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Momusayua u yenv. MeTUNNPOBAHNWE THUCTOHOB SBJIAETCS OJHHUM H3 KIFOUEBBIX
SMUTeHETHYECKUX MEXaHN3MOB, BIMSIOIINX Ha POCT U Pa3BUTHE PACTEHUH B pa3IMUHBIX
YCIOBHSAX. OTOT TMpoLecc BKIIOYaeT J00aBiIeHHME METWIBHBIX TIpyHm K
AMUHOKHUCIIOTHBIM OCTaTKaM B THCTOHAaX, YTO HM3MEHSET CTPYKTYpPY XpOMaTHHa H
perynupyer pocrynHocts JHK mist ¢epmMeHTOB, y4yacTBYIOIIMX B TPaHCKPHIIIUH.
CymiecTByeT MHOXECTBO BHJIOB METHWJIMPOBAHHUS TMCTOHOB, CpEOU KOTOPBIX
MmeTwupoBanue au3uHa 27 B rucrone H3 (H3K27me3) mpencrasiser coboii spkuii
MIpUMep IMPOSABJICHUS CallICHCUHIa I'€HOB, SIBJISIOIIUICS KOHCEPBATUBHBIM B I1apCTBE
KHUBOTHBIX M pacteHuid [1]. JemerunupoBanne H3K27me3 — obOpatbiii mporecc,
yIaJleHue METHIBHBIX TPYII C JM3HMHA, YTO NPHUBOAMT K PENaKCallMM XPOMAaTHHA U
YBEJUYEHUIO TPAHCKPUMIWU TeHOB. JIM3uH-crienuduyeckre AeMeTHNa3bl — OelKH,
OCYIIECTBIISIONINE JAeMETWIMpoBaHue. B HacrosIiee BpeMs M3BECTHO y4yacTHE I'€HOB
JeMeTWiIa3 B TIpoleccax pocTa M pPa3BUTUS (IpOpacTaHUE CEeMsH, LBETCHHE),
(hOpMHPOBAaHUH CTPECCOBBIX OTBETOB Ha aOMOTHYECKHE (PaKTOPHI, TAKHE KaK 3acyxa U
3aconenue [2]. YV apaOumonuca moka3aHO ydacTHE T'CHOB JEMETHJIa3 B TEpPEeXoje K
LBETCHUIO, B (OPMHUPOBAHUH COJECYCTOWYMBOCTH, B OTBETE€ K IIOBBILICHHOU
TeMIepaType, B IPOpPACTaHUK CEMsIH Ha CBETY U Jp. [3-6]. Y TomaTa mokaszaHo y4actue
Histone H3K27me3 demethylase SIJIMJ3 B cospesannu mioaoB [7], a y caxapHOTro
TPOCTHHKA — KaK OTBeT Ha 3acyxy [8]. Takum oOpa3oMm, JIeMETUIUPOBAHUE TUCTOHOB
npeacTaBiIsieT CcoOOW MOLIHBIA HMHCTPYMEHT JJsl YIY4YLICHUS arpoOHOMHUYECKUX
XapaKTEePUCTUK U YCTOWYMBOCTHU CEITbCKOXO3HCTBEHHBIX KYJIBTYP.

Konbuessie PHK (circRNA) yd4acTByrOT, BEpOSTHO, B MEXaHU3ME pEryJsiuu
skcrpeccun reHoB gemerminas. CirCRNA — sto wimacc PHK, o6pa3oBaHHBIX u3
npekypcopHbix monekyn MPHK. Ux oOmum cBoiicTBOM sBisieTcsi 0Opa3oBaHUe
KOJIBIIEBOH CTPYKTYpHI. M3yuenue koibiieBbix PHK y pacTenuii mprpiekaeT BHUIMaHHE
WCClIeIoBaTeNe MpeXxae BCEro M3-3a MX BO3MOYKHOCTH PETYJIHPOBATH 3KCIPECCHIO
reHOB. BO3MOXXHBIM MEXaHU3MOM HX JEHCTBUS SIBISIETCS CHOCOOHOCTH HEKOTOPBIX
koibreBeix PHK  Beictymate ryb6kamm MuPHK, Tem cambiM  ocBoOoxmas
MOTEHIMANbHbIE MHUIIeHH mpoTenHkogupytommx reHoB MuPHK. Kpome Toro,
MoKasaso, uyto Koislessle PHK MoryT perynupoBats SKCHpecchio poJuTenbCKOro reHa,
CBA3BIBASACH C IIPOMOTOPHBIM perHoHoM. HemaloBaXKHBIM SIBISE€TCS CBOMCTBO
kosblieBbix PHK Bnusate Ha Tpancisuuio nuHedHbX MPHK, moBblas miau cHukas
cuHTe3 1eneBoro oenka. M Hakoner, konbiieBbie PHK MoryT ObiTh Mumensmu s PHK-
CBS3BIBAIOIIMX OEJKOB, BBICTYNAs KOHKYpPEHTaMH Ijsl HMX JIMHEWHBIX aHaJIOTOB.
Pa3nooOpasne MexaHu3MoB nelicTBusl KoubleBeix PHK mo3Bonsier BouATE Ha
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pa3nuuHble OMOJIOTMYECKHE MpoLecchl B pacTeHHsx. PaHee Obla mokasaHa polib
Hexoropeix PHK mpu pocrte, pasButun u (GOpMHPOBAaHMK OTBETOB HA CTPECCOBBIC
dbaktopsl y apabugonuca, tomata, puca u ap. [9, 10]. Oqnako Biusiaue konbiieBbix PHK
Ha MEXaHU3M METHIIUPOBAHHS THCTOHOB HE BBISIBIICHO.

Lenbto paboTel ObUT TOMCK W aHanu3 KoibleBbix PHK, pacmonoxeHHBIX B JIOKycax
T'eHOB THCTOHOBBIX JieMeTuia3 y pacreruii Arabidopsis thaliana, Glycine max, Solanum
lycopersicum, Triticum aestivum u Zea mays.

Memoowr u ancopummer: B pabote Mbl ncnosp3oBanu 6a3y manueix PlantcircBase 7.0,
cojiepKaIyo uHpOpMAIKo Mo TpeackasaHHeiM CIFCRNA, ¢ uUX HyKICOTHIHBIMH
MOCIIEA0BATENEHOCTSAMH, JIOKATN3aIlMel Ha TEHOMaX ¥ BO3MOKHOM B3aWMOJICHCTBHH C
MiIRNA s pacrenuii apabupoOcuca, ToMaTa ©  MSrkod mmeHunsr  [11].
AHHOTHpPOBaHHBIE TEHOMBI ObLTM B3ATHI W3 Phytozome [12]. IlepeceueHue JTOKYyCOB
koapueBblx PHK ¢ aHHOTHpOBaHHBIMM y4YacTKaMH T€HOMOB HCIIOJIb30BAJIH
uHcTpyMeHTsl bedtools u samtools. Busyanusarms u 00paboTKa JaHHBIX TTPOBOIUIIHCH
B Rstudio coorBercTByrOmmMH makeramud pabOThl C TaONMYHBIMH JaHHBIMH. [ljist
paboThl ¢ HYKJICOTUAHBIMU TOCIIEAOBATEIBHOCTSAMHU W3BJICUCHHBIX M3 0a3 JaHHBIX H
MOCTPOCHHUs (PHIIOT€HETHUECKHX JIepeBbeB ucmob3oBanu Ugene [13]. s Banuaanmn
konbleBblx PHK wncnonp3oBanmu OT-IILP ¢ mogbopom mpaiiMepoB Ha JHHEHHBIC U
KOJIBIIEBBIE MOJIEKYJIBI C HcrHonb3oBanveM Primer3. Beigenenne PHK, oGpatHyio
TpaHckpumito U [TIP npoBoawIH Mo CTaHIapTHONW METOAUKE, OMMUCaHHOM paHee [14].
Pactenuss BelpammBanm B KINMaTHYECKWX Kamepax 16/8 cBeToBoro AHA W
temmneparypotii 25 °C.

Pesynomamei: AHanm3 CymecTBYIOIUX TE€HOMHBIX 0a3 MaHHBIX W HMEIOIINXCS
npencka3anHbix KonblleBbix PHK pactenmii apabuponcuca, ToMaTa, MIIEHAIBI, COU U
KYKYypY3bl TOKa3aJl, 4TO B TeHaX JIM3UH-CIIEU(PUISCKUX IEMETHIIa3 MOT'YT OBITh CalThI
o0paTHOrO CIUIaficMHTa, KOTOphIe VYKa3blBalOT Ha BO3MOXKHOCTH 0OOpa30OBaHUs
kobreBbix PHK. CaiiTer oOpaTHOro craiichHra WMEIOTCS HE BO BCEX IJIOKyCax
TUCTOHOBBIX  JEMETWIA3 y  paccMarpuBacMbIX  pacTeHud.  JlokasaTenbcTBa
(OpMHUPOBaHUS KOJIBIEBBIX CTPYKTYp ¢ ucnoib3oBanuem OT-IIIIP momydensr st
HeKoTOpbIX KonblieBbIX PHK BhiOpaHHeIx Hamu pactenunid. IlokazaHa Hu3Kas
skcripeccuss  kombleBbix PHK  mokycoB nmsmH-crienmnuyecknx JeMeTHia3 110
CpPaBHEHHMIO C JIMHEWHBIM aHaJoroM. Takas JKCIpecchsi MOXKET OBITh OOBSICHEHa
OTCYTCTBHEM CTPECCOBBIX YCJIOBHI BBIpalUBaHUs pacTeHHi. HekoTopsie KobleBbIE
PHK reHoB rucTOHOBBIX A€METHIIAa3 MOryT BbICTynath MumieHssmu MUPHK. BrisiBiena
HU3Kas KOHCEPBATHBHOCTb CpEIW  TMpOaHAIM3UpOBaHHBIX  KojbleBbix PHK,
PAcIIONIOKEHHBIX B FeHAX JIM3HH-CIIEU(PHUECKHIX JIEMETHIIA3.

Buvigoowi: OtnenbHBIE TEHBI JTH3UH-CHEIMPUUECKAX JleMEeTHia3 y apaluaoncuca,
TOMara, COH, MIICHUIIBI U KyKYPY3bl MOTYT TPAHCKPUOMPOBATH KOJIBIIEBBIE MOJIEKYIIBI
PHK. Hanuune Takux MOJEKYJ YKa3bIBA€T Ha BO3MOXKHOCTH PETYJISIIUU IKCIPECCUU
COOTBETCTBYIOIIIUX  TE€HOB  KOJBIEBBIMH  CTPYKTypamu,  TPUBOAAIIEH K
SMUTeHETHYECKUM H3MEHEHUsM. [lnmaHupyemble WCCIIEIOBaHUS BIHSHUSA KOJBIIEBBIX
moutekysn PHK na yposens nemermiupoBanus H3K27me no3posisat pa3paboTath HOBBIH
MEXaHU3M pPEeryJlMpoBaHUS pOCTa, Ppa3BUTHA W TOBBIIMIEHUS YCTOWYHBOCTH
CebCKOXO3SIMICTBEHHBIX PACTEHHH K CTPECCOBBIM (haKTOpaMm.

Qunarncuposanue: ViccnenoBanue moepKaHo roCy1apCTBEHHbIM 3ananueM FGUM-
2022-0007.
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Motivation and Aim: Histone methylation is one of the key epigenetic mecha- nisms
affecting plant growth and development under various conditions. This process involves
the addition of methyl groups to amino acid residues in histones, which changes the
structure of chromatin and regulates the availability of DNA for enzymes involved in
transcription. There are many types of histone methylation, among which the
methylation of lysine 27 in histone H3 (H3K27me3) is a striking example of gene
silencing manifestation that is conserved in the animal and plant kingdom [1]. De-
methylation of H3K27me3 is the reverse process, removal of methyl groups from lysine,
which leads to chromatin relaxation and increased gene transcription. Lysine-specific
demethylases — proteins that carry out demethylation. It is now known that demethylase
genes participate in the processes of growth and development (seed germination,
flowering), formation of stress responses to abiotic factors such as drought and salinity
[2]. In Arabidopsis, demethylase genes have been shown to be involved in the transition
to flowering, in the formation of salt tolerance, in the response to elevated temperature,
in seed germination under light, etc. [3-6]. In tomato, Histone H3K27me3 demethylase
SIIMJ3 has been shown to be involved in fruit ripening [7], and in sugarcane as a
response to drought [8]. Thus, histone demethylation is a powerful tool for improving
agronomic traits and crop stability.

Circular RNAs (circRNAs) are probably involved in the mechanism of regulation of
demethylase gene expression. CircRNAs are a class of RNAs formed from precursor
mRNA molecules. Their common property is the formation of a ring structure. The study
of circular RNAs in plants attracts the attention of researchers primarily because of their
ability to regulate gene expression. A possible mechanism of their action is the ability of
some circular RNAs to act as miRNA sponges, thereby releasing potential targets of
protein-coding miRNA genes. In addition, it has been shown that circular RNAs can
regulate the expression of the parental gene by binding to the promoter region. The
property of circular RNAs to influence the translation of linear mMRNAs by increasing or
decreasing the synthesis of the target protein is also important. Finally, circular RNAs
can act as targets for RNA-binding proteins, acting as competitors for their linear
analogs. The diversity of mechanisms of action of circular RNAs makes it possible to
influence various biological processes in plants. The role of some RNAs in the growth,
development, and formation of responses to stress factors in Arabidopsis, tomato, rice,
etc. was shown earlier [9, 10]. However, the influence of circular RNAs on the
mechanism of histone methylation has not been revealed.
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The aim of this work was to search for and analyze circular RNAs located in the loci of
histone demethylase genes in Arabidopsis thaliana, Glycine max, Solanum
lycopersicum, Triticum aestivum, and Zea mays plants.

Methods and Algorithms: In this work, we used PlantcircBase 7.0 database containing
information on predicted circRNAs, with their nucleotide sequences, localization on
genomes and possible interaction with miRNAs for Arabidopsis, tomato and soft wheat
plants [11]. Annotated genomes were taken from Phytozome [12]. Intersection of
circular RNA loci with annotated regions of the genomes was performed using bedtools
and samtools tools. Data visualization and processing were performed in R studio using
appropriate packages for working with tabular data. Ugene [13] was used to work with
nucleotide sequences extracted from databases and to construct phylogenetic trees. To
validate the circular RNAs, we used RT-PCR with primer selection on linear and circular
molecules using Primer3. RNA isolation, reverse transcription, and PCR were performed
according to the standard method described previously [14]. Plants were grown in
climatic chambers of 16/8 daylight hours and 25 °C temperature.

Results: Analysis of existing genomic databases and available predicted circular RNAs
from plants of Arabidopsis, tomato, wheat, soybean, and maize showed that there may
be reverse splicing sites in lysine-specific demethylase genes that indicate the possibility
of circular RNA formation. Reverse splicing sites are not present in all loci of histone
demethylases in the plants under consideration. Evidence for the formation of ring
structures using OT-PCR was obtained for some ring RNAs of our selected plants. Low
expression of the ring RNA loci of lysine-specific demethylases was shown compared
to the linine analog. This expression can be explained by the absence of stressful
conditions of plant cultivation. Some circular RNAs of histone demethylase genes may
act as miRNA targets. Low conservation among the analyzed circular RNAs located in
the genes of lysine-specific demethylases was revealed.

Conclusion: Some genes of lysine-specific demethylases in arabidopsis, tomato,
soybean, wheat, and maize can transcribe circular RNA molecules. The presence of such
molecules indicates the possibility of regulation of expression of co-relevant genes by
ring structures, leading to epigenetic changes. The planned studies of the influence of
RNA ring molecules on the level of demethylation of H3K27me will make it possible to
develop a new mechanism to regulate growth, development and increase the resistance
of agricultural plants to stress factors.

Funding: The study is supported by the State Assignment FGUM-2022-0007.
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