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THE PROPERTIES OF MIRNA INTERACTION WITH 5' AND 3' UTR MRNA GENES HAVING
NUCLEOTIDE REPEATS

A.M. Belkozhayev, R.E. Niyazova

Al-Farabi Kazakh National University, Faculty of Biology and Biotechnology, Almaty, Republic
of Kazakhstan

Several diseases are caused by above — threshold expansion of certain trinucleotide repeats occurring in
a protein-coding or non-coding region [1]. miRNAs are regulators of the expression of genes involved in the
development of nucleotide repeat disorders. The expression of many genes is regulated by the binding of their
mRNA with miRNA, so it is required to identify which candidate genes of nucleotide repeat disorders and to
what extent can interact with miRNA.

In this work we have been studied the characteristics of miRNAs binding sites located in 5' UTR and 3'
UTR mRNA genes having nucleotide repeats.

miRNA binding sites were predicted by the MirTarget program, which determines: a) the start of the
initiation of miRNA binding to mRNAs; b) the localization of miRNA binding sites in 5' UTRs, CDSs and 3'
UTRs of the mRNAs; ¢) the free energy of interaction miRNA and the mRNA (AG, kJ/mole); d) the schemes
of nucleotide interactions between miRNAs and mRNAs [2].

The nucleotide sequences of human genes mRNAs have been downloaded from NCBI
(http://www.ncbi.nlm.nih.gov). Nucleotide sequences of human 2567 miRNAs have been downloaded from
the miRBase database (http://mirbase.org).

100 candidate genes with nucleotide repeats have 897 miRNAs binding sites in the 5S’UTR and 3°’UTR
mRNA. The AG/AGm values equal to 87 % or more. From this results only 19 miRNAs have binding sites in
20 mRNAs of genes with a free interaction energy greater than -120 kJ/mol.
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Binding sites of 11 miRNAs have been found in 5'UTR mRNAs of 13 candidate genes: ABCC1, ADNP,
ATPI11B, ACADM, ARID3A, ASXLI1, ARIDIA, ARHGAP17, ASHIL, ASTN2, ARRBI1, ANKRD11 and AMFR.
The mRNAs of ARL4C, ADARBI, ATXN7L1, ACSL6, AKT2, AGPAT6 and APBBIIP genes have ten miRNAs
binding sites in 3'UTR.

Only three genes of the 20 candidate genes with a free interaction energy greater than -120 kJ/mol
predicted as targets of two or more miRNAs: APBBIIP (miR-4763-3p, miR-3960, miR-328-5p); ASTN2
(miR-4763-3p, miR-4707-5p); AGPAT6 (miR-1273d, miR-1226-5p). Among miRNAs that bind with high
energy to mRNA genes with nucleotide repeats, we choose four miRNAs that have binding sites in mRNAs of
two or more genes: miR-619-5p (ACSL6, AKT2); miR-6089 (ACADM, ARID3A, ASXLI); miR-4787—5p
(AGPAT6, ARHGAP17, ASHIL); miR-4763-3p (APBBIIP, ASTN2).

The mRNAs of AGPAT6, ARHGAPI7 and ASHIL genes having nucleotide repeats
(GGAGUUGCCGCCGCCGCCCCCAC)secs, (GGGCCGCCGCCGCCACCGCCGC)ccas and
(GGAGCUGCCGCCGCCACCGCCGO)gecain 3’ and 5° UTRs are a targets of miR-4787—5p. The obtained
results of the mRNA of 4SXLI and ARIDIA genes indicated that the miR-6089 and miR-6081 bind with
(CCGCCGCCGLCCLCLCULCCCCCACCGLO)ccas (GGCGCCUCGGCCGCLCGCCGCCGCCU)Gecs repeats
in 5> UTR. miR-3960 and miR-1908-3p bind with mRNA of APBBIIP and ARRBI genes in sites with
(CCCCCGCCGCCGCCGLCCGLCO)ccas and (CGGCGGGGCGGCGGCGGCGGCCGG)caas repeats in 3’
UTR and in 5’UTR, respectively.

mRNASs of non-polyglutamine disorders genes (ATXN10, AFF2, CNBP, DMPK, FMRI, FXN, JPH3 and
PPP2R2B) have 202 miRNAs binding sites in 5'UTR and 3'UTR. The AG/AGm values equal to 87 %. AFF2
and FMRI mRNAs bind with miR-3960 and miR-4258 in regions with nucleotide repeat sequences. miR-3960
and miR-4258 bind with (GCCGLraGLeaeeaeeaceceacece
GCCGCCGCCGCCGCCGCCGCCGCC)secis and (CGGCGGCGGCGGCGGCGGCGG
CGGCGGCGGCGGCGGCGGCGGCGGCGGCGGCGGCGEG)caaig repeats with AG/AGm values equal
or more than 85 % in 5’UTR.

Thus, miRNAs binding sites with mRNA genes of having nucleotide repeats have been predicted.
Studying the binding characteristics of miRNA and genes will help identify associations of miRNAs with
genes with nucleotide repeats for recommending for the diagnosis of nucleotide repeat expansion disorders.
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CHARACTERISTICS OF INTERACTION OF MIRNAS WITH MRNA GENES OF HEAT STRESS
TRANSCRIPTION FACTORS

A.K. Rakhmetullina, A.T. Ivashchenko

Scientific Research Institute of biology and Biotechnology Problems, Al-Farabi Kazakh National University,
Almaty, Kazakhstan

Heat stress transcription factors (HSF) play a key role in plants response to several abiotic stresses by
controlling the expression of stress-responsive genes, such as heat shock proteins [1, 2]. In recent years, the
important role of miRNAs in regulating the expression of many plant genes has been established [3, 4].
However limited studies has been reported for the association of miRNA with the expression of plant HSF
genes. In the present work, the task is to determine the characteristics of the interaction of miRNA with the
mRNA genes of the HSF family Arabidopsis thaliana, Oryza sativa, Triticum aestivum, Zea mays. The
nucleotide mRNA sequences of the HSF family were taken from Plant Transcription Factor Database v4.0
(http://planttfdb.cbi.pku.edu.cn/index.php; https://www.ncbi.nlm.nih.gov/). miRNAs were borrowed from
miRBase v. 22 (http://www.mirbase.org/). The search for miRNA target genes was carried out in the MirTarget
program [5, 6]. This program defines the start of miRNA binding sites with mRNA; the localization of miRNA
binding sites in the 5> —untranslated region (5’UTR), the protein-coding region (CDS) and the 3’ —untranslated
region (3’UTR) of mRNA; the free energy of hybridization (AG, kJ/mole) and schemes of nucleotide
interactions between miRNA and mRNA. The miRNA binding sites were selected to have the AG/AGm ratio
of more than 85 %, taking into account the AG value and miRNA length.
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