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Abstract : The microRNA targeting has recognized the canonical miRNA-mRNA interactions that feature complementarity to the
seed sequence, as a critical process. A large emphasis has been placed on the importance of seed pairing for a sequence
complementarity between mRNA and microRNA. The application of correlation method for identifying the breast cancer specific
MRNA--miRNA binding regions and also the seed binding region of this mMRNA, is presented in this paper. The analysis was done
using the mRNA, RAC3 GTPase. The application of correlation method to identifying the seed region, provide results close to that
obtained for the seed region, using seed generation and matching technique.

Index Terms - miRNA, mRNA, seed region, correlation, circular shift, reverse compliment.

. INTRODUCTION

microRNAs (miRNA) are molecules that are double stranded and antisense in nature and are 19-23 nucleotides long. An
antisense sequence consists of nucleotide sequences that are complementary to a coding (or sense) sequence, for example, that of a
messenger RNA (mRNA) molecule. The binding of the mRNA 3’UTR to the miRNA seed region leads to the mRNAs being
repressed at the post transcriptional level, leading to mMRNA decay. This process is dominated by the six to eight-base miRNA seed
region. Further, miRNAs not only target genes, but also target significant parts of the pathways.

Though there are several factors that may contribute to the binding of miRNA and mRNA, the completeness of
miRNA-mRNA binding, and the resulting impact that the miRNA has on the mRNA expression, is thought to be determined by
the seed sequence of miRNA. The seed sequence is highly conserved in nature and the slightest variation in the sequence can
change the spectra of the target. A seed region comprises a contiguous string of at least 6 nucleotides beginning at position two of
the miRNA sequence. The core seeds are 6-mer (bases 2—7), 7-mer (‘“7-mer-A1” with bases 1-7, “7-mer-m8” with bases 2-8), and
8-mer (bases 1-8) from the 3’ end [1]. Figure 1. shows how the core seeds of the miRNA, hsa-miR-197, are found, as per the seed
generation and matching method [1].

hsa-miR:197 BLC2 | The 3'UTR of each of

7RACI | the target sequence is
FASTA Sequence of hsa-miR-197 /' ABL1 scanned for a match to
57 CACCALACUCUCCACCCAGE 37 - miRNARNA Format | PTEN | the 4 seeds obtained after

5T CACCACACTCTCCACCCAGC 3 — miRNA DNA Format | PDCD4

3" GTGGTGTGAGAGGTGGGTCG 5°- Complement to miRNA |

5 GCTGGGIGGAGAGTIGTIGGTIG 37 —Reversed Complement |
87654321

reverse complement of
miRNA.

Generating seeds from the above miRNA |
8-mer seed: GTGTGGTG ach seed is searched |
Ta-mer seed: -TGIGGTG for a match with the |
Tb-mer seed: GTGTGGT— mRNA FASTA
6-mer seed: ~-TGTGGT—-

by
=ENSGO0000169750RAC3 (mRNA Sequence)
AGCCCTGGCCCACCCGAGCCTGAGGGCTGGCGGGGAGCAGCCCTGGACGTGTCCGCTGTT

GIGIIGAGA CTGAGTCGGCTGTGGGGAGCGETGGGGGTCEECCGEEEG
GAAGCATGGGGATGAGGCTGGGTGGCAGGATCCTGTCCTCTCTGCCGCCTCATTCTGGGG
TGIGGCTCCAGCCTICCCTGGCCCCCGUCGGAGGCCGGCAGGEAGCAGGETCTCCCTCAG
GGCTGCAGGGGCAGGTGLAGGGAAGCCCCAGGATGEECTTCCCTGGAGGGGGAGGGTGGG
GGGGAGTTCTGTTCCTTGTGCCCCGAGGTGGGGCAGCCCCTTCTCATTTTATACAATAAA
CATTCTCCACCT

Figure 1 Seed Generation and Matching

In this study, a simple correlation method is developed to identify the seed binding region of the mRNA.

Il. LITERATURE STUDIES

The seed region has been considered as the most important feature in miRNA target prediction. Researchers have been
relying on computational tools to identify the target candidates for further validating the experiments. High-throughput novel
technologies like Argonaute HITS-CLIP have done a detailed study of the miRNA-mRNA duplices. The interaction maps
generated by these technologies help discriminate functional from the non-functional target sites.
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Different seed paradigms have been applied by prediction algorithms to identify the target sites of miRNA. Therefore, a
quantitative assessment of the target site prediction, has gained interest [2]. Recent years have seen tremendous progress in the
identification of sequence features relevant to the prediction of targets such as the seed sequences. Despite the progress, the target
prediction tools have only less optimum performance. The major obstacle seen in predicting the targets, computationally, is the
lack of guidance from experimental observations [3].

Researchers have identified several features for seed binding region that have found to help improve the efficacy of the
binding site including AU rich composition of the nucleotide near the binding region [4].

Correlation method has found application in the identification of miRNA binding region [5]. In this method, the mRNA is
analyzed, in order to locate the binding regions of various miRNAs, which bind to specific regions of mRNAs. Simple correlation
methods are used for this. The ‘microcosm” website provides data of different miRNAs and the regions where the miRNAs bind to
an mRNA.

1. METHOD USED

111.1 Determination of binding region of mMRNA:
First, the correlations between the selected mRNA and the various miRNAs that bind to the different regions of the
MRNA were studied to find their binding regions.
The steps involved in the method are as follows:
1. Select the miRNA, and also the mRNA whose region of binding to the specific miRNA, is to be found.
2. Reverse compliment the miRNA [5]. An example is illustrated in Table 1 using the miRNA hsa-miR-197.

Table 1 Reverse Compliment of hsa-miR-197

5' CACCACACUCUCCACCCAGC Y miENA ENA Format
5' CACCACACTCTCCACCCAGC 3 miENA DNA Format

3 GTGGTGTGAGAGGTGGGTCG 5 Compliment of miEINA

Reversed Compliment of
5 GCTGGGTGGAGAGTGTGGTG 3 L
miRNA

3. Calculate normalised correlation between the mMRNA and miRNA sequences, with lateral shifting by one base and find the
location of maximum correlation to obtain the binding region of the mMRNA to that specific miRNA.

111.2 Determination of seed-binding region of the mMRNA:

The seed region of the miRNA are (as mentioned in section I), bases 1 to 7,2 to 7, 1 to 8 and 2 to 8 from the 3’ end of the
miRNA [1].
The steps involved are as follows:
1. The normalised correlations were computed for the selected binding region of the mRNA, with circular shifting of the miRNA.
2. The maximum correlation indicates the region of the mMRNA which binds to the seed region of the miRNA. The number of
bases in the miRNA seed region which bind to the mRNA gives an indication of the complexity of the cancer cells.

1V. DATABASE

The details of the various miRNAs which bind to various positions of a specific mMRNA are obtained from the microcosm
website and the detailed sequences are obtained from the NCBI database. The breast cancer specific mRNA, RAC3 GTPase and
its corresponding 12 miRNAs were used for analysis, in this study.

V. IMPLEMENTATION OF THE METHOD

Normalised correlation between the reverse complimented versions of one of the breast cancer specific miRNA sequence and
the entire MRNA RAC3 GTPase sequence was done. This was repeated by shifting the miRNA by one base to obtain the region of
maximum correlation/coincidence. Once this region was obtained, normalised correlation for that specific mMRNA region was
computed with circular shifting of the miRNA and the position of maximum correlation was noted. The seed binding
region/sequence of mRNA corresponds to the region of the mMRNA which got bonded to the known seed region in this position.
The above steps were repeated for all the 12 miRNAs.

VI. RESULTS AND DISCUSSION

With respect to the 12 miRNAs, reported in the Microcosm website, to bind with the RAC3 GTPase mRNA, only 10
miRNAs showed their seed regions as 6-mer (bases 2-7), 7-mer (”7-mer-A1” with bases 1-7, ”7-mer-m8” with bases 2-8), and 8-
mer (bases 1-8) as reported by L.E. Mullany, 2016 and one of the miRNAs namely, hsa-miR-412, had its binding position from
base four to nine. The 12" miRNA had its seed region shifted to the middle portion. Further studies have to be done to check if it
is due to addition or deletion of bases. The details of the 11 best matching miRNAs with their sequences and reverse
complimented seed sequence are shown in Table 2.

As per ref [5], mMRNA binding regions were identified by the STFT method, and it was noted that the binding regions were
the same as in Microcosm website. The seed regions were then determined using correlation method.
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Table 2 Seed Binding Regions and their Sequences

Microcosm Website Correlation Method
. . — miRNA Seeds : as 6- indi Mazimum indi Mazimum
Sl. No.[ miRNA Name miRNA Sequence (5 - 3') mer. 7-mer and £.mer | Binding Region and Sequence of 5";3&"‘:‘“9 Correlation | Binding Region and Sequence of Se;"eBi"')':'“g Correlation
mANA gian. ¥alue at the mRNA gion. ¥alue at the
Sequence L - Sequence - N
binding region binding region
1| mmumifE733p|  UCCRGEGCUGABUUCUGUGCACT 2.7:. CAGCCE 6.47 GECTGGECGGGEEAGCAGCCCTRRA | 3843, CAGCCC 0.9679 #6.47 GECTRECEGEGAGCAGCCCTGEA | 3843, CAGCCT 09713
2 hsa-miFi-197 CACCACACUCUCCACCCAGT 18: - GTGTGGTG 5060 GTTGTGTTGAGACGTGTGRTGTC | 7178, GTGTGGTG 09567 5078 GTTGTGTTGAGACETGTGETG | 7176, GTGTGETG 0978
3 |mmumiREs3Ep|  CAGCCACAUCCGAAAGUULLC 1-7:- TRTGECT 166-198 CCTCATTCTGREGETGTGRCTC | 181187, TRTGGCT 08794 168198 CCTCATTCTGRGRTGTGGOTC | 18H87, TRTGRCT 0.9775
4| mmumiREI0 [ AAABGCUAGGCUCACAACCAAL 27:- ABCCTT 175196 CTRGEEGETGTGGECTCCAGCCTTC | 180-195, AGCCTT 0.387 175-196 CTGGEGTETRECTCCAGCCTTC | 190195, AGCETT 03714
5 | hsamREE3 | AGRCGRGRCGCCGCGERACCEC 1-7:- CCCCROC 190-210 AGCCTTCCCTRGCCCCOGOCG | 203-208, COCORT 0.9553 189-210 CAGCCTTCCCTGECCCCOGOCG | 203-208, CCOCGEC 0.972
6 || hsamiR526b || CUCUUGAGEGAAGCACULUCUGU 2.7:. TCCCTC 20243 233238, TCCCTC 09338 20243 233238, TCCCTC 0.9592
AGGGAGCAGGETCTCCCTCAGRGE ' AGGGAGCARGETCTCCCTCAGRGE '
7| hsa-miR-324-3p ACUGCCCCAGGUGCUGCUGE 17:- GEGGECAG 237.255 TCAGGGCTGCAGGRGLAGE | 245-254, GREGAG 0956 236-255 CTCAGGGCTGCAGEGECARG | 249-264 GRGCAG 09775
8 | heamPED | AUGCACCUGGGCAAGGE_UUCUG 2.7:- GRTGCA 235-260 254.269, GETGCA 0.9628 236260 254.259, GRTGCA 0.9529
= : CAGGRCTECARGGECAGGTECAG ' - CAGGGCTECAGGGECAGGTECAG ' ’
9 hsa-miFi-412 CUUCACCUGGLCCACUAGCTGU 49;- CAGGTG 233 261 252-267, CAGETG 09759 233261 252257, CAGGTG 0.9568
’ AGGGCTRCARRRGCAGGTGCAGG ' - AGGGCTGCAGGGHCARRTGCARG ' ’
10| hsa-miFi-486-5p UCCUGUACUGARCUGCCCC 17 TRCAGGE 245262 GCAGGRGCAGGTGOAGGE | 256-262TGCAGGG 03622 248.266 GEGRCAGGTRCAGRGAAGT | 256-262TGCAGGE 05708
. 266.276
1| mmumif-Es7 | CUAUCCUGGAAUGCAGCAAUGA 17 AGRATGE GTOCARGGAASLCLCAGEaTaE | 2TETE AGGATGE 09813 255-276 GTGCAGGGAAGCCCCAGRATGE| 270-278, AGGATRG 1.975

The region of the mRNA that binds with the miRNA, the seed binding region and its sequence with respect to both the
Microcosm website and the new correlation method, are also given in the table. Though the mRNA binding region with respect to
the data given in Microcosm website and the correlation method differs by one or two base positions, the seed region is the same
with respect to all the 11 miRNAs.

It can be noted that as the seed length varies from 6 to 8 in different miRNAs, the strength of the correlation coefficient
increases. The length of the miRNA seed region is an indication of the complexity of cancer cells.

For the purpose of validation, the new correlation method was applied to another sequence, Programmed Cell Death 4
(PDCD4), an mRNA specific to breast cancer. PDCD4 is a protein that suppresses tumors which gets targeted for degradation
during the progression of tumor. The 3°UTR nucleotide sequence of PDCD4 which consists of 1918 nucleotides was obtained
from the UCSC Genome Browser.

The miRNAs hsa-miR-155, hsa-miR-183, hsa-miR-23a, hsa-miR-96 and hsa-miR-21 are known to target PDCDA4. The
binding regions of these miRNAs are not available as ground truth. Table 3 below summarizes the seed binding regions and the
sequences for PDCDA4.

Table 3 Seed binding regions and their sequences for PDCD4 mRNA

Correlation Method
v - Maximum
- miRNA Name and iRNA Seed
5L No. Length Binding Region of |Seed Binding Region of| n;{e ion :::?1 Correlation Value
mBENA mRBNA, Sequence g at the binding
Sequence i

region
1 hsa-miR-21 (72) 213-284 245-251, AGCTACC | 6-12 : -AGCTACC 0.9817
2 hsa-miR-26 (78) 311-388 347-352, AAAATC 6-11 : - AAAATC 0.9771
3 hsa-miR-155 (65) 1001-1065 1030-1036, ATTAACA| 2-8:- ATTAACA 0.9807
4 hsa-miR-23a (73) 1424-14%96 1457-1462, CCCAGC | 6-11:- CCCAGC 0.8546
5 hsa-miR-183 (110) 1712-1821 1763-1769, GTCACAC| 8-14 : - GTCACAC 0.978

In the case of PDCD4 mRNA, only the miRNA, hsa-miR-155, has the core seed region at 2-8 (7-mer-m8). It may be noted
that the mMRNA and miRNA lengths in PDCD4 are nearly 4 to 5 times that of RAC3. In this case also, as the length of the seed
varies, the correlation strength increases. As in the case of RAC3 GTPase mMRNA, for PDCD4 also, investigations need to be done
to check if the addition or deletion of bases or the lengths of mMRNA or miRNA, has an effect on the shift of the core seed region.

V. CONCLUSION
The miRNA- mRNA binding and seed binding region and the sequences of various MRNAs were obtained using the new
correlation method. It was observed that as the length of the seed binding region sequence increases the value of the correlation
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strength also increases. The results obtained could lead to the application of correlation method in further analysing the miRNA-
mMRNA-TF network relating to breast cancer progression.

V1. APPLICATION POTENTIAL OF THE WORK

Researchers have found interest in investigating the role of miRNA in cancer. The progression of cancer is governed by not
only the miRNA- mRNA interaction, but also by the antagonist action of the Transcription Factor (TF). The seed region detection
will help to analyze the probable region of action of the TFs and its effect.

VIl. FUTURE WORK

It has now been accepted that miRNAs and TFs together weave an inter-regulatory network that takes on the responsibility
of a combined regulation of the gene expression. Analysis of the topological patterns of these interactions using combination of
statistical and signal processing methods would be the next phase of this research.
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