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YK 577.21

CAWTbI CBA3bIBAHUA miRNA C mRNA, KOAWPYIOLWMWE OJIMTONENTUADI
BEJIKOB CEMEMCTBA TCP PACTEHUN

PaxmetynnuHa A.K., UBaweHko A.T.

Ka3zaxckuit HaunoHanbHbI yHUBEpCcUTET UMeHu anb-Qapabu, Anmatsl, KazaxctaH
050040, Anmartsi, np. anb-Gapaby, 71
e-mail: a.iavashchenko@gmail.com

YcTaHoBneHbl xapakTepucTuku B3aumogenctensa mMIRNA ¢ mRNA reHoB cemMencTBa TPaHCKPUMLMOHHbLIX
tdakTopoB TCP pacteHuit. Caiitbl cBsisbiBaHUss MiIRNA B mMRNA reHoB TCP KoaupytoT oniMronenTubl NoSIMCEPUH,
NOAVIMCTUANH, MONNANAHWUH, NONNININLMH.

KnioueBble cnoea: miRNA; mRNA; caliiT cBsi3bIBaHWSI; ONIMFrONenTunz; TPAaHCKPUMUNOHHbIV haKTop

TpaHCcKpUNUMOHHbIe (haKTopbl Y4acTBYOT BO MHOMMX MpoLieccax pasBuUTUA M pocTa pacTeHuii. CeMencTBo
reHOB TPaHCKPUMNUUOHHbIX hakTopoB TCP BkntoyaeT 4187 reHOB pa3niMYHbIX BUAOB pacTeHui. [eHbl ceMeicTBa
TCP yyacTBytOT B anukanabHOM AOMUHUPOBAHUK, B KOHTPOJIE LIBETOBON [BYCTOPOHHEW CUMMETPUM, BOBJIEYEHDI
B penaukauuio u BoccTaHoBneHne [HK, nogaepXusaroT CTPYKTYpy XpOMaTWHa, cerperauyuio XpoMOCOM U
PErynupyroT KNeTOUHbIN LKA [1]. MHOrMe 13 aTux npoLeccos perynupytotcs nocpeactesoM miRNA nogaensiowmx
9KCMpeccuto reHoB MulleHen. bbino nokasaHo yvyactme mMiRNA B peakuuwm pacTeHWr Ha CTpecc U AeicTBue
natoreHos [2].
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YIK 577.21
XAPAKTEPMCTUKA CAATOB CBAI3bIBAHMA miRNA-5P U miRNA-3P C mRNA
F'EHA RTL1

lOpukosa 0.10., Atam6baesa LLL.A.

HWW npo6nem 6uonorum n 6uotexHonormm, Kazaxckuit HaumoHanbHbIi YHnBepeuteT um. anb-Papabu, Anmarsi,
KasaxctaH

050040, Anmartsi, np.anb-Gapabu 71

e-mail: oksanayurikova@mail.ru

B CDS mRNA reHa RTL1 BbifiBfieHbl NATb Map MOMHOCTbIO KOMM/IEMEHTapHbIX CalTOB CBA3bIBaHWUS AECATU
mMiRNA. YcTaHOBNEeHbl KOHCEpPBaTUBHbIE CcailTbl cBA3biBaHMA aecAT MiIRNA B MRNA opTonornyHbix reHoB RTL1T.
3T MIiRNA nmetoT cainTbl cBsA3biBaHUA B MRNA 32 reHoB, y4acTBYHOLWMX B Pa3BUTUN COLMAsIbHO 3HAYUMbIX
3aboneBaHui.

KnioueBble cnosa: miRNA, mRNA, RTL1, OpTOfOrMyHbIv reH, canT CBA3bIBaHUSA

mMiRNA - manble Hekoaupytowme RNA, KoTopble NoAaBAstoT 9KCNPECCUIO MEHOB Ha NMOCTTPAHCAALUOHHOM
ypoBHe. HekoTopble MiRNA X1BOTHbIX TPaHCKPUOUPYHOTCS KaK aHTUCMbIC/IOBblE NOCIe[0BaTENbHOCTU K 9K30-
HaM HEKOAMPYIOLLMX UNu Koaupyowwmx 6enok reHos [1]. MpeackasaHue caToB cBA3biBaHUA MIRNA npoBoau-
nu nporpammoit MirTarget, koTopas onpefensieT cneaytoline xapakTepucTUKK: @) Hayasno caiTa CBsi3biBaHUS
miRNA ¢ mRNA; 6) nokanusauusa caitoB ceasbiBaHuss MiRNA B 5’'UTR, CDS 1 3'UTR mRNA; B) cBo6oaHan aHep-
rMa rubpuansanum, Kotopasl OLeHUBaeTCs AN BCeW HYKIIeoTUAHOW nocnefoBaTtenbHoCcT MiRNA; 1 T) cxembl
HyKneoTnaHbIx B3anmopenctemm mexay miRNA u mRNA. B CDS mRNA reHa RTL1 BbisiBfieHbl NATb Nap MosHo-
CTbIO KOMMJIEMEHTapHbIX CanToB CBA3bIBaHMA MiR-127-5p n miR-127-3p, miR-136-5p 1 miR-136-3p, miR-431-5p n
miR-431-3p, miR-432-5p n miR-432-3p, miR-433-5p n miR-433-3p. PaHee aKcnepuMeHTanbHO 6blIN YCTAHOBIEHDI
ceMb caiToB cBA3biBaHUA [2]. 3T MIRNA MoryT cBasbiBaTbcA ¢ MRNA reHa RTL1 1 nogaenaTb ero aKcnpec-
CUo, BO3MOXHO, flencTBys kak SiRNA. MOTHOCTbIO KOMIMJIEMEHTapHbIE CalTbl CBA3bIBaHMA NATU nap MiRNA-
5p u miRNA-3p nmetotcsi B mRNA opTonornyHbix reHoB RTL1T MHOrux BuAoB Maekonutarowmx. Onuronentuabl
QPSSDGSD u SEPSELQ, koampyeMble canTamun cBAsbiBaHMA MiR-127-3p n miR-127-5p, KoHcepBaTUBHbI B Op-
TonornyHbix 6enkax RTL1T 42 BuaoB xuBoTHbIX. Onuronentuasl DSFETMM n PSSKQME kogupyeMble caTamm
cBA3biBaHMA MIiR-136-3p 1 MiR-136-5p naeHTUYHbI B 6enkax RTL1 39 BMAOB XUBOTHbIX. CaliTbl CBA3bIBAHUSA
miR-431-3p 1 miR-431-5p kKoampytoT KoHcepBaTuBHble onuronentuabl EALQDDL n HDGLQD B 6enkax RTL1 y 34
BUAOB XMBOTHbIX. CalTbl cBA3bIBaHUA MIiR-432-3p 1 miR-432-5p KOoAUPYIOT KOHCEepBaTUBHbIE ONUronenTuabl
DMEEPSS 1 PPNDLLQ B RTL1 6enke y 38 BuAoB XuBOTHbIX. Onuronentugbl NTEEPIMI u NNDRLTV, koanpyemble
B 6enke RTL1 cantamu cBsisbiBaHUss MiR-433-3p 1 MiR-433-5p KoHcepBaTuBHbI Y 40 BUAOB XUBOTHbIX. Takum
o6pa3om, onuronenTuabl, Kogmpyemole caiTamm cesisbiBaHnss MiRNA-5p 1 miRNA-3p nap koHcepBaTUBHbI. AMU-
HOKWCOTbI, hraHKUpyloLme aT1 onuronenTuabl BapnabesbHbl. CnefoBaTenibHO, caiTbl cBs3biBaHUS MIRNA-3p
1 MiRNA-5p B mMRNA RTL1 2BOMIOUMOHHO ApPEBHUE U COXPaAHAIOTCA B TeYeHUe AeCATKOB MUISIMOHOB neT. Bee
canTbl cBA3blBaHuA ansi naATM nap MiRNA B reHe RTL1T pacnono)xeHbl NpU6An3UTeNbHO PaBHOMEPHO MO ASIMHE
MRNA. lMonyyeHHble pe3ynbTaTbl NOKa3blBaoT, UTO U3yveHUe BAUAHUA MIRNA Ha RTL1 y XXMBOTHbIX siBNsieTcs
afileKkBaTHbIM, NockonbkKy MiRNA 1 nx caintbl cBA3biBaHUA B MRNA NpakTU4YecKn MAEeHTUYHbI Y M3YYEeHHbIX BUA0B
YXMBOTHbIX.
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C nomoulpbto nporpaMmbl MirTarget 661510 nNpefackasaHo 6oree 30 reHoB, SIBASIOLWMXCS NpeanosiaraeMbiMu
MuLeHaMu MiRNA, koampyembix RTL1. Takum o6pasom, miRNA-3p 1 miRNA-5p, noMMMo nogaBneHust akcnpec-
cum reHa RTL1, MoryT Takxe perynupoBaTtb TpaHcnsaumio n apyrux mRNA, BOBNeYeHHbIX B pa3BUTUE OHKOJIOMU-
YeCKUX, CepLEYHO-COCYAUCTDIX, HeMpogereHepaTUBHbIX U Apyrux 3a6oneBaHuii. CnegoBaTesibHO, 6Uonornyeckas
3HaunmocTb MIiRNA, kogupyembix RTL1 Benvka v TpebyeTcs ganbHellwas Banuaauns npegnonaraeMbix cCanToB
CBSI3bIBaHUS.
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The CDS of the RTLT mRNA contains five pairs of completely complementary binding sites for ten miRNAs.
Conserved binding sites of ten miRNAs in mRNA of orthologous RTL1 genes have been established. These miRNAs
have binding sites in mMRNAs of 32 genes that are involved in the development of socially significant diseases.

Key words: miRNA, mRNA, RTL1, orthologous gene, binding site

miRNAs are small non-coding RNAs that suppress gene expression at the post-translational level. Some an-
imal miRNAs are transcribed as antisense to exons of non-coding or protein-coding genes [1]. The prediction of
miRNA binding sites was carried out by the MirTarget program, which defines the following features of binding: a)
the origin of initiation of miRNAs binding to mMRNAs; b) the localization of the miRNA binding sites in 5’UTRs, CDSs
and 3'UTRs of mRNAs; c) the free energy of hybridization, which is evaluated for the entire nucleotide sequence of
miRNAs; and d) the schemes of nucleotide interactions between miRNAs and mRNAs. We have established that the
CDS of the RTLT mRNA contains five pairs of completely complementary to mRNA binding sites for miR-127-5p and
miR-127-3p, miR-136-5p and miR-136-3p, miR-431-5p and miR-431-3p, miR-432-5p and miR-432-3p, and miR-433-5p
and miR-433-3p. Seven of these 10 MiRNAs binding sites in the mMRNA of RTL1 have been previously identified [2].
These miRNAs can bind to the mRNA of the RTL1 gene and suppress its expression, possibly by acting as siRNAs.
Five miRNA-5p and miRNA-3p pairs have completely complementary binding sites in the orthologous RTL1 genes
of many mammalian species. The oligopeptides QPSSDGSD and SEPSELQ encoded by miR-127-3p and miR-127-5p
binding sites are conserved in orthologous RTL1 proteins in 42 animal species. The oligopeptides DSFETMM and
PSSKQME encoded by the miR-136-3p and miR-136-5p binding sites are identical in the RTL1 proteins of 39 animal
species. The binding sites of miR-431-3p and miR-431-5p encode the conserved EALQDDL and HDGLQD oligopep-
tides in all RTL1 proteins of 34 animal species. The binding sites of miR-432-3p and miR-432-5p encode the con-
served oligopeptides DMEEPSS 1 PPNDLLQ in all RTL1 proteins of 38 animal species. The oligopeptides NTEEPIMI
and NNDRLTV encoded by the miR-433-3p and miR-433-5p binding sites are conserved in the RTL1 proteins of
40 animal species. Thus, oligopeptides encoded by the miRNA-5p and miRNA-3p pairs are conserved. The amino
acids outside of these oligopeptides and between them are variable. Therefore, the binding sites of miRNA-3p and
miRNA-5p in the RTLT mRNA are evolutionarily ancient and have been preserved for tens of millions of years. All
of the binding sites for the five miRNA pairs in the RTL1 gene are located approximately evenly along the length of
the mRNA. The obtained results show that studying the effects of miRNAs of RTL1 in animal subjects is adequate,
since the miRNAs and their binding sites in the mRNAs are almost identical in the studied animals.

Using MirTarget program more than 30 genes were predicted as putative target genes of miRNAs encoded by
RTL1. Therefore, miRNA-3p and miRNA-5p, in addition to suppressing the expression of RTL1 gene, can also regulate
the translation of MRNAs of genes involved in the development of oncological, cardiovascular, neurodegenerative
and other diseases. Consequently, the biological significance of the miRNAs encoded by the RTL1 is great and
further validation of putative targets is needed.
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YcTaHoBneHbl canTbl cBA3biBaHMA MIRNA ¢ mMRNA reHoB-KaHAMAATOB paka TOHKOro KULUEYHUKA, KOTOopble
pacnonoxeHbl B S'UTR, CDS 1 3'UTR mRNA 3aTux reHoB. MaeHTUdMLMPOBaHbI KnacTepbl CalToB CBA3bIBaHUSA
miRNA. PesynbTaTbl UCClef0BaHUA PEKOMEHAYHOTCA A1 pa3paboTKu METOA0B paHHeEN AMAarHOCTUKM paka ToH-
KOro KULIeYyHuKa.

KnioueBble cnoea: miRNA, mRNA, reH, pak TOHKOro K1LLIeYHuKa

BakHyto ponb B perynsiumMm oHkoreHoB urpatoT miRNA. Bo BceM Mupe paspabaTtbiBaloTC MONEKYNsApHble
He MHBa3MBHble MeTOAbl PaHHEN AMarHOCTUKM paKa XeNyL0YHO-KULLEYHOro TpakKTa Ha OCHOBE aHanm3a B KpoBu
N3MEHEHMUI KOHLIEHTpaLmn MeTabonntos, 6enkos, [ HK, miRNA u ap. MpeackasaHue caiToB cBsA3biBaHUSA MiRNA
B MRNA reHoB-KaHAMAATOB HEO6XOAMMbI MpU pa3paboTke METOA0B paHHEW AMAarHOCTUKM OHKONMOMMYECKUX
3aboneBaHNN.

[nsa paHHom pa6oTbl u3 Genbank (http://www.ncbi.nlm.nih.gov/) 66111 oTo6paHbl MRNA 40 reHOB-KaHAUAaToB
paka TOHKOro KuueyHuka. MNonck reHos-mulieHen ans miRNA nposoanau ¢ nomoLlbio nporpammbl MirTarget.
lMporpamma onpefgensieT Hayano cantoB cBaAsbiBaHUA MIRNA ¢ mRNA; pacnonoxeHve canToB CBSA3blBaHUA B
5'UTR, CDS, 3'UTR; cBo60AHYt0 aHepruto rubpuansauum (AG) u cxembl B3aMMogencTBus Hykneotnzos miRNA ¢
mRNA.

CanTtbl cBsisbiBaHMsA MIRNA paccmaTpuBanu npu oTHoweHun AG/AGm paBHOM 6onee 86%. YCTaHOBIEHO,
yTo 12 13 40 n3ydyeHHbIx MRNA reHoB He MMelT cailToB cBsAsbiBaHMA ¢ 3707 mMiRNA [1]. BbissneHbl mMRNA
reHoB ASXL1 n GNAS, KoTopble UMEeIOT MOMHOCTbIO KOMMIEMeHTapHble canTbl cBA3biBaHna ¢ miRNA.B 5'UTR
MRNA 60onblUIMHCTBA FrEHOB, OOHaAPY>XEHbl y4acTKuU copepxkaliue Apa u 6onee canToB cBA3biBaHMA MIRNA ¢
HasloXXeHWeM UX HYKNeoTUMAHbIX nocnegoBatesibHocTei (knacTepbl). MRNA reHa ASXL1 umMeeT knacTep caiToB
cBA3bIBaHWA ¢ 172 HT No 196 HT o6LLen ANMHON 25 HT U CO 3HaYeHneM CBOGOAHOWN 3HEPrUun B3anMMOLENCTBUSA
AG paBHbIM -128 kJ/mole. MRNA reHa ARIDTA nmeeT gBa knactepa canToB cBfA3biBaHuA B 5'UTR co cpefHum
3HayeHneM AG paBHbIM -126 kd/mole n -115 kd/mole. mRNA reHa GNAS copepXuT Knactep caiToB CBA3bIBaHNSA
¢ 30 HT N0 69 HT co cpefHelt cBOGOAHOW aHepruer B3anmonencTeus, pasHon -107 kd/mole. mRNA reHoB SOAT1
1 SOX9 umetoT canTbl CBA3bIBaHUA AJ151 OANHOYHbIX MiRNA.

B CDS mRNA reHa ARIDTA 6binn o6HapyeHbl TpW KracTepa cainToB cBa3biBaHua MIRNA co cpegHum
3HayeHneM AG paBHbIM -129, -128 u -127 kJ/mole uTO Bbille CpefgHero 3HayeHusi CBOGOAHOW SHEPrum
B3anMofencTeunsa Bcex cantoB B CDS. Hanuune Takux KracTepoB CavWTOB CBA3bIBaHUA CBUAETENbCTBYET O
CWNbHOWM 3aBMCMMOCTM 3KCMPECCUM ITOro reHa OT Kaxzaon u3 atux miRNA. O6pasoBaHue knactepa canToB
cBsisbiBaHus reHa ARIDTA npuBoAUT K BOSHUKHOBEHUIO KOHKYPEHUWMW 3a canT cBsisbiBaHusA. YeTbipe mMiRNA
MMetoT canTbl cBa3biBaHMs B MRNA reHa MUCS5AC. Bce caliTbl CBA3bIBAHUS MMEKOT OgMHAKOBOe 3HayeHne AG/
AGm, paBHoe 90% 1 oTHOCUTEeNIbHO paBHoe 3HayeHne AG. TUU_CMC_MD2.ID00967.5p-miR gnuHon 22 HT umeet
HecKonbKo canToB cBA3biBaHMA B MRNA reHa MUC5AC ¢ AG=-115 kd/mole. mRNA reHa MUC6 umeet 5 caintoB
cBssbiBaHus B CDS. bBonee Bbicokoe 3HayeHne AG Habntogaetcs B accoumaumm ¢ TJU_CMC_MD2.1D02888.5p-
miR (AG=-121 kJ/mole).

B 3'UTR mRNA reHa MLL2 BbisiBieH KnacTep caiToB cBsi3biBaHMsl ¢ 17780 HT no 17820 HT ¢ obLuei fInHON
paBHOM 40 HT WM CpefHUM 3HAYeHUeM CBOBGOAHON 3Hepruen B3ammopencTeus paBHon -118 kJ/mole. Bbiau
O6Hapy>XeHbl MHOXECTBEHHble caiTbl cBsidbiBaHMss TJU_CMC_MD2.ID00470.5p-miR B 3'UTR mRNA reHoB
CDKN2B n SMAD4 co cpefiHuM 3HadeHnem AG paBHbiM -108 kJ/mole n 3HayeHnem AG/AGm = 89%.
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