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Abstract. Transcription factors (TFs) are the most important proteins in expression of genes and
genomes in general. MYB TFs family in animals is little studied and it is necessary to ascertain their prop-
erties. In recent years, effect of miRNA on gene expression has been actively studied, since the degree
of miRNA influence on expression turns out to be key and determines differentiation, proliferation, cell
cycle, apoptosis and other important biological processes. MirTarget program makes it possible to pre-
dict miRNA binding characteristics of mRNA with high efficiency, to obtain highly reliable interaction
properties of miRNA with MYB family TFs mRNA. Binding characteristics of known miRNAs and mRNA
genes of Bos taurus, Equus caballus, Ovis aries MYB family TFs were established. Only 13 bta-miRNAs
had binding sites with more than 87%AG/AGm value in B.taurus TF genes mRNA. mRNA of DNAJC2,
MYB, MIER2, MYBL1, MYBL2 genes had only one binding site for different miRNAs. NCOR1 mRNA had
binding sites for three miRNAs, located a few hundred nucleotides in CDS. RCOR1 was targeted by five
miRNAs that had 14 binding sites. miR-2885, miR-11976, and miR-11975 binding sites were located
with nucleotide sequences overlapping in mMRNA cluster from 147 nt to 168 nt. These miRNAs had five
binding sites in second cluster from 177 to 216 nt. Third cluster of miR-2305, miR-11976, miR-11975
binding sites is localized from 222 to 256 nt. For E.caballus established binding sites of 15 miRNAs with
mRNA of ten genes of MYB family. mRNAs of MIER1, MYBL2, RCOR2, RCOR3, SMARCA5, SMARCC2,
TERF2 genes can bind with one miRNA. For O.aries, we established ten miRNA binding sites with mRNA
of eight genes of MYB family. mRNA of CDC5L, MIER1, MYSM1, RCOR1, RCOR2, RCOR3, SMARCAT
genes can bind with one miRNA with AG/AGm ratio from 86% to 89%.
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B. taurus, E. caballus, O. aries MYB TpaHCKpUNUUSIAbIK, (paKTOPAAPbIHbIH,
miRNA mMeH 6aliAaHbICY epekileAikTepi

Anaarna. TpaHckpunums daktopaapbl (TM) — XKaAMNbl FEHAIK KOHE FeHOMAAPAbIH, PETTEAYIHAET | eH
MaHbI3Abl 6eaokTap 60AbIN Tabbiraabl. XXaHyapaapaarbl MY B TpaHCKpUMNUMSABIK, (DakTOPAApP >KaHYSICbl
a3 3epTTeAreH >KBHe OAapPAbIH KacueTTepiH aHbikTay KaxeT. CoHfbl Xblaaapbl MiRNA-HbIH, reHAiK
perteAyre acepi 6eaceHal Typae 3eprreseai, ce6e6i miRNA-HbIH 3KCrpeccusra acep ery Aspexeci
MaHbI3Abl BOAbIN TabbiAaAbl KoHE AMddepeHumpAey, NpoAndepaLms, xacylla UMKAI, aronTo3 xeHe
6acka MaHbI3Abl GMOAOIMSABIK, MPOLIECTEPAI alKbiHAAMAbI. MirTarget 6araapAamacbl MRNA-HbIH
MiRNA-MeH 6aiAaHbIC CUMaTTaMaAapbliH >KOFapbl TUIMAIAIriMEH 60AXKayFa MyMKIHAIK GepeAi, COHbIH,
apkacbiHAa MY B >kaHy$ TPaHCKPUNUMSABIK, (pakTopAapbiHbiH MRNA reHaepite 6aiAaHbICTbIPY apKblAbl
mMIRNA-HbIH, KacreTTepiH aayra 60Aaabl. XKyMbicTa Kasipri kyHi 6eariai miRNA men Bos taurus, Equus
caballus, Ovis aries MYB TpaHCKpUNUMSAbIK, dhakTopAap MRNA reHaepiHiH 6ariAaHbICy cMnaTTamaAapbl
opHaTbiAFaH. B. taurus mRNA TD renaepiniH Tex 13 miRNA AG/AGm maHimeH 87 % actam 6aiAaHbICbl
6ap anmMakTapbl 6ap ekeHi aHbikTaaabl. MRNA reHaepi: DNAJC2, MYB, MIER2, MYBL1 >xaHe MYBL2
ap-TypAai MIRNA yuwiH Tek kaHa 6ip Gainaarbicka ne 60aabl. MRNA NCORT1 reninae CDS-te GipHelue
>KY3AEreH HYKAEOTUATEPAEH KeiiH opHaAackaH yw MiRNA yuwiH 6araaHbicy canTTapbl 60AAbl. RCOR1
reHi 14 6anaaHbicy cantrapbl 6ap 6ec miRNA-HbIH Mexxeci 60AAbl. MR -2885, miR-11976 >oHe miR-
11975 6arAaHbicy aiMakTapbl MRNA KAaCTepiHAE HYKAEOTMATI Ti30eKTepAiH Cyneprno3mumscbiMeH
147 Ht-TaH 168 HT-Fa AeiiH opHaaactbl. bya miRNA-papaa ekiHwi kaactepae 177-aeH 216-fa
AeriH 6oaaTbiH 6ec GarAaHbICTbIPY arMMakTapbl 60AAbl. MiR-2305, miR-11976 >xaHe miR-11975
6arAaHBICTbLIPY ariMaKTapbiHbIH, YLWiHLWI KAACcTepi 222-AeH 256-Fa AeniH okwayaaHFaH. E. caballus yuwin
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MYB >anyscbitbiH 0H MRNA renidid, 15 miRNA yiwiH 6anAaHbICTbIPY OpbIHAGPbl OpHaTbIAAbI. MRNA
resaepi MIERT, MYBL2, RCOR2, RCOR3, SMARCA5, SMARCC2 >xoaHe TERF2 6ip miRNA-aaH apeker
eteai. O. aries ywid MYB >xaHysicbitbiH ceriz mRNA reniHid, oH MiRNA yuiiH 6aiAaHbICTbIPY CaiTTapbl
opHatbiapabl. MRNA CDC5L, MIERT, MYSM1, RCOR1, RCOR2, RCOR3 >oaHe SMARCAT renaepi AG/
AGm karbiHacbl 86 %-aaH 89%-Fa aenit 6ip MiRNA apkbiAbl 6aiAaHbICAAbI.

Tysiin ce3aep: miRNA, red, MYB, B. taurus, E. caballus, O. aries.

M.O. Mbipzabekosa, P.E. Hus3zoBa, A.T. MBallueHko

Kasaxckuit HaUMOHAAbHbIN YHUBEPCUTET UMeHU anb-Dapabim,
KazaxcraH, r. AamaTbl, e-mail: moldir.myrzabek@gmail.com

Ocob6eHHocTH cBsi3biBaHMA MIRNA ¢ reHaMK TPaHCKPUNLMOHHDbIX (PaKTOPOB
cemeiictBa MYB B. taurus, E. caballus, O. aries

AHHoTaums. TpaHckpunimoHHble hakTopbl (TM) 9BASIOTCS BakKHEMIIMMKM OGEAKAMM B pEryAsLIMn
9KCMPEeCCHn reHoB 1 B LLeAOM reHoMOB. CemMernCTBO TPaHCKPUIMLMOHHBIX (hakTopoB cemeincTtea MYB y
SKMBOTHbIX MAAO M3yUeHO M TpebyeTCs BbISICHEHME MX CBOMCTB. B mocAeaHMe rOAbl aKTUBHO M3yJaeTcs
BAMgHME MIRNA Ha 3KCNpeccuio reHoB, MOCKOAbKY CTeneHb BAMsSHMS MIRNA Ha 3kcnpeccuio
OKa3blBAETCH KAIOUEBOM M onpeAeAseT aAndepeHUnpoBKy, NPOoAMdEPALINIO, KAETOUHbBIA LMKA,
arnonTo3 1 Apyrue BaxHeniume 6GMOAOrMUEcKMe Mpouecchl. Mcnoabdyemas nporpamma Mirlarget
NMO3BOASET C BbICOKOM 3(PEKTUBHOCTbIO NMpPEeACKasblBaTb XapakTepUCTUMKM CBA3blBaHMsS MIRNA ¢
MRNA 1 6Aaroaapst e MO>KHO MOAYUMTh BbICOKO AOCTOBEpHbIe CBOMCTBA MIRNA mnpu cBsi3biBaHUM C
MRNA reHOB TpaHCKPMMLIMOHHbIX (DakTOpOB cemencTBa MYB. B pabGoTe yCcTaHOBAEHbI XapakTePUCTUKM
CBS3bIBaHNS M3BECTHbIX B HacToswee Bpems MIRNA ¢ mRNA reHOB TpaHCKPMMNLUMOHHBIX (hakTOpOB
cemercrea MYB Bos taurus, Equus caballus, Ovis aries. BbIAO BbISBA€HO, 4TO TOAbKO 13 MiIRNA nmeamn
canTbl CcBs3biBaHus € BeanumHon AG/AGm 6oaee 87% B mRNA revos TO B. taurus. mRNA reHos
DNAJC2, MYB, MIER2, MYBL1 1 MYBL2 1MeAn TOAbKO MO OAHOMY CalTy CBSI3bIBaHUS AAS Pa3HbiX
mMiRNA. mRNA reHa NCORT mmena caiTbl CB3bIBaHWMS AAS Tpex MIRNA KOTOpble pacrnoAOXKeHbl
yepes HECKOAbKO coTeH HykAeoTuAoB B CDS. Ten RCOR1 6biA MuiieHbio nsgty mMiRNA KoTopble MMeAK
14 canitoB cBg3blBaHug. CaiiTbl CB43bIBaHMS MIiR-2885, miR-11976 n miR-11975 pacnoaaraamcb C
HaAOXeHMeM HYKAEOTMAHbBIX NOCAeAOBaTEAbHOCTeN B kAacTepe MRNA € 147 HT no 168 HT. DTu ke
MIiRNA MMeAM NsTb CAaATOB CBA3bIBAaHWS BO BTOPOM KAacTepe C 177 HT no 216 HT. Tpetuin kaactep
canToB CBsi3biBaHUSt MiR-2305, MiR-11976 n miR-11975 AokaamzoBaH c 222 HT no 256 HT. Aas E.
caballus Hamm ycTaHoBAeHbI caitTbl cBg3biBaHus 15 MIRNA ¢ mRNA aecatu reHos cemeiictea MYB. Ha
MRNA redoB MIERT, MYBL2, RCOR2, RCOR3, SMARCA5, SMARCC2 u TERF2 AefcTBYIOT N0 OAHOM
mMiRNA. Aasg O. aries HaMM YCTaHOBAEHbI CalTbl CBsi3biBaHUst aecsstv MIRNA ¢ mRNA Bocbmu reHoB
cemeinictBa MYB. C mRNA renos CDC5L, MIERT, MYSM1, RCOR1, RCOR2, RCOR3 n SMARCAT
cBs3biBaeTca no oaHon MiRNA ¢ otHowwenmnem AG/AGm ot 86% A0 89%.

KatoueBble croBa: miRNA, red, MYB, B. taurus, E. caballus, O. aries.

Introduction

Transcriptional regulation is a crucial step in
gene expression regulation because the genetic
information is directly read from DNA by
sequence-specific transcription factors (TFs) [1].
Regulation of gene expression controls the spatial
and temporal expression pattern and influences
all biological processes in organisms. In this
regulation, transcriptional regulatory system
plays a key role and involves diverse proteins,
including RNA polymerase, basal and sequence
specific DNA-binding transcription factors (TFs),
transcription cofactors and chromatin remodeling
proteins [2]. An important characteristic of this
family is the presence of a highly conserved MYB
domain at their N end. Previously biochemical and
molecular characteristics of MYB were studied
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[3]. These transcription factors are involved in
many physiological and biochemical processes.
The features of their structure, classification,
multifunctionality, mechanisms of combinatorial
control, evolution and functional redundancy at
the present time were described [3]. The MYB
transcription factor contains a MYB domain that
is highly conserved across all eukaryotes and is
located at the N terminus, whereas the C terminus is
variable, acting as a transacting domain, involves in
the regulation of a wide range of functions of MYB
protein [4]. MYB genes are part of a large gene
family of transcription factors found in animals and
plants. In humans, it includes Myb-related protein
B and Myb proto-oncogene likel [5]. miRNAs
are small, endogenous, single-stranded, noncoding
RNA molecules ranging in length from 18-25 nt
that are found in eukaryotic cells. They regulate



M.O. Meip3abekoBa u Jp.

approximately 60% of the mammalian protein
coding genes, primarily through the interaction
with mRNAs. This effect is exerted by binding to
complementary regions of messenger transcripts to
repress their translation or less frequently inducing
their degradation [6]. miRNAs are short RNAs
that post-transcriptionally regulate the expression
of target genes by binding to the target mRNAs.
Although a large number of animal miRNAs has
been defined, only a few targets are known [7].
In contrast to plant miRNAs, which usually bind
nearly perfectly to their targets, animal miRNAs
bind less tightly, with a few nucleotides being
unbound, thus producing more complex secondary
structures of miRNA target duplexes [8]. TFs are
most fascinating owing to their complex regulation
function. Here we use the transcription factor family
of MYB. As the object of study, selected farm
animals from them TFs MYB are cows, horses and
sheep. The use of functional genomics approaches
in animal husbandry is limited and requires
additional research. At present, the effect of miRNA
gene expression in human and animal TF has not
been studied enough and therefore we have begun
a systematic study of the effect of miRNA on the
expression of transcription factors, including the
MYB family.

Materials and methods

The nucleotide sequences mRNA of transcrip-
tional factors of Bos taurus, Equus caballus and
Ovis aries MYB family were downloaded from
Animal TFDB (http://www.bioguo.org/Animal
TFDB/). Nucleotide sequences of miRNAs were
downloaded from database miRBase (http://mir-
base.org). The search for binding sites of miRNA
in mRNA of target genes was performed using the
program MirTarget [9]. This program defines the
following features of binding: a) start of the ini-
tiation of miRNA binding to mRNAs; b) localiza-
tion of miRNA binding sites in 5’-untranslated re-
gions (5°’UTR), coding domain sequences (CDS)
and 3’-untranslated regions (3’UTR) of mRNAs;
c¢) free energy of interaction miRNA and mRNA
(AG, klJ/mole); and d) schemes of nucleotide inter-
actions between miRNAs and mRNAs. The ratio
AG/AGm (%) was determined for each site (AGm
equals the free energy of miRNA binding with its
perfect complementary nucleotide sequence). AG/
AGm ratios were taken on the assumption that the
members of miRNA family generally differ by no
more than 1-2 nt, that with a miRNA length of 22 nt,
AG/AGm value is more 90%. With a larger differ-

ence in the number of mismatched nucleotides, the
probability of two or more miRNAs to bind in one
site increases. With a larger difference in the num-
ber of mismatched nucleotides, the probability of
two or more miRNAs to bind in one site increases,
which excludes the natural property of miRNA to
interact selectively with mRNA of target gene. The
MirTarget program identifies the positions of BSs
on mRNA, beginning from the first nucleotide of
mRNA’s 5’UTR. The MirTarget program finds hy-
drogen bonds between adenine (A) and uracil (U),
guanine (G) and cytosine (C), G and U, A and C.
The distances between A and C are equal to those
between G and C, A and U, G and U and equal
to 1.02 nanometer [10]. The numbers of hydrogen
bonds in G-C, A-U, G-U and A-C interactions are
found to be 3, 2, 1 and 1, respectively. MirTarget
program does not work directly with miRBase and
NCBI databases. The search for target genes from
17,494 genes in a special format from NCBI for the
known miRNAs from miRBase will be available
on request at mirtarget§(@gmail.com. The miRNA
binding sites for mRNA are taken with a AG/AGm
ratio of more than 85%.

Results and discussion

To identify miRNAs and their targets genes of
MYB transcription factor family, we searched for
binding sites of 1025 miRNAs of B.taurus (bta-
miRNA) in mRNA of 23 MYB family genes, 690
miRNAs of E.caballus (eca-miRNA) in mRNAs of
25 genes, 153 miRNAs of O.aries (oar-miRNA) in
mRNAs of 24 genes.

The list of genes of the MYB transcription fac-
tor family of three animal species is given in Table
1. Nineteen TF genes were in each of the three ani-
mals. Seven other TF genes were in E. caballus, five
other TF genes were in O. aries, four other genes
were in B. faurus. The SNAPC4 gene was found only
in E.caballus. The genomes of B.taurus, E.caballus,
O.aries are fully sequenced, but not all genes are an-
notated and, perhaps, therefore, TF orthologs have
not been identified in some animals. Apparently, the
same reason is due to the difference in the number of
miRNAs in these animal species.

It was revealed that only 13 bta-miRNAs had
binding sites in mRNA of B. taurus TF genes with
AG/AGm value more than 87% (Table 2). The
mRNA of DNAJC2, MYB, MIER2, MYBLI and
MYBL?2 genes had only one binding site for different
miRNAs. The NCORI mRNA had binding sites for
three miRNAs which are located through few hun-
dred nucleotides in the CDS.
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Table 1 — The list of genes of B. taurus, E. caballus, O. aries

MYB family transcription factors

Ne B. taurus E. caballus O. aries

1 CDC5L CDC5L CDC5L
2 DMTF1 DMTFI DMTF1
3 - DNAJC1 DNAJCI
4 DNAJC?2 DNAJC?2 -

5 MIERI MIERI MIERI

6 MIER2 - MIER2

7 MIER3 MIER3 MIER3

8 MYB MYB MYB

9 MYBLI MYBLI MYBLI
10 MYBL2 MYBL2 MYBL2
11 MYSM1 MYSM1 MYSM1
12 NCORI NCORI NCORI
13 - NCOR2 NCOR2
14 RCORI RCORI RCORI
15 RCOR2 RCOR2 RCOR2
16 RCOR3 RCOR3 RCOR3
17 SMARCAI SMARCAI SMARCAI
18 SMARCAS SMARCAS SMARCAS
19 - SMARCCI SMARCCI
20 SMARCC?2 SMARCC2 SMARCC?2
21 - SNAPC4 -
22 TADA24 TADA24 TADA24
23 TERFI TERFI TERF1
24 TERF2 TERF2 TERF2
25 TTF1 1TF1 TTF1
26 TERBI - TERBI
27 7773 Z773 -

Characteristics of the binding of bta-miRNAs to mRNA

genes of transcription factors of the MYB family Bos Taurus
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The RCORI gene was targeted by five miRNAs
that had 14 binding sites. The miR-2885, miR-11976
and miR-11975 binding sites were located with the
overlapping of nucleotide sequences in mRNA clus-
ter from 147 nt to 168 nt. These miRNAs had five
binding sites in the second cluster from 177 nt to
216 nt. The third cluster of binding sites of miR-
2305, miR-11976 and miR-11975 is localized from
222 nt to 256 nt. The advantage of cluster organi-
zation of binding sites is compactization of binding
sites. The first cluster with a length of 22 nt is 2.7
times smaller than the total length of binding sites
of 60 nt. The second cluster, 40 nt long, is 2.5 times
less than the length of all binding sites of 100 nt. The
third cluster, 35 nt long, is 2.9 times smaller than the
sum of the lengths of binding sites of 103 nt. Since
it is problematic to support miRNA binding sites
in CDS that are not involved in the coding of func-
tionally important amino acids, compaction of these
sites is obviously necessary. Figure 1 shows a por-
tion of a protein containing a polypeptide encoded
by the nucleotides of three clusters which is located
between conserved oligopeptides GKRRGRNNA
and SAAAAPNNG of RCORI protein.

A region of three clusters with a length of about
100 nt can at the same time binds no more than three
miRNAs as part of a RISC complex. That is, be-
tween miRNAs, there is competition for binding to
mRNA. There is a greater probability of binding
miRNA to mRNA, for which the value of free ener-
gy of interaction is greater and the miRNA concen-
tration is higher. These two factors will determine
which miRNA will more suppress the expression of
RCORI gene. For example, miR-11976 and miR-
11975 were associated with mRNA of gene with
AG values -129 kJ/mole and -123 kJ/mole, which
are 97% of the maximum AG value.

SS!EE%:E:EC

e O 0 e b b e

Figure 1 — Logo plot of amino acid variability in the region of RCORI1 protein containing a polypeptide encoded
by binding sites of three clusters mRNA RCORI1 gene of B. taurus, E. caballus, O. aries and H. sapiens
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Each of RCOR2, RCOR3, SMARCC?2 and ZZZ3
genes was the target of one miRNA. A common
feature of miRNA associations and target genes is
the localization of binding sites predominantly in
CDS. Only three sites are located in 5°UTR, one in

3’UTR. The binding of miRNA in 5’UTR has an
important biological value, as it allows miRNA to
stop protein synthesis earlier and not to waste en-
ergy on the synthesis of abortive protein in the case
of miRNA binding in 3°UTR.

Table 2 — Characteristics of bta-miRNA binding to mRNA genes of B.taurus MYB family transcription factors

Gene bta-miRNA Start of site, nt OfR;‘(’;g\? A Ag&i v AGﬁ/i G, Length, nt
bta-DNAJC2 bta-miR-2322-5p 29 5°UTR -104 87 23
bta-MYB bta-miR-6528 14 5°UTR -100 90 20
bta-MIER2 bta-miR-12035 28 CDS -110 88 23
bta-MYBLI bta-miR-582 469 CDS -100 87 23
bta-MYBL2 bta-miR-3154 2087 CDS -104 89 21
bta-miR-3154 2852 CDS -104 89 21
bta-NCORI bta-miR-31 5033 CDS -102 91 21
bta-miR-2381 5778 CDS -104 89 21
bta-miR-2885 147 CDS -113 95 19
bta-miR-11976 147 CDS -125 94 21
bta-miR-11975 148 CDS -119 93 20
bta-RCORI bta-miR-2885 177 CDS -113 95 19
bta-miR-11976 177 CDS -129 97 21
bta-miR-11975 178 CDS -123 97 20
bta-miR-11976 195 CDS -123 92 21
bta-miR-11975 196 CDS -117 92 20
bta-miR-11976 222 CDS -121 90 21
bta-miR-11975 223-247 CDS -115 90 20
bta-miR-2305 227 CDS -110 90 20
bta-miR-11976 228 CDS -121 90 21
bta-miR-11976 246 CDS -123 92 21
bta-miR-1949 2881 3°UTR -104 87 23
bta-RCOR?2 bta-miR-877 1328 CDS -102 91 20
bta-RCOR3 bta-miR-6528 102 5°UTR -100 90 20
bta-SMARCC?2 bta-miR-2330-5p 3363 CDS -117 90 23
bta-7773 bta-miR-1284 651 CDS -106 89 22

The mRNA of DNAJC2, MYB, MIER2, MYBLI,
MYBL2, RCOR2, RCOR3, SMARCC?2 and 7773
genes have each binding sites for one miRNA with
AG/AGm from 87% to 91.

DNAJC- focused on the relation of function
to cell apoptosis and the cell cycle in cancers
[11]. MYB, MYBLI, MYBL2- the genes encodes a
transcription factor that regulates cell proliferation,
differentiation, and apoptosis [12]. MIERI- gene
was identified as fibroblast growth factor and that

has been implicated as a tumour suppressor in breast
cancer [13,14], predicted to be nuclear proteins
[15,16]. RCOR2 — RCOR3 are the transcriptional co-
repressors [17,18].

miR-2381, miR-31 and miR-3154 effect nRNA
of NCORI gene in CDS. The AG/AGm value for
these miRNAs change from 89% to 90%. The larg-
est number of miRNA binding sites is found in
mRNA of RCORI gene: miR-2885, miR-11976,
miR-11975, miR-2305 and miR-1949, binding sites
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of all of them are located in the protein-coding re-
gion, except miR-1949.

In these work the AG/AGm value for miRNAs
change in the range from 90% to 97%, which indi-
cates the strong influence of individual miRNAs on
the expression of MYB genes.

Some mRNAs have several miRNA binding
sites. miR-6528 has paired mRNA binding sites for
MYB and RCOR3 genes in 5’UTR. miR-3154 binds
to mRNA of MYBL2 and NCORI genes in CDS.

The degree of miRNA interaction with mRNA
is determined by the size of free energy (AG) of
their binding. According to this indicator, several
miRNAs can be identified. Schemes are shown
in Figure 1. The largest AG value -129 kJ/mole is
shown for miR-11976 binding with RCORI mRNA,
which is 97% of the maximum free binding energy
of these miRNAs. miR-2330-5p binds to mRNA of

SMARCC?2 gene with AG equal to -117 kJ/mole,
which is 90% of maximum free binding energy,
which indicates strong binding of these miRNAs
and more efficient suppression of RCORI and
SMARCC?2 proteins synthesis.

Characteristics of eca-miRNAs binding to mRNA
genes of E. caballus MYB family transcription
factors

For E.caballus, we established binding sites
for 15 miRNAs with mRNA of ten MYB family
genes. The results of these studies are shown in ta-
ble 3. mRNA of MIERI, MYBL2, RCOR2, RCORS3,
SMARCAS, SMARCC?2 and TERF?2 genes bind each
with one miRNA. The value of AG/AGm for bind-
ing varies from 88% to 93%. Different miRNAs act
on mRNA of NCOR2 gene: miR-8989, miR-9159,
miR-8948 and miR-9097 with a AG/AGm value
from 87% to 90%

bta-RCORT, bta-miR-11976,177, CDS,-129, 97, 21 bta-SMARCC2, bta-miR-2330-5,3362, CDS,-117, 90, 23

5' — CGCCUCGGCCcGCccaGeeaeeasee — 3¢t 5' — CCAGACCCCACGGCcccecaAaGeeea - 3t
LU Trrrrrntl FEUE Tt e et

3' — GCGGGGCCG-CGGCGGCGGCGG — 57 3' — GGUCAGGAGUGACGGG-UUCGGGU - 5"

eca-NCOR2, eca-miR-8948,5047, CDS, -121, 89, 24 eca-NCOR2, eca-miR-9097,7519, CDS, -119, 87, 24

5' — CCCCGGCAcCcuUGGCccceceeaaceceea — 30 5' — UCCCCGCCCcccGCcAaAGGccuUGuUeGG — 3t
UL Tt 1 FEEE Lt e

3' - GAGGCC-CGGACCGAAGGUUGUGGU - 5T 3'" — AGGGUUAGGGACGGUCGGGA-AGCC - 57

0ar-CDC5L, oar-miR-376b-3p,4145 3'UTR, -104, 86, 21 | oar-MIERI, oar-miR-4125p,1521, CDS,-100,86, 20

5' - ACUUGGAUCUUACUCUGUGAU - 3' 5' — AUCUAAUGGACCAGGUGARAA - 37
LTt et RN

3' — UGUACCUAAAAGGAGAUACUA — 57 3' — UCGAUCACCUGGUCCAcCUUC - 5t

Picture 1 — Schemes of miRNA interaction with mRNA genes
of MYB family B.taurus, E.caballus, O.aries transcription factors

TERF2- is observed in a variety of human can-
cers, suggesting that 7ERF?2 plays a key role in tu-
mor initiation and development [19, 20].

The largest number of binding sites has mRNA
of NCOR2 gene in CDS. On each of the mRNA of
SMARCC! and TTFI genes act two miRNAs. The
value of AG/AGm varies from 88% to 90%. The
largest AG value is determined at miR-8948 inter-
action on mRNA of NCOR2 gene, equal to -121
kJ/mole, which is 89% of the maximum free bind-
ing energy of these miRNAs. Interaction schemes
of mRNA gene eca-NCOR2 with miRNAs: eca-
miR-8948 and eca-miR-9097 are shown in figure 1.
89% and 87% of the nucleotides of these miRNAs
bind by hydrogen bonds to mRNA of respective tar-
get genes. Of the 15 miRNAs, 14 miRNAs are local-
ized in the CDS and only miR-328 is located in the
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5’UTR. This show a stable dependence of the ex-
pression of corresponding genes on miRNA, since
CDS and 5’UTR are more conservative compared
to 3’UTR.

Characteristics of binding of oar-miRNA to
mRNA genes of O. aries MYB family transcription
factors

For O. aries, we established ten miRNA binding
sites in mRNA of eight MYB family genes. The
results of these studies are shown in table 4. The
mRNAs of CDC5L, MIERI, MYSMI, RCORI,
RCOR2, RCOR3 and SMARCAI genes bind each
with one miRNA with a AG/AGm ratio from 86%
to 89%. CDCS5L gene was shown to be a candidate
oncogene in osteosarcoma and cervical tumors [21,
22]. The expression of MYSMI, SMARCAI genes
may serve as a cancer marker [23-25].
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Table 3 — Characteristics of binding of miRNAs to mRNA genes of E. caballus MYB family transcription factors

Gene bta-miRNA Start of site, nt Region of AG, kJ/mole AG/AGm % Length, nt
mRNA
eca-MIER] eca-miR-30e 328 CDS -102 91 22
eca-MYBL?2 eca-miR-9036 1228 CDS -106 88 22
eca-miR-8989 1574 CDS -100 90 19
oca-NCOR2 eca-miR-9159 1667 CDS -100 89 22
eca-miR-8948 5047 CDS -121 89 24
eca-miR-9097 7519 CDS -119 87 24
eca-RCOR2 eca-miR-139-3p 1440 CDS -117 93 22
eca-RCOR3 eca-miR-9159 930 CDS -100 89 22
eca-SMARCAS eca-miR-7667 313 CDS -113 88 23
eca-SMARCCI eca-miR-328 79 5’UTR -110 88 22
eca-miR-539 2698 CDS -100 89 22
eca-SMARCC2 eca-miR-345-3p 3732 CDS -108 88 22
eca-TERF? eca-miR-197 277 CDS -106 88 22
eca-TTF1 eca-miR-129a-5p 2208 CDS -102 89 21
eca-TTF1 eca-miR-129b-5p 2208 CDS -102 89 21
Table 4 — Characteristics of oar-miRNAs binding to mRNA O. aries MYB family genes of transcription factors
Gene miRNA Start of site, nt Region of AG, kJ/mole AG/AGm, % Length, nt
mRNA
oar-CDC5L oar-miR-376b-3p 4145 3’UTR -104 86 21
oar-MIERI oar-miR-412-5p 1521 CDS -100 86 20
oar-MYSM1 oar-miR-26b 6109 3’UTR -98 86 21
oar-miR-3956-5p 1036 5’UTR -108 88 23
oar-NCOR? oar- miR-125b 212 5°UTR -96 86 21
oar-miR-200b 15582 CDS -93 86 21
oar-RCORI oar-miR-539-3p 4108 3’UTR 91 87 23
oar-RCOR2 oar-miR-323a-5p 141 5’UTR -91 87 21
oar-RCOR3 oar-miR-487a-3p 3329 5’UTR -100 89 22
oar-SMARCAI oar-miR-544-5p 1223 CDS 91 88 21

miR-125b, miR-200b and miR-3956-5p bind
with mRNA of NCOR2 gene. The largest AG
value is determined for miR-376b-3p binding in
mRNA of CDCS5L gene, equal to -104 kJ/mole.
miR-412-5p binds to mRNA of MIERI gene with
AG value -100 kJ/mole, which is 86% of the
maximum free binding energy. The interaction of
these two associations of miRNAs and mRNAs
are shown in figure 1. In 5’UTR, miR-125b, miR-
323a-5p and miR-487a-3p bind with AG/AGm
from 86% to 87%. In CDS, miR-412-5p, miR-
200b, miR-323a-5p and miR-487a-3p bind with
AG/AGm from 86% to 89%. In 3°’°UTR, miR-26b,

miR-376b-3p and miR-539-3p bind with AG/
AGm from 86% to 88%.

Conclusion

The results indicate that mRNA of B. taurus, E.
caballus, O. aries MYB family genes can bind with
miRNA to varying degrees. The largest number of
miRNA binding sites was found in the mRNA of B.
taurus RCORI gene. The mRNA of this gene has
three clusters of miRNA binding sites, which is a
fundamentally new property of miRNAs in animal
organisms.
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