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Momusayus u yenv: llenpo cTaTbu OBUIO IIOKa3aTh BO3JEHCTBHE OOHOTO U3
abuoTnyeckux (HakTOpOB Cpeabl, KOTOPHIA BCe OObIIE pacnpocTpaHseTcs Onarogaps
CO3J1aHMIO Bce Oosee MIOTHOM ceTn O0ecpoBOIHON KOMMYHHUKAIIMOHHOW CBSI3H, YTO B
CBOIO OY€penb BO3JACHCTBYET HA PACTEHUS U X YPOXKAHHOCThb. B TaHHOU cTaThe HAMU
MOKa3aHO, YTO BO3JEMCTBUS MM-BOJIH Ha PAHHUX CTaJUsAX Pa3BUTHS MPOPOCTKOB
OCTaBJISIFOT CBOM CJie/l Ha TEHOME PacTeHHH, 1 OCHOBHBIM MapKepOM SBIISIETCS B TIEPBYIO
ouepens JJHK meTunupoBanue.

Memoowr u ancopummor: [y nomyyenns: oopasnoB, 00Iy4YE€HHBIX MM-BOJIHAMH, YEpe3
CYyTKM 3aMOYEHHBIE CEeMeHa TMOJBeprajuch O0O0pabOTKE MM-BOJHAMH Pa3IMYHON
9KCMO3UIMH B HHTepBajie yacToT 45—-53 I'T'11 B Teuenne 20 MUH reHepaTOPOM BBICOKHUX
vactor I'4-141 (npousBoactBo Poccur) mpu miioTHocTd usnydenus 0.64 mB/cM?, Ha
paccrossHuM He Oosiee 18 cM OT W3Myyarens, 4TO OOCCICUUBACT IMOKPHITHE BCEH
wiomaan yamek [letpu ¢ 3aModeHHBIMH B OAWMH cioil cemeHamu. OOpaboTaHHBIC
Pa3IMYHBIMHA YaCTOTAMH CEMEHA BBICAXKHMBAIINCH HA OTACIBHBIE JIOTKH U IPOPAIIHBAIN
nanee pu 270 °C B TepmocTare eme 72 gaca. YacTb 3aMOUYSHHBIX CEMSTH TTOCTIE KXKION
OTJEeNbHONH 00paboOTKH pa3nuiHbiMKU YacToTamMu DMMU Oblna BeicakeHa, W MOIYyYeH
yposkail mieHunsl B nocienyromeld reaepaunu. Ha cxeme rpaduueckn nzobpaxena
MOCIIEA0BATENBHOCTD JEUCTBUIN B HAIIUX UCCIIEIOBAHUSAX.

Pezynomamer: B ecTeCTBEHHBIX YCIOBHIX MPOU3PACTaHUS HA POCT PAaCTEHHUs BO3JEii-
CTBYIOT psiJi OMOTHUECKUX M a0OMOTHYECKUX (PAaKTOPOB. DNMUTeHETUIECKUE N3MEHEHNUS B
IrCeHOME pPACTeHHH BKJIIOYAIOT B ce0s pa3IMyHOro poja oOpaTuMble XUMHUYECKHE
Moaudukanuu, npoucxosaiime kak Ha camoit JIHK, tak 1 co B3anMoaeliCTBYOIIUMU C
Hero Oenkamu. B pesynbrate mpoucxoaiat KoHGpOopMaIMoOHHbIE H3MEHEHHSI XPOMAaTHHA,
0e3 U3MEHEHUs MOCIIeI0BATEIbHOCTH HyKJIEHnHOBBIX octaTkoB JIHK.

Ha npopoctkax mirenuinl Triticum aestivum copra Bockeack mokasaHa 3HAYMMOCTh
ponu metminpoBanus JJHK B hopmupoBanum oTBeTa Ha A0MOTHYECKUI CTPECC, 8 TAKKE
HaCJIEJOBAHNE 9THX M3MEHEHUH B CIEAYIOLEM NOKoieHnu. MccenoBanus mMpoBOaU-
JIUCh TIPH BO3JCHCTBUHM KpalHE BBICOKMX YacTOT JIEKTPOMArHUTHOTO W3IY4YEHHS B
uHTepBaje yactoT 45-53ITu. M3MeHeHHMs METWIMPOBAHHUS 110 BO3ICHCTBUEM
CTpEecCcoBOr0 a0MOTHUYECKOTO (DakTopa HAOIIOIAIMCH B CTOPOHY KaK BO3pacTaHMUs, TaK U
MOHM)KEHUSL, YTO MIO3BOJIIET TOBOPUTH 00 aJlallTUBHOM 3HAYCHUH 3TUX MU3MEHEHUH AJIs
MOOMIM3AIMKM UMEIOIIMXCS pecypcoB pacTenus. [Ipu Bosznericteun KBU DMU B nua-
na3zoHe 4actoT 45—46 I'T'1 Obu0 mosydeHo nossiienue cogaepxkanus SmL 8 JIHK mpo-
POCTKOB, YTO OOBACHSETCS YCKOPEHHEM METa0OIMYECKUX IPOLIECCOB, pocTa U nudde-
pEeHLIMAINY TKaHEH, BEI3BAaHHBIM BO3JIEHCTBUEM cTpeccopHoro ¢akTopa. OgHako Oomnee
Bbicokre vactorhl KBU OMMU B auamnazone 49-50.3 [T npuBOAMIN K MOHMKSHUIO
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JHK meTunupoBaHusi, 4YTO CBUIETEIHCTBOBAIO O CHJIIBHOM CTPECCOBOM BO3ACHCTBUU
MM-BOJIH 3TOT0 JIMara3oHa, IPUBOSIIEM K HAPYIICHUIO MOACPKUBAIOIIETO METUIIHU-
POBaHHA B T€HAX, PEIIPECCUPOBAHHBIX BO BpeMsl AP PepEeHITNPOBKY Ha pAHHIX CTaIAIX
npopactanus ceMeHu. Merunuposanue JHK mpenocraBisier cenekTUBHBIE NpeUMy-
mecTBa (DEHOTHITMYECKON TUIACTUYHOCTH U TPAHCTEHEPAIMOHHBIX 3(PQEKTOB, pa3iu-
Yarolire Pa3HbI€ BUABI PACTEHUH B 3aBUCUMOCTH OT BEJIMYMHBI U IDIOUIHOCTH TeHOMA.
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Puc. 1. Cxema u nocnenosarensHocTs uccnenoBanuit JJHK metunupoBanus B nokojeHusax | u
Il mpopocTKOB mieHuIBl. | — ICTOYHHK 00Ty4eHHs, 2 — 3aMOYCHHbIE Ha HOYb CEMEHa, 3 — MOJIy-
yeHHe 4-CyTOYHBIX TNPOPOCTKOB (ToKojieHHe |), oOmydeHHBIX YacToTamMH B HHTepBane 45—
53 ITm, 4 — seigeneane JIHK u onpeneneHre cTeTieHH METHIMPOBAaHUS, 5 — BBICaIKa OOITyUYeH-
HBIX TIPOPOCTKOB B 3eMITI0, 6—9 — moydeHne yposxas u3 mpopoctkoB (mokonerue |1), oomryden-
HBIX Pa3lNYHBIMH 3KCHO3UIMAMY, 10 — MONMydeHne MPOPOCTKOB M3 ypOXKas BBIINICYKa3aHHBIX
MIPOPOCTKOB Oe3 Kakoi-m6o 00padboTky, 11 — Bemenenue JTHK u onpenencHrne MeTHITNPOBaHHS

Buvigoowi: DOnmrenerndeckas perynsius BriIrodaeT merwinupoBanwe JIHK, mommdu-
Kalguy THCTOHOB U pEMOACIMPOBAHNE XpOMATUHA, KOTOPBIC BIIMAIOT HA MHOT'UC BA’KHBIC
(GYHKIMHM KIETKH, BKJIIOYAs PETYIALUIO SKCIPECCHH T'€HOB W IMOJyICpP)KaHHue IIEIOCT-
HOCTH reHoma. Takum 06pa3oM, HaMH IOKa3aHO, YTO BO3/IEHCTBHS MM-BOJIH HA PaHHUX
CTaJNuAX pa3BUTHA MPOPOCTKOB OCTABJIAIOT CBOM «Clie)» Ha TE€HOME pacTEeHHUH,
OCHOBHBIM MapkepoMm kortoporo sBisercs JHK wmerwnmmpoBanune. Hamm Takoke
BBISIBIIEHA HACJIEyEMOCTh JIIUTEHETHYECKUX N3MEHEHHUI B PACTEHUSX, BEIPALICHHBIX U3
YK€ 00JTy4eHHBIX IPOPOCTKOB MILIEHULIBI, Y KOTOPBIX COXPaHMIIACh CTEIIEHb U3MEHEHHUH
METHIIMPOBaHUS TPOPOCTKOB CeMsH (BTOpoe TMokosieHne). Takum oOpa3om, mokazaHa
BakHas poib [JHK MeTunmpoBanus kak JOCTOBEPHOTO YYBCTBUTEIHLHOTO OHOMapkepa
BO3AEHCTBHA (PAKTOPOB Cpellbl Ha OMOIOTNYECKUE OPraHu3MBbl M €r0 HAaCIeAyeMOCTh U3
MOKOJIEHUSI B IOKOJIEHHE, YTO IT03BOJISIET CAENATh BHIBOJ 00 alalTUBHOM 3HAYEHUH 3TUX
W3MEHEHUH I MOOMITU3AIIMY UMEIOIIIMXCS PECYPCOB PACTECHUSL.
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Motivation and Aim: The purpose of this article was to show the impact of one
of the abiotic environmental factors that is increasingly spreading due to the
creation of increasingly dense wireless communication networks, which in turn
affects plants and their productivity. In this article, we show that exposure to mm
waves at the early stages of seedling development leaves its mark on the plant
genome, and the main marker is, first of all, DNA methylation.

Methods and Algorithms: To obtain samples irradiated with mm waves after
24 hours, soaked seeds were treated with mm waves of various exposures in the
frequency range 45-53 GHz for 20 minutes using a G4-141 high-frequency
generator (made in Russia) at a radiation density of 0.64 mV/cm?, at a distance
of no more than 18 cm from the emitter, which ensures coverage of the entire
area of the petri dishes with seeds soaked in one layer. Seeds treated with
different frequencies were planted on separate trays and further germinated at
270 °C in a thermostat for another 72 hours. Part of the soaked seeds, after each
individual treatment with different frequencies of EMR, was planted and a wheat
harvest was obtained in the subsequent generation. The diagram graphically
depicts the sequence of actions in our research.

Fig. 1. A diagram and sequence of studies of DNA methylation in the I and Il generations of
wheat seedlings, where: 1 — irradiation source, 2 — seeds soaked overnight, 3 — obtaining 4-day-
old seedlings (I generation), irradiated with frequencies in the range 45-53 GHz, 4 — DNA
isolation and determination of the degree of methylation, 5 — planting irradiated seedlings in the
ground, 6-9 — obtaining a harvest from seedlings (Il generation) irradiated with various
irradiations, 10 — obtaining seedlings from the harvest of the above seedlings without any
processing and, finally, 11 — DNA extraction and methylation determination

Results: Under natural growing conditions, plant growth is affected by a number of biotic
and abiotic factors. Epigenetic changes in the plant genome include various types of
reversible chemical modifications that occur both on the DNA itself and on proteins
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interacting with it. As a result, conformational changes in chromatin occur without
changing the sequence of DNA nucleic acid residues.

Using wheat seedlings Triticum aestivum, variety VVoskeask, the significance of the role
of DNA methylation in the formation of a response to abiotic stress, as well as the
subsequent inheritance of these changes in the next generation, was shown. The studies
were carried out under exposure to extremely high frequencies of electromagnetic
radiation in the frequency range 45-53 GHz. Changes in methylation under the influence
of an abiotic stress factor changed both upward and downward, which allows us to
conclude the adaptive significance of these changes for the mobilization of available
plant resources. When exposed to EHF EMR in the frequency range 45-46 GHz, an
increase in the content of 5mC in the DNA of seedlings was obtained, which is explained
by the acceleration of metabolic processes, growth and differentiation of tissues caused
by exposure to a stress factor. However, higher frequencies of EHF EMR in the range of
49-50.3 GHz led to a decrease in DNA methylation, which indicated a strong stressful
effect of mm waves in this range, leading to disruption of maintenance methylation in
genes repressed during differentiation at the early stages of seed germination. DNA
methylation provides selective advantages for phenotypic plasticity and
transgenerational effects, distinguishing different plant species depending on the size
and ploidy of the genome.

Conclusion: Epigenetic regulation involves DNA methylation, histone modifications,
and chromatin remodeling, which influence many important cellular functions, including
gene expression regulation and genome integrity maintenance. Thus, we have shown
that the effects of mm waves at the early stages of seedling development leave their
“mark” on the plant genome, the main marker of which is DNA methylation. We also
identified the heritability of epigenetic changes in plants grown from already irradiated
wheat seedlings and the degree of changes in the methylation of seed seedlings (second
generation), which was preserved. Thus, the important role of DNA methylation is
shown as a reliable, sensitive biomarker of the impact of environmental factors on
biological organisms and its heritability from generation to generation, which allows us
to conclude the adaptive significance of these changes for the mobilization of available
plant resources.
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