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Introduction: Long non-coding RNAs (lncRNAs) are a recently discovered class

of non-coding functional RNA which has attracted immense research interest.

The growing corpus of literature in the field provides ample evidence to

suggest the important role of lncRNAs as regulators in a wide spectrum of

biological processes. Recent evidence also suggests the role of lncRNAs in

the pathophysiology of disease processes.

Areas covered: The authors discuss a conceptual framework for understanding

lncRNA-mediated regulation as a function of its interaction with other biomo-

lecules in the cell. They summarize the mechanisms of the known functions of

lncRNAs in light of this conceptual framework, and suggest how this insight

could help in discovering novel targets for drug discovery. They also

argue how certain emerging technologies could be of immense utility,

both in discovering potential therapeutic targets as well as in further

therapeutic development.

Expert opinion: The authors propose how the field could immensely benefit

from methodologies and technologies from six emerging fields in molecular

and computational biology. They also suggest a futuristic area of lncRNAs

design as a potential offshoot of synthetic biology, which would be an

attractive field, both for discovery of targets as well as a therapeutic strategy.

Keywords: artificial lncRNA, biomolecular interactions, cancer, comparative genomics,

DNAzyme, drug discovery, genomics, high-throughput screening, long non-coding RNA,

non-coding RNA, oligonucleotide delivery, small molecules, synthetic biology, systems biology,

transcriptome

Expert Opin. Drug Discov. [Early Online]

1. Introduction

The decade following the completion of human genome sequencing has witnessed
unprecedented advancements in the approaches to study genome organization and
function. The most noticeable improvements have been in the high-throughput
DNA sequencing technologies and the increasing cost-effective DNA sequencing,
enabling sequencing as a research tool to address biological questions on a
genome-wide scale at a single nucleotide resolution [1-5]. Consequently, a number
of international collaborative initiatives such as the 1000 Genomes project [6,7]

and ENCODE [8] have provided comprehensive understanding of the genome-
based diversity of human populations along with its organization and regulation.
This has also been supplemented by initiatives of sequencing multiple individuals
and populations such as the Korean [9], Chinese [10], Sri Lankan [11,12], Indian [13],
and other genome projects.

Recent high-resolution transcriptome maps have led to a paradigm shift in the
classical belief regarding the proportion of transcriptionally active genome, thereby
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establishing that a larger fraction of eukaryotic genome
encodes for transcripts. Many of these transcriptionally active
regions also overlapped with regions previously annotated as
“junk” [14]. Even as alternate, functionally distinct RNA
classes were being discovered, there were several reports of
transcriptional noise that was supposed to arise from consti-
tutive weak RNA PolII processivity. With the advent of
high-throughput microarray and sequencing technologies, it
was soon apparent that these random, noise transcripts
accounted for approximately 90% of all transcripts with
only 1 -- 2% of total transcripts coding for protein [15]. This
indicates additional decisive roles of RNA in the living
system, besides being a messenger molecule. The present
annotations of transcripts suggest that many of these tran-
scripts do not encode for a functional protein, and hence
have been classified into a large class of transcripts named as
non-coding RNA (ncRNA). Non-coding RNAs encompass
a wide variety of classes, organized in multiple different

subclasses based on their sizes, functions, and genomic loci.
The diversity of ncRNA, lacking conservation across evolu-
tionary space, was an enigma leading to the term “dark matter
of the transcriptome” to describe it [16,17].

Some of the classes of ncRNAs are relatively well under-
stood in terms of their biogenesis, regulation, and function.
A notable example is of a class of small ncRNAs called
microRNAs (miRNAs), which are critically implicated in
the disease pathophysiology of several disorders such as
cancer, therefore garnering appreciable interest to further
understand their biology and regulation [18-20]. Another class
of ncRNAs is long non-coding RNAs (lncRNAs), previously
discovered through full-length expressed sequence tags as
opposed to the present approach based on high-throughput
sequencing of whole-cell cDNA [21]. By definition, the
lncRNAs are transcripts > 200 nucleotides, have no potential
to encode for a polypeptide > 30 amino acids, and are not
already in any functionally annotated classes of ncRNA [22].
However, according to the present classification, the previ-
ously annotated classes of ncRNAs such as antisense RNAs,
processed pseudogenes, and large intergenic ncRNAs are
also a part of lncRNA.

In the present review, we summarize the general functions
of lncRNAs as a sum of interactions with other biomolecules
including DNA, RNA, protein, and other small molecules.
We also suggest how such an approach would be useful to
understand the possible mechanisms or opportunities for
discovering novel therapeutic strategies.

1.1 Biogenesis and function of long non-coding RNAs
Except for a small subset of lncRNAs, not much is known on
the regulation, biogenesis, and function of the lncRNAs.
Evidence suggests that a majority of lncRNAs are transcribed
by PolII and PolI, with a small minority thought to be
transcribed by PolIII [23]. Similar to other messenger RNAs,
they are capped and poly-adenylated, and are also subject to
extensive splicing [24,25]. According to definition, as lncRNAs
comprise multiple classes, and some of them are also previ-
ously annotated as antisense transcripts, processed pseudo-
genes, and large intergenic non-coding RNA, many of them
fall in functionally distinct classes. The classification of the
lncRNAs derived from the Gencode [26] dataset of annotated
RNAs is summarized in Figure 1.

Recent evidence suggests their widespread involvement in
regulation of chromatin organization and gene expression at
transcriptional and post-transcriptional levels [27]. The advent
of new techniques such as chromatin isolation by RNA
purification and increased sensitivity of methods such as
sequencing can be used to understand the complex interplay
between lncRNA and their cohorts [25]. In depth study of
lncRNA has become a crucial undertaking in our endeavor
to understand biological complexity. Increasing evidence
suggests the involvement of lncRNAs in the gene expression
regulatory system influencing recruitment of transcription
factors, coactivators, basal transcription machinery, and the

Article highlights.

. Long non-coding RNAs are > 200 nts transcripts with no
or very less coding potential including antisense RNAs,
processed pseudogenes, and large intergenic ncRNA as
part of lncRNA.

. Many lncRNAs have been found to be differentially
expressed with cancers and other diseases.

. Emphasis is on studying the lncRNA interaction using
system biology approach.

. Different therapeutic strategies such as oligonucleotide
targeting, use of small molecules, can be used to
modulate the expression of various lncRNAs associated
with the diseases. Self-designed catalytic oligonucleotide
that harbors an RNA recognition and RNA cleavage
domain exemplified by a ribo or deoxyribozyme could
be effectively used as a catalytic inhibitor to study both
in vitro and in vivo effects of ncRNAs. In addition to it,
small molecules such as aminoglycosides can be used in
modulating RNA expression and function both in vitro
and in vivo.

. The mechanism of action of lncRNAs still remains
unclear, but the conceptual framework to understand
the biomolecular interactions lncRNAs participate in
would provide ample opportunity to understand
potential areas that could be exploited for
drug discovery.

. Many lncRNAs such as HULC, MEG-3, have been found
to be differentially expressed with cancers and other
diseases associated with neurological disorders such as
Alzheimer’s disease and autoimmune disorders such as
systemic lupus erythematosus.

. LncRNAs could modulate biological processes by
interacting with other biomolecules at different levels
of organization of biological interactions. There can be
RNA--DNA, RNA--RNA, or RNA--protein interactions.
Thus, using system biology approach, it would be
interesting to decipher the kind of interactions and
reveal the mode of action of the lncRNAs in the
biological processes.

This box summarizes key points contained in the article.
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stability of the transcription [28]. A subset of known lncRNAs
have been shown to interact with polycomb repressive
complex (PRC) machinery, and among those that have been
shown to interact with PRC1 or PRC2 lead to heterochroma-
tin formation [29] via histone methyltransferases, for example
Xist--one of the earliest studied lncRNA coded from the
X chromosome. Xist causes X chromosome inactivation in
diploid female cells in mammals [30]. Long non-protein
coding RNAs also function as adaptors (tRNAs) and ribo-
somal components (rRNAs) during translation [24]. To date,
a vast array of functions has been attributed to lncRNA, and
it is being increasingly evident that aberrant lncRNA activity
might be associated with disease conditions [31]. For example,
p53, a well-studied oncogene interacts with lncRNA,
implicates the role of lncRNA in cancer [28,32]. It has also
been suggested that the presence of lncRNA in higher orga-
nisms indicates its role in the emergence of phenotypic
complexity [21,33].

1.2 Understanding the role of long non-coding RNA

in biological systems as a function of biomolecular

interactions
Conceptually, understanding lncRNA as a biomolecule and
dissecting out possible binary and ternary interactions with
other biomolecules would enable one to understand the types
of functional interactions and their biological consequences,
and try to explore how targeting these interactions can be a
specific and fruitful approach toward drug discovery.
A conceptual framework to understand the biomolecular
interactions lncRNAs participate in would provide ample
opportunity to understand potential areas that could be
exploited for drug discovery. In short, we summarize the
binary interactions between lncRNAs and three major

classes of biomolecules -- DNA, RNA, and protein -- as
lncRNA--RNA, lncRNA--DNA, and lncRNA--protein, and
ternary interactions involving a third component of the mol-
ecules in addition to the binary interactions. We also propose
that small molecules could be important interacting biomole-
cules, through interaction and modulation of lncRNA bio-
genesis or function that has not been described in the
literature. Figure 2 summarizes both the binary and ternary
interactions with the four major classes of biomolecules in
the cell.

Only a few lncRNAs have been explored in detail for their
functional interactions. The present list of lncRNAs has been
summarized in Table 1. The present understanding of these
interactions constitutes just a tip of the iceberg, majority of
which are limited to well-studied diseases such as cancer.
The increasing interest to understand molecular mechanism
and functions of many lncRNAs in the immediate future
would significantly enrich the understanding of the mecha-
nism and enable us to molecularly dissect their functions as
a product of their interactions.

1.3 Systems Biology Approach to understanding the

long non-coding RNA interactions
LncRNAs could modulate biological processes by interacting
with other biomolecules at different levels of organization of
biological interactions. This could be right from the chroma-
tin organization, as in the case of HOTAIR or regulation of
transcription, by modulating histone and transcription factor
binding, as in the case of GAS5 [34]. LncRNAs could further
influence gene regulation by interacting with other RNA
species, both protein-coding and non-coding. Ample evidence
exists for the regulation of RNAs processed from pseudo-
genes, either acting through antisense-mediated mechanisms

lincRNA

Antisense

Processed transcript

Sense intronic

Non coding

Ambiguous Orf

Sense overlapping

ncRNA Host

3prime overlapping ncRNA

Retained intron

Figure 1. The distribution of long non-coding gene classes from the fraction of the noncoding transcriptome in human.
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or by acting as microRNA decoys [35]. It could also modulate
the regulation of other regulatory RNA species including
miRNAs, exemplified by the competing endogenous RNA
(ceRNA) hypothesis [36]. This model of interaction is exempli-
fied by the interaction between HULC and hsa-mir-372 [37].
There are also suggestions that lncRNAs could affect biologi-
cal phenomena by binding to proteins. It has been suggested
that lncRNAs could modulate critical proteins of the signaling
pathway such as Ras GTPases, and thus could potentially
regulate the formation of protein complexes and their acti-
vities [38]. This mechanism has been hypothesized to be one
of the potential ways in which lncRNAs could be associated
with the pathogenesis of cancers.

1.4 Role of lncRNAs in disease processes
It has been demonstrated that lncRNAs are involved in a
number of disease processes, including cancer and cancer
metastases, as well as neurological disorders such as Alzheimer’s
disease and autoimmune disorders such as systemic
lupus erythematosus [31]. HOX antisense intergenic RNA
(HOTAIR), a 2.2-kb gene located in the mammalian HOXC
locus on chromosome 12q13.13, has been one of the earliest
candidates studied in detail [39]. This lncRNA is a strong
predictor of metastasis in breast tumors, as its transcription
was found to have increased by 2000-fold in primary as well
as metastatic breast tumors compared with normal breast
tissue [40-42]. Since it is a reliable marker being associated with

metastasis, it has been suggested that it could be potentially
used as a biomarker for diagnosis, with a possibility that its
knock down or silencing could provide a new therapeutic
possibility in invasive cancers.

HULC or highly up-regulated in liver cancer is another
lncRNA found to be over-expressed in liver cancer through
microarray studies [43]. In addition to liver cancer, HULC
was found to be significantly up-regulated in metastatic hepatic
colorectal cancer and hepatitis B virus (HBV) producing hepa-
tocellular carcinoma cell lines (HCC) [44,45]. In prostate
tumors, one of two over-expressed lncRNAs, PCGEM1, is
correlated with increased proliferation and colony formation,
suggesting an involvement in regulating cell growth [46]. The
recently described prostate cancer non-coding RNA 1
(PCNCR1) lncRNA was identified on chromosome 8q24.2,
and is associated with prostate cancer. PCNCR1 is expressed
as an intron-less, approximately 13 kb transcript, with an
important role in trans-activating androgen receptor (AR), a
key player in progression of prostate cancer [47]. The lncRNA
differential display code 3 (DD3) is also highly over-expressed
in prostate cancer; however, not much is known about the
role of DD3 in prostate cancer progression [48].

1.5 Therapeutic strategies for modulating long

non-coding RNAs
Apart from the biological functions and mechanisms that could
be targeted for drug discovery, it is imperative to discuss the
methods and mechanisms of fine-tuning lncRNA function.
These methodologies are not restricted to the therapeutic appli-
cations of lncRNAs, but could also be generally employed for
functional assays in both in vitro and in vivo models. In the
following section of the review, we summarize the two major
strategies to modulate ncRNA function.

1.6 Oligonucleotide-based targeting of long

non-coding RNAs
Oligonucleotides have been an attractive strategy to inhibit
function of ncRNAs and have been extensively used as a
research tool. Increasingly, the field has shown interest in
extending them to therapeutic applications. Two major classes
of oligonucleotide-based approaches have been widely used:
i) The antisense-based and ii) catalytic oligonucleotide-
based approaches. The former has been extensively used as a
research tool in deciphering functions of lncRNAs and have
also been explored as a therapeutic strategy. The latter
category includes both DNAzymes and RNAzymes. Our
group has earlier shown that designed catalytic oligonucleo-
tides that harbor an RNA recognition and RNA cleavage
domain exemplified by a ribo or deoxyribozyme could be
effectively used as a catalytic inhibitor to study both in vitro
and in vivo effect of ncRNAs [49,50]. Furthermore, base
modifications of the oligonucleotide could confer them
additional specificity and stability. The same approach could
be employed to design specific lncRNAzymes with base

RNA

DNA

Protein

lncRNA

A

B

C

D

E

F

Figure 2. Biomolecular interaction of lncRNAs with other

cellular biomolecules: (A) RNA--protein interactions, (B)

regulation of lncRNAs through formation of ribonucleopro-

tein complexes, (C) lncRNA interactions with other RNA

species including messenger RNA and other ncRNAs, (D)

lncRNA interaction with DNA motifs, (F) interaction of

lncRNAs with small molecules, (E) RNA--DNA interactions.
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Table 1. Long non-coding RNAs and their probable biomolecular interactions along with disease associations.

Long Non-coding

RNA name

Biomolecular interactions Disease associations Ref.

H19 RNA--DNA(IGF2) Lung, liver, breast, colorectal, prostate,
ovary, cervix, esophagus, and bladder
cancer

[31,59]

HOTAIR RNA--protein (polycomb repressive
complex 2 (PRC2))

Breast cancer, hepatocellular
carcinoma

[42,60]

MALAT1/NEAT2 RNA-- protein (SR splicing protein),
RNA--DNA (motility-related genes)

Cancers of breast, cervix, colon, lung,
uterus, pancreas, liver, osteosarcoma,
and neuroblastoma

[61,62]

HULC RNA--DNA(CREB) Hepatocellular carcinomas and hepatic
colorectal metastasis

[43,45]

PCGEM1 RNA--protein (PARP cleavage
inhibition), RNA--DNA(p53,p21)

Prostate cancer [46,63]

PRNCR1 NA Prostate cancer [47]

BIC/ MIRHG2 NA B cell lymphoma [64]

DD3 NA Prostate cancer [48]

MEG3 RNA--DNA (p53) Brain tumor [65-67]

PTENP1 NA Prostate cancer [61]

LSINCT5 NA Ovarian and breast cancer [68]

BACE1AS RNA--RNA (BACE1 RNA stabilization) Alzheimer’s disease [69]

FMR4 RNA--DNA (antiapoptotic genes) Fragile X syndrome [69]

PRINS RNA--DNA(G1P3) Psoriasis [70,71]

AK082072 NA Autism [69]

BC200 RNA--RNA(translational repressor) Breast cancer, aging, Alzheimer’s
disease

[72,73]

LOC285194/BC040587 NA Osteosarcoma [74]

UCA1 RNA--DNA (WNT6, CYP1A1, AURKC) Bladder carcinoma, pancreaticobiliary
maljunction

[75-77]

Anti-NOS2A NA Brain cancer like meningiomas and
glioblastomas

[78]

TUC338 NA Hepatocellular carcinoma [79]

Anril RNA--Protein (SUZ12: a component of
PRC2)

Ankle-brachial index,
neurofibromatosis, coronary disease,
intracranial aneurysm and also
type 2 diabetes

[80-83]

Gas5 RNA--Protein (GR transcription factor) Controls apoptosis/growth arrest,
down-regulated in breast cancer

[84]

XIST RNA--DNA (X chr inactivation) [85]

SPRY4-IT1 NA Melanoma [86]

Linc-MD1 NA Muscle differentiation [87]

NEAT1/VINC RNA--protein (P54nrb: paraspeckle
protein)

[88]

TUG1 RNA--Protein (PRC2) Huntington [89]

TSIX RNA--DNA (CTCF), RNA--RNA (XIST) [90]

TelRNAs/TERRA RNA--DNA (chromatin modification at
telomeres)

SRA RNA--DNA (AF-1 activity of ER alpha. Breast cancer, prostrate tumorigenesis [91]

SCA8 NA Spinocerebellar ataxia type8 [92]

Nkx2.2AS RNA--DNA (Nk2.2, Nk2.4, Nlkx2.9,
Nlkx2.5, Hmx3)

[93]

Nespas Gnas Pseudohypoparathyroidism type Ib [94]

KCNQ1OT1 RNA--DNA (ICR2 hypomethylation) Beckwith--Wiedemann syndrome and
Silver--Russell syndrome

[95]

NDM29 RNA--DNA (cell differentiation genes) Neuroblastoma [96,97]

LOC285194 RNA--DNA (apoptotic gene expression) Osteosarcoma [74]

Gadd7 NA ER stress leading to lipotoxicity [98]

Gomafu/MIAT RNA--Protein (nuclear protein) Myocardial infarction [99]

ANCR (anti-differentiation
ncRNA)

NA Suppression of progenitor cell
differentiation

[100]

Conceptual approaches for lncRNA drug discovery and future strategies
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modifications to confer additional stability and specificity of
targeting lncRNAs.
The widespread application of oligonucleotide-based

approach as a therapeutic strategy has not been attractive,
partially due to the non-availability of methods to specifically
deliver the oligonucleotide to the target tissue or cell type with
high specificity, apart from the toxicity conferred by base
modifications. Further advancements in the research into
targeted delivery would enable researchers to actively pursue
oligonucleotide as a therapeutic approach.

1.7 Small molecules with specific effects on

modulating lncRNA activity
Small molecules have been widely employed to target
proteins, given their attractive pharmacodynamics and phar-
macokinetic properties, but have been largely underexplored
against RNA targets. This has been partially attributed to
the lack of a general set of rules that describe specific mole-
cular scaffolds which bind to RNA, and lack of understanding
of the complex three-dimensional structure RNA molecules

adopt. Recently, there has been an immense interest in under-
standing molecules such as aminoglycosides [51] and their roles
in modulating RNA expression and function both in vitro and
in vivo. There has also been active interest in understanding
the molecular principles of RNA binding through unbiased
high-throughput screens [52]. There have also been comple-
mentary interests in computational modeling of RNA
structures and designing novel scaffolds with specificity to
RNA ligands.

There has also been progressive interest in high-throughput
screening of ligands with potential to bind and modulate
RNA function. These undoubtedly would add to the estab-
lished repertoire of RNA binding molecular scaffolds. These
datasets could also serve as a starting point toward computa-
tional modeling of activities using molecular features, which
could be further applied for virtual screening. Such endeavor
would probably need to be supplemented by advances in
methodology to do docking studies on RNA structures and
development of appropriate force fields and faster algorithms
to enable high-throughput virtual screens.

Table 1. Long non-coding RNAs and their probable biomolecular interactions along with disease associations

(continued).

Long Non-coding

RNA name

Biomolecular interactions Disease associations Ref.

LOC554202 RNA--RNA (miR-31) Breast cancer [101]

LincRNA-P-21 RNA--Protein (hnRNP-K) Cancer: regulation of P53 pathway [32]

PlncRNA1 RNA--RNA (androgen receptor) Prostrate cancer [102]

Cyclin D1 pncRNA RNA--protein (RNA binding protein TLS) Liposarcoma [103]

RNA mediated regulatory interactions 

Genome 

Chromatin structure and 
genome organization  

Transcriptome 

Proteome 

Protein mediated regulatory interactions 
Small molecule mediated regulatory interactions 

Figure 3. Organization of biological interaction network interconnections between the levels of regulatory networks. The

RNA-, protein-, and small molecule-mediated interaction networks integrate with the genome, transcriptome, and protein

interaction networks, respectively.
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2. Conclusions

In light of the mounting evidence suggesting the role of
lncRNAs in a number of biological processes in the cell, it is
imperative to understand the potential functional roles of
lncRNAs in biological system as a function of the biomolecular
interactions they participate in. Recent evidence suggests the
increasingly evident role of lncRNAs in modulating disease pro-
cesses, apart from modulating important processes in the cell.
A conceptual understanding of the interactions and mechanism
of regulation modulated through long ncRNAs would enable
researchers to identify critical members for targeting. Develop-
ment of appropriate assay systems and models for screening
potential therapeutic agents, and targeting them to appropriate
cells or tissue types with high specificities and their screens for
biological end-points would provide the much needed impetus
to lncRNA drug discovery. The field in the future would
immensely benefit from two emerging areas in RNA research:
i) small molecules with specific interactions with RNAs,
and ii) delivery agents that can target oligonucleotides to cell
or tissue types with high specificities.

3. Expert opinion

In light of the mounting literature and evidence on the novel
mechanisms of regulation mediated by lncRNAs, which will
also set to increase substantially in the coming years, we argue
that lncRNAs would potentially be an attractive novel target
for drug discovery, which should be explored in detail. The
variety of ways and means through which lncRNAs mediate
gene regulation would open up substantial insights into possi-
bly targeting lncRNAs using novel therapeutic strategies. This
field would benefit immensely from advances in a few key
areas. One of the key area would be comparative genomics.
The availability of a compendium of lncRNAs encoded by
diverse sets of organisms would provide an overview of
positional and functional conservation vis-à-vis sequence
conservation and how these possibly contribute to regulatory
rewiring of genomes. The second major advancement in the
area would be contributed through deciphering molecular
interactions using high-throughput genome-scale technologies.
This would include the use of high-throughput techniques to
query nucleotide--nucleotide interactions, protein--nucleotide
[53], and nucleotide--small-RNA interactions [54]. Apart from
binary and ternary interactions, dynamics of RNA structure [55],
both secondary and tertiary and modulation of structure
through interactions, and interactions through structure, are
going to be important in understanding molecular mechanism
of biological regulation (Figure 3). The third major area that
would find immense interest and attention would be

methodologies to provide a holistic view of the regulatory inter-
actions mediated by lncRNAs, rather than studying binary or
ternary interactions in isolation. This would be supplemented
by datasets of genomic variations associated with disease and
computational methods to decipher dynamics of regulation
mediated by the variation.

Apart from these, the field would also immensely gain from
development of chemical biology screens, as it would be
imperative to develop novel assay systems in model organisms
for screening potential therapeutic agents. The availability of
datasets for model systems including from the Model Orga-
nism ENCyclopedia Of DNA Elements (modENCODE) [56]

would enable to draw parallels between regulatory interactions
modulated through lncRNAs and development of appropriate
assays for setting up screens. Full exploitation of the therapeu-
tic potential of lncRNA modulators would be fulfilled
without adequate techniques for targeting and delivery of
the therapeutic agents. Targeting and delivery of potential
therapeutic agents would be useful not only in stages of
drug development but would also be an immensely useful
tool for setting up as a research tool to understand specific
biological processes with cell or tissue-type specificities. The
availability of a large number of methods [57,58] for specific
nucleotide delivery to specific cells/tissue types would need
to be exploited to the fullest extent.

A comprehensive understanding of lncRNA function and
regulation would also potentially enable the design of artificial
lncRNAs with specific information embedded in them.
LncRNAs provide an attractive alternative to conventional
protein-based biological parts for certain applications and
functions such as gene regulation. The development of appro-
priate computational biology models would also allow testing
the functionality of the designs in silico, and would potentially
provide a boost to the application of lncRNA-mediated
biological parts for synthetic biology applications.
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