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ABSTRACT

Increasing evidence proves the essential regulatory
roles of non-coding RNAs (ncRNAs) in biological pro-
cesses. However, characterizing the specific func-
tions of ncRNAs remains a challenging task, ow-
ing to the intensive consumption of the experimen-
tal approaches. Here, we present an online plat-
form ncFANs v2.0 that is a significantly enhanced
version of our previous ncFANs to provide multi-
ple computational methods for ncRNA functional an-
notation. Specifically, ncFANs v2.0 was updated to
embed three functional modules, including ncFANs-
NET, ncFANs-eLnc and ncFANs-CHIP. ncFANs-NET is
a new module designed for data-free functional an-
notation based on four kinds of pre-built networks,
including the co-expression network, co-methylation
network, long non-coding RNA (IncRNA)-centric reg-
ulatory network and random forest-based network.
ncFANs-eLnc enables the one-stop identification of
enhancer-derived IncRNAs from the de novo as-
sembled transcriptome based on the user-defined
or our pre-annotated enhancers. Moreover, ncFANs-
CHIP inherits the original functions for microarray
data-based functional annotation and supports more
chip types. We believe that our ncFANs v2.0 carries
sufficient convenience and practicability for biolog-
ical researchers and facilitates unraveling the reg-
ulatory mechanisms of nhcRNAs. The ncFANs v2.0

server is freely available at http://bioinfo.org/ncfans
or http://ncfans.gene.ac.

GRAPHICAL ABSTRACT
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INTRODUCTION

The eukaryotic genome comprises a large portion of non-
coding genes with limited protein-coding potentials. Over
the past decade, non-coding RNAs (ncRNAs) such as long
non-coding RNA (IncRNA), microRNA (miRNA), trans-
fer RNA (tRNA) and small nucleolar RNA (snoRNA) have
been widely verified to interact with protein-coding genes
(PCGs) and participate in various biological processes
through diversified molecular mechanisms (1-4). Neverthe-
less, compared to the relatively well-annotated functions of
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PCGs, much less is known about the regulatory mechanisms
of ncRNA. Moreover, for the rapid growth of the newly
identified ncRNAs and the disproportionate supply of ex-
perimental validation, characterizing the roles of ncRNAs
remains a long way ahead and requires assistance from com-
putational approaches.

Based on high-throughput data and some intrinsic fea-
tures of ncRNAs such as structure and sequence informa-
tion, some bioinformatics methods have been designed for
the functional annotation of ncRNAs. For example, nc-
FANSs (5) is the earliest online server for IncRNA functional
annotation using microarray-based co-expression patterns
between IncRNAs and PCGs. Besides, IncFunTK (6) inte-
grates multi-Omics data and discovers the interactive genes
of IncRNAs to evaluate the importance and predict the
specific functions of IncRNAs. AnnoLnc2 (7) provides a
scheme to identify new IncRNAs, annotate their functions
based on IncRNA-PCG co-expression relationships and
predict the subcellular localization. However, almost all
tools only served IncRNAs and cannot be used for other
kinds of ncRNAs. Furthermore, some of them have entered
a low-support stage and even been inaccessible. Moreover,
most of the currently available tools assigned the functions
of the related PCGs to the query ncRNAs, but they rarely
considered the condition-specific nature of the ncRNA-
PCG relationships, especially the tissue and disease speci-
ficity. All these limitations urge the development of a more
powerful functional annotator.

Therefore, we present ncRNA Functional ANnotation
Server (ncFANs) v2.0, the updated version of our previous
ncFANSs (5), which supports more kinds of ncRNAs, em-
beds more diversified annotation methods and provides a
user-friendly interface. Compared to the old version, nc-
FANs v2.0 comprises three functional modules (Figure
1), including the new ncFANs-NET for data-free func-
tional annotation based on four kinds of ncRNA-PCG
networks, ncFANs-eLnc for enhancer-derived IncRNA (el-
ncRNA) identification and the enhanced ncFANs-CHIP
for microarray data-based functional annotation. Our nc-
FANSs v2.0, thus, carries sufficient practicability for biolog-
ical researchers. This web server is freely available at http:
/[bioinfo.org/ncfans or http://ncfans.gene.ac/ and opens to
all users, and there is no login requirement.

RESULTS

ncFANs-NET for pre-built network-based functional annota-
tion

ncFANs-NET is a new module designed for the data-free
functional annotation of human ncRNAs based on four
kinds of pre-built ncRNA-PCG networks (Figure 2), in-
cluding the normal tissue- and cancer-specific co-expression
network, co-methylation network, general IncRNA-centric
regulatory network, and random forest-based IncRNA-
PCG interactive network. Users only need to input the
query ncRNAs and set the parameters of each chosen net-
work. Notably, the co-expression and co-methylation net-
works support five kinds of ncRNAs (see the table at http:
/Incfans.gene.ac/statistics/), while the other two networks
are dedicated to IncRNAs. As our previous studies have pro-

posed these networks (5,8-12), the construction workflows
will be briefly described as below:

1. Co-expression network. The strategy adopted to con-
struct the co-expression network is similar to that we
previously proposed (9). First, RNA-seq data of 54
normal tissues and 33 cancer types were downloaded
from GTEx (13) and the TCGA portal (https://www.
cancer.gov/tcga). The sample sizes and gene numbers are
recorded at http://ncfans.gene.ac/statistics/. Next, the R
package WGCNA (14) was used to calculate the Spear-
man correlation coefficients (Rho), Fisher’s asymptotic
P-value, and topological overlap measure (TOM) (15).
A pair of genes with adjusted P-value (FDR correction)
<0.05, Rho and TOM greater than user-defined cutoffs
will be co-expressed. Apart from the condition-specific
networks, users can also choose the overall normal or
cancer network, which is defined as the pairs of genes
co-expressed in a certain proportion of tissues or cancer
types.

2. Co-methylation network. Recent studies proposed that
gene pair’s co-methylation patterns always indicated
their similar molecular functions and thus can be used
for ncRNA functional annotation (8,16-18). Our strat-
egy for co-methylation network construction is shown
in the following. For normal tissues, a total of 40 hu-
man methylation profiles based on Bisulfite-seq were
collected from the MethBank database (19) and classi-
fied by methylation types and genomic regions. For each
gene, the methylation level in the specific condition of
methylation type and the genomic region was calculated.
For cancers, Illumina 450K array data were downloaded
from the TCGA database (https://www.cancer.gov/tcga)
of which the probes targeting the promoter regions (+2
kb around transcription start site) were reserved for fur-
ther analyses. Next, the transcripts with at least three
consistent probes in the promoter regions (the average
Spearman correlation coefficients among the consistent
probes should be >0.2) were considered to be valid and
reliable records. Moreover, the average beta values of
the probes targeting the same promoter were assigned
as the gene methylation levels. If a gene has multiple
detectable isoforms and alternative promoters, only the
maximum methylation level was assigned to the gene. Fi-
nally, the correlations between the gene methylation lev-
els were calculated using the R package WGCNA (14) as
described in the above section.

3. LncRNA-centric regulatory network (LncRnet). LncR-
net is composed of the IncRNA-PCG relationships de-
tected by multi-Omics data and software, which is also
proposed by our team (10,11,20). To construct the
IncRNA-centric regulatory network, we investigated the
IncRNA-PCG relationships in aspects of transcription
factor (TF) binding activities, competing endogenous
RNA (ceRNA) mechanism, binding activities of RNA-
binding proteins (RBPs) and IncRNA-DNA triplexes.
The specific workflows of obtaining these relationships
are similar to that used in the published study (10).
Briefly, for IncRNA-TF interaction, a total of 11 356
ChIP-seq datasets involved in 1354 TFs were obtained
from the Cistrome database (21). The ncRNAs with TF
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Figure 1. The workflows of three functional modules of ncFANs v2.0. ncFANs v2.0 is composed of ncFANs-CHIP for microarray data-based functional

annotation, ncFANs-NET for data-free functional annotation based on pre-built networks and ncFANs-eLnc for identification of enhancer-derived IncR-
NAs.

peaks located in the promoter regions were considered
to be regulated. For the ceRNA mechanism, 2656 ma-
ture human miRNAs sequences were downloaded from
the miR Base database (22). Next, the IncRNA-miRNA
and mRNA-miRNA interactions predicted by miRanda
(23) with default parameters were reserved to investigate
the competing possibility and strength between IncR-
NAs and mRNAs, which were assessed by the hypergeo-
metric test and MuTaME scores as previously described
(10). For RBP-binding activities, both experimental and
computational methods are supported. In experimen-
tal method, the IncRNA-RBP interactions identified by
CLIP-seq data were collected from POSTAR?2 database
(24), in which 216 RBPs and 12 963 IncRNAs are in-
volved. In computational method, the sequences of 1803
RBPs annotated in GO:0003723 were obtained from the
Uniprot database (25), of which the binding possibility
to IncRNAs was predicted by IncPro (26) with default
parameter. For IncRNA-DNA triplex, we provided the
information predicted by Triplexator (27), which merely
serves as a reference for users and is not incorporated
into the network construction due to the limited relia-
bility. Finally, all obtained IncRNA-PCG relationships

were integrated with the protein—protein interactions
(PPIs) from the STRING database (28) to construct the
overall interaction network.

4. Random forest-based network (RF-based network). In
this part, the IncRNA-PCG relationships were obtained
based on our recently published method (12). According
to the user-defined cutoff, ncFANs-NET will extract the
qualified IncRNA-PCG interactions and corresponding
PPIs from the STRING database (28) to construct the
overall RF-based network.

After obtaining the relationships between ncRNAs and
PCGs, ncFANs-NET will annotate the functions of ncR-
NAs using hub- and module-based methods described
by Liao et al (9). In the hub-based methods, ncFANs-
NET selected the directly connected PCGs of the hub
ncRNAs in the network and assigned the enriched func-
tions of these PCGs to ncRNAs. The functional enrich-
ment analyses, including gene ontology (GO), KEGG path-
way and MSigDB hallmark enrichment (29) were per-
formed using our self-made scripts (see https://github.com/
zhangyw0713/FunctionEnrichment). In the module-based
methods, SPICi (30) in the unweighted mode and with de-
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Figure 2. Data architecture of ncFANs v2.0, including the pre-built networks of ncFANs-NET, the pre-annotated enhancers of ncFANs-eLnc and the
supported array type of ncFANs-CHIP. The full lists of these data can be fetched at http://ncfans.gene.ac/statistics/.

fault parameter replaced the previous Markov cluster al-
gorithm (MCL) to extract the close-connected modules
from the overall network, owing to the overwhelming per-
formance and speed. According to the assumption that
the genes with similar functions tend to be concentri-
cally distributed, the functions of ncRNAs can be rep-
resented by the enriched functions of PCGs in the same
module.

To explicitly demonstrate the usage of ncFANs-NET,
we performed a case study based on three differen-
tially expressed ncRNAs (IncRNA PVTI, IncRNA
LINC00265 and snoRNA AL356356.1) in human col-

orectal cancer (CRC). First, 3 query ncRNAs and 4234
differentially expressed PCGs in CRC which were identified
by our previous study (11) and served as candidate targets
were input (Figure 3A). Next, four kinds of networks
were chosen (Figure 3A) of which the co-expression and
co-methylation networks can be cancer-specific and thus
set as TCGA-COAD. The other parameters are shown in
Figure 3B. After receiving the launch instruction from the
‘Run’ button, ncFANs-NET started the network-based
functional annotation and returned three parts of results.
In the first part (Figure 4A), ncFANs-NET provided the
basic information of the query ncRNAs especially the
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The parameters of the networks are shown in (B).

expression levels indicating their biological importance
in the tissues or cancers. Next, the functional annotation
results based on the selected networks were displayed in the
second part (Figure 4B). For example, in the result based
on the co-expression network, query ncRNAs-related
network was extracted and visualized in a force-directed
layout as shown in Figure 4B. Moreover, 2 modules and
3 ncRNA hubs were respectively identified. As we can
see, IncRNA LINC00265 and snoRNA AL356356.1 were
simultaneously clustered in module 1, indicating their
similar regulatory functions in molecular biosynthesis in
CRC. Notably, the only significantly enriched hallmark
‘mitotic splendid’ implied their potential role in mitosis
and cell division.

Moreover, the results based on other networks can be
viewed via the left navigation bar (Figure 4C), which pro-
vides more clues for the complex functions of ncRNAs.
Also, the ncRNA-PCG relationships predicted by different
kinds of networks can be optionally merged or intersected.
The PCG-PCG relationships can also be re-defined to ob-
tain a more comprehensive or reliable result (Figure 4D).

ncFANs-eLnc for the identification of elncRNAs

ncFANs-eLnc provides identification of elncRNAs, which
possibly exert enhancer-like function. In this module, users
need to upload either the de novo assembled transcrip-
tome in GTF format (highly recommended) or the align-
ment results of RNA-seq or GRO-seq data in BAM for-
mat. For alignment results, owing to storage and network
issues, we set a threshold on the BAM file size (<200 mb),
which should be suitable for the elncRNA identification on
a certain chromosome (e.g. chrl) or some segments of in-
terests. If users want to analyze the whole transcriptome
data, they are encouraged to perform de novo assembly lo-
cally by using our strategy (see the commands in FAQ page
at http://ncfans.gene.ac/help/) and then upload the GTF
file instead. Next, users either provide the enhancer re-
gions or select the pre-annotated cell- and tissue-specific en-
hancers (Figure 2). Our strategy adopted to annotate the
enhancers is modified from that previously proposed (31).
First, H3K27ac modification ChIP-seq data were collected
from the Cistrome database (21). Peaks entirely located
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within blacklisted regions or promoters which were defined ters to identify the novel ncRNAs. Novel IncRNAs with

as the +2 kb regions around transcription start sites were transcription start site located in enhancers are defined as
filtered out. Considering that the ChIP-seq peaks could be elncRNAs.
narrower than the elncRNA transcription region, we se- In the output interface of ncFANs-eLnc, the details of

lected the £3 kb regions around the center of these tentative the results, including the chromatin coordinates of the
enhancers as potential elncRNA-transcribing enhancers. elncRNAs, the enhancer locations and the putative tar-

After receiving the defined transcriptome and enhancers, gets, are provided (Figure 5). The genes adjacent to the
ncFANs-eLnc first removes the transcripts overlapped with elncRNAs (+1 Mb) are defined as the putative targets
the known coding genes, blacklisted regions and simple re- and the known IncRNAs overlapped with the novel el-

peats and then employ CPC2 (32) with default parame- ncRNAs are also extracted, which can be viewed and
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downloaded by clicking on the blue buttons in the penul-
timate and last columns. Moreover, if the enhancer re-
gions uploaded by users are overlapped with the promot-
ers of the annotated IncRNAs, ncFANs-eLnc will also re-
turn the information of these IncRNAs which can be ac-
cessed by clicking on the button shown in Figure 5. Besides,
the genome browser based on JBrowse (33) is provided
for users to directly view the location of elncRNAs and
enhancers.

ncFANs-CHIP for microarray data-based functional annota-
tion

ncFANs-CHIP retains the original function of our pre-
vious ncFANs (5), which predicts the functions of ncR-
NAs based on the re-annotated microarray data. The work-
flow is shown in Figure 1. Specifically, we first collected
the description files in CDF format of 19 human and 16
mouse Affymetrix microarrays (Figure 2, see the full list
at http://ncfans.gene.ac/statistics/). The probes of these ar-
rays were re-annotated to PCGs and 6 kinds of ncRNAs
(see the table at http://ncfans.gene.ac/statistics/) using the
modified pipeline (5,9). The modification is that we used the
new transcriptome reference sequences from GENCODE
mouse vm24 and human v33 (34), and the mapper STAR
(35) to replace the previous BLASTn (36). Of note, the
tRNA reference sequences were collected from GtRNAdb
2.0 (37). Next, when users upload their raw microarray data
in CEL format and define the array type, the gene expres-
sion values will be calculated based on the correspond-
ing re-annotated probes. The differential expression anal-
ysis and the local coding-noncoding co-expression network
construction with multiple flexible parameters such as fold
change, P-value, correlation coefficient and TOM are op-
tional for users (see the input interface at http://ncfans.gene.
ac/ncFansChip/). If the co-expression network construc-
tion is chosen, the functional annotation will automatically
launch and the functions of ncRNAs will be predicted us-

ing the hub- and module-based methods as described in
ncFANSs-NET.

After a task is submitted, the results will be returned
in several minutes, or users can retrieve the results on the
homepage using the allocated task ID. Here, we provided
a case study based on the Affymetrix HG-U133A_2 ar-
ray data GSE16919 in human embryonic stem cells (hESC)
to exemplify the output. The parameters are default. As
shown in Figure 6A, ncFANs-CHIP returned the gene com-
position of the expression profile calculated from the re-
annotated probes. Besides, the results of the differential ex-
pression analysis and co-expression network results were
also returned as we chose the options. For the differen-
tial expression analysis (Figure 6B), the detailed informa-
tion of 275 up-regulated and 196 down-regulated genes
in the nicotinamide-treated hESCs, such as fold change
and adjusted P-values, was displayed along with the but-
tons for downloading the full lists. Furthermore, the bar
plots showing the enriched functions of the up- or down-
regulated genes in the nicotinamide-induced hESC differ-
entiation alteration can be viewed and saved via clicking
on the yellow buttons. For the co-expression network con-
struction in hESCs (Figure 6C), ncFANs-CHIP provided
the basic information of the network, such as the included
ncRNA and PCG numbers, the hubs and the modules with
at least one ncRNA, and the enriched functions of the
PCGs. In this study, as the network was too large to view
(nodes >1000 or edges >10000), users were encouraged to
download the network in Cytoscape (38) file format to vi-
sualize it locally. Moreover, the information of the modules
and hubs extracted from the overall co-expression network
and used for ncRNA functional annotation follow (Fig-
ure 6C). In these two parts, the ncRNAs, the directly con-
nected PCGs in the hub/module, and their potential func-
tions are listed. For example, in this study, we detected the
IncRNA DLEU2L, MIR22HG, AL450384.2 were clustered
together in module 1, and the connected PCGs were en-
riched in the regulation of histone methylation, which in-
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Figure 6. Output interface of ncFANs-CHIP. ncFANs-CHIP returns (A) the number of ncRNAs and PCGs of re-annotated microarray data, (B) the
information of the differentially expressed genes and (C) the results of functional annotation based on the co-expression network.

dicated the possibly similar functions of these three IncR-
NAs in hESC differentiation through influencing histone
methylation.

DISCUSSION

As the successor of ncFANs, ncFANs v2.0 inherits the origi-
nal features of microarray-based functional annotation and
is invested with prominent enhancement in the diversity of
annotation methods and applicability for more kinds of
ncRNAs, along with a user-friendly and interactive inter-

face. The main improvements include but are not limited to
the below items:

1. ncFANs v2.0 embeds a new module, ncFANs-NET, to
provide data-free functional annotation, in which only
ncRNAs and the background networks should be de-
fined.

2. ncFANs-NET provides multiple kinds of annotation
methods based on the pre-built networks, including
the condition-specific co-expression and co-methylation
networks and the versatile LncRnet and RF-based net-



works. Significantly, the condition-specific networks en-
able more accurate identification of the connected PCGs
and functional annotation.

3. ncFANSs-cLncis the first one-stop platform for eilncRNA
identification.

4. Compared to the previous version, ncFANs-CHIP sup-
ports more types of microarray data and more kinds of
ncRNAs including snoRNAs, rRNAs, miRNAs and so
on (see the table at http://ncfans.gene.ac/statistics/).

Despite of the enhanced functions of our new ncFANs
v2.0, there are still some shortcomings. In the future, we will
put continuous effort into improving it in the following as-
pects. First, more species will be supported in all three mod-
ules to broaden the application fields. Moreover, the mod-
ule for local co-expression network construction and func-
tional annotation based on user-defined sequencing data
will be developed. Next, in ncFANs-NET, we will keep up-
dating the disease-specific networks, which should not be
confined to cancer but include more diseases with sufficient
data, such as Alzheimer’s disease and HIV infection. In
ncFANs-eLnc, the sets of the pre-annotated enhancer re-
gions will be expanded to support more kinds of tissues and
cell lines. It is expected that our ncFANs will benefit from
our efforts and users’ feedback, thus becoming increasingly
powerful and popular.
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