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ABSTRACT

Introduction: Prediction and identification of miRNAs target genes are crucial for understanding the biology of miR-
NAs. Amidst reported long-coding RNA (IncRNA), the microRNA 195-497 cluster host gene (MIR497HG) regulation
is mediated by multiple non-coding RNAs (ncRNAs) such as microRNAs (miRNAs). MIR497HG has been implicated
as a tumour suppressor in various cancers. However, the impact of MIR497HG and its derived miRNAs is largely
unknown and still needs to be further explored. Employing an experimental approach is often challenging since
some IncRNAs are difficult to identify and isolate by the current isolation technique. Thus, bioinformatic tools are
introduced to aid these problems. This study sought to search and identify the miRNAs targeting the 3’untranslated
region (3'UTR) of MIR497HG. Methods: Here, bioinformatic tools were adopted to identify a unique list of miRNAs
that potentially target the 3'UTR of MIR497HG. Results: A total of 57 candidate miRNAs that target the 3’"UTR of
MIR497HG were extracted using the miRDB. Meanwhile, STarMir predicted 291 miRNAs that potentially target the
3’UTR of MIR497HG. A common list of 36 miRNAs was obtained using the Venny 2.1.0 and further narrowed down
using the LogitProb score of StarMir. Finally, a total 4 miRNAs (hsa-miR-3182, hsa-miR-7156-5p, hsa-miR-452-3p
and hsa-miR-2117) were identified. The mRNA target of identified miRNAs was identified by TargetScan. Finally,
Gene Ontology (GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis of mRNA
target was done using Enrichr. Conclusion: This finding could be useful in understanding the complex interaction
between MIR497HG and its regulatory miRNA. In addition, a comparative analysis of computational miRNA-target
predictions is provided in this study would potentially lay the foundations for miRNAs to be used for biomarkers in
cancer research.
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INTRODUCTION

Long non-coding RNAs (IncRNAs) with more than 200
nucleotides in length are referred to as miRNA host
genes and serve as the precursors playing a regulatory
role for miRNAs. A microRNA-195-497 cluster host
gene (MIR497HG) has been implicated as a tumour
suppressor and effective regulators for cancer including
bladder cancer (4), glioma (5), colorectal cancer (6)
and liver cancer (7). The important roles of MIR97HG
in cancer have been documented in recent studies. For
example, MIR497HG was reported to be downregulated
in glioma tissue and associated with poor prognosis via
upregulation of Cyclin E1 (CCNET) expression as well

as upregulation of the miR-588 and tumour suppressor
candidate 1 (TUSC1) signalling pathway (5). The
biological roles of MIR497HG, miR-3918 and mRNA
actin gamma 2 (ACTG2) expressions were found to
repress the cell proliferation, migration and invasion
of colorectal cancer (6). Despite these documented
findings, the exact regulatory role and mechanism of
MIR497HG and its significance miRNAs yet remain
largely unknown. Therefore, the search for miRNAs that
regulate the MIR497HG is important.

miRNA is a class of endogenous short ncRNA with
18-22 nucleotides in length. miRNA functions as post-
transcriptional regulators of various diseases and cancers.
Interestingly, a single miRNA can regulate hundreds
of targets and stimulate multiple signalling pathways
and vice versa. miRNA plays a pivotal role in various
biological events such as cell growth, progression,
proliferation, differentiation and apoptosis (8). To
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date, more than 35,000 miRNAs have been identified
across 271 organisms. Since miRNAs are involved in
regulating various cellular processes, they are proposed
as therapeutic targets for cancers including HCC. The
miRNAs complementarily bind to target genes resulting
in post-transcriptional  silencing. A miRNA-target
binding pattern and interaction can greatly contribute to
a comprehensive understanding of cancer development
and progression. The miRNA target is recognised via
complementary sequence within the target mRNA and
pairing between the miRNA seed region (seed match).

Identification of miRNA and its target MRNA is important
for characterising miRNA function. Thus, the miRNA-
target gene with at least two of algorithms must predict
the same miRNA binding site for the validation of these
miRNAs (9). The miRNA target prediction employed
in this study was based on the predictive (de novo)
method; algorithms derived from characteristics of the
target mRNA sequence, in this study 3’ untranslated
region (3’UTR) of MIR497HG. This approach employs a
few features such as sequence features, thermodynamic
stability, evolutionary conservation and site accessibility.
Locating and identifying miRNA is often experimentally
challenging, tedious and costly. On the other hand,
computational methods can be conducted by utilising
freely available web tools. However, regulation of
miRNA based on a single prediction alone in a non-
model organism tends to be false (10). Therefore,
multiple selections and choices of algorithms are
done based on seed pairing, thermodynamic stability,
evolutionary conservation and target site accessibility
(11). Prediction analysis carried out by miRDB based on
support vector machines (SVMs) and high-throughput
training dataset (based on statistical learning theory) (12).
Meanwhile, prediction analysis carried out by STarMir
based on implementation of logistic prediction models
developed with miRNA binding data from crosslinking
immunoprecipitation (CLIP) studies (13). Using the
STarMir, input data is processed by web server to perform
prediction of miRNA binding sites, comprehensive
sequence, thermodynamic and target structure features
and logistic probabilities (LogitProb) as measure of
confidence for predicted site. Both miRDB and STarMir
are freely available tools without registration or login
requirement. Both miRDB and STarMir predicted miRNA
targets in five species including human, rat, mouse, rat,
dog and chicken. Both computational programs allow
the user to enter a specific “Gene Symbol’” and predicted
miRNA target sites within that gene will compute by the
algorithm. In this present study, we also utilised mRNA
target prediction, TargetScan to identify the most likely
functional mRNA targets of putative miRNAs (14).

This present finding could serve as a fundamental
step in identifying a mMIRNA-mRNA target before
the experimental validation. Taken together, this
bioinformatic analysis may particularly contributed
towards in vitro experimental verification.

MATERIALS AND METHODS

Sequence Retrieval and Analysis

The 3’UTR of primary-microRNA-195-497 (MIR497HQ)
sequence was used for target prediction in this study.
Full-length of the MIR497HG sequences was obtained
and retrieved (assessed on 18 February, 2022) at the
National Centre for Biotechnological Information (NCBI)
RefSeq  databases  (https:/www.ncbi.nlm.nih.gov/)
(Gene ID: 100506755) (Ensembl: ENSG00000267532).
The coding region and open reading frame (ORF) from
the nucleotide sequence were predicted and analysed
using the ORF Finder (http://www.ncbi.nlm.nih.gov/
projects/gorf/). The ORF sequences were analysed using
the UTRDB tools (http://utrdb.ba.itb.cnr.it/). The 3’'UTR
of MIR497HG was determined by the downstream
of MIR497HG sequence. Meanwhile, the updated
sequences of published miRNAs (2,645 of Homo sapiens
miRNAs) were obtained from the miRbase (https://www.
mirbase.org/). In this present study, the 1.5kb of 3’'UTR
of MIR497HG was used as the target prediction.

Determination of Potential miRNA Interactions on the
3’UTR of MIR497HG

Bioinformatic target prediction algorithms were applied;
miRDB  (http://www.mirdb.org/) (12) and STarMir
(https://sfold.wadsworth.org/cgi-bin/starmirtest2.pl)
for identify and predict the miRNAs that targeting the
3’UTR of MIR497HG (13) . Using the miRDB, target
scores was utilised to predict the binding of miRNAs to
its target sequence (high score target). The STarMir is a
nonlinear logistic prediction based on a miRNA binding
database from cross-linking immunoprecipitation (CLIP)
sequencing experiment. The STarMir incorporated
comprehensive thermodynamic, structural and sequence
features for the prediction and comparison of seed and
seedless sites. The Venny 2.1 (https://bioinfogp.cnb.
csic.es/tools/venny/) was operated to inspect the list of
common miRNAs and generated the online visualization
of the Venn diagram. Then, RNAhybrid (https://bibiserv.
cebitec.uni-bielefeld.de/rnahybrid) was used to find the
minimum free energy hybridisation of RNA. Using the
Venny 2.1, common miRNAs by the prediction tools
were selected for further screening.

Identification of mRNA Target of miRNAs

mRNA targets of putative miRNAs were identified by
TargetScan 8.0 (https://www.targetscan.org/vert_80/).
TargetScan predicts the mRNA targets by searching for
the 6 to 8mer sites that match the seed region of miRNA
(14).

Gene Ontology (GO) and the Kyoto Encyclopedia of
Genes and Genomes (KEGG) Pathway Analysis of
mRNA Targets of miRNAs

The mRNA targets were further submitted to Enrichr
(https://maayanlab.cloud/Enrichr/) for Gene Ontology
(GO) and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pthway analysis. Using Enrichr, the
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input MRNA targets are compared to 35 gene-set library
and the output of enrichment analysis are ranked based
on p-value computed using the Fisher exact test (15).

RESULTS

miRDB and STarMir /n Silico ldentification of the
miRNAs that Potentially Target 3’UTR MIR497HG

A total of 57 miRNAs was predicted by the miRDB web
server to target the 3'UTR of MR497HG 1.5kb (in length)
in Homo sapiens. Search results were sorted based on the
target scores. High target score indicates the accuracy of
prediction. Target scores ranged between 51-93. Three
miRNAs demonstrated target scores >80 and ranked
top including hsa-miR-3165, hsa-miR-7162-3p and
hsa-miR-3143. Nine miRNAs displayed target scores
between <80 and >70. Meanwhile, the last 45 miRNAs
showed target scores between <70 and >50. A list of 57
potential miRNAs predicted by the miRDB is outlined
in Table I. By implementing the STarMir program, a
total of 291 miRNAs were discovered targeting the
3’UTR of MIR497HG with logitProb >0.5. Integrated
comparative analysis of two algorithms unveiled that
only 36 miRNAs were in common, targeting the 3’'UTR
of MIR497HG (Fig. 1). The common miRNAs predicted
by the Venny 2.1.0 included hsa-miR-7162-3p, hsa-
miR-3143, hsa-miR-7160-3p, hsa-miR-4804-3p, hsa-
miR-2117, hsa-miR-4474-5p, hsa-miR-6817-3p, hsa-
miR-7156-5p, hsa-miR-6882-3p, hsa-miR-6765-3p,
hsa-miR-6763-5p, hsa-miR-3150a-3p, hsa-miR-5193,
hsa-miR-6864-5p, hsa-miR-3175, hsa-miR-3918, hsa-
miR-3190-5p, hsa-miR-7978, hsa-miR-4267, hsa-miR-
16-1-3p, hsa-miR-6075, hsa-miR-942-5p, hsa-miR-921,

hsa-miR-6821-3p,  hsa-miR-4721,  hsa-miR-31-5p,
hsa-miR-877-3p, hsa-miR-452-3p, hsa-miR-216a-3p,
hsa-miR-7110-3p, hsa-miR-6880-5p, hsa-miR-3182,

hsa-miR-6081, hsa-miR-6132, hsa-miR-4270 and
hsa-miR-766-3p. Total of 36 miRNAs were selected
while validated miRNAs were extracted. The list of
36 predicted miRNAs is shown in Table II. Total of 36
miRNAs were narrowed down using a LogitProb score
>0.8 of the STarMir. The list of four miRNAs included
hsa-miR-3182, hsa-miR-7156-5p, hsa-miR-452-3p and
hsa-miR-2117 as shown in Table IIl.

miRNA-IncRNA Duplex Target Interaction

miRDB predicted the binding site position of identified
miRNAs and the seed sequence on the 3’UTR of
MIR497HG. Finding suggested that identified miRNAs
possessed the potential binding ability on the 3'"UTR of
MIR497HG. An illustration of predicted miRNA-miRNA
duplex interaction can be seen in Fig. 2.

Prediction of Potential mRNA Targets of Identified
miRNAs

Using TargetScan 8.0, total of 5238, 4801, 4006 and
4605 mRNA targets of hsa-miR-3182, hsa-miR-452-
3p, hsa-miR-2117 and hsa-miR-7156-5p were found
respectively. These mRNA targets were further submitted

for enrichment analysis.

Gene Ontology (GO) Enrichment Analysis and KEGG
Pathway Functional Analysis of mRNA Targets

Gene Ontology (GO) analysis of the putative mRNA
targets of MiRNAs (hsa-miR-3182, hsa-miR-452-3p,
hsa-miR-2117 and hsa-miR-7156-5p) was done by
a web-based enrichment bioinformatic tools Enrichr
as in Fig.3. For mRNA targets for hsa-miR-3182, hsa-
miR-2117 and hsa-miR-7156-5p the most enriched GO
Molecular Function (MF) terms included cis-regulatory
and RNA polymerase Il cis-regulatory region sequence-
specific DNA binding (Fig.3a, Fig.3c and Fig.3d).
While, for hsa-miR-452-3p, the most enriched GO MF
included ubiquitin conjugating enzyme binding and
inward rectifier potassium channel activity (Fig 3b).
The most enriched KEGG pathways, by Enrichr of the
mRNA targets of miRNAs as in Fig.4. The most enriched
KEGG pathways associated with mRNA targets of hsa-
miR-3182 included glioma and cell differentiation
(Fig.4a). For hsa-miR-452-3p, the most enriched KEGG
pathways are included pathways in cancer and signalling
pathways regulating pluripotency of stem cells (Fig. 4b).
For hsa-miR-2117, the most enriched KEGG pathways
are included herpes simplex virus 1 infection and
phospholipase D signalling pathway (Fig 4.c). Lastly, for
hsa-miR-7156-5p, the most enriched KEGG pathways
included ErbB signalling pathway and Herpes simplex
virus 1 infection (Fig 4.d).

DISCUSSION

Recent advancements in cancer therapies emerged
focusing on the treatment and prognosis of HCC.
However, the therapeutic option for HCC remains the
major obstacle (16). miRNA regulates gene expression
via complementary binding to its target messenger
RNA (mRNA). Numerous studies reported that several
miRNAs complementary bind to miRNA responsive
elements (MREs) on the target mRNAs (17). To date, no
studies have yet to be reported in specifically predicting
the miRNA targeting the 3’ untranslated region (3'UTR)
of MIR497HG.

Computational identification and prediction of miRNA
targeting mRNA is a critical initial step for experimental
validation using miRNA target prediction algorithms,
common features being used including seed match of
miRNAs-mRNA pairing, thermodynamics stability or free
energy (MFE) of base-pair probabilities and evolutionary
conservation of the target sequence across species (18).
Both miRDB and STarMir provided comprehensive
sequence, thermodynamic, target structure features and
logistic probabilities (LogitProb) scores to measure the
confidence for each predicted site. These scores provided
a quantitative measure of the overall regulatory effects of
multiple seed and seedless sites on the target (12). The
miRDB web server was able to correctly identify nine out
of ten characterised target genes with a minimum false-
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Table I: The list of 57 miRNAs targeting the 3’UTR of MIR497HG as predicted by the miRDB

Target Target Score miRNA Name miRNA Sequence (5’-3") Seed Location Seed

Rank (%) Match
1 92 hsa-miR-3165 AGGUGGAUGCAAUGUGACCUCA (22 nt) 1058 atccacca
2 85 hsa-miR-7162-3p UCUGAGGUGGAACAGCAGC (19 nt) 1286 acctcaga
3 80 hsa-miR-3143 AUAACAUUGUAAAGCGCUUCUUUCG (25nt) 477 aatgttaa
4 79 hsa-miR-7160-3p CAGGGCCCUGGCUUUAGCAGA (21 nt) 1441, 1521 gggecct, gggeect
5 78 hsa-miR-6768-3p CAAAGGCCACAUUCUCCUGUGCAC (24 nt) 1510 ggccttta
6 77 hsa-miR-6873-3p UUCUCUCUGUCUUUCUCUCUCAG (23 nt) 445, 1241, 1535, 1564 g gag
7 75 hsa-miR-4804-3p UGCUUAACCUUGCCCUCGAAA (21 nt) 480 ttaagca
8 74 hsa-miR-2117 UGUUCUCUUUGCCAAGGACAG (21 nt) 287 agagaaca
9 74 hsa-miR-4474-5p UUAGUCUCAUGAUCAGACACA (21 nt) 1567 gagactaa
10 74 hsa-miR-6780b-3p UCCCUUGUCUCCUUUCCCUAG (21 nt) 910 acaaggga
1 73 hsa-miR-6817-3p UCUCUCUGACUCCAUGGCA (19 nt) 1241,1535,1563 agagaga, agagaga, cagagaga
12 71 hsa-miR-7156-5p UUGUUCUCAAACUGGCUGUCAGA (23 nt) 288 gagaacaa
13 69 hsa-miR-6882-3p UGCUGCCUCUCCUCUUGCCUGCAG (24 nt) 1311 aggcagca
14 68 hsa-miR-6765-3p UCACCUGGCUGGCCCGCCCAG (21 nt) 181, 948 ccaggtg, ccaggtg
15 68 hsa-miR-6763-5p CUGGGGAGUGGCUGGGGAG (19 nt) 963 ctccccaa
16 68 hsa-miR-3150a-3p CUGGGGAGAUCCUCGAGGUUGG (22 nt) 963 ctccccaa
17 67 hsa-miR-6879-3p UGUCACCCGCUCCUUGCCCAG (21 nt) 1412, 1453 gstgaca, gggtgac
18 67 hsa-miR-5193 UCCUCCUCUACCUCAUCCCAGU (22 nt) 416,713,988, 991, 1392, 1407 gaggagg, gaggagg, gaggagg, gaggagg, gaggagg
19 66 hsa-miR-6864-5p UUGAAGGGACAAGUCAGAUAUGCC (24 nt) 1049 cccttcaa
20 65 hsa-miR-4273 GUGUUCUCUGAUGGACAG (18 nt) 288 gagaacaa
21 65 hsa-miR-6887-3p UCCCCUCCACUUUCCUCCUAG (21 nt) 418,915, 1394, 1580 ggageeg, ggagegs, 8gageey, gagggga
22 63 hsa-miR-8073 ACCUGGCAGCAGGGAGCGUCGU (22 nt) 179 tgccagg
23 63 hsa-miR-221-5p ACCUGGCAUACAAUGUAGAUUU (22 nt) 179 tgceagg
24 62 hsa-miR-12119 UUCUGAGGGGACGGUAGAUUUGGGG (25 nt) 1287 cctcaga
25 61 hsa-miR-3175 CGGGGAGAGAACGCAGUGACGU (22 nt) 962, 1155, 1194 tcteecca, teteecg, tetceee
26 60 hsa-miR-3918 ACAGGGCCGCAGAUGGAGACU (21 nt) 115,1522 ggcectg
27 59 hsa-miR-3190-5p UCUGGCCAGCUACGUCCCCA (20 nt) 254, 740 tggccaga, ggecaga
28 59 hsa-miR-1185-2-3p AUAUACAGGGGGAGACUCUCAU (22 nt) 525 ctgtataa
29 59 hsa-miR-1185-1-3P AUAUACAGGGGGAGACUCUUAU (22 nt) 525 ctgtataa
30 59 hsa-let-7f-2-3p CUAUACAGUCUACUGUCUUUCC (22 nt) 525 ctgtataa
31 58 hsa-miR-7978 UCUGGUGUAUAGCGUUGCUCA (21 nt) 315, 1421 acaccaga,acaccaga
32 58 hsa-miR-4267 UCCAGCUCGGUGGCAC (16 nt) 1028, 1402, 1462 agclgga, agclgga,agctgga
33 58 hsa-miR-16-1-3p CCAGUAUUAACUGUGCUGCUGA (22 nt) 246 aatactga
34 58 hsa-miR-6075 ACGGCCCAGGCGGCAUUGGUG (21 nt) 436, 782 tgggeega, tgggeega
35 58 hsa-miR-942-5p UCUUCUCUGUUUUGGCCAUGUG (22 nt) 446, 1537 agagaag,agagaaga
36 58 hsa-miR-921 CUAGUGAGGGACAGAACCAGGAUUC (25 nt) 1278 ctcactaa
37 58 hsa-miR-6821-3p UGACCUCUCCGCUCCGCACAG (21 nt) 679,726 agaggtca,agaggtca
38 58 hsa-miR-4721 UGAGGGCUCCAGGUGACGGUGG (22 nt) 616, 1326 agccctc, ageectca
39 57 hsa-miR-31-5p AGGCAAGAUGCUGGCAUAGCU (21 nt) 176 tettgeca
40 57 hsa-miR-4283 UGGGGCUCAGCGAGUUU (17 nt) 427,599,798,1163 gagceece, ageecca,gageece, agececa
41 57 hsa-miR-570-3p CGAAAACAGCAAUUACCUUUGC (22 nt) 519 tgttttc
42 56 hsa-miR-146b-3p GCCCUGUGGACUCAGUUCUGGU (22 nt) 354, 1228 cacagggacacaggga
43 56 hsa-miR-877-3p UCCUCUUCUCCCUCCUCCCAG (21 nt) 449, 1540, 1577 gaagagg
44 54 hsa-miR-6782-5p UAGGGGUGGGGGAAUUCAGGGGUGU (25 nt) 214,902, 1305 cacccct, accccta, accecta
45 54 hsa-miR-452-3p CUCAUCUGCAAAGAAGUAAGUG (22 nt) 543 cagatgaa
46 54 hsa-miR-6892-5p UCCCUCUCCCACCCCUUGCAG (21 nt) 194, 451, 502 gagaggg, agaggga, gagaggga
47 54 hsa-miR-6165 CAGCAGGAGGUGAGGGGAG (19 nt) 9, 467, 844 teetget, tectgeta, cetgeta
48 53 hsa-miR-216a-3p UCACAGUGGUCUCUGGGAUUAU (22 nt) 31,48,70 cactgtg, cactgtg, cactgtg
49 53 hsa-miR-7110-3p UCUCUCUCCCACUUCCCUGCAG (22 nt) 1241, 1535, 1564 agagaga, agagaga, agagaga
50 53 hsa-miR-5691 UUGCUCUGAGCUCCGAGAAAGC (22 nt) 1091 cagagca
51 52 hsa-miR-6880-5p UGGUGGAGGAAGAGGGCAGCUC (22 nt) 1059 tccacca
52 51 hsa-miR-3182 GCUUCUGUAGUGUAGUC (17 nt) 1574 acagaaga
53 51 hsa-miR-6081 AGGAGCAGUGCCGGCCAAGGCGCC (24 nt) 11,387 ctgctee, ctgeteca
54 51 hsa-miR-6132 AGCAGGGCUGGGGAUUGCA (19 nt) 865,938 geectge, geeetge
55 51 hsa-miR-4270 UCAGGGAGUCAGGGGAGGGC (22 nt) 831 ctcectga
56 51 hsa-miR-766-3p ACUCCAGCCCCACAGCCUCAGC (22 nt) 132,1029, 1403 ctggaga, gctggag, getggag
57 51 hsa-miR-4319 UCCCUGAGCAAAGCCAC (17 nt) 1369 ctcaggga
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Figure 1: Comparative visualisation of the miRNAs that pu-
tatively target the 3’UTR of MIR497HG obtained from the
miRDB and STarMir databases. A total of 36 common miR-
NAs were selected while the validated miRNAs were further
removed.

Table II: The list of 36 miRNAs targeting the 3’UTR of MIR497HG
obtained from two databases

miRNA miRNA Sequence (5’-3")

hsa-miR-7162-3p UCUGAGGUGGAACAGCAGC (19 nt)

hsa-miR-3143 AUAACAUUGUAAAGCGCUUCUUUCG (25nt)
CAGGGCCCUGGCUUUAGCAGA (21 nt)

UGCUUAACCUUGCCCUCGAAA (21 nt)

hsa-miR-7160-3p
hsa-miR-4804-3p

Table 111: List of four miRNAs targeting the 3’UTR of MIR497HG

miRNA Sequence Site Seed Seed Seed
Position  Position  Type Match

hsa- GCUUCUGUAGU- 1569- 1574- 8mer  acagaag
miR-3182 GUAGUC 1580 1580
hsa-miR- UUGUUCU- 281-295  288-294  8mer gagaacaa
7156-5p CAAACUGGCUGU-

CAGA
hsa-miR- CUCAUCUG- 518-549  543-549  8mer  cagatgaa
452-3p CAAAGAAGUAAGUG
hsa- UGUUCUCUUUGC-  276-294  287-293  8mer agagaaca
miR-2117 CAAGGACAG

8mer (a perfect Watson-crick match from nucleotide 2 to nucleotide 8 of the miRNA seed,
with an /A" in mRNA opposite position 1

Position of IUTR MIRAITHG s-.......ccccromamrse....... ¥ MFE =-24.9 keal/mol

1
¥ GGAACCGUULIGUBUNGH ./

S’TCAPMAGTGGS MFE =.28.2 keal/mol
.5

hsa-miR-2117

Pasition of 3'UTR MIR49THG

i Y 3 AGACUGUCGGU

Position of 3'UTR MIR4STHG 5 TCCA GTCA..on 3 MFE =23.1 keal/mal

hemidE23p 3" GUGAAUGAAGAAA s

Position of 3UTR MIR4STHG 5. ....GAGMTAWGGGG i ¥ MAFE 2195 kealfmol

3 cucaucuGAUGEENNES. 5
Figure 2: The predicted duplex structure of miRNA-target in-
teraction using the miRDB. The first row (5" to 3°) presents the
sequence of the target gene, whereas the second row (3" to 5°)
displays the sequence of miRNA. The miRNA seed region is

hsa-miR-3182

hsa-miR-2117
hsa-miR-4474-5p
hsa-miR-6817-3p
hsa-miR-7156-5p
hsa-miR-6882-3p
hsa-miR-6765-3p
hsa-miR-6763-5p
hsa-miR-3150a-3p
hsa-miR-5193
hsa-miR-6864-5p
hsa-miR-3175
hsa-miR-3918
hsa-miR-3190-5p
hsa-miR-7978
hsa-miR-4267
hsa-miR-16-1-3p
hsa-miR-6075
hsa-miR-942-5p
hsa-miR-921
hsa-miR-6821-3p
hsa-miR-4721
hsa-miR-31-5p
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hsa-miR-452-3p
hsa-miR-216a-3p
hsa-miR-7110-3p
hsa-miR-6880-5p
hsa-miR-3182
hsa-miR-6081
hsa-miR-6132
hsa-miR-4270
hsa-miR-766-3p

UGUUCUCUUUGCCAAGGACAG (21 nt)
UUAGUCUCAUGAUCAGACACA (21 nt)
UCUCUCUGACUCCAUGGCA (19 nt)
UUGUUCUCAAACUGGCUGUCAGA (23 nt)
UGCUGCCUCUCCUCUUGCCUGCAG (24 nt)
UCACCUGGCUGGCCCGCCCAG (21 nt)
CUGGGGAGUGGCUGGGGAG (19 nt)
CUGGGGAGAUCCUCGAGGUUGG (22 nt)
UCCUCCUCUACCUCAUCCCAGU (22 nt)
UUGAAGGGACAAGUCAGAUAUGCC (24 nt)
CGGGGAGAGAACGCAGUGACGU (22 nt)
ACAGGGCCGCAGAUGGAGACU (21 nt)
UCUGGCCAGCUACGUCCCCA (20 nt)
UCUGGUGUAUAGCGUUGCUCA (21 nt)
UCCAGCUCGGUGGCAC (16 nt)
CCAGUAUUAACUGUGCUGCUGA (22 nt)
ACGGCCCAGGCGGCAUUGGUG (21 nt)
UCUUCUCUGUUUUGGCCAUGUG (22 nt)
CUAGUGAGGGACAGAACCAGGAUUC (25 nt)
UGACCUCUCCGCUCCGCACAG (21 nt)
UGAGGGCUCCAGGUGACGGUGG (22 nt)
AGGCAAGAUGCUGGCAUAGCU (21 nt)
UCCUCUUCUCCCUCCUCCCAG (21 nt)
CUCAUCUGCAAAGAAGUAAGUG (22 nt)
UCACAGUGGUCUCUGGGAUUAU (22 nt)
UCUCUCUCCCACUUCCCUGCAG (22 nt)
UGGUGGAGGAAGAGGGCAGCUC (22 nt)
GCUUCUGUAGUGUAGUC (17 nt)
AGGAGCAGUGCCGGCCAAGGCGCC (24 nt)
AGCAGGGCUGGGGAUUGCA (19 nt)
UCAGGGAGUCAGGGGAGGGC (22 nt)
ACUCCAGCCCCACAGCCUCAGC (22 nt)

shaded in green as indicated.
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Figure 3: Distribution of differentially expressed mRNA tar-

gets based on Gene Ontology (GO). GO analysis of the mRNA
targets based on their molecular functions (a) hsa-miR-3182;
(b) hsa-miR-452-3p; (c) hsa-miR-2117; (d) hsa-miR-7156-5p.
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Figure 4: The KEGG pathways of the mRNA targets. (a) hsa-
miR-3182; (b) hsa-miR-452-3p; (c) hsa-miR-2117; (d) hsa-miR-

7156-5p.
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positive rate of around 24% (19). The maximum target
score was indicated as the accuracy of the prediction
(20). The input data for STarMir was processed to
perform the prediction of miRNA binding sites, compute
comprehensive sequence, thermodynamic and target
structure features and logistic probability as a measure
of confidence for each predicted site. In STarMir, any
sequences with LogitProb value <0.70 were excluded.
In addition, both target prediction tools used in this study
utilised full miRNA sequences and any input sequence
for searching target genes. This gave a maximum
sensitivity to the miRNA target search (21). In this study,
we used Enrichr as the most updated databases for GO
and KEGG analysis (22).

In this study, 1.5kb of 3’'UTR of MIR497HG was used as
the gene of interest and as the predicted miRNA binding
site since a partial 3’UTR sequence may give imprecise
positive results due to the higher accessibility of the
miRNA and the incomplete match for the complementary
binding (23). The bioinformatic prediction may
also generate false positive hits, therefore, multiple
bioinformatic target prediction programs were used and
the results were further filtered for functional potential
targets.

This present study only provides fundamental step-by-
step for the identification of regulatory miRNA in the
IncRNA. Computational and experimental approaches
such as reporter gene assay needs to be done for
verifying the authenticity of identified miRNA-mRNA
targets in future study.

CONCLUSION

In summary, we employed computational tools to
search and identify miRNAs that putatively target the
3’UTR of MIR497HG. Overall, this study concludes
that hsa-miR-3182, hsa-miR-7156-5p, hsa-miR-452-3p
and hsa-miR-2117 are potential miRNAs of 3'UTR of
MIR497HG. Taken together, the miRNAs identified in
this study would be discovered as potential biomarkers
in cancer research.
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