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PacteHus1 06;1a0a10T YHUKaJIbHOM CIIOCOOHOCTBIO MPUCHOCA0INBATh OHTOTeHE3 K M3MEHSIIOIIUMCS YCJIO-
BUSIM Cpellbl U BO3ACHCTBUIO CTPECCOBBIX (DAKTOPOB. DTa CIIOCOOHOCTh OCHOBAaHA Ha CYIIIECTBOBAHUU Y
pacTeHuii IByX 0COOEHHOCTE! 3MUTeHeTUUECKOM PEeryIsIliuM, KOTOpble Ha IepBbIii B3I BHIIJISILIST B3an-
MouckiovatommMu. C oqHO# CTOPOHBI, paCTEHUS CIIOCOOHBI K YACTUYHOMY SITUTe€HETUYECKOMY Tepe-
MPOrpaMMHUPOBAHUIO TEHOMA, UYTO MOXET MPUBOJAUTD K afantauuu ¢Gu3noIoruu 1 MetTabonmusmMa K usMe-
HUBIIUMCS YCJIOBUSIM CPEJIbl, a TAKKe K U3BMEHEHUIO ITporpamMM oHToreHe3a. C Ipyroit CTOpOHbBI, paCTeHUS
MOTYT MPOSIBJISITh YIUBUTEJIbHYIO CTAOMIBHOCTb SMIUTe€HETUYECKUX MOAUDUKALIUI U CTTOCOOHOCTH Nepeia-
BaTh UX BET€TAaTUBHBIM U MOJIOBBIM MOKOJIeHUsIM. CoUyeTaHNe 3TUX HEPA3pbIBHO CBSI3aHHBIX MEXIY COOO
0COOEHHOCTE! SMUTeHETUKU HE TOJILKO 00EeCIIeYnBAET BHIKMBAEMOCTh B YCJIIOBUSIX TPUKPETIEHHOTO/He-
MOJIBMXKHOTO 00pasa XKM3HU, HO U JIEXKUT B OCHOBE YAUBUTEIbHO IIMPOKOTO MOP(OJIOrn4ecKoro pa3Hoo0-
pa3us pacTeHUii, KOTOPOE MOXKET MPUBOAUTH K MOSIBJIEHUIO MOP(® BHYTPU OJHOM MOMYJISILIUU U CYILIECTBO-
BaHUWIO MEXITOMYJISILIMOHHBIX MOpdoIornyeckux pazinuuii. B 0630pe 06cyXKnamTcs MOJIEKyJIsIpHO-TeHe-
TUYECKNE MEXaHU3Mbl, KOTOpble OOYCIaBIUBAIOT MMapaJOKCabHOE COUYETAaHUE CBOMCTB CTAOMIILHOCTU U
JIAOMIIBHOCTU 3MUTEHETUYECKUX MOAMGbUKALIMIA 1 JIeXKaT B OCHOBE TTOJIMBAapMaHTHOCTU OHTOreHe3a. Pac-
CMaTpUBAIOTCS TaKXe CYIIECTBYIOLIME TTOAXOAbI IJIs1 U3yUYEHUS POJIY SIIUTEHETUUECKOUN PEeryasiiuu B po-
SIBJICHUY TTOJIMBAPMAHTHOCTU OHTOTreHe3a, 00CYXXIal0TCsl X OTPAaHUUYCHUS U MIEPCIIEKTHUBHI.

KimoueBble ciioBa: sIureHeTnKa paCTCHHfI, IIOJIMBAPpMAaHTHOCTb Pa3BUTHA, MOJICKYJIAPHBIE MCXaHU3MbI
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BBEJEHUWE

B 2022 r. ucnionusiercs 150 j1eT co nHS poKIaeHMs
Huxonas Koncrantmaosnya KonbiioBa — Tripenredn
MHOI'MX OCHOBOIIOJIATAIONINX OTKPHITUI M HAayYHBIX
HamnpapieHuii XX BeKa, BKJIIoYas SIIMreHeTUKy (Mo-
range, 2011; Pamenckuii, 2018). Cpenu mpenckaza-
HUI1 BEJIMKOTO YYEHOTO €CTh He TOJIBKO PacCyKACHUS
00 DIUTeHEeTUYECKNX SIBJICHUSX, HO U UIEs O BIUS-
HUM METUJIMPOBAHUS Ha TIPOSBJICHUE HACJIEICTBCH-
HbIX pru3HakoB. B 1915 1. oH yTBepxnai, 4to “Bo BCsI-
KOM OpPraHU4eCKOM COEIMHEHUM aTOM BOIOPOIa MO-
XeT OBITh CKadKooOpa3HoO 3ameHeH rpymoit CH3”
(Konwlos, 1915). IMo3xke, naess o BAUSIHUU HETCHETU -
yecKMX (baKTOPOB Ha peaau3aliio TeHOTUIIa, O MHO-
JKECTBEHHOCTH “3MUTEHETUUCCKIX TPASKTOPHii”, BO3-
MOXHBIX JIJISI OMHOrO reHoTMIa, Oblia pa3Buta Ko-
HpagoM X. YomunrroHom (Waddington, 1968), a
oTKpbITHEe poit MetuimmpoBanusa JIHK u rucrono-

Cnucok cokpaleHuit: DM — snureHeTuvyeckue Monuduka-
uuu, P — snureHernyeckue peryiastopbl, SmC — S5-meTui-
1uto3nH, TM — TpaHCKpUIILIMOHHBIN dakTop, MY — mud-
¢epeHIIManbHO METUIMPOBAHHbIE YYaCTKY T€HOMA.

BBIX OEJIKOB B JMUTCHETUYECKOM PEryasuuy Oeu-
CTBMSI TEHOB ITOJIHOCTBIO TNOATBEPAMIIM IpeAcKa3a-
aue H.K. Konbnosa. Cerognsi, 6iarogapsi 3Ha4MMbBIM
ycrmexaM B M3YYEHUM MOJIEKYJISIPHO-T€HETUUECKUX
MEXaHU3MOB SIMUTCHETUYECCKMX WU3MEHEHWUIl, SIUre-
HETHKA CTajla OMHUM 13 BaXKHEUIITX HAIIpaBJICHUIA I'e-
HETWKH, OMOJIOTUM Pa3BUTUS U MOJICKYIISIPHOIT OMOJI0-
ruy. XOTsI caMO MOHSITUE SMUTCHETUKMN TPAKTyeTCsI B
Pa3HBIX MCTOYHMKAX ITO-pa3sHoMy (cM. 0030p Tuxome-
eB, 2015), 60IBIIMHCTBO UCCIEA0BATEICH COTIAaCHBI C
T€M, YTO SMUTC€HETUYSCKIE U3MEHEHUS — 3TO MOJM -
¢uKalIMOHHBIE U3MEHEHUS He CBSI3aHHEIC C U3MEHe-
HusaMmu nocienoBatenbHocTH JIHK, HO crtocoO6HBIE K
COXpPaHEHUIO B PSINY KJIETOYHBIX MOKOJICHUM TaXe B
OTCYTCTBHUE (DAKTOPOB, BBI3BABIINX 3TU M3MEHECHUSI
(Jablonka, Raz, 2009; Ptashne, 2013; Noble, 2015).
HacnenyeMble M3MEHEHUSI SKCIIPECCUM ajUlejieid Te-
HOB, BBI3BaHHBIC 3MUTeHETUYECKIMU MOI(DUKAIIHSI-
mu (OM), Ha3BIBAIOT SMUAJIICIISIMU.
DNUreHeTUYeCKre MEeXaHU3Mbl PETYJISLN TeH-
HOM 9KCIIPECCUM JIEXAT B OCHOBE 1I€JIOrO psifia OMoJI0-
TMYECKX IIPOLIECCOB, 00SCIIEYNBAIOIIMX CYIIICCTBOBA-
HUE W pa3BUTUE PACTEHUI U XUBOTHBIX (DJUmic U ap.,
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2010). be3 mommepkaHUS TeTePOXPOMATUHOBOIO CO-
CTOSIHUSI LIEHTPOMEPHBIX U TEJIOMEPHBIX paiiOHOB,
HEBO3MOXHO (DYHKIIMOHUPOBAaHUE XPOMOCOMHOTO
arapara B Xolle MUTo3a 1 Meio3a. CocTosTHIE Xpo-
MaTuHa, KOTOpOE OTpeaeasIeTCs HaluuueM “3mure-
HETUYECKNX METOK” (MOIU(UIIMPOBAHHBIX BaprUaH-
TOB TMCTOHOBBIX 0e1KOB 1 MeTmwinuTo3nHa B JIHK),
BJIMSIET HA MPOIECCHI perapanui U TPaHCKPUIIIIIN
(Pasun, beictpuiikuii, 2009). DM 3amuinaioT 1e-
JIOCTHOCTb T€HOMa, TTOAABJISIS TPAHCKPHUTIIIINIO TEHOB
MOOWMJIBHBIX 2JIEMEHTOB, a4 3HAYNUT U BO3MOKHOCTb UX
nepemeleHus u pasmHoxeHus: (Fultz et al., 2015).
OrmmreHeTHYecKass MTHAKTUBAIIMS (3aMOJIKaHWE ) TyTI-
JIMIIMPOBAHHBIX TEHOB T10CJIE aJUI0- U aBTOIJIOUINH,
TeHOMHBIX TYTUIMKAIIMA TTO3BOJISIET 0OECIIEUYNTh Te-
HOMHBII TOMEOCTa3 1 OTKPHIBACT BO3MOXKHOCTH LTSI
sBomonMu ¢yHKIUMM reHoB (Song, Chen, 2015).
KoMmeHcalmst 1036l TeHOB TTOJIOBBIX XPOMOCOM, XO-
pOIIIO MCcClieA0OBaHHAS Y JKUBOTHBIX, UMEET MECTO U Y
JIBYTOMHBIX PACTEHU C ITOJIOBBIMU XPOMOCOMaMM 1
Takxke ocHoBaHa Ha OM (Muyle et al., 2017, 2018).

KimoueByio poias DM urpaior B IIpoleccax pa3Bu-
tus. [lepexom Ha HOBBIM 3Tall OHTOreHE3a W Pa3BU-
THUE KaXIOU HOBOM CTPYKTYpPHI CBSI3aHbI C JIOKAJIb-
HBIM 3MUT€HETUYECKUM IIeperporpaMMUpPOBaHUEM,
T.€. TIOJABJICHUEM SKCIIPECCHUM I'€HOB, aKTMBHBIX Ha
MpEenlIeCTBYIOLIEH cTanuei, 1, OOJHOBPEMEHHO — aK-
TUBALlUEl HOBOI TIPyNMbl T'€HOB, OIPEICISIOLINX
crreun¢uKy HOBOro opraHa/craguu (Xiao, Wagner,
2015; Xu et al., 2018; Yan et al., 2020). YcraHoBJIeH-
HBbIi1 IPOGUIIb TEHHOM SKCIPECCUM COXPAHSIETCS Kile-
TOYHBIMU ITIOTOMKaMu. VIMEHHO KJIETOYHAsI I1aMsITh,
OCHOBaHHasl Ha JIMUICHETUYECKUX MeXaHu3Max, Jie-
XKUT B OCHOBE MOMJEpKaHUSI Ha IPOTSKEHUU BCETrO
OHTOIeHe3a CTPYKTYPHO-(YHKIIMOHAJIbHBIX OCOOCH-
HOCTEI BCEX TKAHE U OPraHOB MHOTOKJIETOYHBIX Op-
ranu3MmoB (Nashun et al., 2015; Birnbaum, Roudier,
2016).

ONUreHeTU4YeCcKre MPoLECChl, KOTOPBIE SIBISIOT-
CS1 HEOTBHEMJIEMOM YaCThbIO T€HETUYECKOM Iporpam-
Mbl Pa3BUTHUSI U UHULMUPYIOTCS BHYTPEHHUMU CUT-
HajaMUu, Ha3blBalOT KOHCTUTYTHUBHBIM 3INUreHEeTHYE-
CKUM KOHTpoJeMm pa3sutus (Brautigam, Cronk, 2018).
Ipu HapylieHUM (YHKUIMU KIIOUYEBBIX STUTCHETH-
YECKUX PETYJISITOPOB KJIETKM PACTEHUI yTpauynuBaloT
CMOCOOHOCTh TIOAEPXKUBATh KJICTOYHYIO WACHTUY-
HOCTb (I depeHINPOBAaHHOE COCTOSTHUE), IPUO0-
pEeTaloT KaJUIyCHBIE XapaKTEPUCTUKHU U CIIOCOOHOCTh
K comaTtudeckomy aMbOpuoreHesy (Aichinger et al.,
2009; Chen et al., 2010; Bratzel et al., 2010).

Bce niepeuniciiennbie GyHKIMM DM SIBASIIOTCST 00-
IIAMM JIJTS] KUBOTHBIX 1 pacTeHmii. Bmecrte ¢ Tem, DM
Yy pacTeHUIi BBITIOJHSIIOT JOMOJHUTEIbHYIO (DYHKIIMIO
afanTalyy K JIOKAJTBHBIM YCIIOBUSIM CPEIbI, K BO3IE-
CTBUSIM HEOJIaroIprSITHBIX (DaKTOPOB 3a CUET M3MEHE-
HUsI TIporpaMM pas3BUTHSI. B3aumopeiicTBue mexmy
MporpaMMaMHi pa3BUTHUS U TIpOrpaMMaMU aJanTUB-
HOTO (CTPECCOBOI0) OTBETA ITO3BOJISIET OBICTPO HAXO-

JIUTh ONTUMAJIBHYIO XKM3HEHHYIO CTPAaTEeTUIO B YCJIO-
BHSIX OTpaHMYEHHOTO ITyJia pecypcoB (Herms, Mattson,
1992; Huot et al., 2014). DTo Bo3MOXHO OJyiarogapst
TOMY, UTO pa3HOOOpa3Hble HEOJAroNPUSTHBIE YCIIO-
BUs (AedULUT CBETA, BOAbI, MMTAHUS, TUTIO- WU T1-
repTepMusi, BO3JAEUCTBUE IATOTEHOB W MpP.) MOTYT
WHULMUPOBATh YaCTUYHOE SMUTEHETUYECKOe Tepe-
MPOrpaMMUPOBAHWE TE€HOMa, KOTOPOE OTKPbIBAET
BO3MOXHOCTb JIJIS1 UBMEHEHUSI TIPOrpaMMbl pa3BUTHSI.
OINUTeHETUYECKYI0 KOPPEKTUPOBKY T€HETUYECKU 00y~
CJIOBJIEHHOI MporpamMmbl pa3BUTHS B OTBET Ha JEMi-
CTBUE€ BHEIIIHUX CUTHAJIOB, HA3bIBAIOT (PaKyJIbTATHB-
HbIM 3NHTeHEeTHYECKUM KOHTpoJieM pasputusa (Brauti-
gam, Cronk, 2018).

Bo3MOXXHOCTh UBMEHEHMSI ITPOrpaMMBbl pa3BUTUS
MIPUHIMUIIAAIBHO BaXKHa B YCIOBUSIX IIPUKPEIJICHHO-
ro wid naccuBHoro (y BOOHBIX pacTeHHUii) oOpasa
KHU3HU M OOYCJIOBJIMBAET YAUBUTEIbHYIO ILIACTUY-
HOCTb OHTOTEHE3a, XapaKTEePHYIO0 UMEHHO JJIsI pacTe-
Huii (CepebpsikoB, CepeoOpsikoBa, 1972; 2Kykosa,
I'motos, 2001; KaimmukuHa, 2017; Sultan, 2017; Hotos,
Kykogna, 2019). bonee Toro, y pacteHuii heHOTUTTYE-
CKMe H3MEHEHMSsI, BbI3BaHHbIC BHEIIHMMU BO3IEH-
CTBUSIMU, MOTYT TTOAAEPKMBATHCSI BET€TaTUBHBIMU U
noiaoBeiMu nmoromkamu (Hauser et al., 2011; Heard,
Martienssen, 2014; Lamke, Baurle, 2017; He, Li,
2018). B aToM 00630pe OCHOBHOE BHUMaHUE OyIeT
YACAEHO PACCMOTPEHUIO pojii DM B IpOSIBICHUU
9TOM YOAUBUTEBHOM CIIOCOOHOCTH K IIeperporpam-
MUPOBAaHMUIO OHTOTE€HE3a U aHaJM3y MEXaHU3MOB,
KOTOpPbIE MOTYT WHUIUMPOBATh BIIMICHETUYECKOE
IeperporpaMMIpPOBaHNE OHTOIeHe3a U IIOSIBJICHUE
MOpPGhOTHUITIOB IO, 1eICTBMEM CUHTHAJIOB OKpPYKalo-
1IEH CpEbI.

OCOBEHHOCTU BUOJIOTUH PACTEHUH,
JEXAIINE B OCHOBE
ITNIACTUYHOCTHU PA3BUTHUA

ITnacTMYHOCTh pa3BUTUS — BaKHEMIIIee YCIOBUE
BbDKMBaHUS B YCIOBUSIX IPUKPETLICHHOTO 00pa3a Ui
rmaccuBHOTIO (Y BOOTHBIX pacTeHMIi) oOpa3a ku3Hu. OHa
O0YCJIOBJIEHA CHOCOOHOCHIBIO PACHIUMEAbHBIX KACHIOK
UZMEHSIMb C6010 UOCHMUYHOCIb B OTBET HA CUTHAJIBI OT
OKPYXKAIOIUX KJIETOK, (PU3UOJIOTMYECKIE CUTHAJIBI U
CUTHAaJIBI U3 OKpY:KalolIei cpeabl. DTa CIToCOOHOCTD,
YCTaHOBJICHHASI C MCITOJIb30BaHUEM XMMEPHBIX pacTe-
Huit (Poethig,1989; Irish, 1991; Szymkowiak, Sussex,
1996) u B sKCIIepMMeHTax 10 pereHepauuu de novo
KopHeit (0630pbl Xu, 2018; Li, 2021) u mo6eros (Shin
etal., 2020; Lardon, Geelen, 2020) 13 pa3Iu4HbIX Op-
raHOB, CBUACTEILCTBYET O TOM, YTO PACTUTEIbHBIC
KJIETKM C JIETKOCTbIO MEHSIIOT T€HETUUYECKYI MpOo-
rpaMMy pa3BUTHSIL.

Y pacTeHus1 obpazosanue HOBbIX OP2AHO8 NPOUCXO-
dum Ha écem NPoMANCEHUU OHMO2eHe3d, TIOOTOMY U3-
MEHEHMSI IIpOoTrpaMMbl OHTOT€HE3a MOTYT IIPOMCXO-
JUTh Ha JIIOOOM CTaguy XXU3HEHHOTO LIMKJIA, B TOM
YHCJIe W'y B3POCIIOTO pacTeHUsI. DT N3MEHEHUS 00-

OHTOTEHE3 Ne 6

TOM 52 2021



MTAPAJIOKCHI BTIMTEHETUKH PACTEHUM

JIETYAIOTCS TeM, YTO OHU MOTYT 3aTparuBaTh HE BECh
OpraHu3M, a OTIeJIbHbIC €ro YacTu, ITOCKOJIBbKY pac-
menusa umerom moodyavroe cmpoenue (Hallé, 1986; Ob-
orny, 2019). Monynu oOpa3yioTcsl IIOCIeI0BATEILHO
KakK pe3yabTaT (PyHKIIMOHUPOBAHMS allMKAJIbHBIX ME-
pucteM nobera u KopHsd. Monaynb mobera — 3To MeX-
JIOy3JIi€e C JIUCTOM M Ma3ylIHoil MmepucteMoit. KopHe-
BOII MOIyJIb — (pparMeHT ¢ KOPHEM U OTXOMSIIUM OT
HEero 0OKOBBIM KopelkoM. [Ipy u3aMeHeHnn yCiaoBurii
(BHEIIHUX WJIM BHYTPEHHMX) MOXET MEHSITHCS CyIb-
0a oTHebHBIX, HanboJee MOJIOABIX MoayJiei. Takast
JIOKaJIbHas IIepecTpoiika MopdoreHe3a MoxeT odec-
IIEYUTH aHaINITallI0 00PA3YIOIIMXCS YacTe paCTeHUSI
K HOBBIM YCJIOBHSIM, HE M3MEHSISI BCEM CTPYKTYpPHI
pacTeHusl.

bnaromapst anureHeTUYECKUM MeXaHM3MaM HOBasl
MporpaMma MOXKET COXPaHSTLCS HE TOJbKO KJIETOY-
HbIM KJIOHOM, HO M BEreTaTUBHBIMU TOKOJICHUSIMU,
IMOCKOJIbKY MHOTUE pacmeHusi CHOCOOHbL K 8ezemanmue-
Homy pazmuodcenuro. TlonydeHO MHOTO BKCIEpUMEH-
TaJbHBIX JAHHBIX O HAacleIOBaHUM BereTaTUBHBIM
MMOTOMCTBOM Iipoduist MetwiaupoBanust JJHK, BbI-
3BaHHOIO CTPECCOBBIMU BO3IEHCTBUSIMI Ha MAaTEPUH-
CKMe pacTeHMs1. Y KieBepa Tonsydero Trifolium repens
(Leguminodsae) usmeHeHus: MetwiupoBaHusi JTHK,
BbI3BaHHbIE BO3IEHCTBUEM 3aCyXW Ha MaTEpPUHCKOE
pacTeHue, COXPaHSUIUCh Y 5 MCCIeIOBAaHHBIX BereTa-
TUBHBIX okosieHui1 (Rendina Gonzélez et al., 2018).
CrrertnrmaHBII TPpOPUIH METHIINPOBAHNS Y KIIOHOB
MHBA3UBHOTO PAcTeHUsI OYepeIHOIBUIbHUKA, MPO-
3BAaHHOTO COPHSIKOM ajiiurartopa, Alternanthera
philoxeroides (Amaranthaceae) 13 pa3HBIX 3KOJIOTO-
reorpacdudeckux Mect Kurtast coxpaHsuics Ipu repe-
HECEeHUU B OOIIMe YCIOBUS B TeUeHUM 2—3 TTOKOJIe-
HU, XOTs 4acTh DM (38%) coxpaHsUIHCH Ha TIPOTSI-
keHuu 10 BereTaTuBHBIX MOKOJeHU (Shi et al., 2019).

CrabuibHasi Tiepenada OTAENbHBIX SITHaUIeIeH
ITOTOMCTBY ITOKa3aHa M Ha MHOTHX BUIaX C OOJIATAT-
HBIM T€HEPaTUBHBIM PA3MHOXEHUEM — Y JIBHSIHKH
Linaria vulgaris, apabunoncuc Arabidopsis thaliana,
Kypypy3bl Zea mays, puca Oryza sativa, ToMaToB Sola-
num lycopersicum u op. (Cubas et al., 1999; Kakutani,
2002; Manning et al., 2006; Miura et al., 2009;
O’Malley, Ecker, 2012; Zhang et al., 2012; Weigel,
Colot, 2012; Johannes, Schmitz, 2019). HekoTopsie
SIUAaJJIeId pacTeHUil HACTOJBKO CTAaOUJIBHBI, YTO
MEeMOHCTPUPYIOT MOHOTEHHBIE pPACIICIUICHUS U UX
CJIOXKHO OTJIMIUTH OT MOHOTEHHBIX MyTamuii (Bon-
dada et al., 2020).

Ilepenaye mosoBoMy MOTOMCTBY DM crmoco6-
CTBYET OMICymcHigue XapaKmepHoz2o 045 HCUBOMHBIX
2100a1bH020 dememuauposanus 2eHoma B TIpoIiecce
ramMeToreHesa W paHHero smoOpuoreHe3a (Pikaard,
Scheid, 2014). Bta 0COOGEHHOCTh U IOEICTBYIOIINE B
KJIETKaX pacTeHUI MOJIEKYISIPHbIE MEXaHU3MBI IO~
nepxaHus DM (cM. nasiee) OObSICHSIOT YIUBUTEIBHO
BBICOKYIO IOJIO CTaOMJIBHO MOMACPKUBAIOIIMXCS
caittoB MeTwiuTo3nHa (91%) n paliloHOB METUJI-
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poBaHUA (99.998%) B TeHETMYECKM OTHOPOTHBIX
UMOpenHBbIX JUHUIX apabunorncuc (MA-IMHUSIX),
KOTOPBIE TTOJIYIeHBI OT EAMHCTBEHHOTO PaCTeHUS —
OCHOBAaTeJIsI MyTeM CaMOOITbUIeHUs B TedeHue 30
nokojeHuit (Schmitz et al., 2011; Hofmeister et al.,
2017).

BaxxHoi1 0cOOEHHOCTBIO pACTeHUI SIBJISICTCSI om-
cymcmaeue pano 060cobaaouuxcs KAemok 3apoodviuie-
6020 nymu. Y pacTeHUI1 TeHepaTUBHBIE KIIETKI 00pasy-
I0TCS M3 MHULIMAJIBHBIX KJIETOK 3apOABIIIEBOrO IyTH,
KOTOPbIEC OTJIMYAIOTCSI OT OKPYKAIOIINX COMAaTUYECKIX
KJIETOK MEPHMCTEM TOJIBKO ITOJIOKEHMEM B arieKce mooe-
ra, HO He XapaKTepoM JAeTepMMUHALIMU, U B cTyJae Tioe-
JIN MOTYT ObITh 3aMeHeHbl coMatnueckumu (Whipple,
2012; Pikaard, Scheid, 2014). CinemoBaTenbHO, TeHE-
TUYECKasi M SMUreHeThudecKass nHPopMalus coma-
TUYECKMX KJIETOK ITOTEHIIMAILHO MOXET OBITh Iepe-
JIaHa IIOTOMCTRBY.

Takum o6pa3zoM, OCOOEHHOCTH pacTEeHHUil 00y-
CJIOBJIMBAIOT BO3MOXHOCTb UX BBIDKMBAHUS TIPU TPU-
KpeIrIeHHOM/TTaCCUBHBIM 0Opa3se XXu3Hu. MamMeHsis
TreHEeTUUYECKYIO TPOrpaMMy pa3BUTHSI, PACTEHUST MO-
YT aJanTUpPOBaTh OHTOT€HE3 K YCJIOBUSIM CpEIbl,
MPOSIBJISISI TUIACTUYHOCTD pa3BuTusi. HoBblit BapuaHT
OHTOTeHe3a MOXKET COXPAHSIThCS 32 CUET MUTEHETH -
YECKMX MEXaHU3MOB M JlaXe MepenaBaThcs Berera-
TUBHOMY M ITOJIOBOMY MOTOMCTBY. biarogapsi aTum
OCOOEHHOCTSIM BapHabeIbHOCTh (peHOTHMNa pacTe-
HUI MOXET MpUHUMAaTh (OpMy MOJTMBAPUAHTHOCTH,
T.€. CyIIIECTBOBaHUS ONpeeIEeHHbIX MOP(OTUTIOB Ha
OCHOBE OJIHOTO T€HOTHA.

KAK SITMTEHETUYECKUE
MOAUDPUKALIMN MOI'YT BJIIUATD
HA ®EHOTMUII

OCHOBHBIM MEXaHM3MOM SIIMTEHETUYECKUX MO-
IuduKalii y pacTeHUM SIBISICTCS METWINPOBaHUE
JHK u mogndukamnms rucToHOBBIX 0e1KoB. K ammu-
TCHETUYECKUM SIBICHUSIM OTHOCSIT M TaK Ha3bIBae-
Moe OelKOBOe HacjemoBaHME, T.. HacjeIOoBaHUE
KJI€TOYHBIM KJIOHOM HW3MEHEHHOI KOHGopMalluu
OEJIKOBBIX MOJICKYJ, OIUCAHHOE Y IPOXIKE, SKUBOT-
HbIX 1 yeaoBeka (Harvey et al., 2018). IlpuoHo-no-
JIOOHBIE OeJIK1 OOHapyKeHbI U 'y pacTeHuii. OmHaKo B
HOpMe OHU He 00pa3yloT arperatbl B KJIeTKaX, ITO-
CKOJIbKY 3TOMY IIPEISITCTBYIOT METa0OIUTHI pacTe-
Huit (Surguchov et al., 2019).

OM JJHK m rmcToHOB OCYHIESCTBIISIOT 3 TPYNIIBI
reHos (Pikaard, Scheid, 2014; Allis, Jenuwein, 2016).
I'enbl 1-o0i1 rpynmel (writers) KOOUPYIOT (DEPMEHTHI,
ocymiectisionie mogudukanuu JHK (meTnmupo-
BaHMe LIMTO3WMHA) U TUCTOHOB (METUJIMPOBaHUE, alle-
TUWINPOBaHUE, yOUKBUTUHHPOBaHUE, (hochopruaIupo-
BaHUE, CYMOMJIMPOBAaHME TUCTOHOB U I1p.). [eHbI 2-0ii
TPYIIIBI (€rasers) OCyIIeCTBISIIOT MPOTUBOIIOIOXHYIO
¢yHKIMIO, YOUpass 3TH MeTKH. [eHBI 3-€ii TpyIIbI
(amanTopHble OeIKM WK readers) pacrio3HaIOT SIIM-
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Puc. 1. OCHOBHBIE I'PYIIIbI SMUTEHETUYECKUX PETYISITOPOB 1 UX BIMSIHAE Ha IKCITPECCUIO TEHOB. (a) — SIUTeHETUYeCKUE pe-
ryasTopsl 1-oit rpynmsl (1 — writers, crpenku) ocyiectBsioT MetwmpoBanue JJHK (BBepxy) n momudukauio rucToHOB
(BHU3Y); PETYJISITOPBI 2-0ii rpyMIIbI (2 — erasers, TyIble CTPEIKK) yIasioT anureHeTnyeckue Metku ¢ JIHK u ructoHoBbIX Oe1-
KOB; peryisiTophl 3-eit rpymnmbl (3 — readers) pacno3HalOT METKM; B3auMoeiicTBys ¢ 6enkamu PHK-nmonumepasHoro xom-
miekca (PHK-mon I1), onu MoryT B1usITh Ha BBIOOP ITPOMOTOpA (ITOKa3aHbl ajlbTepHAaTUBHBIE TpoMoTopkl P1, P2) u ckopocTh TpaH-
ckpuILu. BzauMoeiicTBys ¢ GeJIkaMu CIUIaiiceocoMbl M KOMITIEKCa MOJIMaAeHUIMPOBaHMS (TTI0IMA), 6eIKK 3-eii TPyl MOTYT
BMEIIMBATHCS B IPOLIECCHI CIUTAiCUHTa U ITomaaeHwinpoBaHus npe-MPHK; (0) — 3a cueT Takmx B3auMOIeiiCTBUIA MOXKET Ha-
0J1I01aThCSI MCKITIOUEHNE SK30HOB U MCIOJb30BaHUE ajbTePHATUBHBIX CAUTOB CcIulaiicuHra (crpaBa), a Takxke oOpa3oBaHUe
ykopoueHHbIXx MPHK 13-3a ucronb3oBaHus albTepHATUBHBIX CATOB MOJIMAACHUIMPOBaHUs (CripaBa). DTo MPUBOIUT K (hop-
MUPOBaHUIO pa3HbIX u3ogopm 3penoit MPHK u 6enka. [IIupokue cTpelky yKa3bplBalOT HA aIbTepHATUBHBIC CAThI CIUIAMCUH-

ra Win 1noJmaaCHUJINpOBaHMA.

TeHETUYEeCKNE METKM W 4Yepe3 B3auMOJEHCTBUE C
IpyruMu O0eJKaMU BIMSIOT Ha pa3HOOOpa3HbIC Kle-
TOYHBIE Mpoliecchl (puc. 1). HekoTopbie 6e1Ky MOTYT
coBMelllaTh B cebe pas3Hble GyHKuMU. Hampumep,
xpomoMeTuiiazel CMT gBiasiioTcsl OTHOBpPEMEHHO
O6enkamu 1-oit u 3-eii rpyIin, MOCKOJbKY paciio3Ha-
IOT TUCTOHOBBIE PENPECCUBHBIE METKH U METUJINPY-
1ot JIHK B HenmocpencTBeHHOM OJIM30CTU OT 3TUX ME-
ToK (Zhang et al., 2018). TouHO Takke, THICTOHOBbIE
H3K9-meTunrpancdepasbl oCylIeCTBISIIOT CBOIO IV1aB-
Hy10 (DYHKIIMIO M1OCTIe pacliO3HABaHUSI METWILIMTO3UHA
SmC (Liet al., 2018). OmHako npuBeaecHHAas BbIIIIE Kilac-
cuduUKalMs TTIOMOTaeT CUCTEeMAaTU3MPOBaTh OOIIIMPHYIO
UHOOPMALIUIO MO AMUTEHETUYECKOU PETYISILIUMU.

1 rpynma — writers. K 3Toii rpyIirne oTHOCSITCSI TeHBI,
komupytomue JHK-metnnrpancdepasbl 1 TUCTOHO-
BBIe MeTWJITpaHchepasbl. B oTimmune ot KMBOTHBIX, Y
KOTOPBIX METWJIMPYETCS TJIaBHBIM 00pa3oM ILIUTO3MH,
cocencTpyrommii ¢ ryanHnHoMm (CG-caifThl), y pacTe-
HUM MOXET METUJIMPOBATHCS LIMTO3UH B JIIOOOM OKpY-
xeHnun (CG, CHG u CHH, roe H sto A, C wu T).
BTO CBSI3aHO C CYIIECTBOBAHMEM YHUKATBLHOTO CeMeii-
crBa reHoB xpoMmoMeTiiias CHROMOMETHYLASE

(CMT), a Takke reHOB, KOHTpoupytomux myte PHK-
3aBucuMoro MetwmpoBanuss JHK, wiu RdADM
(RNA-directed DNA Methylation pathway). RADM-
nyTh ocHoBaH Ha MexaHu3Me PHK-unTepdepen-
1IMU, B KOTOPOM Y4YaCTBYIOT BapUaHTbl KOHCEPBATUB-
HbIX KoMmIuiekcoB Dicer u Rinc (Bkitouaroiiue 6egku
DLC n AGO, cOOTBETCTBEHHO), a TaKXKe CIIelnpu-
yeckue Mg pacteHuit PHK-mommmepasHble Kom-
miekcol IV u V (Zhang et al., 2018; Raju et al., 2019;
Gallego-Bartolomé, 2020).

Bmussane metunmupoBanusa JHK Ha skcrpeccuro
T€HOB 3aBUCUT OT TOTO, B KAKOM KOHTEKCTE METUJIU-
pyeTcsl LIMTO3UH, OT MECTa PACITOJIOKEHUST CATOB
METWJIMPOBaHUSI. MeTUIMpOBaHME IUTO3MHA B peTy-
JISTOPHBIX YaCTSIX TeHa yallle BCEro acCOLMUPOBAHO
CO CHIDXEHHMEM YpOBHS TpaHcKpunuuu (BaHommH,
2006; Law, Jacobsen, 2010). OgHako B OTAEIbHBIX CITy-
yasix, 3a CYET B3aMMOICUCTBUS ¢ OeKaMu 13 3-eii rpyIi-
nbl, 3pGHEKT MOXET ObITh U MPOTUBOIIOIOXKHBIM
(Harris et al., 2018). MetuinpoBaHue THICTOHOB acCco-
LIMMPOBAHO JIMOO C aKTUBalMeid, OO ¢ pernpeccueii
T€HOB B 3aBUCHYMOCTH OT ITO3ULINU 1 YUCJIa METUITBHBIX
rpynit. H3K4me3, H3K9me3 u H3K36me3 koppeau-
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pYET C aKTMBalUel TPaHCKPUIIINUM, B TO BpeMs KaK
npucyrctBue Mmetku H3K27me3 mapkupyeTt reHbl co
CHM>KEHHBIM YPOBHEM TpaHcKpunuuu (Zhang et al.,
2007, 2009; Roudier et al., 2011). Metku H3K9me?2 u
H3K27mel oOBIYHO JOKaJM30BaHBI B LIECHTPOMEP-
HBIX palioHaX XpOMOCOM UM TUITUYHBI 11 IOBTOPOB U
MOOWJIBHBIX 3JIEMEHTOB, KOTOPBIE COAEPKAT 1 BBICO-
ko MetwiupoBaHHyio JIHK (Bernatavichute et al.,
2008; Zhang et al., 2009; Roudier et al., 2011).

MeTtunupoBaHue THUCTOHOB OCYIIECTBIISIIOT He-
CKOJIbKO CEMEMCTB T'MCTOHOBBIX METUJITpaHCcdepas,
KOTOpbIE METWJIMPYIOT Pa3Hble JTU3UHOBbIE OCTATKU
U paboTaloT B COCTABE Pa3HBIX OEJTKOBBIX KOMILIEK-
COB, cpeaM KOTOpbIXx Hambojee usydeHbl PRCI1-,
PRC2-xommnekco! (Liu et al., 2010). B coctaB atux
KOMITJIEKCOB BXOHSIT M TUCTOHOBBIE JealleTWIa3bl
(rmpucytctByioT B PRCI1, PRC2), 1 rucroHOBBIE YOUK-
ButuHa3bl (PRC1), KkoTopblie Takke BBI3BIBAIOT KOM-
MaKTU3alWIO0 XpoMaTuHa 1 pernpeccuto reHoB (Derk-
acheva, Hennig, 2014; Mozgova, Hennig, 2015; Xiao,
Wagner, 2015; Forderer et al., 2016).

IicToHOBBIE aneTHIa3bl Pa3phIXIISTIOT XPOMATHH
1 aKTUBUPYIOT FTEHHYIO SKCIIPECCUIO, 3 YOUKBUTUHM -
pOBaHME OKa3bIBaeT JUOO aKTHBUPYIOIIEee, JIMOO pe-
TIpeccUpyrollee BIUSHUE Ha COCTOSHHIE XpOMaTHUHA.
Ha cocrosiHue xpoMaTuHa MOTYT BJIUSITH U JIpyrue
MomauduKanuy TMCTOHOBEIX OenkoB (Berger, 2007;
Fenley et al., 2018), xoTs UX y4acTue B SIIMTEHETHUYEC-
CKUX Mpolleccax MeHee udydeHo. [McToHOBbIe alle-
TWJIa3bkl U YOUKBUTHHA3bl TaKXXe MOTYT paboTaTh B
COCTaBe Pa3IMIHBIX OCIIKOBBIX KOMIUIEKCOB, BKITIO-
yasi KOMIUJIEKChI, MONACPXKUBAIOIINE aKTUBHOE CO-
crostnue xpomaruHa (Fletcher, 2017; Ornelas-Ayala
et al., 2021).

2 rpynna — erasers. AKTUBHOE yIajiecHUEe METUJIb-
HBIX TPYIIN C LIMTO3WHA Y PACTEHUN OCYILIECTBIISIETCS
cnelUUYEeCKMMU IS pacTeHUil (epMeHTaMu C
JIMKO3UJIA3HOM aKTUBHOCTBIO, KOTOPbIC BBLIPE3alOT
METUJIMPOBAHHBIN LIMTO3UH U MHULIMUPYIOT €T0 3a-
MEHY Ha HeMeTWJMpoBaHHLIA LmTo3uH (Li et al.,
2018; Parrilla-Doblas et al., 2019; Liu, Lang, 2019).
VianeHue aleTWIbHBIX U1 METWIBHBIX TPYIIIT C TUCTO-
HOBBIX O€JIKOB OCYILIECTBIISIIOT HECKOJIILKO CEMEICTB
TMCTOHOBHIX Acanetrniaas (Ma et al., 2013; Chen et al.,
2020) u nemetunas (Prakash et al., 2014), cpenu ko-
TOPBIX €CTh CIIEU(MUIECKUE TS PACTEHUIA.

3 rpynma — readers pacro3HaloT (“IpPOYUTHIBA-
I0T”’) YCTAaHOBJIEHHBIC METKH WJIN UX OTCYTCTBHUE. DTO
caMmasi pa3HoOOpa3Has rpyIima 3IUreHeTUYeCcKux pe-
ryasatopoB (DP), KoTopble TakxKe 4yallle BCEro Acii-
CTBYIOT B cocTaBe OenkoBbix KoMmruiekcoB (Torres,
Fujimori, 2015; Grimanelli, Ingouff, 2020). Hepenko
readers CUYMTHIBAIOT OMHOBPEMEHHO pa3HbI€ TMCTO-
HOBBbIE€ METKMU, BKJTtoUast ochopHbIie U YOUKBUTUHO-
Bole. K snuUreHeTMyeckuM peryasitopaM 3TOi IpyIi-
ITbl YACTO OTHOCSIT Y XPOMaTUHOBBIE OEJIKM, KOTOPbIE
MOTYT pacrno3dHaBaTb DM u BIUSIOT HA HEKOBAJICH-
tuHoe B3amMopeiicteue JJHK ¢ rucroHoBeIMU Oer-
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KaMU, U3MEHSIOT TIJIOTHOCTh YITAKOBKY 1 JIOKAIN3a-
LU0 HYKJIEOCOM, a TAK3Ke KaTaTu3UPYIOT BKIIIOUEHUE
ructroHoBbix BapuaHToB (Li et al., 2007; Narlikar
et al., 2013).

B cocTaBe 6e1K0B 3-¢if Ipynnbl UMEIOTCS HE TOIb-
KO CalThl CBSI3bIBaHUS ¢ MeTHiILIMTO3MHOM JIHK miu
TMCTOHOBBEIMU METKaMU, HO U CAlThI CBSI3bIBAHUS C
HETMCTOHOBBIMM OenkamMu. 3a cyeT 3Toro readers
obecrieunBaloT B3aMOACHCTBUE MEXIY SIUTCHETH -
YyeCKMMHU MeTKaMu (MomudUuKalusIMU TUCTOHOB U
JHK) n npyrumMu KJIeTOUYHBIMM IIPOLECCAMM, B KO-
TOPBIX YYaCTBYET HeTMCTOHOBBIHM 0enok (Li, Li, 2012;
Patel, 2016; Grimanell, Ingouff, 2020). Hanpumep,
Oenku readers MOTyT B3aUMOIEICTBOBATh C O€IKaMU,
YCTAHABJIMBAOIIUMU WM YOUPAIOIIMMU METKU C
JHK ¥ rucToHOB, CIOCOOCTBYS pacIpOCTPpaHEHUIO
MeToK win ux cHatuio (Grimanell, Ingouff, 2020;
Scheid et al., 2021). MoryT cnoco6¢cTBOBaTh OTKPhI-
THUIO XpOMAaTHHA, 3a CUET BKJIIOYSCHUSI TMCTOHOBBIX
BapUaHTOB, M3MEHSIOLIMX COCTOSIHME XpOMaTHHa
(Kouzarides, 2007; Sijacic et al., 2019). OHu MoryT
MIPSIMO BJIMSATH Ha TPAHCKPUIILUIO, B3aMOIEIICTBYSI
C TPaHCKPUNLUMOHHLIMU (pakTopamu (TD) wiu mnx
kodaktopamu wiu camu umetrb IHK-cBs3bIBaro-
LU JOMEHBI, BBICTyNas B KauecTBe TM-TMOHEPOB,
adPUHHOCTH U CIICIMPUIHOCTD AeHCTBUS KOTOPHIX
3aBUCAT oT mnpucytctBus B JHK MmeTuniTosnHa
(Kribelbauer et al., 2019; Grimanell, Ingouff, 2020;
Zhu et al., 2016).

benku 3-eit rpynimel cmocoOHBI BIMSITh Ha BBEIOOD
npomotopoB (Le et al., 2020), a Takke Ha IMOCT-TpaH-
CKPMITIIMOHHEBIE cOOBITUS (pUc. 1). B3aumoneiicTBys ¢
oenkamMu PHK-1roimmMepasHoro xKomriekca, Oenka-
MM, KOHTPOJUPYIOIIUMU co3peBaHue mnpe-MPHK
(6enKkaMu, BOBJICUEHHBIMY B ITOJIMAICHUJIMPOBAHNE,
CIJIAfiCMHI), PUIEPHl OMNPENENSIOT BBIOOP CalTOB
crutaiicunra (Ullah et al., 2018; Wei et al., 2018; Wu
et al., 2020) u caitToB nonuageHuarnpoBanus (Duan
etal., 2017; Zhang et al., 2021). 13 aToro cinenxyert, 4To
readers SIBJISIFOTCS yYaCTHUKAMM PETYJISIIUU DKC-
IIpeccry TeHOB Ha pa3HbIX 3TallaX peaim3aliy reHe-
TUYECKOM MHpOopMaluM, compsras SIUTreHeTUYe-
ckue MeTku JIHK 1 rucToHOB ¢ 6a30BBIMU MEXaHU3-
MaMHU peryjsiiuyd TeHHOM 3Kcipeccumn. Ilo cyrw,
SIIMTEHOM OIIpeNesaeT, KaKue TeHbl TPaHCKPUOupy-
IOTCS B JAaHHOUW TKAHW, KaKOW M3 ajlbTePHATUBHbIX
IIPOMOTOPOB, CANTOB CIUIAICMHTa, IOJINANSHUINPO-
BaHMs OyIeT BEIOMPATHCS B TAHHOM KJIETOYHOM KJIO-
He, a 3HAYUT — U Kakue 13 usodopM Oenka OyayT
(GYHKIIMOHUPOBATh B TAHHOI TKAHM, HA JAHHOI CTa-
I OHTOTeHe3a 1 MPH JAaHHBIX YCIOBUSIX OKPYXKaro-
et cpeapl. Takum odpa3zoM, DM He TOJILKO coxpa-
HSIIOT IPOMIIIb SKCIIPECCUM, KOTOPBIN YCTAHOBJICH B
pesynbTaTe aeiicTBuss TP, HO M y4acCTBYIOT B €ro
YCTaHOBJICHOBJIEHUM Ha BCeX 3Tarax o0pa3oBaHUs U
co3zpeBanuss MPHK.

PaccMoTpeHHBIe 3 rpyHIibl TeHOB KOHTPOIUPYIOT
DM He TOJILKO Yy pacTeHUIi, HO M Y XKUBOTHBIX. OTHAa -
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KO PEryJISIIus KCIIPECCUU 3TUX TPYIII TEHOB Y pac-
TEHU JOKHA UMETh CBOM ocoObeHHOCTU. C ogHoi
CTOPOHEBI, paboTa 3TUX T'€HOB IOJKHA 3aBUCETH OT
ycioBuii cpensbl. T.e. y pacTeHMi JOJKHBI CYIIIeCTBO-
BaThb MEXaHU3Mbl, KOTOPbI€ MOTYT WHMIIMMPOBATh
YaCTUYHOE SIMUTeHETUUYECKOE peIporpaMMUpOBaHIE
TeHOMa 1 yCTaHOBJICHHE HOBOM IPOTpaMMbl pa3BU-
THSI B UBMEHMBIIMXCS yCIoBUSIX cpeabl. Ho ¢ npyroit
CTOPOHBI — PAaCTeHMSsI JIOKHBI UMETh CIIOCOOHOCTh
COXPaHSTh HOBYIO aJallTUBHYIO IIPOTPAMMY Pa3BUTHS
U TiepeaaBaTh € MIOTOMKaM. DTO MapagoKCaIbHOE CO-
yeTaHWE CTaOMILHOCTU U JJaOWIHLHOCT DM yKa3bIBa-
€T Ha CyIIECTBOBAaHME y PAaCTeHUII OCOOBIX MEXaHM3-
MOB, KOHTPOJIMPYIOIINX TUHAMUKY DM. Paccmorpum
MMEIOLMECs JaHHbIE, KOTOPHIE XOTS ObI YaCTUYHO MO-
T'YT OOBSICHUTH YHUKAJIbHBIE OCOO€HHOCTHU SITUTCHETH -
YECKOM peryssilium y paCTeHUMA.

MOJIEKVJIAPHBIE MEXAHU3MBI,
JEXAIINE B OCHOBE
HACJIIEDIOBAHUA PACTEHUAMU
SIMUTEHETUYECKUX MOANPUKALIMU

OM pasauyalorcs Mo CTabMILHOCTUA HACIIeIOBa-
HUSI TIOJIOBBIMU TTOKOJICHUSIMU M, KaK MPaBIWIo, He
MOAYMHSIOTCS MeHIeIeBCKUM 3aKOHOMEPHOCTSIM.
Tem He MeHee, HacaemyeMOCTb, XOTsI ObI B (hopMme “Ha-
cremyeMoit HectadoribHOocT (“heritable changeabili-
ty” Le Goff et al., 2021) — 3T0 XapakTepHass 0COOEH-
HOCTh DM, TIpUCyIIasi UMEHHO PaCTeHUSIM.

CriocooHOCTE DM coxpaHSIThCSI B MEi0O3€ OoT4a-
CTU OOBSICHSIETCSI OCOOEHHOCTSIMU OMOJIOTUM pacTe-
Huii (cMm. Beiie). TeM He MeHee, eCTh Y MOJIEKYJISIP-
HbI€ MEXaHM3MBbI, KOTOPbIE€ ITOMIEPKMUBAIOT 3TY CIIO-
coOHOCTh. VX AelicTBue 3aBUCUT OT TUMA SIHAIIEIN
(“Mormyarast” TUIIepMETIIMPOBAaHHAS aJUIe)Ib MU aK-
TUBHO paboTalolias TUIIOMETWINPOBAHHAS SITHa-
JIeJIb), OT KOMUMHOCTY TeHOB, OT HAJIMYUS B JIOKyCax
CIIeUMAJIbHBIX MOTHMBOB, KOTOphIE IIPHMBIIEKAIOT
JHK-Mmetnatpancdepassl man gpyrue DP, ot unciaa
caititoB metuupoBanus JHK, ux tuna (CG, CHG,
CHH) u moxkanuzanuy B reHe, OT IPUCYTCTBUS MO-
mudukaimii rmctoHoB 1 ux Thra (Catoni et al., 2017;
Li et al., 2020; Williams, Gehring, 2020).

DTH 3aBUCHUMOCTHU CJIOXHBI M 10 KOHIIA HE HCCIIe-
JIoBaHbL. TeM He MeHee, INIABHBIMM MHCTPYMEHTaMM
coxpaHeHust DM ssisirorcs nonaepxxusaromme JHK-
MeTITpaHcdepasbl, KOTOPhIE €CTh U Y XHUBOTHBIX, a
TakXKe crierdriecKkue sl pacCTeHU MeXaHU3MBbI I10-
JIOXUTETbHOU OOpaTHOM CBSI3U MEXIY XPOMaTUHO-
BBIMM METKaMM U MeTKaMu MeTwmiiuTo3uHa (SmC).
IIpu monaepxaHUM YCTAaHOBJIEHHOIO SIIMICHETUYE-
ckoro mnpogwisi xpomoMeTuaazel CMT MeTUIMpyIoT
JHK, opreHTUpYSICh Ha TIPUCYTCTBUE XPOMATUHOBBIX
MmeToK H3K9me2, a ructoHoBbIe MeTHITpaHC(hEpPa3bl
KYP/SUVH4 u np. — Ha npucytctBue SmC (Baubec
et al., 2010; Du et al., 2015; Stoddard et al., 2019).
DTOT MeXaHU3M OOBSICHSIET CTA0MIIbHOE “MOT4aHue”

E2XKOBA

TUIEPMETUIIMPOBAHHBIX ajieNeil (Halmpumep, B TeHe
apabunoricuc SUP).

IMonoxurenbHast oOpaTHasi CBsSI3b MMeEETCS TIpU
YCTaHOBJIEHUU METWIMPOBAHUS de novo ¢ ydacThueM
maneix PHK (RdADM nyrts). B aTOM MHOTrOKOMITO-
HEHTHOM IIPOLIECCe BaXKHYIO POJb UIPalOT OEIKU
3-ei1 rpynanl (readers). OgHu readers pacIto3HaIOT XpO-
MaTUHOBBIE MeTKM MeTwimpoBaHHoro H3K9me2 u
opueHTUpyI0T padoty PHK-mmonumepa3ssr 1V, yyacr-
Bymoleit B o6paszoBanuu Majibix PHK. [Ipyrue — pac-
no3HaroT SmC n npusnekaoT PHK-mommmepasy V,
KOTOpasi yepe3 MOCPEeAHUKOB (ITpeXae Bcero — 0eyka
AGO c 3arpyxeHHoii B Hero manoit PHK) MoxeT mpu-
Bnekath K ydyactkaMm JIHK, ¢ KoTopbhIX cumThIBaeTCs
npe-MPHK, cneumndurueckyro JHK-metritpancoe-
pa3y de novo DRM2 (Matzke, Mosher, 2014; Erd-
mann, Picard, 2020). baarogapst aTuM MexaHU3MaM,
MOSIBUBILIMECS TIPU PEMPOrpaMMUPOBAHUM TeHOMa
OM, OynyT noaaepKuBaThCs A0 TEX MOP, NTOKa B MPO-
LIECC HE BMEIIAIOTCA APYIUe PEryATOPbI, KOTOPHIE
MOTYT aKTUBUPOBATHCS U3MEHEHUEM OKPYXKaIOIIUX
yciaoBuii (cM. najiee). AKTUBUPYIOIINE TMCTOHOBbIE
Mmetkn H3K4me3 nm H3K18ac nmpengrcTByroT paborte
RdADM nytu u npusnexkator JHK-gemeTnnasy,/mu-
ko3unaszy ROS1, kotopasi cHumaeT meTku SmC u co-
3MaI0T YCJIOBUS ISl CTAOUIBHOTO MOAAEPKAHUS TH-
MMoMeTUJIMpOoBaHHBIX anuajuieseii (Li et al., 2020).

Oo6pa3zosabiuecs Majisie PHK, moctossHHO reHe-
pupyloIIrecs B X0lIe MO3UTUBHON 0OpaTHOM METIIN,
MOTYT NEPEABUTaThCs IO PACTEHUIO IO IIa3MOAeC-
MaM 1 no ¢iosme (Tamiru et al., 2018; Pagliarani,
Gambino, 2019), a BO3MOXHO M mepenaBaThcs Mo-
TOMKaM, KaK 3TO IMoka3aHo mis1 Hematonsl C. elegans
(Xu et al., 2018). Y pacTeHuii moka He IMOJy4eHO YeT-
KHMX J0Ka3aTeabCTB yyacTtus Maibix PHK, BbI3BaH-
HBIX CTPECCOBBIM BO3AECTBUEM HA POOUTEJIEN, B I1e-
pelade 3MUTeHETUYEeCKON MH(pOpPMALUU MOTOMKaM
(Morgado et al., 2017; Colicchio et al., 2020). Tem He
MeHee, BO3HUKINe MooniabpHbIe Mablie PHK MoryT
MIPOHUKATh B TepMUHaJIbHbIE KJIeTKU (Duempelmann
et al., 2020) ¥ ”THULIMMPOBATh B HUX METWINPOBAaHUE
JHK mn mocnenyiomune MoaudHUKanud TUCTOHOB,
KOTOpbIE MOTYT TlepeaaBaThCsl TOTOMKAaM U MTPUBO-
JIUTH K HacjegoBaHUIO (PeHOTUIINICCKUX U3MEHE-
HU — OHTOT€HETUYECKUX NI (PU3UO0I0r0-0MOX1-
MMWUYECKUX M3MEHEHUI, CBSI3aHHbIX C YCTOMYMBO-
CTBIO K CTpPecCy, WCILITAHHOMY POOUTEILCKUMU
pactenusamu (Tamiru et al., 2018; Liegard et al., 2019).

IMonaepxanuio B yepenae NOKOJEHUMN SIIUTEHETH -
YEeCKHX METOK B ONPeAeIEHHBIX TEHHBIX JIOKYyCaX MO-
T'yT CIIOCOOCTBOBATh IOBTOPEI, KOTOPKIE YAaCTO IIPE/I-
CTaBJISIIOT COOOM B TOM MJIM MHOM CTEIIEHU AeTpaau-
poBaBIlIe MOOWJIbHBIE 3JIEMEHThI, BCTPOUBIIINECS B
PEryJISITOPHYIO 00acTh TeHOB. Tak, HaIM4Ke ITOBTO-
pPOB B PETYISITOPHON OOJIACTU TeHa apaOHIOIICHC
FWA u kykypy3bl Bl 00bsICHSIET 4aCTOE BOBHUKHOBE-
HUs srmauiencii atux reHoB (Henderson, Jacobsen,
2007). O crabuibHOCTH DM TaKMx reHOB T'OBOPUT
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TOT (paKT, YTO Ha OCHOBE aHAJIOTMYHEIX DM co3maH
pSI COPTOB XO3SIMCTBEHHO LIEHHBIX KYJIBTYp (0030p
Lisch, 2013).

B reHomax MjeKomnuTaromx HaiiAeHbI HYKJEO-
TUIHBICE MOTHMBBI, KOTOPhIE CIIOCOOCTBYIOT IIPUBIIC-
yeHnio JHK-Mmetuntpancdepas K peryassToOpHbIM
yJacTKaM omnpeaesieHHBIX JokycoB (Handa et al.,
2005; Wienholz et al., 2010; Wang et al., 2019). Ouu
eCTh M y pacTeHMii, XoTsd MeHee m3ydeHBI (Gouil,
Baulcombe, 2016). Ocob6eHHOCTH CTPYKTYPHI JIOKY-
COB, Healolue WX W3IIO0JIEHHBIMUA MMUIICHSIMU
DPeryngaropoB, MOTryT OOBICHUTH HEOTHOKPATHO
HaOII0Jal0IIMeCs cliydad BOSBHUKHOBEHUST CTaOWIb-
HEBIX 3ITHMaJUIe el HEKOTOPBIX TeHOB. OMHAKO 3HAHUS
00 ocoobenHocTax JHK mnm xpomatnHa, KOTOpbIe
MOTYT MpeBpallaTh JOKYChl B “ropsgyue” 1 “Xoyao-
HEBIe” Touku DM He nmocratrouHbl. Hampumep, 1o cux
op He SICHO, MoYeMy TakKoi “ropsdeii” Toukoir DM
sBisieTcs reH SUP apabunoncuc (Arabidopsis thaliana),
KOTOPBIi1 y4aCTBYeT B pa3rpaHMYCHUU B IIBETKE yJacT-
KOB C MY>KCKUMMU 1 XXKEHCKMMM PEIIPOAYKTUBHBIMU OP-
raHamMu (Bowman etal., 1992). [unepmeTuInpoBaH-
HBIC “Mojyalye” 3M1aUIe]Ii B 3TOM I'eHe BO3HUKAIA
P UCIIOJIb30BAHMM MHAYIIPOBAHHOIO MyTareHe3a
(HEUTPOHBI, X-JIy4d, STUJIMETAHCYIbGhOHAT U AP. X1~
MUYECKUe MyTareHbl), nHcepuuonHoro T-JIHK-my-
tareHe3a (Jacobsen, Meyerowitz, 1997; Rohde et al.,
2002), Ha (hoHE NeMEeTUIMPOBAHMS TeHOMA y TPaHC-
TeHHBIX JIMHUI ¢ MOAaBICHHOM aKTMBHOCTBIO IeHa
JHK-metunrpancdepassr METI (Kishimoto et al.,
2001), a Takke cmoHTaHHO (Bondada et al., 2020).
IMpuyem snuamnenu reHa SUP ¢ pa3HO CTEIIEHBIO
SKCIPECCUBHOCTH Y IEHETPAHTHOCTHU OBLIIM OOHApY-
keHbl B 11 (13 1028) skoTumax apabuaoricuc u3 ca-
MBIX pa3HbIx MecT ooutanus (Bondada et al., 2020).

IMonaepxanve DM B onpeaesIeHHBIX JIOKYyCaX MO-
KeT 00YCIIOBIMBATHCSI HATMYUEM B MX PETYISITOPHBIX
yJacTKax [UC-3JEMEHTOB il cBs3biBaHus TAD, Ko-
TOpbI€ IIpUBJIEKAIOT ¢ coboit P (Hanmpumep, IHK-
MeTUITpaHC(epa3bl WU AeMETUIIAa3bl), TTONAEPKU-
Basl TUIIEPMETWIMPOBAHHOE WJIM HA00OPOT — TUIIO-
METUJIMPOBAaHHOE COCTOSTHUE JIOKYCOB. JUIMHHBIE He-
komupytomue PHK (IncPHK) takke Moryt mpusie-
Katb DP K omnpeneseHHBIM JIOKycaM. DTO ITOKa3aHO
11t IncPHK COLDAIR, xoTopasi 3IIMIreHeTUYEeCKHU 10~
naBisieT TeH apadbuponcuc FLC, KOHTPOJUPYIOIIUA
norpedbHocTh B spoBusanuu (Kim et al., 2017; Wu
et al., 2020), a Takke wist IncRNA AG-incRNA4, xo-
TOpast BEI3LIBAET 3aMOJIKAHUE B BET€TaTUBHOI YacTH
nobera reHa AG, KOHTPOJMPYIONIETO pa3BUTHUE pe-
MPOAYKTUBHBIX OopraHoB B 1iBeTke (Wu et al., 2018).
bnaromapst B3aumopeiicteuto ¢ OP, T® u IncPHK
MOTYT BBI3BIBaTh DM B reHaxX-MHIIEHSX, V¥ KOTOPBIX
€CTb JIMOO LIMC-3JIeMeHThI 1151 puBiedeHust TP, mubdo
yyactku romojiorun ¢ IncPHK. Takue addekTopsl
DM, sKcrpeccrs KOTOPBIX aKTUBUPYETCS B OIpele-
JICHHBIX YCJOBUSIX (MJIU TIPU CTPECCOBBIX BO3NCHCTBU -
SIX), TO-BUAVMOMY, MOTYT UTPaTh BaXKHYIO POJIb KaK B
uHAIMamuu DM mon neiicTBUeM HOBBIX YCIIO-
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BUIi/CTpeccoB, TaK U B MOMJAEPXXKAHUU BO3HUKIIMX
aMUaJUiesiell B psiiy ITOKOJICHUWIT MpU COXpaHEHUU
W3MEHUBIIUXCS yCIOBUl (HaripuMmep, B 11 mokose-
HUSIX UMOpPENHBIX JIMHUM prca BbIpalllMBaeMbIX B
ycioBusix 3acyxu (Zheng et al., 2017).

SIpKMM CBUACTENBCTBOM HacjaegoBaHusa OM vy
pacTeHMil SIBISIETCS YCTAaHOBJIIEHHOE MPU U3YYCHHU
UMOpenHbIX TuHUi apadbugoncuc (MA-muHUM, 1o-
JIy4eHHBIX OT CAMOOITBIJIEHUS OTHOTO PACTEHUSI 9KO-
trma Col) crabuiibHOE HacaenoBaHue 99.998 % paiio-
HOB METHJIMPOBAHUS Ha TIpOoTskeHnu 30 reHepaTuB-
HBIX TTOKOJICHUH B HEM3MEHHBIX YCIIOBHUSIX CPEIbl
(Hofmeister et al., 2017). Takast cTaOUABHOCTD T103-
BOJIMUIA OCYIIECTBUTH CO3MAaHUE SITUTCHETHYECKOMN
KapThl Ha OCHOBE aHajm3a F2 IokojieHusT OT CKpe-
IMUBaHUA 1ByX MA-JIMHUI 1 TOKa3aTh, YTO IIPUMep-
HO NoJioBMHA nubdepeHIMaTbHO METUJIMPOBAHHbBIX
paitoHOB HacJieayeTcsl B COOTBETCTBUM ¢ MeHeneB-
ckumu 3akoHoMepHocTsimu (Hofmeister et al., 2017).

MOJEKVIIAPHBIE MEXAHW3MBI,
MHULONNPYIOILIME USMEHEHHUE
IMTPOT'PAMMBI PA3BUTUA

Cpenu pakTopoB, KOTOPBIC BIUSIOT Ha paboty OP
U WHULMUPYIOT YaCTUYHOE perporpaMMupoOBaHUE
reHoMa — MHOTHE CTPeCCOBBIe (pakTOphl (Kak adbro-
TUUYECKUE, TaK U onotndeckre). OHU BBI3BIBAIOT U3-
MEHEHUsI MeTabOJIUYECKUX MPOLIECCOB U TOSIBJICHUE
B KJIETKAX aKTUBHBIX (hopM Kuciopona (ADK) u azo-
Ta, KOTOPbIE€ U3BMEHEHSIIOT OKHUCIUTEIbHO-BOCCTAHO-
BUTEJIbHBIN 0alaHC KJIETKU U aKTUBUPYIOT peaoKC-
3aBUcuMble curHajabHble cuctembl (Foyer, Noctor,
2013; Locato et al., 2018). CaencTBueM 3TUX IIPOLIEC-
COB SIBJISIIOTCSI U3BMEHEHUE COIAEpKaHUS MOJIEKYT —
JIOHOPOB METWJIbHBIX I'PYIII, HEOOXOIMMBIX IJISI MO-
mudukaumu JHK u rucroHoB (mpexnae Bcero —
S-ageHO3WIMETMOHMHA), a TakKe Bo3neiictBue ADK 1
MeTa0O0IUTOB Ha OEJIKUA — PETYJISITOPHI SIIMTeHEeTUYE -
ckux momucukaumit (Locato et al., 2018; Saravana
Kumar et al., 2020; Lindermayr et al., 2020). Cpenu
nocinenHux — JIHK-gemerunmpylomnme dhepMeHTH
(Couturier et al., 2013; Duan et al., 2015), Oenku,
yyactBytomiue B PHK-3aBucumMomM MeTUIMpOBaHUM
JHK (Charbonnel et al., 2017; Seta et al., 2017). Onu-
CaHO BJIMSIHME PEAOKC-MOTEeHIIMAa 1 OKCUIA a30Ta,
KOTOPBI TAKXKE SIBJISIETCSI MOIITHBIM OKCUJIAHTOM, Ha
Oenku, BoBieueHHbIe B MeTinpoBaHue JJHK 1 mo-
I(pUKAIIMIO TUCTOHOBBIX 0enKoB (0030phl Locato
et al., 2018; Saravana Kumar et al., 2020; Lindermayr
et al., 2020). ITocKonbKy y pacTeHUII METUIMPYETCS
LUTO3WH B JIIOOOM OKPYXKEHHWH, paCTeHUSI OCOOEHHO
YyBCTBUTEJIbHBI K METaOOJMYECKUM W3MEHEHUSIM,
BBI3BIBIOIIINMM CHIDKEHUE YPOBHSI TOHOPOB METHJIb-
HbIX rpynn B ki1etkax (Lindermayr et al., 2020).

HenmaBHO BbISBIEH OITOJHUTEIBHBIM MeEXaHU3M
CBSI3U MEXIY CTPECCOBLIMU BO3IENCTBUSMU U PETIPO-
rpaMMupoBaHueM reHoMa. ITokasaHo, 4TO B aKTHBa-
LIMM CTPECCOBOrO OTBeTa (TEIUIOBOM IIOK, TUIIOTEP-
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MU, 3acyxa, Iuunut ¢pocharoB, aTaka IaTOTEeHOB),
BaXKHYIO pOJIb UTpaeT CyMOMJIMpOBaHUEe — OOpaTu-
Masl IOCTTPaHC/ISILIMOHHAsT MOAU(pUKALIAS pa3ind-
HBIX 0enkoB (Jmii, Cappadocia, 2021). Baxneiimeit
muieHblo Cymo-E3 nurassr SIZ1 asnserca JHK-
muko3uiasa ROS1, kotopast crabunusupyercs B pe-
3yJbTaTe 3TO MOAN(DUKAILINU U OCYILIECTBIISIET IeMe-
tunmpoBanue JHK. Myranuu B rene SIZ1y apadbu-
JIOTICYIC IIPUBOIST K MOBHIIIEHUIO YPOBHS METUIPO-
panusa JHK 3a cuer yMeHBIIeHUS coIepsKaHUSI
oenka ROSI1 (Kong et al., 2020). CymounpoBaHue
0EeJIKOB — IMHAMWYHBII 1 00paTUMBII IIpoliecc, KO-
TOPBIA aKTUBUPYETCSI CTPECCOBBIMM BO3IECTBUSIMMU.
ITosTOMY B YCIIOBHSIX CTPECCOBBIX BO3ISHCTBUI Cy-
MOWJIMPOBaHNE OEJIKOB Uyepe3 BIMSHUE Ha JeMeTU-
mpoBanue JIHK MoxeTt urparts BaxkKHyIO pojib B pe-
MIporpaMMMpPOBAHUU T€eHOMA PacTEHUIA.

YcnoBus cpenibl/CTPECChl MOTYT M3MEHSITh aKTUB-
HOCTbh OP Kak Ha IMOCTTpaHCSILIMOHHOM YPOBHE, TaK
¥ Ha TPaHCKpUILIMOHHOM. MHorne DP TpaHcKkpuou-
PYIOTCS ciel(PUIECK, TOIBKO IIPU ONpeneIeHHbBIX
YCIIOBUSIX/CTPECCOBBIX BO3ACUCTBUSIX WJIN B OTIpeie-
JIEHHBIX TKaHSX M OpraHax Ha OIIpeAcIeHHBIX CTaIu -
s1x oHToreHe3a. CnenupuIHOCTh TPAHCKPUIILIMM I10-
Ka3zaHa y pa3HbIX BUIoB pacteHuii ajast JHK-metun-
tpaHcdepas (Rohini et al., 2014; Guo et al., 2020; Yu
et al., 2021) u npyrux DP. bonee Toro, cpenu DP, ko-
TOpbIE OTHOCSITCSI K OMHOMY KJaccy (HaIrpumep,
JHK-nmeMmeTnnas/mmmko3mnna3) HabI0gal0TCI U He-
KOTOPBIC Pa3INIus MEXAY TeHaMU-MUIIEHSIMH, YTO
MOXET OOBSICHSITBCS HAJTMYMEM B MUIIEHSX CICIIM-
¢puryecKnx MOTUBOB, IIPUBJICKAIOIINX K cede DP, mnu
T€M, UTO B IIPUBJICUCHNM K T€HAM-MUIIIEHSIM yJacT-
By1oT T® mnu IncPHK, koTopbie B3auMoneiicTByoT
C ompeleJlcHHEIM HaOOpOM TI'e€HOB-MMIIEHE (CM.
BBIIE). 3aMETUM JIUIlb, YTo cpeau Td, KoTopkie
B3aMMOJEHCTBYIOT ¢ DP, eCTh 1 KOMIIOHEHTHI TOPMO-
HaJIbHBIX CUTHAJIBHBIX ITyTeil. [1puBnexkas DP, name-
HSIIOIINE COCTOSTHME XpOMaTHHA K CBOMM IeHaM-MHU-
meHsM, T cnocoOHbI MO0 akTuBUpoBath (Wu et al.,
2015), mubo mmomaBiaTh 3KcIpeccuio reHoB (Hasega-
wa et al., 2018) B oTBET Ha IelICTBHE TOPMOHOB.

BobImHCTBO YIIOMSIHYTHIX (DaKTOPOB, KOTOPBIE
CIIOCOOCTBYIOT M3MEHEHHUIO IIPOrpaMMbl Pa3BUTUS
IIPU U3MEHEHUU YCIIOBUI CPEbI, NIEUCTBYIOT B TOMU
WJIA MHOM Mepe Ha SIIMTeHEeTUYeCKIe IPOLIECChI U B
KJIETKaX XWBOTHBIX. BMecTe ¢ TeM, y pacTeHMI 110~
SIBJIsIETCST MH(POopMaLsI 00 OCOOEHHOCTSIX padOThI
HeKoTophix DP, a Takke 06 0OHapyXXKEHHU HOBBIX
crnenuduaeckux mist pacrenuit OP. Cpenu mocuen-
HUX — 4 TeHa apabuI0TICUC, BOSHUKIIINUX B pe3yJibTa-
Te JOMECTUKAIIMM TpaHCIO30HOB ceMelicTBa Harbin-
ger. IlponykTel 1Byx Takux renoB HDPI1wn HDP2 pa-
OoTaloT B cocTaBe OellKoBoro komiuiekca IDMI,
KOTOPBII 00/1a7aeT aKTUBUPYIOIIE TMCTOH-alle T~
TpaHcepa3HOil aKTUBHOCTBIO 1, OTHOBPEMEHHO,
yyacTByeT B mpubiedyeHuun JIHK-nemerunasbl/riau-
ko3uiasel ROS1 (Duan et al., 2016). [IpoayKThl AByX
npyrux reHoB — ALPI n ALP2 — takxe paboTaroT

E2XKOBA

BMecTe n MemaloT KoMiuiekcy PRC2 ocyiiecTBiasaTs
perpeccuBHOe MeTuupoBaHue ructoHoB H3K27me3
(Liang et al., 2015; Velanis et al., 2020).

I'ensr ICUI1 n CP2, HalineHHbIE Y apaOuOoIICHC,
TakKKe B3amMopdeicTByror ¢ Oenkamm PRC2-kom-
iekca (Mateo-Bonmati et al., 2018; Bloomer et al.,
2020). OpHako 3TO B3aMMOACMCTBUE IIPUBOOUT K
yCHIEHNIO 3(POEKTUBHOCTU SIIUTEHETUUECKOTO T0-
JaBjieHUs reHoB-muiueHei. Ilpenmosiaraercst, 4To
9TU T'eHBI, Konupylomue 2-okconryrapat/Fe(I1l)-3a-
BUCHMBIE TUOKCUTEHA3bl, KAKUM-TO 00pa3oM MOMO-
raloT yaajsiTb C TMCTOHOB aKTUBHUPYIOIIME METKU
H3K4me2/3 n H3K36me3, uro obGerdyaer gajibHE-
Iee yCTaHOBJIEHHWE PeIpecCMBHBIX MeToK (Bloomer
etal., 2020). HemaBHO y apabugoIricuc HaiiaeH TeH
CFK1, xonupywiuii 6enok ¢ F-60kcoM, KOTOpbIii
B3anmMoaeicTByer ¢ de novo JHK-Mmetunrpancepa-
3011 1 3ammyckaeTt npoliecc ee gerpagauuu (Chenet al.,
2021).

Kpome 3THX HOBBIX T€eHOB, KOTOPbI€ BMEILIMBAIOT-
cs B paboTy yxKe onmMcaHHbIX DP, y pacTeHMii BEISIB-
JICHbI Te€HBI, KOTOPbIC SIBJSIOTCS TMPEACTaBUTEISIMU
M3BECTHBIX CEMENCTB BIMUTeHETUYECKUX PEeTyJIsiTO-
POB, HO OCYIIECTBJISIIOT (DYHKIIUIO MPOTUBOIOJIOX-
HYIO TOI, YTO BBIMOJHSIOT UX napajioru. Muorue OP
Yy pacTeHUl TIpeaCTaBeHbl HECKOJbKUMU TeHaMMU,
4TO CBSI3aHO C XapaKTepHO il paCTeHU 3aayTLIN -
LIMPOBAHHOCThIO TeHoMa. DYHKIIMS AaJieKo He Bcex
MpeacTaBUTeNIe UcCenoBaHa, U UX u3ydeHue MpuHo-
cut cropnpu3bl. Tak, HarpuMep, cemeiictBo SUVH ru-
croHoBeiXx H3K9-metunrpancpepaz (SU(VAR)3-9
HOMOLOG) y apabunorcuc IpeacraBieHo 9 mapa-
jgoramu, cpeau kortopeix SUVH4/KYP, SUVHS n
SUVHG6 neiicTBUTEIBHO OCYILECTBIISIOT PEITPECCUB-
Hoe MetuinpoBanue H3K9. brarogapst npucyTctBuio
SRA-1oMeHa OHHM pPacIlO3HAIT METWJIMPOBAHHYIO
JHK 1 MeTuIrpyloT TUCTOHBI B HEMOCPENCTBEHHOMN
6am3octu ot 3Tux ydacTtkoB (Li et al., 2018). B To ke
Bpems, SUVHI1, SUVH3, SUVH7 u SUVHS BrImos-
HSTIOT IPOTUBOMNOJIOXHYIO (hyHKIMI0. OHU yTpaTWUIIU
MeTWI-TpaHcpepasHbie JOMEHbI, HO 3a cyeT SRA-10-
MeHa pacno3HaioT MmetuapoBanHyo JJHK B mpomo-
TopHOi o6mactu JIHK-gemeTunasbl/IIMKO3MIA3bI
ROSI1. BzaumoneiicTBys ¢ Oe1KaMy — aKTUBaTOpaMu
TpaHckpurmuuu ¢ Dnal-momenom, oenkm SUVHI,
SUVH3, SUVH7, SUVHS8 akTuBUpYyIOT TpaHCKPUII-
uto ROS1, a 3HauuT — U nocieaymolee 1eMeTUIn-
poBanue JIHK (Xiao et al., 2019). IIpumepoB Takoii
CcyOHeOo(YHKIIMOIU3alU1 T€HOB, O-BUAUMOMY, Oy-
JIeT OOJIbIIIE IO Mepe YITTyOIeHNsI 3HAaHUI O (PyHKIINU
mapanoroB OP y pacteHuii.

B 3akmoueHue pasmesia OTMETUM, YTO PE3YJIbTa-
TOM YaCTHYHOTO PENPOrpaMMHUPOBAaHHUS TeHOMA IO
TMEeMCTBUSIMU OKPYKAIOIIE CpeIbl MOXET OBITh AKTH -
BallMsI TEHOB 3aIIMTHOTO OTBETA WUIM/U M3MEHEHME
MpOrpaMMBl OHTOT€He3a pacTeHUs (ero pacTyIIUX
Monyieii). MiaMeHeHUe TIporpaMMbl pa3BUTHS TOTO
WJIM WHOTO MOIYJIsI/OpraHa peaan3yeTcs Ha paHHUX
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Puc. 2. OHTOreHETUYECKIME PEBEPCUM Y KaJIeHTyJIbI JeKapcTBeHHOU Calendula officinalis (copt, coznannsiii B.B. CaxapoBbsim
B UHcTuTyTe 6Monoruu passutust PAH nmenn H.K. KonblioBa) u rpaBuiata peuHoro Geum rivale B yCIIOBUSIX BJIAXKHOTO XO-
sionHoro jieta 2019 r. Ha oqHOM pacTeHuu KaJleHIy Ibl Hapsiay ¢ COLIBETUSIMU C HOPMaJIbHBIM OHTOTEHE30M (a) MOXKHO Ha0JTI0-
JIaTh COLIBETHsI, DOPMUPYIOIIME HOBbIE allMKaIbHble MEPUCTEMBI (0, B), KOTOpbIE TAaKXKe 00pa3yloT colBeTHs U ceMeHa ((B) —
BHU3Y — KOpP3UHKa 1-0ro mopsiika ¢ CO3peBIIMMU CEMEHaMU, a BBepXy — 00pa30BaHHbIE €10 15 TOMOJIHUTEIbHBIX COLIBETUM
2-0ro Mopsizika, KOTOpble HAXOMSTCS Ha pa3HbIX Tanax oHToreHe3a). Ha ojHOM pacTeHuu rpaBuiata ¢ HOpMaJbHbIM OHTOTE-
He30M LiBeTKa (I') BCTpeYyaloTCsl LIBETKU, B LIEHTPE KOTOPBIX (hDOPMUPYIOTCSI HOBBIE ITOGETH ¢ colBeTUsiMu (11, €). PoTo aBTOpa.

aTalax ero OHTOTeHe3a, Yallle BCero — B KJIEeTKax
anvKaJdbHBIX MEPUCTEM IToOera u KOpPHSI, KOTOpbIe
coJiepaT CTBOJIOBbIE (IJTIOPUIIOTEHTHBIEC) KJIETKU U
AT HaYaJo BCeM MIPUMOPAUAM opraHoB. OmHAaKoO,
3anycK (WM Tiepe3alyckK) mporpaMMbl pa3BUTUS Y
pacTeHUIT MOXET HAaOJII0IaThCs TaXKe B 3pENIbIX Oopra-
Hax (ExoBa, KynpusHosa, 2019). OTo obbsicHsieTcst
TE€M, 4TO TUTIOPUINIOTEHTHBIC KJIETKU Y PACTEHUM MO-
TYT TIOSIBJISIThCS de novo 3a cueT CHSATHUS SMUTEHETH-
YeCKOil perpeccuu ¢ TeHOB CTBOJIOBOCTH, KOTOpasl B
I depeHIMPOBAaHHBIX TKaHSIX MOOACPKUBACTCS
MHoroyuciaeHHeIMU ODP (Anpbept, Exosa, 2013;
Galillochet, Lohmann, 2015). CHsTHe snIMreHEeTUYe-
CKOM pemnpeccuu ¢ TeHOB CTBOJIOBOCTH MOXET 00y-
CJIOBUTh PAa3BUTHUE IOIMOJHUTEIBHBIX JiomacTteii u
rpeOHEBUIHBIX BEIPOCTOB JAXKe HA 3PENIbIX JTUCThIX
pactenuii (Fedotov et al., 2017; KynpusiHoBa u ap.,
2021). OHTOreHeTUYEeCKNEe PEeBEPCUM, KOTOPHIE BbI-
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3BIBAIOTCS TTOTOTHBIMU YCIIOBUSIMM, TaKXKe OTpaxka-
10T BO3MOXHOCTh Iepe3arycka reHeTUYeCKUX IMpo-
ramMM pasBUTUS 32 cUeT BO3aOHOBJIEHUS ITyJia CTBO-
JIOBBIX KJIETOK (puc. 2).

OCHOBHBIE 5KCITEPUMEHTAJIbBHBIE
MOAXOAbl JIAA U3BYYEHUA POJIN
SIUTEHETUYECKUX MOANDPUKALIUN

B ITOJINMBAPMAHTHOCTU PA3BUTHUA

ITimacTuyHOCTH pa3BUTHS PACTEHUI IIPOSIBISICTCS
B SIPKO BBIpaXXEHHOI BapnabeIbHOCTU MPU3HAKOB Y
pacteHuii omHoro Buaa. CtoxacTudyeckue KojaebaHus
YPOBHSI 3KCIIPECCHHU, a TaKKe M3MEHEHUST IKCIIpEC-
CUU TEHOB, BhI3BaHHbIE BHEIITHUMU U BHYTPEHHUMU
dakTopaMu, U3MEHSIOLIME pa3BUTHE, OAJECKO HE
Bceraa cBsi3aHbl ¢ OM. 171 qnoKa3aTeIbCTBA IIPUYMH-
HO-CJICACTBEHHON CBSI3M MeXny DM m deHOoTUIIoM
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EXOBA

Taomuna 1. DKcriepuMeHTalIbHbIE TTOAXOAbI, KOTOPHIE UCIIOIb3YIOTCS TSI U3YYEHUS POJIM SIUTEHETUUYECKUX MOIU(DU-
Kaluii B IPOSIBJICHUY MTOJIMBAPUAHTHOCTU Pa3BUTUSI paCTEHUI

OOBEKTHI

Metonbt

BosmoxxHocTHn

metl/ddm I—»!l ”H

1. PekomOrHaHTHEIE UMOpE-
metl/ddm] — ![I

Hble TruHuM epiRIL, monydeH-
HbIe Ha €TMHOM FeHEeTUYEeCKOM
doHe, cpenu KOTOPHIX €CTh
beHOTUTIMYECKME pA3TYUS

giRiaRll
L LIETIT

AHnanus Ir€HoMa, MCTU-

TeHEeTUYECKOe KapTU-
poBanue (epiQTL)

JioMa, TpaHCKpUIITOMA,

BoisiBnenue JIMY /reHoB
(srmajureneii), 0OyCIOBIM-
BaloINX (heHOTUITNIECKIE
pasuuus

2. KJjToHBI IpUPOIHBIX U KYJIb-
TYPHBIX BUIOB M3 Pa3HBIX 3KO-
Jioro-reorpamUyecKux 30H;
KJIOHBI, OTJIMYAIOLIUECS T10

bad
deHoTUITy ®

AHaJIu3 YPOBHS M OCO-
OEHHOCTE METUJIUPO-
BaHus reHoma (MSAP
W IP. METOIbI)

AHaJIU3 YPOBHSI T'eHe-
TUYECKOI U3MEHYMBO-
ctu (AFLP)

JleMoHCTpanusl CBSI3U
(deHOTHUMA C SIMUTEHOTHUIIOM

3. EqyHnyHEIe pacTeHus, y
KOTOPBIX pa3HbIe MOIYJIN VTN
OopraHbl UMEIOT (PeHOTUITYE-
CKHe pa3InJus

Te ke, 4TO 1 BO 2-OM
MOIX0ae

BrisBienue snmreHeTnae-
CKOTIo Mo3anumi3Ma 1 €ro
CBA3U C (1)€HOTI/IHI/I‘I€-
CKMMU pa3IM4YuAMU

4. [TomynsiLyy OMHOTO BUIA U3
pa3HBIX PKOJIOTO-reorpaduye-
CKMX 30H, OTJIMYAIOIINECS T10
deHoTUITY

Te ke, 4TO 1 BO 2-OM
noaxoae (HeEMOJEIb-
HBIE BUJIBI)

JleMoHcTpalust BHyTpUBU-
JTOBBIX TEHETUYIECKUX U IITH-
TeHeTUIECKUX pa3TnInit

AHanu3 reHoMa, MeTH-
EWAS (Epigenome-

MoJeIbHbIe BUIBI)

JloMa, TpPaHCKPUIMTOMa,

‘Wide Association Studies,

|-B_]
"] coe
| B |

BrigBiaenue acconmpanmii
denoruma ¢ JIMY /reHamu

HEoOXOIUMO YOeOUThCS B OTCYTCTBUU CBI3U (PEHOTU-
Ma ¢ TeHeTMYEeCKUM TIOJIMMOP(GU3MOM M OTIMYUTH
BpEMEHHBIE U3MEHEHMUST SKCIIPECCUN TeHOB, KOTOPHIS
He COXPAHSIIOTCSI P AeJEHUH KIIETOK, OT IJTUTEILHO
coxpansioiuxcsi OM. CyllecTBYIOT HECKOJBKO IO~
XOJIOB JJIsI U3ydeHUS poii DM B IIPOSIBJICHUHU TTOJIMBA-
PUAHTHOCTU Pa3BUTUS, MMEIOIIMX pPa3HYIO CTENeHb
JlokazaTeJIbHOCTH (TabJt. 1).

IlepBbIii monxoa OCHOBaH Ha U3YYEHUU T€HOMOB,
METHUJIOMOB UM TPAHCKPUIITOMOB Y Te€HETUYECKU
UIEHTUYHBIX PEKOMOMHAHTHBIX UMOPEAHbBIX JTUHUA
(epiRIL) apabunoricuc (A. thaliana), oTIMYAIONIIXCS
TosbKo anureHoMamu. Ilomydens epiRIL myTem ckpe-
mmBaHus pacteHnii akotuIia Col ¢ pacTeHUSIMHA TOTO

2Ke DKOTHUIIA, HO C MyTall1eil B OMHOM M3 T€HOB — PEry-
msaropoB MetwimpoBanusa JHK (Johannes et al.,
2009; Reinders et al., 2009). DT MmyTauy NpUBOISAT
K CHUDKEHUIO YPOBHSI METUJIMPOBAHMS TeHOMA — I10-
YTU TTOJTHOMY TTpy MyTtauuu metl n ~70% npu Mmyrta-
nuu ddm I, 9TO BBI3bIBA€T U3MEHEHIE SKCIIPECCUM T'e-
HOB M aKTHBalIMIO MOOWIBHBIX anmeMeHToB (Kakutani
et al., 1995; Zhanget al., 2006; Lister et al., 2008). Camo-
onsuieHue F1 u mocnenyrommii UMOPUIMHT TIOTOMKOB
F2 myrem nmoceBa B KaXIIOM IMOKOJIEHUU BCETO OTHOTO
CEMCHU MPUBEJI K CO3MaHUIO JIMHUI, TOMO3UTOTHBIX IO
g depeHIMaIbHO METWIMPOBAaHHBIM yJacTKaM Te-
Homa (AMY), KoTopble CTaOMIBHO COXPAHSIOTCS B
TeuyeHre MHOTUX nmokoneHuu. Pactrenns F2 ¢ myra-
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mueit (metl wim ddml) youpaioT u3 IIOMYJISIIIUN.
I[TosToMy mojiydeHHBIE B pe3yjibTaTe MMOpPUIAMHTA
(mo 9 mokoneHuii) epiRIL B pe3ynabraTe peKOMOUHA-
Ui UMEIOT pa3Hble SIUTeHOMbBI, HO IIPaKTUYEeCKH
UAEHTUYHbIE TeHOMbI. HeMHOTrOUMCIeHHbIE TeHeTH -
YyeCKMe W3MEHEHMsI, BO3HHUKAIOIIME B pe3yJIbTaTe
CIIOHTAHHBIX MyTalluidi M aKTUBAlMd MOOMILHBIX
2JIEMEHTOB Ha (pOHE OOIIETO CHMXKEHUS YPOBHS Me-
tunupoBanusg JHK (Miura et al., 2001; Mirouze
et al., 2009; Mari-Ordoéiiez et al., 2013), BBISIBISIOT
CeKBeHHUpoOBaHUEM TeHoMma. biaromapst pekoMOmHa-
UM XPOMOCOM, KOTOpasl MO3BOJISIET MCIOJIb30BaTh
MIPUHIIUIIE TEHETUYECKOTO KapTUPOBAHMSI, BBISBIISIOT
JAMY reHoma, KOTOpbIe OOYCIOBIMBAIOT (PEHOTUIIH-
YeCKMEe pa3Iimyusl MEXAy JIMHUSIMHU, U3MCHSISI 3KC-
Mpeccuio TeHoB. I 3TOro JWMHWU TPYNIIMPYIOT IO
GEHOTUIIMYSCKMM TI0Ka3aTeasiM (HampuMep, JUHUMN
paHO- 1 MO3THOLBETYIIME) U CPABHMUBAIOT TPYMIIHI 1O
pacnipenenenuio JIMY B reHoMax pasHBIX TPYMII epi-
RIL. Kaxk mipaBuJio, jist OMHOTO Ipu3HaKa OOHapYKM -
BaloTCsl HeCKobKo JIMY 13 pa3HbIX XpOMOCOM (Kak
MIpY KapTUPOBAaHUU JIOKYCOB KOJIMYECTBEHHBIX ITPH-
3HakoB QTL). Anamu3 takux epiQTL, omnpenenenne
noJioxkeHus1 SmC OTHOCUTEILHO PSIIOM JIOKaIM30BaH-
HBIX T€HOB, BMECTE C aHAJIM30M I'€HOMA 1 TPAaHCKPHUII-
TOMa MOXeT OOHAPYKUTh SIUAJUICNIM, KOTOPhIE U3Me-
HSIIOT YPOBEHb TPAHCKPUIILINIO 13-3a DM 1 00yCJIOB-
JIMBAIOT (DEHOTUINYECKIE PA3TNIMS MEKIY JIMHUSIMMA.

MHorouuciaeHHble 3KcnepuMeHThl ¢ epiRIL mo-
Ka3bIBaIOT, UTO CTAOMIbLHBIE DM O0YCIIOBIMBAIOT pa3-
Jngus 1o Mopdoiaornyeckum IpuzHakam (Johannes
et al., 2009; Roux et al., 2011; Zhang et al., 2013;
Cortijo et al., 2014), nponyktuBHocTHu (Latzel et al.,
2013), yCTOMYMBOCTU pacTeHUIl K pa3zHOOOpa3HBIM
CTPECCOBBIM BO3ACMCTBUSIM, BKJIIOYAsl I1aTOTEHBI
(Zhang et al., 2013; Latzel et al., 2013; Furci et al.,
2019; Liégard et al., 2019), 1o peakiiuy Ha 3K30T€H-
HEIe ropMoHHI (Latzel et al., 2012) 1 o cogepKaHUIO
meTtabonutoB (Kooke et al., 2019).

DkcriepuMeHTHI ¢ epiRIL mokaszanu, yro 9M mo-
YT ObITb BaXXHBIM MCTOYHUKOM (DEHOTUMUYECKUX
u3MeHeHuit. OgQHAKO CeroHsI 3TOT MOAX0] MPaKTU-
yecku ucuepraa ceds: MopdoJoruyeckue M3MeHe-
HUS MEXY Pa3HbIMU UMOPEIHBIMU JIMHUSIMU HE Be-
JIUKW, U MCCIeIOBaHUSI OOJILIIMHCTBA IMPU3HAKOB
yXe npoBeaeHo. [TockonbKy ypoBeHb U criekTp DM
OIpeAessieTCs HE CTOJbKO BHEIITHMMU BO3JIEUCTBUS -
MU, CKOJIbKO TeHETUYECKUMU pa3InuusiMu (ajjieiab-
HBIM COCTaBOM I'€HOB — SIUT€HETUUYECKUX PETYJISITO-
poB), co3nanue epiRIL Ha ocHOBe pa3HBIX KOTUTIOB
MOIJIO OBl PacCIIMPUTh (PEHOTUITMYECKOE Pa3HOOOpa-
3ue JIMHUI 1 BO3MOXHOCTU aHaiu3a. OgHako y apa-
Ouoncuc ecTb U €llle OJHO Ba)KHOE OrpaHUYeHUE
(Alonso et al., 2015). PacteHne nMeeT KOMITAaKTHBII
T€HOM C HEOOJIBIIION 10JIeit TIOBTOPSIOIIMXCS MOCe-
JIOBATeJIbHOCTE U C CaMbIM HU3KWM CPEIHUM YPOB-
HeM MeTtuianpoBaHus reHoMa (5% 5SmC) no cpaBHe-
HUIO C IPYTUMU MOKPBITOCEMEHHBIMU PACTEHUSIMU
(y puca u KyKypy3bl % 5SmC cocrasisieT 16 u 27%).
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CremoBaTeabHO, 3TOT OOBEKT JAJIEKO He NaeaeH IJIs
U3ydyeHus1 poaud DM B PeHOTUNINYSCKON M3MEHUU-
BOCTH, XOTsS MMEHHO B HCCJIEJOBAHUSIX Ha apadOu-
JIOTICHIC OTKPBITHI BCE OCHOBHEIE TeHBI — OP.

Bropoii moaxon 6a3upyeTcs Ha HcCClIeIOBaHUSX
HEMOJIEJbHBIX BUIIOB PACTEHUiI, KOTOpbIE HMEIOT
KJIOHOBOE IMPOUCXOXAEHUE (KIOHBI MHBAa3UBHbBIX BU-
JIOB, KJIOHBI KYJIbTYPHBIX PACT€HUIi), YTO TaKXKe ra-
paHTUpPYeT UX FeHEeTUYECKYI0 MICHTUYHOCTh, HO HE
KUCKJIIOYaeT 3MUTeHeThnYecKe paszauuus. s noma-
TBEPKIEHUS CBA3M (peHOTHNIA ¢ DM aHAIM3UPYIOT
YPOBEHb M OCOOEHHOCTU METWJIMPOBAHUSI T€HOMA.
Yamie Bcero mcnoib3ylioT MSAP-ananu3 (methyla-
tion-sensitive amplified fragment length polymor-
phism), T.e. aHaJIU3UPYIOT CIEKTP aMILIUDUIIMPO-
BaHHBIX (pparmMeHTOB JJHK, moaTy4eHHBIX C UCIIO/b-
30BaHUEM maphl pecTpukTas (dacto Hpall u Mspl),
KOTOpBIE Y3HAIOT OJHY MOCJIEA0BaTEeIbHOCTh, HO 00-
JIaIaloT pa3HON YYyBCTBUTEJbLHOCTHIO K TMPUCYT-
crBuio SmC (Reyna-Lopez et al., 1997). B oTmenbHBIX
CAydasix MCIIOJB3YIOT BBICOKOPA3PEIIAOINIYIO KU~
KOCTHYIO Xxpomarorpacduio runpoimioBaHHoi JTHK
(HPLC), nMMyHOLIMTOXMMWYECKMIA aHATI3 XpOMaTH-
Ha Ha npucyrctBue SmC, ITOJHOT€HOMHOE OHMCYJb-
¢UTHOE CEeKBEHHMPOBAHME, a TAKXKe NIPyrue MeTObl
(Kurdyukov, Bullock, 2016).

PesynbraThl OOJMBIIMHCTBA MCCASIOBAHUM, TTPO-
BeJCHHBIX Ha KJIOHAX UHBAa3MBHbBIX PACTCHMI, a TaK-
K€ Ha YCMEIIHbIX BUIaX, COYETAIOIINX BEereTaTUBHOE
pa3MHOXEHUE C MOJIOBBIM, MMOATBEPAUIIN, YTO Y Ta-
KUX BUIOB YPOBEHb SIUMIEHETUYECKON M3MEHUYNBO-
CTU CYILIECTBEHHO IPEBBIIIACT TeHETUUECKUI U SIB-
sieTcs BaxHbIM (Gao et al., 2010; Richards et al.,
2012; Spens, Douhovnikoff, 2016; Guarino et al.,
2019), a uHOIrma U MPaKTUYECKU €IUHCTBEHHBIM UC-
TOYHMKOM aJanTuBHOM m3MeHuYmBocTH (Shi et al.,
2019). DTu maHHBIE CBUACTEILCTBYIOT O TOM, UYTO
aJanTUBHBIE SMUTEHETUYECKIE N3MEHEHUSI, KOTOPhIE
COXPAHSIIOTCS IIPU BereTaTMBHOM pa3MHoxeHuu (Ren-
dina Gonzalez et al., 2018; Shi et al., 2019), o6ecrieunBa-
IOT OUBEPIEHIUIO U YCITEIIHYI 3KCIAHCUI0 MHOTHX
WHBAa3UBHBIX BUIOB B pa3HbIe 3KOJOro-reorpaduye-
ckue 30HBI (Verhoeven, Preite, 2014; Douhovnikoff,
Dodd, 2015; Latzel et al., 2016; Miinzbergova et al.,
2019). CxomHble pe3yIbTaThl IOIy4eHBI B UCCICIOBA-
HUSIX PaCTEHMI ITMpaMUIaJIbHOTO TONOJS U OaHaHa,
KOTOPBIE UMEIOT eAMHOE KJIIOHOBOE MPOUCXOKACHYE,
HO KYJIbTUBUPYIOTCSI B Pa3HBIX 3KOJIOro-Teorpadu-
yeckux yciaoBusx (Vanden Broeck et al., 2018; Kitavi
et al., 2020). B uccienoBaHusIX IMaTTepHAa METUJIMPO-
Banusa JJHK BocTouyHO-appMKaHCKMX COPTOB OaHa-
Ha, pa3nYaBIIUXCSI IO MOP(OJIOTUYECKUM MPU3HAa-
KaM, IMoKa3aHo coxpaHeHue yactu MSAP-mapkepos
MmetmymmpoBanust JJHK m mpu momoBoM pa3MHOXKe-
Huu (Kitavi et al., 2020).

CeromHsi MHOI'O 3KCHEPUMEHTAIbHBIX padoOT U
0030pOB TIOCBSIIIEHBI aHAJIN3Y POJIM SIIMTEHEeTHUYe-
CKOM TTaMSITH B YCTOMYMBOCTH PACTEHU K OMOTHYE -
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CKUM M abnoTtndyeckKuM ctpeccopaM (Ashapkin et al.,
2020; Ueda, Seki, 2020; Oberkofler et al., 2021; Sri-
kant, Drost, 2021). OHTOreHeTUYEeCK1M MpU3HaKaM B
STHX WCCICIOBAaHUSIX VIOEISIeTCS Majlo BHUMAaHUS.
OnmHaKo ecTh KCIIepUMEHTaJIbHbBIC Pa0OTHI, BBIIOJI-
HeHHbIe Ha Oyape (Quan et al., 2021) Glechoma longi-
tuba (Lamiaceae) u 3emissHuke Fragaria vesca (Rosa-
ceae) (Latzel, Miinzbergova, 2018), B KOTOpBIX HC-
clieaoBay YUCo, OOIIyI0 Maccy, TUIoNIaAb J1CTa U,
caMoe MHTepeCHOe — HaIlpaBJIeHNEe POCTa BeTeTaTUB-
HBIX MMOOETOB TTOCTIe BO3MEMCTBUSI Ha MaTepUHCKOE
pacTeHUe pa3HbIX YCIOBUI OocBellleHUs (CBeTa, 3a-
TeMHeHUs, Y®-00JydeHns1) U TUTAaHUS (OOBIYHBIIA
cybcrpar u oborameHHblii NH,, NO;, P, K, Mg, Ca)
VI COYETaHWUsI pa3HbIX BozneiicTBuil. Habmomas 3a
pa3BUTHEM paMeT (BETeTaTMBHBIX MOOETOB, KOTOPBIC
TMOJDKHBI 1aTh HAyaJlo HOBOMY OpPIraHU3MY), aBTOPBI
MBITAJIUCH Y3HaTh, CIIOCOOHBI JIM pacTeHUs mpu op-
MUPOBAaHUM paMeT “YIWUTHIBATh”’ MPOLUIBIIA OMNBIT U
dopmupoBaTh pamMeTsl B TOM HaIlpaBJIEHUH, KOTOPOe
ONTUMAJILHO JIJ11 Pa3BUTUSI TIOTOMKOB.

Ota paboTa U Apyrve UCJIEeNOBaHUS “WHTEJIEKTa
pacTeHU’i1” TIOABEPTalOTCs KPUTUKE — CTATUCTUICCKIE
JIaHHBIE SKCIEPUMEHTOB 1 X MHTEPIIPETALINSI HE BCE-
raa yoenutenbHbl (Mallatt et al., 2021). Tem He MeHee,
HCCICNOBAHNE TaKUX KJIIOHOBBIX CHCTEM OYE€Hb MHTE-
pecHo. DopMUpys CIOXKHbBIE CETU U3 JECATKOB U COTEH
B3aMMOJICMCTBYIOIIMX TOJyaBTOHOMHBIX paMeT, KJIO-
HBI MOT'YT OKa3bIBaThCSI AIUTCHETUYECKIIMU MO3alKa-
Mmu (Gonzalez et al., 2016). Takoii dakynbTaTUBHBIIA
SIIMTEHETUYECKUI MO3aulu3M (CBSI3aHHBIN HE C Ha-
npaBiieHueM g depeHIMPOBKY TKaHeil, a ¢ Jeii-
CTBHEM YCJIOBUI Cpeabl) MOXET BOSHUKATD M3-3a TO-
o, YTO pa3HbIe YACTU CETU MOTYT OKa3bIBaThCH B pa3-
HBIX YCJIOBUSIX W UMMETh pPa3HBII SIIMICHOTHII,
aTalTUPOBAaHHBIN K OIIpeAeIeHHOMY BO3IEHCTBUIO.
DKCIIepMMEHThl Ha TaKMX KJIOHAX MOTYT OLICHUTH
posb (aKyJIbTaTUBHOIO 3IIMICHETUYECKOIO MO3aM-
13Ma B MNOMAEPKAHWUM KM3HECIIOCOOHOCTU BCETO
KJIOHA U UCCIeA0BaTh BO3MOXHOCTbh OOMEHa 3Mure-
HeTU4YeCKoi mHpopMalieil pa3HBIMU YaCTSIMM KJI0-
Ha. B xagecTBe MOOMIBLHBIX 3P eKkTopoB DM MOTyT
paccMmatpuBaTtbess Manble PHK (miPHK u siPHK),
yuactBytomre B PHK-3aBucumMom MeTuianpoBaHUU
JHK m cmocoOHBIe IepeaBUTaThCI MEXKIY IT00eTOM
1 KOPHEM OJHOIO pacTeHMs MO Mja3MoaecMaM U I10
¢mosme (Tamiru et al., 2018; Pagliarani, Gambino,
2019).

TpeTuii ocHOBaH Ha U3yYEeHUN TMHUYHBIX pacTe-
HUIi. AHAUTU3UPYIOT U3MEHEHUSI OHTOTeHEe3a OPraHOB
MPHY Pa3HBIX BO3ACUCTBUSIX U aHATM3UPYIOT pa3HbIe
YacTU OJHOTO PacTeHUsI, KOTOPbIe HAXOMSTCS MO BO3-
JIelicTBUEM pa3HBIX MUKpoyciaoBuii. McciaemoBanms
rnokKazaian, 4To (haKyJIbTaTUBHBIA SMUTEHETUYECKUIA
MO3aMIIU3M BBISBJISIETCSI HE TOJBKO Y BEreTaTMBHO
pa3MHOXaloIUXcsd pacTeHuid. Pazinuus no ypoBHio
u ocobeHHocTsIM MeTunupoBanus JITHK obHapyxe-
Hbl U MEXIY pa3HbIMU YacTSIMU OTAEJIbHBIX pacTe-
HUli nukou naBaHnwl Lavandula latifolia (Lamiaceae)

E2XKOBA

(Alonso et al., 2018; Herrera et al., 2021), namy6a
octposrictHoro Ilex aquifolium (Aquifoliaceae) (Her-
rera, Bazaga, 2013), Tomoas BOJOCHUCTOILIOTHOTO
Populus trichocarpa (Salicaceae) (Hofmeister et al.,
2020). XoTts pa3zauuus He BEIMKU (MEXIy BETBIMU
JIaBaHIBI pa3audue 66110 1o 6—8% MSAP-MapkepoB
no naHHbeIM Herrera et al., 2021), oHu cBUOETEIb-
CTBYIOT 00 OTHOCHUTEJIbHOW aBTOHOMHOCTM pPa3HbIX
YacTeii MHOTOJIETHUX PACTECHUI. DTU pa3Inyns MOTYT
SIBJISITBCSI CJICICTBUEM PAa3HOIO BO3IEMCTBUSI OKPYKa-
IOIIMX YCIOBUI (HOCTYITHOCTh CBETa, MOBPEXICHUE
aToreHaMu, XXMBOTHBIMU U Mp.) W 3aBUCETh OT IIPO-
CTPaHCTBEHHO-BPEMEHHbBIX XapaKTEPUCTUK PAa3BUTUSI
TOTO UJIA MHOTO MOIYJISI.

SIpKkoe CBUAETENBCTBO CBS3M (PaKyJIETAaTUBHOTIO
BMUTeHEeTUYECKOro Mo3aulin3mMa 1 MopgoreHesa -
CTa IIOJIyYeHO IIPY U3YyYEeHUN MHOTOJIETHUX JIPEBeC-
HBIX pacTeHMI1 mamyba octponuctoro llex aquifolium
(Herrera, Bazaga, 2013). Inst nagy0a xapakTepHa re-
TepoduIns — HaJIMIre Ha OMHOM PacTeHUHU KaK IIpO-
CTBHIX LIEIbHOKPANHBIX, TaK 1 JIONACTHHIX JIMCTHEB C
IIUIIaMU o Kpato (KoJiroune). [IpruyemM BeTKU pacTe-
HUIA, KOTOpbIe 0OBEHAIOTCS OJICHSIMU U KO3aMHU, TO-
paso yaile comep:kat Komoune TucTbs (76% BETOK),
YyeM BETKU HEIOBpeKIeHHBIX AepeBbeB (19%). Kpo-
Me TOrO, YeM HIMXKE BETKM PaCIIOJIOXKEHEI, TeM Jallle
OHM coepxXaT Kojioune JucThsa (1, = —0.698), uto
aBTOPBI OOBSICHSIIOT OONBIIEH 1OCITaeMOCThIO TAKUX
BETOK JIUISI KMBOTHBIX, T.€. Pa3BUTHE ILIIMIIOB Ha JIM-
CTBSIX — OTO OTBET PaCTeHUS Ha IOBPEXKIEHIUE pPaCTe-
Huit )kxuBoTHbIMU (Herrera, Bazaga, 2013). MSAP-
aHaJIM3 JIMCThEB pa3HO MOP(OJIOTUU C OTHUX U TEX
K€ BETOK IT0Ka3aJ, YTO Te€HOM LEeIbHOKPANHMX JIM-
CTh€B METWJIMPOBAH CHWJIbHEE, YeM KOJIOUUX JIU-
CTbEB. DTHU PE3YIbTaThl CBUACTEIBCTBYIOT O TOM, YTO
OM (B maHHOM ClIy4yae — U3MEHEHUSI YPOBHS METH-
JIMpOBaHUSI FeHOMa) MOTYT OOYCJIOBUTh alallTUBHbIE
M3MEHEHUSI IIpOrpaMMbl OHTOreHe3a JIncTheB. OHU
TaK>Ke MMOKA3bIBAIOT, UTO (haKyJIbTaTUBHBIN SIUTCHE -
TUYECKUI MO3aMIIM3M MOXKET CTAaHOBUTBHCS OCHOB-
HBIM (pakTOpOM Bapuauyu Mop@dOI0rum MoayJjeii B
Ipeaeax OMHOTO PACTeHUSI M, BO3MOXHO, (haKTOpOM
SIIUTEHETUYECKOro pa3HOOOpa3usl TIOTOMKOB OHOIO
pacrenusi (Herrera, 2017). B oTinune oT KOHCTUTY-
TUBHOTO 3MUTEHETUYECKOTO MO3anII3Ma, KOTOPBIA
CBsI3aH C peajin3alueii reHeTUYeCKUX IIPOorpamMm pas-
BUTHUS BUAA, C HOMAEpPKaHNEM UICHTUYHOCTA Opra-
HOB M TKaHEW BHYTPHU pacTeHMs, (paKyIbTaTUBHBIA
SMUTCHETUYECKUIA MO3auLM3M OTPAXAeT BO3MOX-
HOCTb aJalTUBHOTO M3MCHEHMS 3THUX IPOTrpaMM B
OTIEJIBHBIX MOOYJISIX PACTeHMsI B OTBET Ha BO3Ieli-
CTBME BHEIIHUX YCIOBUIA.

I'erepodunms ocobeHHO pacIipocTpaHeHa Cpeau
BOJIHBIX pacTeHUil. JIUCTbsI, pacIioJOKeHHbIE Hal
BOJOI1 ¥ TOJ BOJOM, MOTYT KQUECTBEHHO pa3INyaTh-
cs 110 (popMe, aHATOMUYESCKMM U PYHKIIMOHAJIbHBIM
ocobeHHOoCTsIM. TlorpykeHHble B BOAY JIMCThSI KakK
MpaBujio GoJjiee pacceueHHbIe, YeM HaaBOAHEIE. Mc-
cieqoBaHus oonee 20 BUOOB pacTeHUI ¢ rerepodu-
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JIneii BRISIBUJIM OCHOBHBIC BHEITHUE (paKTOPHI (TIOTPY-
>KEHHOCTb, TeMIlepaTypa) W BHYTPEHHHE (PaKTOpbI
(rOpMOHBI), ONpeaesoNIre TUI (POPMUPYIOLIETOCS
ymcra (0630opel Nakayama et al., 2017; Li et al., 2019,
2021; van Veen, Sasidharan, 2021). OqHo U3 MepBbIX
WICCIIENOBAaHUM CBSI3U YypOBHS MeTunnpoBanus JJHK
¢ reTepoduIreii BBITOJIHEHO Ha BOISIHOM opexe Tra-
pa natans (Lythraceae), Melo111eM CHJILHO paccedyeH-
HBIC TTOABOMHBIC TUCThsI. C MCITOJIb30BAaHUEM UMMY-
HO-LIUTOXUMHUYecKoro omnpeneneHuss SmC 1moka3aH
Oosee HU3KUN ypoBeHb MeTwiaupoBanus JHK B
MMOYKaX, JAIOIINX Ha4Yaa0 pacCeYeHHBIM JIUCThSIM 110
CPaBHEHMIO C II0OYKaMM, 13 KOTOPHIX (DOPMUPYIOTCS
LHeJIbHOKpaliHNe JIMCThS HaaBoAHOM yacTtu (Bitonti
et al., 1996). DTu pe3yabTaThl CXOAHBI C pe3yIbTaTa-
MU HMCCJIeTOBaHUI KOIIOUMX JIMCTheB namyoa (Herre-
ra, Bazaga, 2013) u Takke yKa3bIBaeT Ha CYILIIECTBOBO-
BaHUM (PaKyJIbTAaTUBHOIO S3IUTCHETUYECKOTO MO3aM-
II3Ma U €T0 POJIb B IIPOSIBICHUN TeTe PO,

PaccMoTpeHHbIe TprMephbl MOKA3bIBAIOT, YTO 2-0it
¥ 3-1ii TTOOXOIbI, B OTJIMYME OT 1-0T0, HE TTO3BOJISIET
BBISIBUTh T¢ KOHKpEeTHbIe nuddepeHINaTbHO METU -
JmpoBaHHEIE yuyacTku (JIMY) reHoMma, KOTOphIe 00Y-
CJIOBIMBAIOT M3MeHeHUs peHotuna. OmHaKO 10 Me-
pe yniyOJieHusl 3HaHU O TeHEeTUYECKOM KOHTpPOJIe
OHTOIreHe3a OyIyT HOSIBISITHCS HOBBIE BO3MOXHOCTH,
CBsI3aHHBIE C TECTUPOBAHMEM YPOBHS 3KCIIPECCUU U
npoduss METUJIMPOBAHUS HE BCETO FTeHOMa, a KJTIo-
YeBbIX KOHCEPBATUBHBIX T€HOB, U3MEHEHUST pabOThI
KOTOPBIX MOTEHIMAJILHO MOTYT OOyCJIOBIMBAThH I10O-
xoxuit peHorurn. IIpumepoM Takux MccieqOBaHUA
SBJISIETCSI aHAJIW3 BIWSHUSI BOOHOrO neduivTa Ha
pa3BUTHE YCTBUII HA JHMCTBSIX paCTeHWU apadu-
noricuc (Tricker et al., 2012). TTokazaHo, 4YTO B 3TUX
YCJIOBUSIX HAOJIIOAaeTCs TUIepMETHIMPOBaHIE TeHa
SPCH, KOTOpBIA KOHTPOJIUPYET pa3BUTHE YCTHUII.
OTO NPUBOAMIIO K YMEHBIIIEHUIO UX YHCJIa Ha JIMCTE.
Bricokmnit ypoBeHbp MetuwiupoBaHus JIHK rena
SPCH v cHMXKEHHOE€ YMCJIO YCTHMII HACIEOOBAJICS
nmoromkam (Tricker et al., 2013).

OnHoit 13 HanboJiee ITOJTHO M3YYeHHBIX M KOH-
CepBaTUBHBIX TEHETUYECKUX MMPOrpaMM CETOIHSI SIB-
JIsieTcs mporpamMma paspurus aucra (Fritz et al., 2018;
Satterlee, Scanlon, 2019).) B aT0ii cBs131, 0cOOEHHO
XOpOIINE MEPCHEKTUBbI OTKPBIBAIOTCS JJISI U3YYCHUS
reHeTUUYECKUX U SIUTeHETUYECKUX OCHOB rerepodu-
JIuA. AHaJIU3 BKCIIPECCUU T€HOB, UTpaloIIUX LEH-
TPAILHYIO POJIb B KOHCEPBATUBHBIX T'€HETHMYECKMUX
MporpaMmax pa3BUTHS JMCTa, ObLI MpoOBedeH Ha 2
BUgax rerepod@mabHBIX pacTeHmnii (Nakayama et al.,
2014; Li et al., 2017; Kim et al., 2018). ¥ pacreHuii
Rorippa aquatica (Brassicaceae) (Nakayama et al.,
2014) u Hygrophila difformis (Acanthaceae) (Li et al.,
2017) paccedeHHOCTh MOTPYKEHHBIX JTUCThEB OKa3a-
Jlach pe3yJbTaTOM aKTUBAllUM B MPUMOPAUSIX JIU-
CTh€B BBICOKOKOHCEPBATUBHBIX T'€HOB, KOTOpPbIE
MOAAEPKUBAIOT TUTIOPUIIOTEHTHOCTh KJIETOK JIMCTA.
Oto reHnl kinacca KNOX I, skcrpeccusi KOTOPBIX
MOJAJAEPKUBAET AeJE€HUE KJIETOK U OIpenesieT BO3-
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MOXHOCTb YCJIO(KHEHHUSI CTPYKTYpbl Jmcra (Blein
et al., 2008). Y 000ux BUIOB 3TU I'eHBI HE pabOTAIOT B
HaJBOOHBIX LIETbHOKPAMHUX JIMCThSIX, HO DKCIIPEC-
CUpPYIOTCS IpH pa3BUTHUM paccedeHHbIX (Nakayama
et al., 2014; Li et al., 2017). XoTs1 B 3TuX paboTax HET
aHanmza metuwnpoanuus JJHK vinn monudurkammm
TMCTOHOB B JIUCTBSIX PA3HOTO TUIIA, MOXHO IIPEIIO-
JlaraTh, 4YTO MMEHHO OSITMIeHETHUYECKasl PEryJIsaius
KNOX I-reHoB noa BIMSIHUEM YCIIOBUM CPEObI JICXKUT
B ocHOBe rerepodmann. I'ensr KNOX I — n3BecTHas
MUILIEHBb 3NUTeHeTnueckoi perynsuuu (Lodha et al.,
2008; Gaillochet, Lohmann, 2015). IToaromy, HeTr
COMHEHMIA, UTO B PETYISATOPHLIX yuacTKax KNOX I- re-
HOB 3TUX BUIOB MOXHO BbISIBUTh PEIIPECCUBHBIE MET-
KW B HAIBOOHBIX JIMCThEB U UX OTCYTCTBUE — B ITOIPY-
XKEHHBIX. B 3THX McciemoBaHnsSIX MOKa3aHO, YTO IJIaB-
HBIM BHEIITHUM (PaKTOPOM, BbI3bIBAIOIIIUM U3MEHEHUE
MOpP(dOIOTUM JINCTHEB, SABISIETCS TeMneparypa. [ToHu-
KeHMe TemiiepaTypsl ¢ 26 10 20°C nocTaTo4HO, YTOOBI
pacTeHue HaurHaiI0 (popMUpPOBaTh paCCEYECHHBIE JIU -
CThsl BMecTO ULelbHBIX. IloatoMy R. aquatica mn
H. difformis saBnsioTCcs MaeaabHBIMM MOIEISIMU OIS
OyIyILIMX MCCIAEOOBAHMUN NUHAMMKM SIIMICHETUYe-
ckux mogudukauuii B KNOX I-reHax nipu U3MeHe-
HUM BHEIIHUX YCJIOBUii. Bo3dMOXHO, MMEHHO 3THU
MOJEJIM TTO3BOJISAT paciiupoBaTh MOCIEI0BATEIb-
HOCTb MOJICKYJISIDHBIX COOBITUIT, KOTOPBIE 3aITycKa-
IOTCSI BHEUIHMMM BO3OCUCTBUSMU U TIPSIMO WA
OMNOCPENOBaHHO aKTUBMUPYIOT WJIM OJOKUPYIOT pa-
00Ty T€HOB, BOBJICUCHHEBIX B IIUTCHETUYECKYIO pe-
ryasiiuio reHoB KNOX 1.

OTMeTUM, YTO MOMUMO reTepodUIUN y pacTeHU i
€CTb Y IPYTUE NPUMEPBI KAYECTBEHHBIX PA3JInil MOp-
¢0oJIOrMM OpraHoOB y OMHOTO BUIA WX Y OMHOTO U TO-
IO K€ pacTeHUsl — MOoJIMraMusl, TeTepoKapmnusi, 1uac-
nopusi. M3ydyeHNU10 reHeTuYecKux U SIMUTeHeTuYe-
CKHX OCHOB MOJIMTaMUM Y PACTE€HUM OyIeT IMOCBSIIIEeH
OTIEIbHBINA 0030p. PaboT 110 n3yyeHuio ponu OM B
MPOSIBJICHUM TeTepPOKapNuu W IUACIIOPUU aBTOPY
OOHaApPYKUTh HE yIaI0Ch.

YerBepThlil TOAXOI OCHOBAH Ha aHAJIN3€ BHYTPU-
BUIIOBOTO (peHOoTUNHUYEeCcKoro noanumMopdusma. Ipu
paboTe ¢ HeMOJEeIbHbBIMU BUIAMU OMpPEIETUTb MC-
TUHHbIE TIPUYMHBI (HEHOTUIMUYECKUX Ppa3InuMid
CJIOXXHO M3-3a HAJIMYUSI BHYTPUBUIOBOIO FreHETUYE-
ckoro mnojsuMopdusma. [ToaToMy ynomsiHeM JUIIb
OHY U3 paboT, KOTOpasi BHIMOJIHEHA HA MaHTPOBBIX
nepeBbsix Laguncularia racemosa (Combretaceae),
MPOM3pACTAOIIUX B MPUJIUMBHO-OTJIUBHON Mojioce
MOpPCKUX Tobepexuii u ycThsx pek (Lira-Medeiros
et al., 2010). PacTeHusI ¢ y4aCTKOB C BEICOKMM 3aCO-
JIEHUEM OTJIMYAIOTCS OT TeX, UTO PacTyT B OJiarornpu-
STHBIX YCJIOBUSIX TI0 MHOTUM MOP({OJIOTMYECKUM MO-
KazaTeJIsIM, CpeIU KOTOPBIX caMble SIPKUE pa3inudusl
HaOII01aJTUCH TTO BBICOTE (COOTBETCTBEHHO, A0 3 1 10
40 m). Ananu3 renetudyeckoit (AFLP-anann3 — am-
plified fragment length polymorphism) u anmureHeTH-
yeckoil (MSAP-aHanmm3) M3MEHYMBOCTM IOKa3al,
YTO MOMYJISILIUU PACTEHWM C pa3HbIX Y4aCTKOB pa3iin-
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YaloTCs KaK MO TeHETUYECKUM, TaK U 110 SIUT€HETH -
YeCKMM MapKepaM, XOTS YPOBEHb W3MEHYUBOCTU
MEXAY MOITYISLUSIMA MO SMUTeHETUISCKIM MapKe-
pam Ob11 BeIIe. Kpome Toro, BEISIBICH 00J1ee HU3KUIt
ypoBeHb MeTunupoBanus JJHK y pacrenuii ¢ 3aco-
JIEHHBIX Y4aCTKOB II0 CPaBHEHUIO C PaCTyIIMMU B 00-
Jee OmaronpusaTHBIX yeiaoBusix (Lira-Medeiros et al.,
2010). XoTts 5T faHHBIC YKA3BIBAIOT HA BO3MOXKHYIO
BaXKHYIO poyib DM B aganTaliy pacTeHUI K pa3HbIM
YCJIOBUSIM CYIIECTBOBAHUSI, OHU He JOKa3bIBaIOT CY-
LIECTBOBAHUE CBSA3U MEXIY (DEHOTUIIOM U BbISIBJIEH-
HBIMU U3MEHEHUSIMU ypoBHS MeTrimpoBaHust JJTHK.

st monTBepXKAeHUsS CBSI3H (DEHOTUIINYECKUX
paznuuunii ¢ OM aHAIM3UPYIOT PEHOTUIINIECKIE U3~
MEHEHMSI MEeXIY JMHUSIMU Ha (DOHE UCIOJIb30BaHUS
nHruoutopoB MetunpoBanus JIHK 5-azauutuanna
iy 3e0ypannHa (cM. Harpumep, Alonso et al., 2017;
Miinzbergova et al., 2018; MamxkwuHa, TabGankas,
2020). IIpu ucye3HOBEHUN WU CIIaXKUBAaHUU (heHO-
TUITMYECKUX PA3IMIMii Je1aeTCs 3aKIIoYeHre 00 yJa-
CTUU SIIUTEHETUYECKUX MEXaHU3MOB B UX MOSIBJICHUU
B UCXOMHBIX HOIMysIiusiX. OmHako AeiiCTBUE 3TUX UH-
TMOMTOPOB MOXKET HapyllaTh pa3BUTHUE PACTCHUI U
3aTPYIHSITh TPAKTOBKY pe3yjabTaToB. TakuM oOpa-
30M, HUCCJICIOBAHMS, BHIIIOJIHEHHBIC HAa IPUPOIHBIX
(He KJIOHOBBIX) ITOITYJISILIMSIX, B KOTOPBIX BCETIa NMe-
€TCSI TeHEeTUYECKUI IOJMMOpP(hU3M, HE MOTYT MC-
KJIIOYUTH €T0 OIPEICIISIIONICIO BIUSHUS Ha JII00bIe
¢deHOTUIIMYECKUE TIPU3HAKU.

OTy npobjieMy IMOMOTralT PELIUTb MOCTOSIHHO
pacumpsIonMecss BO3MOXKXHOCTU IIMPOKOMAaCIITab-
HOTO aHaJIn3a FEHOMOB, METUJIOMOB U TPAHCKPUTITO-
MOB. CeroJiHsi OHU YCIIEIITHO PeaIn3yI0TCs HE TOJIbKO
Ha apabuJIONCUC, HO U Ha AUKOPACTYIIUX U KYJIbTYpP-
HBIX PACTEHUSIX C MCIIOJIb30BAHUEM Pa3HBIX MOIXO-
noB (0030p Gahlaut et al., 2020). B uccienoBanusix
Ha o0pa3iax IMKOPACTYIIUX U KOJIJIEKIIMOHHBIX pac-
TeHMIA, HAa COPTaX 1 UMOPEHBIX JIMHUSX KYJIbTYPHBIX
pacteHuii BbIsIBIIeHBI JIMY reHoma, acCouMupoOBaH-
HBIE C OIpeIeSIEHHbIM (PEHOTUITMYECKUM MIPU3HAKOM,
a B HEKOTOPBIX CITy4YasiX — BbISIBJICHBI T€HbI-KaHAWIA-
ThI, KOTOPBIE JIOKAJIW30BaHbI PSAOM C 3TUMU MY u
U3MEHsI0T cBolo akcnpeccuro (Ha et al., 2020; Lu
et al., 2020).

3AKJIIOYEHHME

Bbraronapsi Mcnosib30BaHNIO pPa3HOOOPA3HBIX MOMI-
XOIOB IIJIsI U3YYEHMSI POJIM SIIMTCHETUYECKIX MEXaHU3-
MOB B ITIOJINBAPUAHTHOCTH Pa3BUTHSI PACTEHUIA CETOTHS
SKCIEPUMEHTAJIBHO J0Ka3aHbl CJEAYIOIINE MOJIOXKe-
Hus: (1) ycloBuUst cpenbl IIpou3pacTaHusl, CTPECCOBBIE
BO3IECHCTBYS BHI3BIBAIOT U3MEHEHHUE AIMUTEHOMA; YaCTh
BO3HUKAIOIIWX DM ananTuBHA; (2) aNUreHeTUYeCcKue
W3MEHEHUS HACIEaYIOTCS IIPY COXPaHEHUHU YCIIOBUIA,
BBI3BABIINX M3MEHEHMS, MPUMEPHO ITOJOBMHA DM
CTaOMJIbHO TIepenaeTcsl MOTOMKaM B COOTBETCTBHE C
3akoHamMu MeHzaens; (3) npu U3MEHEHUM YCIIOBUIA
npexane DM ImocTeneHHO NCcYe3aloT, XOTS YPOBEHb

E2XKOBA

CTaOMIBHOCTY pa3HBIX DM pasznudeH; (4) BHyTpUBHU-
JoBasi Mopdojiornyeckass U3MeHUYMBOCTh PaCTeHUI
00yCJIOBJIEHA HE TOJBKO T€HETUUYECKUM ITOJIUMOp-
du3MOM, HO W DBHUTEHETUYCCKUMU PasTUIUSIMU
MeXay pacTeHusMu; (5) MHorue Mop@doaoruiyeckue
U (PU3UOJIOTO-OMOXMMUYECKUE MPU3HAKU, OTINYA-
IOIIME pa3Hble YACTU OTHOTO PACTeHUSI — Pe3YIbTaT
¢$aKyIbTaTUBHOTO 3IMUTEHETUYECKOTO MO3aulInu3Ma,
KOTOPBIA BO3HMKAET M3-3a Pa3IUUUii MUKPOYCIIO-
BUI1, BO3JEMCTBYIOIINX HA pa3HbIe YACTU PACTEHMUSI.

DTHU MOJIOXKEHUS YKA3BIBAIOT Ha CYIIIECTBOBAHUE Y
pacTeHnil YHUKaJIbHBIX 0COOCHHOCTEN (PYHKIIMOHM-
pOBaHUSI 3MUTCeHETUYECKUX MeXaHU3MOB. JleiicTBU-
TeJIbHO, pabota DP y pacTeHunit HAXOMUTCS ITOI KOH-
TpoJIeM YCJIOBUIT OKpyxXKarolieii cpennl. Bo3neiicTBue
OKpyXarolleil cpeabl MOXeET ObITh He creuuduie-
CKUM (3a cUeT CHIDKEHUSI YPOBHSI IOHOPOB METHJIb-
HBIX TPYN) U cien(UIeCKUM, OCHOBaHHOM Ha aK-
TUBALMU 3KCIIPECCUM OTIEJIbHBIX I'eHOB — DP 1 ux
BO3ACMCTBUY Ha OIIpencIeHHbIe TeHbI-MUIIIeHU. DTU
U Ipyrye pacCMOTPEHHbBIE B0030pe MEXaHU3MbI MOTYT
00YyCIOBIMBATh U3MEHEHUE IKCIIPECCUM OTpeaesieH-
HBIX TPYIII T€HOB M OOBSICHATH adallTUBHOCTH DM.
CoxpaHeHue amanTUBHBIX DM y MOTOMKOB obecrie-
yUBaeTCs MOMIEePKMUBAIOIIIMMU MeTWITpaHchepazamu
¥ TOJIOKUTEJIbHBIMIA OOpaTHBIMU B3aMOJICICTBUSIMU
MEXY pa3HbIMU AMUTEHETUYECKUMU MeTKamu. Ha pa-
00Ty y2Xe U3BECTHBIX OP MOTYyT BIUSITh U HEJaBHO OT-
KpHITHIE cliennduyeckue il pacTeHuii reHbl. I1po-
JIYKThI 3TUX T€HOB MOTYT JIUOO HapyIlaTh, JIMOO aKTHU-
BUpoBaTh padoty DP. Hetr coMHeHUsI, UTO y pacCTeHUIA
OyayT OTKPHITHI M HOBBIE D P, Biusttonie Ha IMHAMUKY
DM, TIOCKOJIbKY JaXKe Y apaObHIoIICUC OO0 CUX IOp He
n3BecTHa YHKIMS ~30% TeHOB SIIepHOro reHoMa.

HccnenoBaHuii SMUreHETUYECKUX OCHOB BHYTPHU-
BUAOBOM (PEHOTUIIMYECKON W3MEHYMBOCTH CTaHO-
BUTCS BCe OOJIBIIIe, OMHAKO AaxKe IMpH “OMUKCHOM”
WUCIIOJTHEHU U, TPEeOYIOTCSI JOTIOJTHUTEIbHbBIC TTOATBEP-
XKIEHUS TOTO, YTO BBISIBJICHHBIE aCCOLMALIMUA MEXIY
(GEHOTHUTIOM M SMTHAJIICIISIMA TeHOB-KaHIMIATOB 00Y-
CJIOBJIEHBI TIPUYMHHO-CJIEACTBEHHBIMU CBsI3siMU. Ce-
TOIHSI Pa3pabaThIBAIOTCI HOBBIE MOIXOMbI IS TAKUX
rnoaTeepxxaecHuii. Mcrosb3ys crienuaibHble CUCTEMBI
JUJISI BTIUTeHETUYECKOTo peJakKTUPOBaHUSI T€HOMOB,
MOXHO C X TIOMOILbIO ITPUBJIEKATh 6eJIK1 — DP K re-
HaM-KaHIWAaTaM, U U3y4YaTh BIMSIHUE 3TUX MOOV-
dukanuit Ha deHotun (Gallego-Bartolomé et al.,
2020; Fal et al., 2021; Selma, Orzaez, 2021). OMukc-
HbIe TOIXOOBl W OWOTEXHOJIOTMM HAMpPaBJICHHOTO
YIIpaBJICHUA SIIMICHETUYCCKMMM IIpoleccaMu OT-
KPBIBAIOT HOBBIE IEPCHEKTUBBI B U3yUeHUU HAYYHBIX
OCHOB IUTACTUYHOCTH Pa3BUTUS pACTCHUI U TPaKTH-
YEeCKOM MCIOJIb30BaHUU HaclaeayeMbiXx OM.
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Paradoxes of Plant Epigenetics
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Leninskie gori 1, building 12, Moscow, 119234 Russia
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Plants have a unique ability to adapt ontogenesis to changing environmental conditions and stress factors.
This ability is based on the existence of two features of epigenetic regulation in plants, which at first glance
seem to be mutually exclusive. On the one hand, plants are capable of partial epigenetic genome reprogram-
ming, which can lead to the adaptation of physiology and metabolism to changed environmental conditions,
as well as to changes in ontogenetic programs. On the other hand, plants can exhibit remarkable stability of
epigenetic modifications, which allows epigenetic modifications to be transmitted to vegetative and sexual
generations. The combination of these inextricably linked epigenetic features not only ensures survival in a
sessile lifestyle, but also underlies a surprisingly wide morphological diversity of plants, which can lead to the
appearance of morphs within one population and the existence of interpopulation morphological differences.
The review discusses the molecular and genetic mechanisms that determine the paradoxical combination of
the properties of stability and lability of epigenetic modifications and may underlie the developmental poly-
variancy. The existing approaches to studying the role of epigenetic regulation in the manifestation of poly-
variant ontogenesis are also considered, their limitations and prospects are discussed.

Keywords: plant epigenetics, developmental polyvariancy, molecular mechanisms of plasticity of ontogenesis
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