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CHARACTERISTICS OF miRNA INTERACTION
WITH mRNA GENES OF T. AESTIVUM C2H2, ERF, GRAS
TRANSCRIPTION FACTORS FAMILIES

Abstract. The molecular mechanisms for increasing plant productivity remain poorly understood. Genes of
C2H2, GRAS, ERF transcription factors (TFs) families play a key role in the physiological processes of plants,
including wheat. In recent years, the important role of miRNAs in the regulation of the expression of many genes
involved in the formation of productivity has been established. Wheat miRNA (mRNA-inhibiting RNA) target genes
are involved in the regulation of the development of flowers, seeds, root, shoots, and responses to abiotic and biotic
stresses. The miRNAs binding sites in mRNAs of C2H2, ERF, GRAS TFs families were performed using the
MirTarget program, which calculates the free energy of miRNA binding with mRNA, the schemes and positions of
nucleotide interactions with binding sites. Wheat genes were used as the object of the study, since wheat is one of
the main grain crops in Kazakhstan and in many other countries. The presence of miRNA binding sites with high
nucleotide complementarity in mRNA of C2H2, ERF, GRAS TF genes of wheat was shown. All binding sites of
these miRNAs were located in the CDS of mRNA target genes. Of the 125 miRNAs of 7. aestivum, miR319-3p
efficiently bound with mRNA of C2H2 family genes with the value of AG/AGm equal 91 %. miR7757-5p interacted
with mRNA of ERF and GRAS family genes with the value of AG/AGm equal to 92 % and 90 % respectively.
miR9778-5p bound with mRNA of C2H2, ERF, GRAS family genes to varying degrees. Each of the miR408-3p,
miR9780-3p, and miR9778-5p had four target genes with the value of AG/AGm equal to 87 % and 89 %. These data
indicate the dependency of C2H2, GRAS, ERF TFs families expression on miRNA. The obtained results expand the
fundamental ideas about the regulatory mechanisms of miRNA in the process of plant growth and development.

Key words: T. aestivum, transcription factor, gene regulation, miRNA, mRNA.

Introduction. The present work is aimed to study the participation of miRNA (mRNA-inhibiting
RNA) in the growth and development of wheat plants, and to study the characteristics of the interaction of
miRNA with mRNA of target genes of C2H2, GRAS, ERF transcription factor (TF) families.
C2H2 proteins are transcription factors containing «zinc fingers». They are responsible for the processes
of embryogenesis, regulate the development of flowers, shoots and seeds, control the flowering time and
the formation of nodules [1, 2]. C2H2 genes are significantly involved in drought, heat and salt response
[3]. AP2/ERF (ethylene response factor) — transcription factors family is involved in the regulation of
flower and seed development and responses to environmental stresses [4-7]. GRAS TF family is involved
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in the regulation of root and shoot development, in responses to gibberellins, and in the transmission of
the phytochrome signal [8-11]. Currently, there is limitted information available on the interaction of
miRNA with the expression of these genes. miRNAs play an important role in the regulation of many
biological processes of plants [12, 13]. The identification of miRNA targets will improve understanding
of miRNA-mediated mechanisms of wheat growth and development. This is important for increasing
wheat productivity. Most miRNAs affect various plant development processes by regulating the
expression of transcription factors [14]. Therefore, it seems important to study the effect of miRNA on the
expression of the C2H2, GRAS, and ERF genes involved in all key processes of plant cells.

Materials and methods. The nucleotide sequences of T. aestivum genes of the C2H2, ERF, GRAS
families were borrowed from Plant Transcription Factor Database v4.0 (http://planttfdb.cbi.pku.edu.cn/).
The nucleotide sequences of miRNAs were taken from miRBase v.22 (http://www.mirbase.org/). The
miRNAs binding sites in mRNA of several genes were predicted using the MirTarget program [15]. This
program defines the following features of miRNA binding to mRNA: a) the start of the initiation of
miRNA binding to mRNAs from the first nucleotide of the mRNA's 5'UTR; b) the localization of miRNA
binding sites in 5'UTRs, CDSs and 3'UTRs of the mRNAs; c) the free energy of interaction miRNA and
the mRNA (AG, klJ/mole); d) the schemes of nucleotide interactions between miRNAs and mRNAs. The
ratio AG/AGm (%) was determined for each site (AGm equals the free energy of miRNA binding with its
fully complementary nucleotide sequence). The MirTarget program found hydrogen bonds between
adenine (A) and uracil (U), guanine (G) and cytosine (C), G and U, A and C. The distances between A
and C (1.04 nanometers nm), G and U (1.02 nm) were similar to those between G and C, A and U, and
equal to 1.03 nm [16]. The numbers of hydrogen bonds in the G-C, A-U, G-U and A-C interactions were
found to be 3, 2, 1 and 1, respectively.

Results and discussion. As a result of studying the interaction of several families of miRNAs with
mRNA of T. aestivum genes, it was found that only 38 genes were targets for these miRNAs. The miRNA
binding sites were located in the protein coding region (CDS) of mRNA target genes (table).
We selected miRNA targets genes, with which mRNA bound with AG/AGm value of 86 % or more.
The mRNA of Traes SAL 903412779.2, Traes SBL C3F3A871A.1, Traes 5DL 3FBCC4C48.1,
Traes SBL_7FOFD1538.2 genes had binding sites with miRNAs with the value of AG/AGm higher than
90 % and in the remaining mRNAs, AG/AGm value was 86-90 %. Such criterion indicates a high
probability of miRNAs binding to mRNA genes of C2H2, ERF, GRAS TF families. It was found that
miR10520-5p, miR1127b-3p, miR398-3p, miR1119-3p, miR5200-3p, miR9674a-5p, miR9677b-5p,
miR399-3p, miR530-3p, miR9672a-3p had only one target gene. The miR9657b,c-3p and miR408-3p had
similar binding sites in the mRNA of the Traes 2BL. 58 A855C7B.2, Traes 2DL 540050272.2 genes, and
miR408-3p had two more interaction sites in the mRNA of the Traes 2AL 7ABA7B7CS8.1 and
Traes SBL D53A846BE.1 genes of C2H2 family and one binding site in the mRNA of
Traes 2BL_88A78A71E.1 gene of GRAS family. Each of miR1128-5p and miR319-3p had three target
genes of C2H2 family with value of AG/AGm from 87 % to 91 %. This indicates a strong interaction of
mRNA with miRNA. Traes SBL_7F0FD1538.2 gene of ERF family was the target for miR5200-3p and
miR7757-5p. The miR7757-5p bound to mRNA of Traes SBL 7FOFD1538.2 gene completely
complementary and AG/AGm value was 92 %, which indicates a strong interaction of these RNAs. The
possibility of binding of several miRNAs to one mRNA or one miRNA at sites of different mRNAs
indicates an increased control of the expression of the corresponding genes by miRNAs. The miRNA
analysis of target genes showed that miR9778-5p, miR9780-3p, and miR7757-5p had binding sites in the
studied families, which indicates a high probability of their significance for the regulation of mRNA
translation of the corresponding genes. The targets for miR9778-5p were mRNA of four genes in the CDS
regions of three studied families: Traes 1DS 75AF80583.1 (C2H2), Traes 4AS 19FA06316.1 (GRAS)
and Traes 1AL 08BAD7CD3.1 (ERF), Traes 1BL 09D8BE2C9.1 (ERF) with the value of AG/AGm
equal 87 % and 89 % respectively. miR9780-3p had three binding sites in the mRNA genes of ERF family
(Traes 2AL OF08552FB.1, Traes 2BL 984787AC0.1, Traes SBL 199A847E4.1) and one binding site
in the mRNA TRAES3BF064300010CFD t1 gene of C2H2 family, while miR7757-5p had three binding
sites in mMRNA of GRAS genes (Traes 5SBL 1E751EF1F.1, Traes SBL A7C4DAEI11.2,
Traes SDL_B89CD8432.1) and one binding site in mRNA of Traes 5SBL_7FOFD1538.2 gene of ERF
family. The miR156-5p, miR171b-3p and miR531-5p had two binding sites in the mRNA genes of GRAS
and ERF transcription factors families. The miR156-5p and miR171b-3p bound to mRNA of
6 ——
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Traes 6AL 4084532FC1.1, Traes 6DL_26DDCA106.1 and Traes 4AS 19FA06316.1
Traes 4DL_5B3B57371.1 genes, respectively, of GRAS TF family with the value of AG/Am equal 87%.
miR531-5p interacted with mRNA of Traes 4AS D20DF472E.1 and Traes 4DL. 6EBD74330.2 genes
with value of AG/AGm equal 88%.

Characteristics of miRNA binding sites in the coding region mRNA
of C2H2, ERF, GRAS transcription factors genes of 7. aestivum

Gene miRNA Start of site, nt AG, kJ/mole AG/AGm, % Length, nt
C2H2 transcription factor family
TRAES3BF064300010CFD tl1 miR9780-3p 1366 -110 87 21
Traes_1DS_75AF80583.1 miR9778-5p 480 -98 87 21
Traes 2BL 58A855C7B.2 miR9657b,c-3p 132 -102 87 21
Traes_2DL_540050272.2 miR9657b,c-3p 132 -102 87 21
Traes_ 4AS_D20DF472E.1 miR531-5p 270 -108 88 21
Traes 4DL_6EBD74330.2 miR531-5p 360 -108 88 21
Traes_2AL_7ABA7B7CS.1 miR408-3p 1631 -104 87 21
Traes 2BL 58A855C7B.2 miR408-3p 1625 -104 87 21
Traes 2DL_540050272.2 miR408-3p 1625 -104 87 21
Traes_ SBL_D53A846BE.1 miR408-3p 297 -104 87 21
Traes SBL C3F3A871A.1 miR398-3p 2846 -104 87 21
Traes_SAL_903412779.2 miR319-3p 2343 -104 91 21
Traes SBL_C3F3A871A.1 miR319-3p 3231 -104 91 21
Traes SDL_3FBCC4C48.1 miR319-3p 2409 -104 91 21
Traes_4BL_3B919C814.1 miR1128-5p 335 -98 87 21
Traes 4BS 6BEE72C38.1 miR1128-5p 335 -98 87 21
Traes 4DL_AAS51A43E7.1 miR1128-5p 332 -98 87 21
Traes_SBL_46BDES583B.1 miR1127b-3p 356 -96 87 21
Traes 1BL 4026DC5011.2 miR10520-5p 373 -91 88 20
ERF transcription factor family
Traes_2AL_0F08552FB.1 miR9780-3p 360 -110 87 21
Traes_2BL 984787ACO0.1 miR9780-3p 357 -110 87 21
Traes SBL 199A847E4.1 miR9780-3p 128 -110 87 21
Traes_1AL_08BAD7CD3.1 miR9778-5p 435 -100 89 21
Traes 1BL 09D8BE2C9.1 miR9778-5p 435 -100 89 21
Traes 2BL FCOF8A3DC.1 miR9677b-5p 304 -110 90 21
TRAES3BF051200070CFD _tl miR9674a-5p 89 -96 87 21
Traes SBL 7FOFD1538.2 miR7757-5p 2096 -102 92 22
Traes_SBL_7F0FD1538.2 miR5200-3p 3396 -96 88 21
Traes_4DS 9C01B536B.1 miR1119-3p 786 -115 86 24
GRAS transcription factor family
Traes 4AS 19FA06316.1 miR9778-5p 1382 -98 87 21
Traes_1AL_FBOC83DD9.1 miR9672a-3p 402 -96 87 21
Traes 4AL 04B7D5758.1 miR9657b-5p 888 -98 87 21
Traes_4DS_258687ACC.1 miR9657b-5p 888 -98 87 21
Traes_SBL_1E751EF1F.1 miR7757-5p 1799 -100 90 22
Traes SBL A7C4ADAE11.2 miR7757-5p 1811 -98 88 22
Traes_SDL_B89CD8432.1 miR7757-5p 1823 -98 88 22
Traes 4BL 86941BB78.1 miR530-3p 6 -98 88 21
Traes 2BL 88A78A71E.1 miR408-3p 1171 -104 87 21
Traes 4AL_C217A20A1.2 miR399-3p 1469 91 90 19
Traes 4AS 19FA06316.1 miR171b-3p 432 -98 87 21
Traes_4DL_5B3B57371.1 miR171b-3p 420 -98 87 21
Traes 6AL_4084532FCl.1 miR156-5p 774 -96 87 21
Traes 6DL _26DDCA106.1 miR156-5p 774 -96 87 21
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Figure shows examples of the interaction of some miRNAs with mRNAs of their target genes, which
illustrate hydrogen bonds between interacting nucleotides. With full complementarity and high interaction
of free energy, the probability of miRNAs interaction with mRNA molecules increases. The data
presented demonstrate the important role of non-canonical A-C and G-U pairs in increasing the free
energy of interaction between miRNAs and mRNAs of the C2H2, ERF, GRAS genes that control various
processes of wheat development. For example, when miR319-3p interacted with the mRNA of the
Traes SDL _3FBCC4C48.1, Traes 5SBL C3F3A871A.1, Traes SAL 903412779.2 genes, two non-
canonical G-U pairs and one A-C pair were formed. When miR7757-5p and miR399-3p interacted with
mRNA of Traes SBL 7F0FD1538.2 and Traes 4AL C217A20A1.2 genes, respectively, two A-C pairs.
These schemes demonstrate the advantage of the MirTarget program over other commonly used programs
when determining the free energy of interaction between miRNA and their target genes in animals and
plants, which is calculated taking into account the formation of non-canonical pairs of nucleotides A and
C, G and U [17-20].

Gene, muRNA _ start of site, characteristics of binding
A Traes 2BL FCOF8A3DC.1; miR9677b-3p; 304; -110; 90; 21
5'"-CCUCCECCCCAUGEIGOCGER—3 " 5" -GFOCCACCUGCUGCCOCECCCGEE—3 "
FEETTEEErr et Lt erereeen ol
3' -GGAGECAGGGUAVUAUARTCTT-5" 3 ' -COGEUGGACAR-GREGCGGEAC-5"
® Traes 2BS ACAS2BCO08.1; muR11372-3p; 778; -87; 87,20 A Traes 1AL 08BADTCD3.1; muR9778-5p; 435; -100; 89; 21
o' -GACGACUCAGCUCUGUUCCA-3" 5" -CGACGUGUUCGAGRUGCCECG—3 "
FEErrrrrerrrerer 1l LEEEE Frrrrererr reet
3 ' - CUACUGAGUUGRAACATGAT-5" 3'-GoUGCUCARGCUCTACUACGU-5"
®Traes SDL 3FBCC4C48.1; muR319-3p; 2409; -104; 91; 21 A Traes 1BL 09DEBE2CS.1; miR9778-3p; 435; -100; 89; 21
5' -COGEAGCUGCCCUCCGEUCCAG-3 " 5' - CGACGUGUICGAGRTUGOOGCG-3 "
FEEEEEr rrrerrerrrrnl LEEEE Frrrrererr reet
3 ' -UCCOUCGA-GEGAAGUCAGETU-5" 3'-GOUGCUCAAGCUCTACUACGU-5"
oTraes SBL C3F3AB71A 1; miR319-3p; 3231; -104; 91; 21 m Traes SBL_1E751EF1F 1; miR7757-5p; 1799; -100; 90; 22
5' -CGGEAGCUGCCCUCCGEUCCAG-3 " 5 ' —RRUGGEUUGCUGAAGGUIUUAT-3 "
Freeerr rerrrrrrrrend FETTEEE TP reerntd
3" -UCCCUCGA-GEGAAGUCAGETU-5 " 3" - CUACCUAUCGLCUUCCARDATL-5 "
® Traes SAL 903412779.2; miR319-3p; 2343; -104; 91; 21 m Traes 4AT C217A20A12; muR399-3p; 1469; -91; 90; 19
5' -CGGEAGCUGCCCUCCGEUCCAG-3 " 5' -GGGUALCUCUCCUCCAGGCR-3"
FEEEEEr rrrerrerrrrnl FEEEEET ey rrl
3" -UCCCUCGA-GEGRAGUCAGEUU-5" 3" -CCCCUUALGRAGGARAN-CCGTT-5 "

Gene, muRNA _ start of site, charactenistics of binding
®Traes 4BL 581E788ED.1; miR1122c-3p; 48; -93; 86; 21

ATraes 5BL_7FOFDI1538.2; miR7757-5p; 2096; -102; 92; 22
5 ' -ARUGGAUAGCUGARAGUUUUAT-3 "
Frrrrrerrrrrrrrrerrnel
3 ' -CUACCUAUCGACUUCCRAARUR-5"

m Traes 5DL B89CDS3432.1; muR7757-5p; 1823; -98; 88; 22
5" -ALUGEGUCECUGALGEUTUCAT-3 "

Frrrrer rrreerrrrerrr
3 ' -CUACCULUCGACUUCCARARUR-5"

Note: The upper and lower nucleotide sequences of mRNA and miRNA, respectively. The bold type indicates the nucleotide of
non-canonical pairs U-G, A-C. e - C2H2 TF family, A - ERF TF family, m - GRAS TF family.

Schemes of miRNAs interaction
with CDS mRNAs of C2H2, ERF, GRAS transcription factors genes in 7. aestivum

Conclusion. It can be concluded from the study that most miRNAs regulate plant development by
controlling the expression of transcription factors, which play an important role in the growth and
development process. The binding sites of miRNAs with mRNA genes involved in the growth and
development of wheat were characterized by high complementarity. Establishing the properties of miRNA
binding sites with mRNA genes of C2H2, ERF, GRAS transcription factors significantly expands the
understanding of the role of miRNA in the regulation of plant gene expression. The data obtained will
contribute to the creation of new varieties of wheat in order to increase their productivity and resistance to
stress factors.

Funding. This study was supported by a grant (AP05132460) from the Ministry of Education and
Science, Kazakhstan Republic, SRI of Biology and Biotechnology Problems, al-Farabi Kazakh National
University.
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C2H2, ERF, GRAS T. AESTIVUM TPAHCKPUIIHUOHABI ®PAKTOPJIBI TYKBIMJIAC T'EHJAEPIHJEI'T
MPHK-MEH muPHK-HbIH ©3APA OPEKETTECYJIEPIHIH CUITATTAMAJIAPBI

AHHOTAUMA. OCIMIIKTEPAIH OHIMAUIITIH apTTBIPYIBIH MOJCKYJANIbIK MEXaHM3MAEepi ol Jie  KaKCh
3eprrenMereH. Tpanckpumus ¢axropiapeiably (T®P) rermnik TykpiMaactapel C2H2, GRAS, ERF ecimuikrepmi,
OHBIH iOIiHAE OMAAHIbIH (U3HOJOTHSIBIK TPOLECTEPiHAC MaHBI3IbI pes atkapaasl. COHFBI JKBUIIAPHI OHIMIUIIKTI
KaJIBINTACTBIPYFa KaTBICATBHIH KONTETeH TeHiepAiH skcnpeccrsichiH perreyaeri miRNA (mRNA-inhibiting RNA)-Hb1H
MaHBI3BI pelli aHbIKTanael. bumait miRNA -HBIH HbICaHa TeHAEP] TYIACPIiH, TYKIMIAPABIH, TAMBIPIAPABIH XKOHE
OpKCHACP/IH JaMybIH PETTeyre, COHAal-aK ©CIMIIKTIH OHMOTHKANBIK JXKOHE aOMOTHKAIBIK CTPECCTEPIH PETTEyTe
kateicanbl. MirTarget OarmapnamachiHbiH keMerimeH miRNA-weiH C2H2, ERF, GRAS TF TyKbIMIOapbeiHEIH
mRNA-MeH OaiinaHbicaThIH  caiTTap aHbIKTanAbl. barmapmama miRNA-mer mRNA  OailiaHBICTHIPATHIH
yJackeepaiH OacTaryslH, opHaTacKaH sxkepi, miRNA -Hb1H 60c sHeprusicel MeH mMRNA-IbIH 63apa opeKeTTecyiHiH
(AG, x/Ix/momnp) xoHe MiRNA-mer mRNA-IbIH HYKJICOTHATEPIHIH 63apa OpEeKeTTeCy CXeMaapblH aHBIKTAMIIBI.
bunaii reHiHiH HYKJICOTHITIK Ti30eTi 3epTTey 00BEKTici peTiHAe KOJAaHBUIIbI, oWTKeHI Oumai Ka3zakctanma xoHe
KOIITETEeH eNiep/ie HEeri3ri MoHMI MakpliaapabiH Oipi 6ombin Tabbutanel. bunaiiaeiy T reniniq mRNA-ma sxorapsl
HYKJICOTHUATI KoMImieMeHTapiasl MiRNA-MeH OalnaHBICTBIpATBIH —ydacKeneplaiH Oonybl KepceTimmi. Och
miRNA-mapapiH GapiblK OailIaHBICTHIPATBIH CAMTTAphl HbICaHa TeHAepaiH MRNA-HBIH O€ITOKTHI KOATAWTHIH
Gemnirinne opHanackaH. 7. aestivum C2H2 tykpiMaaceiabslH 125 miRNA-sbeH 211 rernig mRNA-MmeH spekerTecyin
3eprrey HoTmkeciHne mMiRNA yoria Tek 16 HblicaH anbikTanael. miR10520-5p, miR1127b-3p, miR1128-5p,
miR319-3p, miR398-3p, miR408-3p, miR531-5p, miR9657b, c-3p, miR9778-5p, miR9780-3p ocel HbIcaHa
reagepain mRNA-meH Oaiinaneicanpl. 125 miRNA iminen 7. aestivumm miR319-3p AG/AGm moHi 91%-Fa TeH
C2H2 T® rennmepinin mRNA-men tmimMai Oaiimansicazpl. Exki miRNA TRes Traes 2BL 58A855C7B.2,
Traes 2DL 540050272.2 sxone Traes SBL C3F3A871A.1 reunepinin mRNA-meH Gaiinansictsl. ERF TykpIMIach-
HeIH 169 reninnepiniH mRNA-men or miRNA-map GaiimaHpICaThIH caifTTap aHBIKTAJIBI, ONAapAbIH MOHI 85% -man
acampl. Traes SBL 7FOFD1538.2 reninin mRNA-HBIH OaimaHBICTBIpaThIH calTTapsl ymiH miR319-3p xone
miR398-3p 00 IBL. bip miRNA-men Traes 1AL 08BAD7CD3.1, Traes 1BL _09D8BE2C9.1,
Traes 2AL OF08552FB.1, Traes 2BL 984787ACO0.1, Traes 2BL FCOF8A3DC.1, Traes 4DS 9C01B536B.1,
Traes SBL _199A847E4.1, TRAES3BF051200070CFD tl rennepinin mRNA-maps! Oaiimansictel. GRAS TyKbIM-
JTachIHBIH 169 TeHiH KOMIBIOTEpIIiK Tajnay HaTikecinae Tek 13 renaepain miR156-5p, miR156-5p, miR171b-3p,
miR399-3p, miR408-3p, miR530-3p, miR7757-5p, miR9657b-5p, miR9672a-3p, miR9778-5p-mMeH HbIcaHa eKEHIIT1
anbIkTaael. Tracs 4AS 19FA06316.1 reninig mRNA-ga miR171b-3p xone miR9778-5p yurinH e3apa opekerrecy
caiitTapsl aHbIKTanabel. Keibip miRNA-mapnsiH 3eprrenreH OipHelle TyKbIMIacTapblHAa OaiylaHBICATBIH calTTap
GonrraHbIH atan ety kepek. miR7757-5p T® ERF xone GRAS rennepinin mRNA-men 92% sxone 90%-1a AG/AGm
colikecinme OainanpicTel. mMiR9778-5p op Typmi meHreiine Td rennmepi C2H2, ERF, GRAS mRNA-men
6atimaneicTel Oonabl. miR408-3p, miR9780-3p xone miR9778-5p 87 % u 89 %-ra TeH AG/AGm TepT TeHHIH
HbIcaHbl Oosbim TaObuIABI. MiIRNA >xone T® C2H2, ERF, GRAS renaepinin mRNA-mapsl e3apa opekerrecy
cxemalapbl HYKJICOTHATEPMIiH CYTEKTIK OailaHBICTaphlH aHBIK KepceTemi. miR1122¢c-3p, miR7757-5p-napapig
Hykneotuarik Tizoextepi Traes 4BL S581E788ED.1 sxome Traes SBL 7FOFD1538.2 renmepinin mRNA-HBIH
OapipIK Y3BIHIBIKTAPBIMEH ©3apa colkeciHime opekeTtecTi. bynm moamimertep T® skcnpeccusmapbiabln C2H2,
GRAS, ERF tykbimaaperabiy miRNA-Fa Toyenminirid kepceTeni. AJNIBIHFaH HOTIDKETEp OCIMIIKTEpIiH ocyl MeH
namysl ponecinge miRNA-HBI peTTey MexaHu3MIepi Typaibl TyOerei unesimapasl KeHeHTe .

Tyiiin ce3nep: 7. aestivum, TpaHCKPUIILIMOH B! (hakTop, reH perymsunsicsl, MuPHK, MPHK.
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XAPAKTEPUCTUKHU B3AUMOJEHCTBUSA muPHK C vPHK TEHOB CEMENCTB
TPAHCKPUIIHNOHHBIX ®AKTOPOB C2H2, ERF, GRAS T. AESTIVUM

AnHoTanusi. MoJekynspHble MEXaHH3MBl IOBBINICHMS TPOAYKTUBHOCTH pAacTeHHH OCTaroTCs Cci1abo
n3ydeHHbIMH. CeMelcTBa TeHOB TpaHCKpUIIHMOHHBIX (akTopoB (Td) C2H2, GRAS, ERF urpator kiroueByio ponb
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B (PU3MOJIOTHUYECKHX MTPOIIEccax paCTEHHH, B TOM YHCIIe Y TIICHUIBI. B mocieanue roasl ycTaHOBIEHa BaXKHAs pOJIb
miRNA (mRNA-inhibiting RNA) B perymsuuu 5KCIIpecCMM MHOTHMX T'€HOB, y4YacTBYIOIIMX B (OPMHpPOBAHUH
MPOXYKTUBHOCTH. I 'eHbI-MunIeHn miRNA MIIeHHIBI yYacTBYIOT B PEryJISIMN Pa3BUTHS L[BETKOB, CEMSIH, KOPHEH H
noOeroB, U OTBETa pacTeHWs] Ha OmMoTHYeckne M abmotmyeckue crpecchl. CaiiTel cBs3biBanus mMiRNA B mRNA
renoB cemeiicte C2H2, ERF, GRAS T® onpenensuin ¢ nomomsio nporpammbl MirTarget. [Iporpamma onpenensier
HaJgaso caitoB cBs3biBaHUs MiRNA ¢ mRNA, pacnonokeHue caiToB, CBOOOJHYIO JHEPTHUIO B3aWMMOICHCTBHS
miRNA m mRNA (AG, kJI»x/Mob) 1 cxemMbl B3aumMoaeicTBUs HykiIeoTuaoB miRNA ¢ mRNA. B kagectBe 00bekTa
HCCIIEJOBaHMS HCIIONIB30BAI HYKJICOTHIHBIE ITOCIEIOBATEIPHOCTH T€HOB IMIIEHNIB!, TAK KaK MIICHUNA SBIACTCA
OJIHOHM M3 OCHOBHBIX 3€pHOBBIX KynbTyp KazaxcraHa m BO MHOTHX cTpaHax. B pabote mokazano Hammane B mRNA
reHoB T® mmeHunsl caidToB cBs3biBanmsi MiRNA ¢ BBICOKON KOMIUIEMEHTApHOCTHIO HYKIJICOTHIOB. Bce calTh
cBs3piBaHMsl 9THX MIRNA pacnonoxxensl B Oenok-konupyromeid yacty mRNA reHoB-mumeHeld. B pesynbrate
u3yueHus B3aumozercTBus 125 miRNA ¢ mRNA 211 renos cemeiictea C2H2 T. aestivum ObIO 0OHApYKEHO
TonbKo 16 mumenei s miRNA. miR10520-5p, miR1127b-3p, miR1128-5p, miR319-3p, miR398-3p, miR408-3p,
miR531-5p, miR9657b,c-3p, miR9778-5p, miR9780-3p ces3pBammce ¢ mMRNA stux reHoB-mumenei. 13 125
miRNA 7. aestivum miR319-3p s>¢dexruBno cpszpiBaack ¢ MRNA reHoB Td C2H2 ¢ eanmumuoit AG/AGm
pasaoii 91%. ITo nBe miRNA cszbiBamncs ¢ mRNA renos Traes 2BL. 5S8A855C7B.2, Traes 2DL 540050272.2 n
Traes SBL C3F3A871A.1. B mRNA 169 renoB cemeiictBa ERF, Ob10 BBISBICHO AECATH CAMTOB CBS3BIBAHUS
miRNA, c¢ BemmumaOoi AG/AGm pasHeIM Oomee 86%. mRNA rena Traes SBL 7FOFD1538.2 mmena caifrsl
ce3piBannsg st miR319-3p w  miR398-3p. Ilo oxnoii miRNA cBss3piBamuch ¢  mRNA  reHOB
Traes 1AL 08BAD7CD3.1, Traes 1BL 09DS8BE2C9.1, Traes 2AL OF08552FB.1, Traes 2BL 984787ACO0.1,
Traes 2BL_FCOF8A3DC.1, Traes 4DS 9C01B536B.1, Traes 5SBL_199A847E4.1, TRAES3BF051200070CFD _t1.
B pesynbrate xomMmproTepHOTO aHanu3a u3 169 renos cemelictBa GRAS 6b1710 00HApY)KEHO, YTO TOJIBKO 13 reHOB
Obutn MumeHaMu s miR156-5p, miR171b-3p, miR399-3p, miR408-3p, miR530-3p, miR7757-5p, miR9657b-5p,
miR9672a-3p, miR9778-5p. Caiirel B3aumoneiicTBus 11t miR171b-3p u miR9778-5p 6bin o6Hapyxenst B mRNA
rena Traes 4AS 19FA06316.1. BaxHO OTMETUTB, 4TO HEKOTOpbIc MIRNA vMeH caifThl CBSI3bIBAHHS B HECKOJIBKUX
n3y4eHHbIX cemeiictBax. miR7757-5p cesspBamack ¢ mRNA renoB T® ERF u GRAS co 3nauennem AG/AGm
paBHbIM 92% n 90% cootBercTBeHHO. MiR9778-5p B pasHoii crenenu cBssbiBaiick ¢ mRNA remos T C2H2,
ERF, GRAS. miR408-3p, miR9780-3p u miR9778-5p umMenu mo uerbipe reHa mMumieHH co 3HaueHHeM AG/AGm
paBHbIM 87% 1 89 %. Cxembl B3aumoeiicTBust miRNA 1 mRNA renoB T® C2H2, ERF, GRAS 4eTko moka3sBaroT
oOpazoBaHue BOJOPOITHBIX CBSA3€H MEXIy HyKJIeoTHaaMu. HykieoTumHele mociemoBaTenbHOCTH mMiR1122¢-3p,
miR7757-5p Bl3ammopeiictBoBanmm 1o  Bced  mmHe mRNA  remoB  Traes 4BL 581E788ED.1 m
Traes SBL_7F0FD1538.2, coOTBETCTBEHHO. DTH JaHHBIE CBUACTEIBCTBYIOT O 3aBHCHUMOCTH 3Kcmpeccun T
cemericte C2H2, GRAS, ERF or miRNA. [IlomydeHHble pe3ynbTaThl pacIIupsioT (QyHIaMEHTAIbHBIC
TIPE/ICTABIICHUS O PETYISTOPHBIX Mexann3Max miRNA B nporiecce pocTa ¥ pa3BUTHS PACTEHHMH.
KaroueBsie cnoBa: 7. aestivum, TpaHCKPHITIMOHHBIN (akTop, perymsius reHa, MuPHK, MPHK.
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