‘By Blast search’. The ‘Detail’ page presents more associated information on the cncRNAs, such as basic cncRNA
information, peptide information (only for translated ncRNA), supporting experimental evidence, orthologues of the cncRNA, PubMed ID and description
of the reference. Moreover, the disease, subcellular localization and interaction information (from OMIM database (50), MNDR v3.0 (51), RNALocate

(52) and RNAInter (53)) of the cncRNAs were also provided.

description of the reference, are shown in ‘Detail’ page
by clicking ‘more’. The ‘Detail’ page presents more infor-
mation associated with the cncRNAs (see Figure 3), such
as basic information for the cncRNA, peptide sequence
and length (only for translated ncRNA), supporting experi-
mental evidence, orthologous genes (Human, Chimpanzee,
Mouse, Drosophila melanogaster and Zebrafish) of the cn-
cRNA, PubMed ID and description of the reference. More-
over, the disease, subcellular localization and interaction in-
formation (from OMIM database (50), MNDR v3.0 (51),
RNALocate (52) and RNAInter (53)) of the cncRNAs were
also provided.

Furthermore, cncRNAdb provides the ‘Browse’ page to
help quickly browse data. Users can browse translated
ncRNA and untranslated mRNA in three different ways,
‘Browse by RNA type’, ‘Browse by Organism’ and ‘Browse
by Method’. The related cncRNA information is presented
by clicking each entry. Moreover, users can also quickly
browse cncRNAs by clicking the schematic plots presented
on the ‘Home’ page.

DISCUSSION AND FUTURE PROSPECTS

At present, many bifunctional RNAs have been identi-
fied by multiple experiments (in vitro and in vivo assay)
(12,40). However, there is still a large part of bifunctional

RNAs screened by high-through methods need further ex-
perimental validation (24). Systematically collecting, or-
ganizing, and grading these RNAs by diverse experimen-
tal evidence would be valuable for study on bifunctional
RNA. Therefore, we developed cncRNAdb, a manually cu-
rated database of experimentally supported cncRNAs con-
taining both translated ncRNAs and untranslated mRNAs.
The current version of cncRNAdb documents about 2,600
manually curated entries on cncRNA function and pro-
vides stratified and detailed experimental evidence. On the
one hand, the various unconventional functions of RNAs
stored in cncRNAdb might provide new clues for the ex-
ploration and functional characterization of RNA. On the
other hand, the continued identification and collection of
cncRNAs will definitely extend our former understand-
ing of the role of RNAs in cellular processes and organis-
mal evolution, leading us to reconsider the function, evolu-
tion and understanding of RNAs (8,25,37,38). In addition,
given the growing evidence that ncRNA translation prod-
ucts play important roles in various biological processes re-
lated to diseases (34), cncRNAdb might provide a useful re-
source for the identification and exploration of new disease
biomarkers and/or drug targets. In summary, cncRNAdb
provides a user-friendly interface for the query and brows-
ing of detailed information about cncRNAs, and will help
elucidate their functions and mechanisms of action for the



development of new prediction methods. In the future, we
will continue to collect cncRNAs from both translated ncR-
NAs and untranslated mRNAs and update cncRNAdb.
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