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Abstract. Non-coding RNAs (ncRNAs), especially for microRNAs (miRNAs), 
have been widely s tudied as  crucial negative regulatory molecules. Long non-
coding RNAs (lncRNAs) also have attracted the attention of researchers due to 
their potential contribution in multiple essential biological processes. To under-
stand th e p otential in teractions between miRNAs, l ncRNAs and mRNAs a nd 
their p otential r oles i n tumorigenesis, w e reported an  i ntegrative an alysis t o 
predict clustered ncRNA-mRNA with consistent functions, and predict clusters 
at the single molecule level. The method aims to discover those potential clus-
ters o f coding-non-coding RNAs that maybe contribute to occurrence and d e-
velopment of human diseases. Based on e xpression profiles and abnormal ex-
pression profiles of  m iRNAs, l ncRNAs and m RNAs, co -expression network 
analysis can be performed at the single molecule and multiple RNA molecules, 
respectively. Some cl ustered R NAs at  t he s ingle R NA m olecule can  be ob-
tained, an d t hese m embers al ways h ave co nsistent f unctions. Although t hese 
non-coding RNAs or  coding RNAs ar e an alyzed at t he s ingle molecule l evel, 
they have close functional relationships, especially between miRNAs and their 
target mRNAs. Therefore, based on their potential functional and sequence rela-
tionships, further coding-non-coding co-expression network can be constructed 
based on integrative expression and functional analysis acr oss d ifferent mole-
cule levels. The comparison analysis of the single and multiple molecules will 
provide m ore i nformation t o pr edict i nteraction between miRNAs a nd 
lncRNAs, ncRNAs and mRNAs. Furthermore, based on special miRNA group 
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with potential functional relationships, such as miRNA gene c luster and gene 
family, especially for complex miRNA processing and maturation mechanism, 
and p otential miRNA-miRNA in teraction, m iRNAs are i nvolved i n t he m ore 
complex regulatory network and pattern. The location distributions and poten-
tial s equence correlations ar e al so an alyzed acr oss d ifferent R NA molecules, 
which maybe implicate the potential functional relationships between ncRNAs 
and m RNAs, es pecially b etween m iRNAs an d lncRNAs. T he s ystematic an d 
large-scale co-expression networks based on the single and multiple RNA mol-
ecule l evels will provide m ore association of  c oding-non-coding R NAs a nd 
their potential contributions in occurrence and development of diseases. Finally, 
the analysis also implicates the functional and evolutionary relationships across 
coding and non-coding RNAs.  

Keywords: miRNA; lncRNA; mRNA; integrative analysis; co-expression 

1 Introduction 

Non-coding RNAs ( ncRNAs) h ave b een widely studied because t heir versatile an d 
essential biological roles. Of these, microRNAs (miRNAs) are a class of major nega-
tive regulators at the post-transcriptional level [1]. They are shorter (~22-nt) ncRNAs 
and phylogenetically well-conserved i n d ifferent an imal species. T hey can  r egulate 
gene expression through binding to complementary sequences in their target mRNAs, 
which promotes t ranslational r epression or  mRNA de gradation [ 2, 3]. T he small 
ncRNAs show crucial biological roles as key negative regulators of gene expression, 
and t hey c ontribute t o many es sential b iological p rocesses [ 4] an d o ccurrence an d 
development o f many human d iseases [ 5]. S imilarly, l ong non-coding R NAs 
(lncRNAs) al so h ave at tracted m any researches b ecause t heir potential b iological 
roles, such as  they may be potential r egulatory molecule as well a s miRNAs [6, 7 ]. 
These ncRNAs have close correlations with coding RNAs, mRNAs. 

Generally, we p erform e xpression a nalysis o f t he single molecule l evel ( such a s 
mRNA, mi RNA, lncRNA, a nd e tc.) to d iscover p otential mechanism i n t he o ccur-
rence and development of human diseases, despite any disease contains complex and 
abnormal b iological p rocesses t hat ar e i nvolved in m ultiple m olecules, including 
many nc RNAs a nd c oding RNAs and p otential in teractions across d ifferent mole-
cules. Therefore, it is not enough to understand the complex mechanism vi a simple 
analysis of the single RNA molecule level. The systematic and genome-wide analysis 
based on  co-expression ne twork a nalysis a cross m ultiple R NA molecules le vels is  
quite necessary to unveil potential mechanisms in human diseases. 

By applying gene co-expression analysis, we can predict clustered genes that may 
be relevant to cancer development and prognosis. Members in a cl uster always have 
consistent functions a nd b iological r oles. P otential b iomarker in  different t ypes of  
cancers can be predicted by using co-expression analysis. As crucial regulatory mole-
cules, such as miRNA and lncRNA, they play key roles in gene expression that con-
tribute to  multiple e ssential b iological processes. T herefore, systematic a nalysis 
across different molecule levels is quite essential to unveil potential complex mecha-
nism in tumorigenesis. Herein, we reported a m ethod to predict c lusters of mRNAs, 
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lncRNAs and miRNAs in the single and m ultiple molecule level. To further under-
stand potential interaction between d ifferent molecules, we a lso a ttempted to  obtain 
clustered coding-non-coding RNAs via an integrative analysis across d ifferent RNA 
molecules. Furthermore, based on miRNA gene clusters and gene families, a series of 
miRNAs can be analyzed through their potential close functional a nd physical rela-
tionships as well as miRNA processing and maturation mechanisms. 

 

2 Materials and Methods 

According to obtained abundantly expressed miRNA, lncRNA a nd mRNA datasets, 
an integrative analysis can be performed based on their potential expression relation-
ships using c orrelation a nalysis, s imultaneously including their functional r elation-
ships a nd l ocation d istributions o n chromosomes ( Fig. 1 ). Co -expression ne twork 
analysis w ill be c onstructed a t th e s ingle molecule a nd m ultiple R NA molecules. 
Some special RNA groups should be considered according to their potential function-
al relationships. For example, miRNA gene clusters and gene families (Fig. 1). These 
special miRNAs maybe co-regulate or co-contribute to multiple biological processes, 
and t hey a re t hought with the s ame a ncestor miRNA genes. Although t he c o-
expression network based on the single molecule will be focused on mRNA level, the 
theoretical and virtual analysis may be consistent or inconsistent, especially they a l-
ways are involved in complex regulatory patterns. Co-expression network of multiple 
RNA molecules, coding-non-coding RNAs based on integrative analysis, will show a 
complex regulatory network of miRNA, lncRNA and mRNA expression profiles. The 
comparison of results of the single and multiple RNAs will indicate the potential rela-
tionships across coding and non-coding, and different non-coding RNAs (Fig. 1). 
 

3 Results and Discussion 

Next-generation s equencing t echniques p rovide a n opportunity t o o btain ge nome-
wide R NA e xpression pr ofiles, especially f or those n on-coding R NAs. As cr ucial 
regulatory molecules, these ncRNAs play important roles in multiple biological pro-
cesses via t argeting messenger R NAs (mRNAs). T he a nalysis b ased o n t he single 
RNA molecule has been widely s tudied, but it i s not enough to unveil the complex 
relationships between d ifferent RNAs, particular between ncRNAs and mRNAs. In-
deed, f unctions of  s ome ncRNAs, es pecially for l ncRNAs, ar e s till r emain l argely 
unknown. Any abnormal biological pathway may be involved in a series of aberrantly 
expressed ncRNAs. The regulatory patterns lead to more complex regulatory network 
in vivo across different RNA molecules. Therefore, it is necessary to unveil their po-
tential relationships, especially for predict functional clusters that may be relevant to 
cancer development and prognosis.  
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Fig. 1. A flowchart of co-expression analysis for the single molecule and integrated analysis of 
multiple molecules. 

According to miRNA, lncRNA and mRNA expression profiles, co-expression net-
work analysis can be used to obtain potential functional clusters and unveil the poten-
tial functional relationships across multiple RNAs. Due to the complexity of regulato-
ry network, the analysis can be performed based on the single and multiple RNA mol-
ecules. Firstly, e ach R NA molecule is  c onstructed co -expression network ba sed on  
abundantly expression profiles and potential relationships with mRNAs (Fig. 1). For 
example, miRNAs play biological roles via negatively regulating their target mRNAs. 
As a cl ass o f small and f lexible non-coding RNAs, miRNAs a lways co-regulate the 
same pathway b y forming some miRNA groups (such as miRNA gene clusters and 
gene families) [8]. These clustered and/or homologous miRNAs may be derived from 
complex historic duplication processes, and restrict the evolutionary divergence with 
the s imilar o r same functional r egions (nucleotides 2 -8, seed sequences). Moreover, 
multiple isomiRs can be yielded from the miRNA locus due to alternative and impre-
cise cleavage o f Drosha and Dicer [9, 10]. miRNA-miRNA interaction maybe con-
tribute to dynamic miRNA expression profiles and regulatory patterns [11, 12]. All of 
these characteristics should be considered, although the theoretical and virtual expres-
sion patterns of mRNAs are always inconsistent due to involved in complex regulato-
ry networks. S econdly, a n integrative a nalysis acr oss d ifferent RNA molecules i s 
performed based on their potential r elationships, including the f unctional, s equence 
and location distribution relationships. The sequence similarity always implicates the 
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potential binding e vent a nd r egulatory patterns between ncRNAs and mRNAs. T he 
further co-expression network of coding-non-coding RNAs can be constructed based 
on the integrative analysis. The clustered RNAs imply the potential relationships be-
tween different R NA m olecules, although ncRNAs always negatively regulate their 
target mRNAs. Finally, the networks of the single RNA molecule and multiple RNA 
molecules will indicate the potential correlations by comparison analysis. 

Furthermore, we can  co nstruct the co-expression ne twork by us ing the a bnormal 
RNA expression p rofiles i n the diseased samples o r t reated samples. The aberrantly 
expressed n cRNA a nd mRNA pr ofiles will pr ovide m ore direct in formation in  th e 
occurrence an d d evelopment o f diseases. N cRNAs can  negatively r egulate c oding 
RNAs, although d ifferent nc RNAs a lso maybe ha ve c lose f unctional relationships. 
Each miRNA may have thousands of target mRNAs, and each mRNA also may be 
regulated by multiple miRNAs, such as miRNA gene clusters and gene families can 
co-regulate b iological p rocess. D ifferent miRNAs a lso s how potential i nteractions 
based o n r everse co mplementarily binding ev ents b etween m iRNAs, es pecially b e-
tween sense and antisense miRNAs [11, 12]. miRNAs and their target mRNAs show 
flexible e xpression, a lthough t hey should show oppos ite e xpression pa tterns via 
miRNA-mRNA interaction. Therefore, the comprehensive analysis based on the aber-
rantly miRNA, lncRNA and mRNA profiles will provide the actual abnormal expres-
sion i n t he di seased or  treated s amples. M oreover, d ifferent R NA molecules show 
potential evolutionary relationships. The clustered co-expression network also impli-
cates their phylogenetic relationships, which also provide more information to unveil 
the potential functional implications. Most of lncRNAs still remain largely unknown, 
while the co-expression network analysis of multiple RNA molecules can provide the 
implication of lncRNAs. Taken together, the co-expression network analysis based on 
the integrative analysis of multiple RNAs, coding and non-coding RNAs, will provide 
more information a bout unveiling pot ential c oding-non-coding RNA cl usters an d 
functional and evolutionary implication. 
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