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BCTYII

[Ipo mowaTok peamizamii miJ KEPIBHUIITBOM IMEPIIOBIIKpUBAYa CTPYKTYPHU
JHK JIxeiimca VYorcoHa rpaHaio3Horo mpoekty «['eHom moguam» Oymo
noBigomieHo y 1990 pomi. OdikyBaHHs, MOB'A3aHI 3 MOTr0 peani3alli€ro, HareBHE,
MOHa OyJIO MOPIBHATU 31 CHOMIBAaHHSIMH, MOKJIAJCHUMH Ha PO3POOKY TEXHOJIOTI]
XO0JIOJHOTO TepMosiiepHoro cuHTedy. OmgHak, komu B 2003 poui OyB 3aBeplieHHIA
OCHOBHUU  00OCAT CEKBEHyBaHHS, HOr0  pe3yNbTaTd BUSBWINCA  JOCHUTh
HECIIOIIBAHUMU: 3'ACyBayIocs, 110 1HGOpMallisl PO HEHMOBIPHO CKJIaAHy OYI0BY
Oprasi3my JIIOJIMHU YKJIaJieHa BChOTO B ~ 25 TUCs4ax reHiB. Bkpaii Baxkko Oyno co01
YSIBUTH, SIKUM YMHOM BeJIMYe3HUN 00car iHdopMallii MOKe MICTUTHUCS B IHCTPYKIIi,
HAIMCaHOi 3a JOMOMOrol Bcboro-HaBcroro 25 000 cmiB. Bigpasy »x micas
3aBEpIICHHS TPOEKTY 3'IBWJIOCS 0e3/4 CapKacTUYHUX BIATYKIB, OCHOBHa
TOHAJIBHICTh SIKUX 3BOJMJIACSA IO TOTO, IO BEJMYE3HI TPOIi, BUTPavyeHi Ha HOTO
peamizamiro, BUKHHYTI gapemMHo. OmMH 3 BIJOMHX B 3axiJHOMY CBITi
MOMYJIIPU3AaTOPiB HAYKU M03BOJMB coOi yimnmmBo 3ayBaxkutH, mo: «Ham Hapemrri
BJIaJIOCS] 3a3UPHYTH B CYMKY CaHTEXHIKa 1 MOOAYUTH, SKUMH PO3BITHUMHU KITFOYAMHU
BiH opyaye. | mo X, MH X04 Ha HOTy HAOMU3MUIUCS 10 PO3YMIHHS TOrO, SIK
BJIAIIITOBAHA CKJIaJHA CAHTEXHIYHA cUCcTeMa Oy IIBITI?Y.

Ha 111 3pocTarouoro CKenTuiu3My IIOJO0 JTOCTATHOCTI 0a3MCHUX T€HETHMYHUX
ySIBJICHb IIOJI0 OINKCY TMOHAJCKIAJHOI KapTUHU O10JIOTIYHOTO CBITY, aKTHBI3yBaBCS
1HTepec A0 SBHI, SKI HE MOXYTh OyTH TIOKJAJeHI B TIPOKPYCTOBE JIOXKE
JapBiHIBCbKO-MEH/IEIEBCKOI MapagurMu, 30KpemMa, A0 (PEeHOMEHIB ycmaJKyBaHHS
HaOyTUX O3HaK, MapaMyTallii, (EHOTHUMOBUX PO3OLKHOCTEH MIXK PEIUITPOKHUMHU
ribpuaamMu, HETEHETHYHOT MPUPOAU XPOHIYHUX 3aXBOproBaHb Toio. 1lle HemoaaBHO
HaBiTh OOrOBOPIOBATH Il SBHINA B aKaJEMIYHOMY CEPEOBHIIl BBaXKaIoCs
CMEpTEIBbHUM [IJI1 HAayKOBOi pernyTalii. ¥ Haml 4ac mojaiOHi ¢eHOMeHM 3a3BuYait
BITHOCSTH 110 cepu enireHeTHku. e 30BciM HegaBHO, Akuxoch 30-40 pokiB TOMY, 1
Il CIIOBO B CEpHO3HUX HAYKOBHUX KOJaX BBaKajocs JamuBuM. OfHaK SKIIO 3apas
3arISIHYTH B HAHOUIBII 3aTpeOyBaHy 0a3y IMOIIyKYy HaykoBoi jitepatypu, PubMed,

CIIOBO «epigeneticy 3ycrpivaerbes 46582 pasm (ma 04.04.2016). 1 ximbkicTh
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myOJIKITIKA, TOB'I3aHMX 13 3alWTaMH 3a KIIOYOBMMH CIIOBaMH B I 00macTi,
30UIBIIYETHCSI €KCIOHEHIIIMHO, Ha0araTo MIBUJIIE, HIXK KUIBKICTh CYTO M€HETHUYHHUX
poOIT. Y cydacHOMY HayKOBOMY CEpPEJIOBHII BXKE HI B KOI0 HE BUKJIMKAE CYMHIBY,
0 €MITeHeTHKA € OJHUM 3 HAWOUIBI MEePCHEKTUBHUX HAMPSIMKIB OCIHITHUIBKOT
TisbHOCTI. JI1HCHO, SIKIIO MPUITYCTUTH, IO BJIACTUBOCTI OpPraHi3My 3ajiexaTh He
TUTBKY BiJl iHPOpMaIIii, 3aMcaHol B TCHETUYHUX THCTPYKIISAX, a ¥ B/l €MIr€HeTHIHOT
iHbOpMaLIiHOI CUCTEMH, SKY, Ha BIIMIHY BiJ <GKOPCTOD» T€HETUYHOI CHAJAKOBOCTI
(‘hard inheritance'), HazuBaTh «M'sik0I0» (“'soft inheritance"), cTarTh 3pO3yMiTUMU
O6arato (eHOMEHIB, fKI HE MOXYTh 3HAWUTH TMOSICHEHHS B paMKax KJIAaCHYHHUX
TCeHETUYHUX YSIBJICHb.

PosyminHs mporeciB, SKi BHU3HAYAIOTh EMIT€HETUYHUNM KOHTPOJIb PI3HUX
aCTeKTIB OHTOT€He3y OpraHi3my, O€3CYMHIBHO, BIJKPHE HOBI IEPCHEKTUBU MAJIs
JIOICTBA, 30KpEMa, y CITbChKOMY TOCIOApPCTBI Ta MenuinHi. Hampukiam, ocKiIbKu
eMIreHeTHYH1 3MiHU, Ha BIAMIHY BiJl CyTO T€HETUYHHX, 3BOPOTHI, MOXKHa Oyne 3a
JIOTIOMOTO10 CTeM(IYHUX BIUIMBIB YCYBaTH Tl 3 HUX, SIKI € HeOAXKaHUMH Ta MOXYTh
MPU3BECTH JI0 PO3BUTKY MEBHUX MATOJOTIYHUX CTaHIB.

[Tocioank «EmireHeTHYHI OCHOBH OHTOTEHE3Y» € MEPIIOI0 Ha MOCTPAATHChKOMY
IPOCTOpPi KHUTOK, TMPHUCBIYCHOIO BHKIAJICHHIO MEXaHi3MiB, SKi BH3HAYalOTh
KOHTPOJIb OKpPEMHX €TaliB OHTOT€HEe3y y pI3HMX BHUMAIB, a TaKOX pPO3BUTOK
MaTOJIOTIYHUX CTaHIB y JroauHu. L[sg kaMra moske OyTH IIKaBOIO IMEPII 3a BCE IS
CTYJICHTIB O10JIOTIYHUX, MEAUYHUX Ta CUIbCHKOT'OCIOJAPCHKUX CHEIIaJbHOCTEH, a

TaKOX JIJISl BCIX, XTO IIKABUTHCA CHEPOI0 CyUyaCHUX EMIreHETHYHUX JOCI1KEHb.



PO3/ILJI 1. ENITEHETUKA. ICTOPUYHUN EKCKYPC

Jocniooicennss po3sumky opeauizmie ma Ccnaokogocmi — 0082ull UWLIAX 00
06’ conannsa nioxoois. Y XIX cTomTTi npoBigH1 610JI0TH PO3IIIAIANN CHAIKOBICTh Ta
PO3BUTOK OpraHi3MiB SIK HEB1JI'€MHMMI YacCTMHHU OJIHI€EI 1 Ti€i caMoOi HayKOBOi
npobnemu. Bunatauii Buenuii ['perop Mennens (Gregor Mendel) y cBoiit po6oTi
POJAEMOHCTPYBaB, IO CHAJAKOBICTH MOXE OYTH OKpPEMHUM IPEIMETOM TOCIIIKEHHS
0e3 3allydeHHs Yy Take JOCHIIPKEHHS BUBYCHHS PO3BUTKY opranizmy. Came
BUKOPUCTAHHAM TaKOTO MiIXOAy JEsKi aBTOPU TOACHIOIOTh TOJIOBHY HPHUUHY
ITHOpyBaHHsI poOOTH MeHens Horo cydacHUKamu. | jumne micias HepeBIIKPUTTS
1oro poOOTH TPUALSATH 1 AITh POKIB OTOMY, MIAX1]], BAKOpUCTaHUI Menaenem, 0yio
YCHIITHO PO3BUHYTO y HOBIM Haylll TEHETHUINl. 3 iHIIOrO OOKY, MpoOjeMa BHBUYCHHS
PO3BUTKY OpraHi3MiB Ha TOM yac mepecTtaia OyTH MepiioyeproBoro. Tak, OauH 3
mioHepiB HOBOT Hayku reHeTuku Tomac Xant Mopran (Thomas Hunt Morgan) 6ys 3a
OCBITOIO €MOpioJIOroM, MPOTE MHoro jgaboparopis HE MpalfoBajga HaJl BHUBUYEHHSIM
po3sutKky Drosophila, a Bigoma 3a 10CITiPKEHHSIM MaTepiaJbHUX HOCIIB CIaJIKOBOCTI
- XpOMOCOM.

B Toif wac sk reHeTHka aKTHMBHO MporpecyBaiia, emOpioyioriss Ta O10J0ris
PO3BUTKY BUKOPHCTOBYBAJIM METO/IM Ta MiAXO/AH, K1 Maike He Opajiu 10 yBaru reHu
Ta iX mifo. AX 10 cepennHn XX CTONITTS JIBa MIIXOMU ICHYBalld OKpeMo, 1 0yJo
JUIIe JeK1IbKa MPOBIAHUX BUCHHX, SIKI BBOKAJIU, 1110 T€HETUKA Ta 010JI0T1sl PO3BUTKY
JIHCHO TIOB’si3aHI MK COOOI0 Ta MalTh OyTH 00’€qHAHI Yy CHUIbHY NHUCIMILIIHY.
[epm 3a Bee, cmia 3ragatu Konpana Yoaainrrona (Conrad Waddington), Bizomoro y
00ox cdepax mocimimkens (Puc. 1.1). Came BiH BHeplne BHUKOPUCTaB TEPMiH
enireHeTUKa, 3aMIHUBIIN HUM TPEIbKE CJIOBO emireHe3uc — Teopisi pO3BUTKY, 3T1THO
3 sKOIW paHHI emOpioHn € HeaudepeHuiriopanumu. Ilpote s YonaiHrToHa
eMireHeTuka He Ay)Xe BIApi3Hsulacad Big emOpioreHesy 1 Oyla BH3HAYeHa SIK
peaJizalisi reHeTHYHOI NMPOrpaMH i 4Yac PO3BUTKY opradizmy. Hampukian,
Horo pobora «EmireHeTuka nraxiB» B 3HAYHIM MIpl € BUKIAIOM OCOOJIMBOCTEH

pPO3BUTKY Kypel. BiH Takox BBIB TepMiH eMire€HOTHII, ITiJl SKUM PO3YMIB 3arajbHy



CUCTEMY PO3BHUTKY, fiKa CKJIAJACTLCA 3 B3a€EMOIOB’SI3aHUX MNLJISAXiB PO3BHUTKY,

yepes sIKi peasi3yerbesi A0pociaa ¢popma opratizmy.

Puc. 1.1. Konpan Yomniarron (1905-1975)

[HIITMM TIPOBITHUM 610JI0TOM, SIKOTO IIKABUJIM 1 TEHETHKA, 1 610JI0T1s1 PO3BUTKY,
oyB Epnactr Xanopu (Ernst Hadorn). Bin mocmimkyBaB Mytailii, siki BIUIMBalOTh Ha
po3sutok Drosophila, Ta namucaB po0OoTy «I'eHeTMKa PO3BUTKY 1 JIeTajbHI
daxTopu». Takoxx XaJopH MpalfoBaB MPOTAroM OararbOoX POKIB HaJ BUBUYEHHSIM
BJIACTMBOCTEH  IMariHaJIbHUX  JUCKIB  JApo30ouiM  Ta  BIAKPUB  SIBULIE
TpaHcaeTepMiHamii. B HOpMi okpemuil iMariHaIbHUN JUCK JIMUUHKUA PO3BUBAETHCS B
CHeM(IUHy CTPYKTYpPYy IOPOCIIOi 0COOMHM (HANpWKIAJ, Kpwuio, aHTeHy). Kmituan
IUCKIB €  HeAudepeHUIHOBaHMMH, TPOT€ MOXKHA  CKa3aTH, [0 BOHHU
npeeTepMIHOBaH1 JJIs Moaibioi qudepeniianii. XaaopH 3 KOJeraMmu BUPOIIyBald

TKaHWHU JIMCKIB y YEpEeBLSAX JOPOCIUX OCOOMH Ta MEepecapKyBajlM iX BiJ MyXH JI0
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myxu. llpu il Ha TKaHMHY JAKWCKa TOPMOHOM €KII30HOM 3 HeEi po3BUBaiacs
BIJIMOBIAHA CTPYKTypa iMaro apo30¢iuid. 3AaTHICTh KJIITHH 1IMariHaJIbHOTO JHCKY
pO3BUBATHCS B MEBHUU OpraH iMaro cChajakKyBajiacsi MPOTATOM AEKUIbKOX COTEHb
nonuniB. [Ipore iHOMI MpeneTepMiHOBAaHMN CTaH KIIITHH MIT 3MIHIOBATHCS 1 3 JUCKY
HOTU pO3BMBANAcs 1HIIA CTPYKTypa, HANpUKIAL, Kpuiao, o 1 Oylo Ha3BaHO
TpaHCIETEPMIHALIIE€IO.

Cepen BueHHX, SIKI MparHyid 00 €AHATH TEHETHKY Ta O10JOTil0 PO3BHUTKY,
MOXXHa BUIITUTA TaKOX TAaKWX BHUAATHUX JOCHIAHUKIB, K Piuapa [Nommmmiar
(Richard Goldmischmidt), Jxymian Xakcmi (Julian Huxley), Jxon bepmon
Canpnepcon Xomnerin (John Burdon Sanderson Haldane) Ta ixmmx.

Cnig 3a3HaunTH, WO Micad YOIAIHITOHAa dYac BIJ 4Yacy JesKli BUEHI
MOBEPTAJIMCS /10 OOrOBOPEHHS EIMIr€HETHKH, SKE CTOCYBalOCs, HaNpUKIA],
[UTOIJIA3MATUYHOT CIAJIKOBOCTI, (PEHOTHUITY KYJIbTHBOBAaHUX KJITHH CCaBIIB Ta
NEePEepPOKEHUX KIITHH. 3arajioM >K€ MPOCIIIKOBYEThCS TEHJIEHIS 10 CXHJIBHOCTI
HayKOBI[IB BIJIHOCUTH JO EININ€HETUKH CIOCTEPEKEHHS, SKI HE BIAaBajoCs JIETKO
MOSICHUTH y PaMKaxX TeHETUYHHX TOHAThH, ajie sKi 0e3 CyMHIBY MalHd CHaJKOBHMA
KoMroHeHT. OJlHaK, KOXEH aBTOpP MaB CBO€ BIIACHE YSBIICHHsS TMPO BU3HAYCHHS
eMIreHeTUKU Ta HE TMPOIMOHYBAaB KOHKPETHHX MEXaHI3MIB I TIOSCHEHHS TaKHX
CHoCTepekeHb. Te caMe CTOCyeThCsl 1 OUTBII paHHIX POOIT caMoro YoJIiHITOHA,
X04ya BiH 1 BIPOBAJWB HOBI BaXXJIMB1 KOHIICTIIil, HAMPUKIAJ], TaKy SK KOHUeEMUis
KaHaJi3ail.

3 MIMHOM Yacy CTajio 0YEBUIHO, 0 (hyHIaMEHTAIbHI 0COOIMBOCTI PO3BUTKY
OpraHi3MiB TMOTPEOYIOTh CYTTEBHX MoOsicHeHb. Hampukian, audepenIiioBani
KJITUHH, Takl K (HiOpoOractu Ta MiMEPOIUTH, CTA0IIBHO MIATPUMYIOTh MOYaTKOBO
BU3HAYCHUI ()EHOTUN MPOTATOM YHCICHHUX KIITUHHHUX moAumB. lle o3nauae, mo y
[UX KJIITHHAX TMOCTIMHO TPAIlOIOTh CHEIlaji30BaHl TeHM, SKI BH3HAYalOTh iX
dbeHoTun, TOMAl K T€HU, AKTUBHI y IHIIUX TUTAX KIITHUH, pernpecoBaHi. BaxmmBo Te,
0 Takuid KOHTPOJIb YCMAJKOBYETbCA, SK 1 JETEPMIHOBAaHUN CTaH KIITHH
iMariHanpHuX auckiB y Drosophila. Coro wacy kiiacuvHa reHeTMKa TPaJMIIAHO

po3riifiana CrajJKyBaHHS T'eHIB y MOKOJIHHSX OpraHi3mMiB Ta He Opana 10 yBaru



CHAJKOBICTh Y COMAaTUYHUX KIITHHAX, SKI MOXYTh JIUTUTUCS TOCUTH JOBro. Kpim
TOr0, CTOBOYpPOBI KJIITHHM BHUIIUMX OPraHi3MiB MpPH IJIEHHI JalOTh IMOYaTOK SK
nudepeHIliioBHUMI  KJIITUHAM, Tak 1 CTOBOypoBMM. MITOTUYHI MPOILECH ¥
KICTKOBOMY MO3KY 3a0€3MeuyioTh (pOpMyBaHHS ACKIIBKOX THIIB KIITUH KpPOBI, IO
O€3CYMHIBHO CBIJUUTH MPO 3MIHM B AKTHUBHOCTI T'€HIB IMPOTATOM IIBOTO IMPOIECY.
[HIIUM TPUKIAIOM TNEpPEeMHUKaHHS AaKTHUBHOCTI TE€HIB MOXe OyTHh 1HakTuBamis X
XPOMOCOMH Yy CaMOK TUTalleHTapHUX ccaBiliB. Ha paHHIX eTtamax po3BUTKY ojHA 3 X
XPOMOCOM BHUITQIKOBO 1HAKTUBYETHCS Y KOXKHIM KIIITHHI, TO1 SIK Apyra 3aJIUIIaEThCs
akTuBHOIO. OOUIIBI XPOMOCOMHU MICTATh Maibke iaeHTH4Hi mociigoBHocti JIHK Ta
nepe0yBalOTh y OJHUX 1 THX € HYKJIEOIUIa3Mi Ta IMTOIUIa3Mi, TOMY PI3HULS Y
aKTUBHOCTI T€HIB IIMX TOHOCOM € PEe3yJbTaTOM JIMILIE OCOOIMBOCTEH, MpUTaMaHHUX
KOXHIM 3 HuX. HaBeneHi nmpukiagu JEMOHCTPYIOTH SIK 3/1aTHICTh /10 3MIHU T€HHOI
AKTUBHOCTI IPOTSTOM 3raJlaHuX MPOIECIB, TaK 1 MOXJIUBICTh CIAJAKyBaHHS TaKUX

3MiH.

Biokxpummsa memunrosanua J[HK sax enicenemuynoco mexawnizma. Brepiie
MpUNYIIEHHS, 1m0 MeTuimoBaHHs (a6o nmemerwmoBanHs JIHK) moke BimirpaBatu
BaYKJIMBY OI10JIOTIYHY poJib, OyJsi0o 3podsieHo y 1969 porui ['pipditom ta Manepom
(Griffith and Mahler), sixi Bka3zyBaaum Ha MOJKIJIMBE 3alydeHHs IOTO IMPOIECY 0
3a0e3MeyeHHs] JOBrOTPUBAJIOl maMm’siTi y TOJOBHOMY MO3Ky. Y 1975 pomi Oymo
omyOJiKOBaHO JBI POOOTH, B SKHUX BHUKIAICHO MOJIEKYJISIpHY MOJENb 3MIHU
aKTUBHOCTI T€HIB, @ TaKOX YCHAaJKOBYBAHOCTI aKTMBHOIO YM HEAKTUBHOTO CTaHY
re”iB. 3rajiana MoJieJb TpyHTyBajacsi caMe Ha (epMEHTATUBHOMY METHIIIOBAaHHI
nuto3uny y ckiaai JIHK, sike takox Bimome mij tepminom moaudikyBanus JIHK.
[{ixaBuM € Te, 10 TPUITYIIEHHS, 3p0o0JieH] He3alekHO y podoTax Aprtypa Pirrca
(Arthur Riggs) ta Po6ina Xominest i [>xona IT'ro (Robin Holliday and John Pugh)
Oynu Ty’ke CXOXKUMH . 3T1JIHO 3amponoHoBaHoi mojeni, MetumoBanHs JJHK cyrreBo
BIUIMBA€ HA EKCIPECII0 T'€HIB, TOMY aKTHBALII0 Ta PENPECit0 F€HHOI aKTUBHOCTI
MPOTATOM PO3BUTKY OpraHi3My MOXHa TOSICHUTA caMe 3MiHaMU Yy TaTepHl

metumoBanHs JTHK. depment, saxuit metuiioe okpemy autstaky JIHK, noBunen Oytu



crnenu@iuHUM 70 TOCTIZIOBHOCTI caMe Ifi€l AUITHKKA a00 B3aEMOISITH 3 1HIIAM
crerudiuauM 10 Hel OinkoM (abo Oiakamu). Takoxk Oys0 mepembadeHo, MO MaTepH
METHIIIOBAaHHS TIOBMHEH YCIAJKyBaTHCSA, OCKUIBKH icHye ¢depMeHT (miATpuMyroda
MeTuasa), sikuil ynizHae metuiboBany JIHK onpa3sy micns perikaiii Ta He BIi3HA€E
HEMETWJIbOBAH1 MOCIJOBHOCTI. TakuM YMHOM, OyJIO 3aIIPOMIOHOBAHO MEXaH13M, SIKUI
3a0e3nedye yCraaKkoBYBaHICTh METHJILOBAHOTO Ta HeMmeTwiboBaHoro ctany JIHK i,
K HAcliJOK, TOSICHIOE YCIaJKOBYBaHHS HaOyTHX MAaTEpHIB AaKTHUBHOCTI T€HIB.
[TutanHs iHaKTUBAIlT OJTHIET 3 X XpPOMOCOM Y CCaBIIB po3risaanocs y po6oTi Pirrca.
CrmpaBa B TOMy, IO AJI 1HaKTHBAllli XpOMOCOMH, MO-TIepIlIe, MOBUHHO BiIOyTHCA
MOYaTKOBE METHIIIOBaHHS (€ NOVO, 110 Ma€e HEeraifHO BUKJIFOYUTHUCS, 3a0e3MeUyoqn
MapKyBaHHs TUIbKUA OJIHIET XPOMOCOMH; MO-JIpYyre, MOBUHEH 1CHYBAaTH MEXaHI3M IS
1HAKTHBAIli IIJIOI XPOMOCOMH, a HE JHIIe il MeBHOI MUIAHKU. OCKUIBKU JIerIie
nepea0auynuTH HasBHICTh METHJIIOIOYOTO (pepMEHTY, HIXK HaBMaKH, TO METHIFOBAHHS
JIHK moBuHHO OyTH acoIiifoBaHO 3 1HAKTUBAIN€lO TreHiB. Lle Takok MOoXe MOSCHUTH
iHaktuBamito JIHK ayrocom y pi3HHX BHUMaaKax TpaHCIOKalik 3a ydacTio X
XPOMOCOMH.

Byno nepenbayeHo HasBHICTh TaK 3BaHOTO I'OAUHHHMKA PO3BUTKY, KU Mae
BiJIirpaBaTH CYTTEBY POJIb MPOTSATOM PO3TOPTAHHS TEHETUYHOT IPOTPAMH OHTOTCHE3Y
opranizmy. lle mnoBuHeH OyTM MeXaHI3M, SKUH pO3paxoBye€ TMEBHY KUIbKICTb
KJIITUHHUX TOAUTIB TIEPE/ aKTUBAIIEI0 a00 perpeci€ro TUX 4u 1HIUX TeHiB. [Ipupoaa
TAKOro TOJAWHHMKA Ta HOTO MEXaHi3M aKTHUBHO OOroBOprooThCsA. [IpoTe mokasu
ICHyBaHHSI TOJMHHUKA PO3BUTKY € JIOCUTh CYNMEPECUIMBHMH, Ta TUIBKH Yac JacTh
BI/IMOBIb HA 3aMIUTAHHS, Y4 HACTIPAB/1 BIH € KOMIIOHEHTOM PO3BUTKY OpPraHi3MiB.

Oxpim obroBopenHst posi metwmoBanHa JJHK y perynsiiii akTHBHOCTI T€HIB,
OyJl0 BHCYHYTO TPHUIYIIEHHS PO MOXIIUBICTH (POPMYBaHHS CHEIUPIYHUX 3MiH
azoTrcTux ocHOB y mocaigoBHocTi JIHK, Hampuknan, Cxapano (Scarano) y 1975
pori mependauynB, MO (HEpMEHTATUBHE N€3aMIHYBAaHHS S5-METHJI IUTHIAWHY MOXKE
MPU3BOAUTH 10 YTBOPEHHS TUMIAWHY Ta, SIK HACTIAOK, 10 3aminu nmapu G-C na A-T,
Ha cporogHimHid JeHb 1€ NPUNYIICHHS MiATBepaAnsiock. [IpoaeMoHCTpoBaHO

HAsSBHICTh (DEPMEHTY IUTUIUH J€3aMiHa3U, SKa MEPETBOPIOE IUTUIUH Ha Yyparui
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JIHK B iMyHHI# cucTeMi Ta IUIIOpUNIOTEHTHUX KiiTuHax. Poborta Celirepa ta Kitunna
(Sager and Kitchin), npucssuena merumoBannio JIHK, ska Oyna omyOmikoBaHa y
TOMY K pOILli, MICTWIAa NPUNYIICHHS, IO B €yKapioT icHye (EepMeHT, SKui
posmieruiroe He MmoaudikoBany JIHK. Il rimore3a Takox 3rogoM 3HaMILIA CBOE
miaTBeppKeHHs. Tomai >k Oyso 3ampornoOHOBAHO KOHIICHIIK0 OHKOIeHEe3y, 3TigHO 3
axkor 3MiHu MetwmoBaHHs JIHK moxyTh BifirpaBaTé BaxJIMBY POJb y Mporpecii
nyxiuH. [lapanenbHO HaKOMWYYyBadUCS OKa3W 3MIHM €KCIpecii TeHIB y paKkoOBUX
KJIITHHAX B pe3yibTaTi MyTalii. Ko Mojens METHIIOBaHHS BiIpHA, TO abepaHTHI
3MIHM y PO3MOAUTL S5-METUJI-IIUTO3UHIB y PAKOBUX KIITHHAX TAaKOX MOXYThb
MPU3BOJAUTH JO 3MIHU eKcrpecii reHiB. [IpuMITHO, 10 CIIOBO «EHIT€HETHUKA» HE
BUKOPHCTOBYBAJIOCS Y JKOJAHIN 3 IIUX poOiT, siki cTocyBanucs metwmoBanus JIHK ta
eKCIIpecii TeHiB, MOXJIMBO 4epe3 WOro monepegHe BUKOPUCTAHHS Yy JCIIO 1HIIOMY
KOHTEKCTI.

VY 1975 pomi, xonu Oyna 3ampornoHoBaHa monaens metwitoBanHs JIHK, Oymu
BIJICYTHI EKCIIEPUMEHTAJIbHI JI0Ka3u, skl O 11 miaTBep/uKyBaidu. Takoxk He OyJo
nokasziB icHyBaHHs 3B’si3ky MeTwintoBaHHs JIHK 3 ekcnpecieto reniB. OnHak,
PO3MOBCIOKEHA MOJEINb JIJIsl TOSICHEHHS 1HaKTHBaIllii X XpOMOCOMHU IMPOTIOHyBaja
came MetwnoBaHHs JIHK B sSKOCTI OCHOBHOro MexaHi3My Takoi i1HaKTHBalii. 3
PO3BUTKOM METOJIB KJIOHyBaHHsI Ta cekBeHyBaHHs JIHK Oyno Bunaiineno i HOBI
MeToau Juis CKpuHIiHTY caiiTiB metumoBands JIHK. Ilepmr 3a Bce, 11e BUKOpUCTaHHS
crienu(p1YHUX PECTPUKTA3, SIK1 3/1aTHI BII3HABATU Ta PO3pi3aTH JUIIE HEMETUILOBAHI
nocmigoBHocTi JIHK (3a3Buuait 4 abo 6 map OCHOB). Y HesSKHX BHUMNAJKaX MOXKHA
niaiopatu a8a GepMEHTH, K1 BII3HAIOTh OJIHAKOBY IMOCIHIIOBHICTb, ajl€ TIIBKH OJHA
pectpukTaza 3matHa pospizatn  JIHK, saxmo BoHa wMerunboBana. Taka mapa
(dbepMeHTIB Ha3UBAETHCS 1301IM30MepPaMu, Hanpukias, pectpukrasu Hpa Il Ta Msp |.
O6unBa depmentu posmernoTs JJHK y mexax cnenudivanoro caiity GCGC, ane
Tibku MSp | po3pizae nany mociaiiOBHICTh y BUMAAKY, KOJU BHYTPILIHINA HUTO3UH
metunboBanuii  (Puc. 1.2). Bukopucranas Cay3epH-0J0T aHajizy J103BOJIHAJIO
BHU3HAYATH, METHUJIHOBaHA UM HI KOHKPETHA ITOCIIIOBHICTb, sika MicTuTh caiit GCGC.

Hezabapom Oyno BUSABIEHO, IO T€HH, MPOMOTOPH SKUX METHJIbOBAaHI, HEAKTHBHI,
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TOJ1 SIK TPOMOTOPH aKTUBHUX T'€HIB HE MICTATh METHIIOBaHH:. Bkazanuii meton mae
CYTTEBI OOMEXKCHHS: BIA€ThCS BHUSIBUTH JIUIIE YAaCTUHY MOXIMBUX CalTIB
MeTuoBaHHs, 3a3Buuail Ouist 10%. Ili3Hime Oyno BHpoBapKeHO OiIbIN YYTIIMBI
METOJIH, 32 JOTIOMOTOI0 SKUX MOXHA BUSBHUTH BCl METUJILOBaHI Ta HEMETHJIHOBAHI

caiitu y 3aganomy ¢parmenti JJHK.

CCGG— CCGGmmCCGG—CCGG
GGCC— GGCCMMGGCC—GGCC

L W

OGpobdka Obpobka pecTprKTason0
pectpuxrasoro Hpall Mspl (rHe iHTiIOVeTBCE ¥

(IHTiOyeThCA Y BUIIAIKY BHIIAOKY METITIOBAHHSI
veTrmoBaHHS CpG) CpG)

——

EnexTpodopes

Puc. 1.2. Cxema 06po0ku JIHK pecrpuxrazamu Hpa Il Ta Msp | ns

BHU3HAYCHHA piBHH MCTHJIFOBAHHS.

Hactynni cBiguennss pom wmetwtioBanHs JIHK Bmanmocs oTtpumarn,
BUKOPHCTOBYIOUH HYKJICO3UIHUN aHAJIOT S-a3auutuanH. L pedoBrHa BOyIOBY€EThCS
y nanmor JIHK, inaktuBye JIHK wmetuntpancdepasu, BHACHIAOK YOTO
cnocrepiraerscs aemetmmoBands JIHK. HeomgHopa3oBo y pi3HMX KOHTEKCTax Oyio
IPOJIEMOHCTPOBAHO, 110 Aa3aIMTUMH MOKE BITHOBJIIOBATU AKTHUBHICTH T'€HIB, 5Kl
«MoBYaTh». Taki pe3yapTaTH CTOCYIOTbCSI 1 BIJHOBJICHHS AKTHUBHOCTI TEHIB Y

1HAaKTHBOBAHIN X XpOMOCOMI.
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Busnauenns enicenemuxu. Sk Bxxe 3a3Haqanocs, BIEpIIE TEPMiH eMireHeTHKa
3actocyBaB KoHpana YomaiHITOH, pO3yMitOUHd MiJl HUM «BCI T1 TOJI1, SIKI IPU3BOISATH
JI0 pO3rOpPTaHHs T€HETUYHOI IPOrpaMu PO3BUTKY OPraHi3MiBy». Y TaKOMy PO3YMiHHI
HEMa€ HIYOTO MTOMHUJIKOBOTO, OKPIM TOTO 110 BOHO HE KOHKpeTHE. Y cepeanni 1980-x
POKIB CTaJIO 3pO3yM1JI0, IO ICHYE THUI CITAJIKOBOCTI, SIKMM HE TIOB’sI3aHUMN 31 3MIHAMU
y nocaigoBaoctTi JIHK. V 1987 poui Bmiinuia podorta Po6ina Xosmmiges (Robin
Holliday) (Puc 1.3) mix Ha3zBoro «CraJaKyBaHHs CMIreHeTHYHUX MedeKTiBy. Y maHii
po0OOTI BiH 3aHOBO MEPEIJITHYB BUKOPUCTAHHS JAHOTO TepMiHA Y OJJIHITOHOM Ta
BXKUB HOT0 y cuTyallii, Koiau 3mMiHu y metuioBanHl JIHK Takox cympoBOKYIOThCS
3MiHaMHM T€HHO1 akTUBHOCTI. KpiM TOoro, Oyjau OOGroBOpeHI MOXKJIHMBI €HITr€HETHYHI
3MIHM MiJ] 4ac PO3BUTKY OHKOJOTIYHHUX 3aXBOPIOBaHb Ta CTapiHHA. Takox Oyio
BHCJIOBJICHO MPUITYIICHHS, IO JAESKl TpaHCTeHepalliiiHi e(ekTH, sfKi He BIAeTbCA
MOSICHUTH Y MEKaX OCHOBHHUX IOCTYJIATIB MEHJEIIBCHKOI0 yCHaJKyBaHHS, MOXYTh
iHKoM OyTH BUKJIMKaHI nepenayero narepHiB metwnoBanHs JJHK depes xmitunu
3apOJIKOBOTO NUIAXY. Y paMKax IMX YsBJIE€Hb BUJABAIOCA IMOBIPHUM, IO JEAK1
eNIreHeTHYH1 1e(PeKTH MOXKYTh PO3MI3HABATHUCS Ta perapyBaTUCS M1 4aC T€HETUYHOI
pexkoMOiHallii y meiosi. Tomi >k Oysio 3ampoONOHOBAHO CJIOBO «eMiMyTaWis» st
OMHUCY CIMAJKOBUX 3MIH Yy T€Hax, SKI HE IOB’S3aHi 31 3MiHAMH TOCJIJ0OBHOCTI
nykineotuaiB y JJHK sk takumu. BBaxkaerbes, mo nana myOsikaiis mpusBenia 1o

OypXJIMBOTO POCTY BUKOPUCTAHHS TEPMIHY «emirenetuka» y 1990-x pokax.
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Puc. 1.3. Po6in Xommiaeit (1932-2014).

HactynmHuM  kpokoM  cTaimu  JOCHIDKEHHS  (EHOMEHY TIeHOMHOIO
iMOpUHTHHIAa, B pE3yabTaTi SKUX CTal0 OYEBHUIHO, IO HOTO MPUYHHOI €
enireHeTuyHa iHpopmailis, sika Moxke 30epiraTucs mijJ yac Melo3y Ta raMeTOreHe3y.
Tomy mocrana morpeba y HOBUX BH3HAuUCHHSX emireHeTuku. Y 1994 pomi Oyio
3alpOINOHOBAHO JIBA HOBUX BHU3HAYEHHS: 1) Hayka Mpo 3MIHU T'€HHOI eKCIpecii, sKi
BiI0OYBaIOThCSI y OPraHi3MiB 3 KIITHHAMH, M0 JAU(EPEHIIIOITHCA, Ta CHAAKyBaHHS
IEBHUX IMATEPHIB €KCHpecii eHiB MmiJ 4ac MiTo3y; 2) siiepHa CIaaKOBICTh, sIKa HE
noB’si3aHa 31 3MiHaMu mnocuinoBHocTi Hykieotuais y JIHK. Ilepmie BuzHaueHHs
JIOCUTh IIUPOKE 1 MOKe BKJItoYaTH sk meTwmoBanHs JIHK, Tak 1 iHmi mexaHizmu.
Jlpyre BU3HAYEHHS BKJIOYA€E IMIPUHTUHT Ta I1HII OMUCAHI MPUKJIAIU €HIreHEeTUYHOT
CHaJKOBOCTI, MPOTE BUKIIOYAE HUTOIJIA3MAaTUYHY CIIAJIKOBICTh. Take BH3HAUYEHHS
MOe OyTH YaCTHHOIO TIEPIIIOTO.

Crig 3a3HaunTH, 10 00MIBAa BU3HAUCHHS HACTPAaBIi € HEIOCKOHAIWMH, aje
BOHM B 3MO31 OXOMUTH OUIBIIICT, BIJIOMHUX EMIr€HETHYHUX TporeciB. Jlani
BU3HAUCHHS HE CTOCYIOTHCS PO3BUTKY OpTaHi3MiB 0€3MOCEepeHbO, TOMY B IIBOMY
KOHTEKCTI Kpallle BUKOPHCTOBYBAaTH 3arajibHe BU3HAUCHHs Y OJUIIHITOHA, SIKE MOXeE

CTaTH OLIBIIT KOHKPETHUM, SIKIIO Y MalOyTHROMY OyJie OTpuMaHa HOBa 1H(OopMaIIis.
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Enirenetnka Ha BiAMIHY BIJ KJIACHYHOI TE€HETHKH, sIKa 0a3yeTbcs Ha
yCHaJKyBaHHI O3HAK y MOKOJIHHSX B 3aJI€KHOCTI BiJl MOCIITOBHOCTI HYKJICOTHUIIB Y
monekynax JIHK, Ha 1110 He BIUMBa€ HABKOJMIIHE CEPEOBHIIE, BiABOIUTH CYTTEBY
POJIb CepEeOBHIINY KIIITHH y €MITeHETUYHUX 3MIHAX, SIK1 MOXKYTh YCIIaIKOBYBaBUTHUCH.
Jlnst mosicHeHHs Takux BiaMminHOcTerd Meitnapn Cwmit (Maynard Smith) BeiB Tepmin
nojABiiiHA cnmaakoBicTh. BiH MaB Ha yBa3i, MO iICHYE KJIAaCHMYHA CIIaJIKOBICTh, SKa
6asyerbcst Ha 3MiHax y JIHK, Ta emiremernuna cmaakoBiCTh, OCHOBOIO SIKOT HE €
3MiHd y nociaigoBHocTi HykiaeoTuAiB JIHK. Ile Oyno BiamoBiaa0 Ha NMpUIyIICHHS
€Bu Sl6monku Ta Mepion Jlem6 (Eva Jablonka and Marion Lamb) mpo Te, mio
eMIreHeTUYHA CIAJKOBICTh y KIITHUHAX 3apOJKOBOr0 HUIAXY BKa3y€ Ha MOXKJIUBICTh
YCHaJKOBYBAHOCTI BIUIMBIB HABKOJIMITHBOTO CEPEIOBHUINA, SKI BUKIUKAIOTH 3MIHH

dbenotuny (Puc 1.4).

f

L

Puc. 1.4. €Ba Sl6monka (1952) ta Mepion Jlem6 (1923-2013)

Ha croronHimHii neHp icHye 0araTo HaJaliHO 33JJOKYMEHTOBAHUX IMPHUKIIAIIB
TpaHcreHepamiHux edekTiB 3 mepeadadyBaHo eMreHeTHIHO Mpupoaot0. [loBiiiHa
CHAJKOBICTh OyJla TakKOX MPOJEMOHCTPOBaHA B EKCHEPUMEHTaX 3 KYJIbTypaMH

KJIITUH CCaBIIB. Y JESKUX BUIMAJKax IOPYIICHHS, Kl JIOBFMHA Yac BBaKaJIHUCS
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KJIACUYHUMU  MYTallisIMH, BHSBWJINCA HACHOpaBlIi CHAJAKOBUMH 3MIHAMHU Y
metumoBanHl [IHK. fAckpaBum npukiiamom € 1o0pe BijIoMi 3MIHH y CUMETPIi KBITIB,

SIK1 Ha ChOTO/IHIIITHIN JI€Hb BBAXKAIOTHCS CMIMYTAIliSIMH.

Inwi enicenemuuni mexanizmu. BUBYEHHS CTPYKTYPH XPOMATHUHY Ta €KCIpecii
TeHIB CTaJIU IHTEHCUBHUM HANpPSMKOM JOCITIIKEHb ChOTO/IEHHS. TepMiH «XpOMaTHH
Oyno BBeneHo mnpubnu3Ho y 1880 poui, a y 1884 pomi Oynau BIAKPUTI TICTOHU
Annopextom Koccenem (Albrecht Kossel). Tlpote Oinbln aeTaabHO BOHHM IOYAJIH
JAOCTIKYBaTUCh JIMIIE 3 APYroi moioBUHU XX cTOmTTS. Y 1964 poui Buiinuia
nioHepcbka podora Bincenra Ondpi (Vincent Allfrey), y skiit Oyno mokaszaHo, 110
riCTOHUM MOXYTh aneruioBatuca. ¥ 70-x pokax Oyna BiIKpuUTa HYyKJIeocoMa, a ii
CTpykTypa ommcaHa jumie y 1984 pori Piumonmom i1 koneramu [i3 poO3ALTBHOIO
3natHicTio 7,0 A, JeTajabHINy CTPYKTYpy (2,8 A) posmmppyBanmu y 1997 poui]. ¥
1990-T1i poku onucani (epMEHTH BCTAHOBJICHHS Ta yCYHEHHs Moau(DiKaIliil TiCTOHIB,
a TaKOXX OLTKM, sIK1 37]aTHI BII3HABAaTHU Taki Mojaudikariii. A KOHIIEMIlIsI TICTOHOBOTO

koxy 6yna copmynroBana y 2000 pokax (Puc 1.5).
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Puc 1.5. OcHOBHI eTanu po3BUTKY €MIr€HETUKH.

OcTaHHIM YacoM MPUXOJUTH YycBiIomiieHHs BaxiuBoi poni PHK y
eMIreHeTUYHUX TOAIAX. ICHYIOTh NMEPEKOHJIMBI JOKA3W POJi MaluX PEryJaTOPHUX
PHK B kimiTuHi, a iX aKTUBHICTh CIPUHAMAIOTh B SKOCTI OJHOTO 3 MEXaHi3MIB
enireHeTH4HOro KoHTpoito. Opnumu 3 Takux Mamux PHK e wmikpo-PHK
(microRNAs; miRNA) - kmac Mamux Hekoxyrounx PHK mgomxkwuuoro 18-25
HYKJICOTH/IB, sIK1 OyJu BUSBJICHI y KIITHHAX TBapuH Ta pociuH. Y 1993 mikpoPHK
Brepie oynau igentudikosani y Caenorhabditis elegans. Ha 2001 pik Oymiu Bigomi
BKe pi3HOMaHITHI Maui perynaropui PHK y ccaBuis ta pocnun (Puc.1.5).

MikpoPHK Takox € ckmagoBumu MamuHepii PHK-intepdepenmii (RNA
interference; RNAI), ska 3a0e3nedye MOCTTPAHCKPHIILIAHY PEryJISLil0 eKcrpecii
TeHiB Ta Oepe yd4acThb Yy pI3HOMaHITHHX (Di310JIOTIYHUX Ta MaTo(i310J0TTYHUX
mporecax, sKi BKJIIOYAIOTh PEryJslilo BuOOpy dYacy audepenmiamii Ta

CTPYKTYpOYTBOPEHHSI, OOMEXKEHHS TOTeHIIany audepeHmiamii 1 KITUHHUN
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CUTHAJIHT. TakoX BOHM BIJITPalOTh BAXIUBY POJb Yy PO3BUTKY CEPLIEBO-CYIUHHHUX
3aXBOPIOBaHb Ta KaHIleporeHesi. biorenes ta gpynkuii mikpoPHK (a came, sik Mikpo-
PHK yTBOprOOTBCS Ta TpOIECYIOThCS Y 3piny (opMy, SK BOHH DPETYJIIOIOTH
€KCITPECIIO TeHIB 1 T.1.) IHTEHCUBHO JOCIIIKYyBAJIMCh Ta HA ChOTOJIHIIIHIHN 1eHb J00pe
onucaHi. IlpoTe naeski 3anmuTaHHs 3aJIUIIAIOTHCS 0€3 BIAMOBIAI, 30KpeMa, SK
KOHTpomoeTbes ekcrpecis MikpoPHK ta siki reHu perynoroThCs 3a y4acTi MIKpO-
PHK. Jlume vemonaBuo Oyau oTpuMaHi JjaHi, sSIKi CBiA4aTh, 1110 ekcupecis MmikpoPHK
MO’K€ KOHTPOJIFOBATHUCS €MIreHETHYHO.

MikpoPHK € nmume omuum i3 xommoneHTiB PHKi, B xoxai sikoro BigOyeThcs
CaliJICHCUHT eKCITpecii I'eHIB 3a paXyHOK YTBOPEHHS NapH 3MiCTOBHA-aHTU3MICTOBHA
PHK Ta mopansmioi i merpamamii. PHKi Gyna Binmkpura y 1998 pormi y pocnun Ta
C. elegans. IlikaBo, 110 UM BIAKPUTTSAM IEPEAyBaB OMUC Yy POCIHH III€ OJHOTO
dbenomeny, 3 skuM moB’s3aHi Mam peryiastopHi PHK, a came PHK-3anexkHoro
mermiawBanus JJTHK (RNA-directed DNA methylation; RADM). Bce Bumieomnucane
CBIIYMJIO TIPO HASBHICTh SIK TPAHCKPHUILIHHOrO, Tak 1 MOCTTPAHCKPUNIiHHOIO
TeHHOTO caiieHcuHra. Takok Oylio BCTaHOBIEHO, IO €K30TCHHI JBOJIAHUIOTOBi
PHK (double-stranded RNAs; dsRNA) mporecyroTbcsi Ha KOpPOTKi (hparMeHTH
[Binomi sixk maui inTepdepyroui PHK (small interfering RNAS; siRNAS)] noxiororo
1o MikpoPHK po3mipy. byno Bucnosneno npunymienss, mo mMikpoPHK 3amyueni y
aHAJOTIYHI, aje eHJOTeHHl peryjasaTOpHI MeXaHi3Mu. BucioBnena rimoresa
HiATBEpAWIACh Ta OyJM BUSUICHI KJIIOYOBI T'€HM Ta OLIKH, Kl OepyTh y4dacTh y iX
Oioren3i ta QynkiionyBanHi, a came Drosha, Dicer ta nekinbka OinkiB Argonaute
(AGO). Bsaxaerbcs, mo  MikpoPHK ta  siRNAs  QyHKIiIOHYIOTH
MOCTTPAHCKPUIILIKHO y UTOIIIa3Mi, mpoTe HasBHICTH OinkiB AGO y saapi Ta ydactb
mexani3miB PHKi1 y emireHeTnyHux mpoiiecax BKa3zye Ha OUIbIIY CKJIQJHICTh IUX
IPOLIECIB, HI’K O4IKYBaJIOCh paHIlIe.

Xova OUIKM eKCTIPeCyThCS MOBCIOAHO Ta TOB’si3aHi sk 3 MikpoPHK, Tak i1 3
siRNAs, icaye miarpyna AGO 6inkiB, siki HasuBaroThest PIWI ( P-element induced
wimpy testis) Ta HeoOXimHI IS PO3BUTKY KIITHH 3apOJKOBOrO  IILIAXY.

®yuxkuionyBannas OutkiB PIWI ta PIWI-like nos’s3ane 3 okpemuM Kilacom maimx

18



perynstopuux PHK (moexwunorw 26-30 HykneotwmiB), siki HasuBawThes PIWI-
interacting RNAs (piRNAS). piRNAS OepyTh yd4acTh y MOCTTPAHCKPHUIIIIHHOMY
CalJICHCUHTY TPaHCIIO30HIB y KIIITHHAX 3apojkoBoro nuisixy. binku PIWI Bussneni
NEepPEeBaXKHO Y sijpl, Kosokami3yioTbesi PHK-3anexxHuM umHOM 3 OUTKaMu Tpynu
Polycomb, Ta MoxkxyTh ekcripecyBaTHCS 1 y IHIIMX TKaHMHAX (BKJIFOYAOYH T'OJIOBHUMN
MO30K), 10 BKa3y€e Ha X MOKJIMBY Y4acTh Y 1HIIHUX MPOIIECaXx.

HemonasHo y TBapuH (aje He y pOCIMH) Oy BIAKPUTI Ba 1HII KJIAaCH MaJluX
PHK nomxunow 17-18 HyKI€OTHIIB, SKI IMOB’s3aHI 3 IHIIIAIEI TPAHCKPHUIIIIT 1
crutaiic-caiitamu Ta Oyim Ha3BaHi transcription initiation RNAs (tiRNAS) Ta splice
site RNAs (spliRNASs). IToxomkenns ta ¢pynkiii nux kinacie PHK 3anumaiorecs He
BHU3HAUEHUMH, IMPOTE TMOMEpEeaHl JaHl CBiA4aTh, L0 BOHU OEpyTh ydacTb Yy
MO3UIIIOHYBaHHI HYyKJIEycoM Ta/abo y (opMyBaHHI IHIIMX pIBHIB OpraHizauii
xpomaTtuHa. KpiMm Toro, BusiBiaeHi acomiiioBani 3 npomotopamu PHK, sxi HazBaHi
promoter-associated short RNAs (PASRs), transcription start site-associated
RNAs (TSSa-RNAs) ta promoter upstream transcripts (PROMPTS), nesiki 3 sskux
MOXyTb Opatu yuacts y PHK-3ane:xHOMY TpaHCKpUNIIIHHOMY CailJIEHCUHTY.

VY Oakrtepiii TaKoXX TMPHUCYTHS BEIUKA KIJIbKICTh PI3HOMAHITHUX MAaJIUX
perynaropuux PHK, siki BiirparoTh BaXJIMBY POJib y HU3IN aJallTUBHUX BIAMOBIICH.
baktepianpui wmam perymstopui PHK 3aramom ¢QynkumionywoTs mnoaioHo 10
antusmictoBHEX PHK eykapior, peryntorouu TpaHCISAIII0 Ta CTa0lIbHICTh IIJTHOBUX
MPHK. V 2005 pomi Oyma BiakpuTa ocoOJiMBa cCHUCTeMa aJalTUBHOI BiAMOBIII
Oaktepiit, sska Oyna HasBana CRISPRs (clustered regularly interspaced short
palindromic repeats). BusBrocs, mo y OaraTbox OakTepiaJbHHUX Ta OUIBIIOCTI
reHOMIB apxeil HasgBHI JIOKyCH, $KI MICTSITh PEryJIspHO TMOBTOPIOBAJIbHI
MOCIIJJOBHOCTI, 10 nepeMexoBytoTbes BipycHumu J[HK (BoHM 1 Ha3zuBaroThCs
CRISPRS). Taki nokycu sSBASIOTH COOOI0 BPOKEHY OaKTepiaibHy IMyHHY CHUCTEMY,
sKa TpaIioe 3a HAcTymHOK cxeMoro 1) dparmentu BipycHoi JIHK BOymoByroThcs
MDK TOBTOpaMu; 2) TPaHCKPUOYIOThbCS y OakTepiallbHOMY reHOMI; 3) TPaHCKPUITH
nporecyoTbest 'y HeBenauki guide RNAS, ski 3B’SI3yOThcS 3 iX e(EKTOPHUMHM

KOMILJIEKCAMH Yepe3 MOCIIIIOBHOCTI TOBTOPIB; 4) Taki KOMIUICKCH BITI3HAIOTH BIPYCHY
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PHK a6o JIHK Ta pyitnytots ii. Onrcana cucremMa HElloAaBHO MOKIIaJeHa B OCHOBY
METOJy HalpaBJIECHOr0 MyTarcHe3dy y eykapioT (programmable sequence-specific

genome manipulation).

l'enom ma enicenom. Bce BHIlleCKa3aHE CTBOPUJIIO MIATPYHTS  JUIs
dbopMynoBaHHs KoOHLEMNLIi emireHoTuny. EmireHoTun — e QakTUyHMil NaTepH
aKTUBHOCTI T€HIB y cIieliajii3oBaHOMY Tumi KIiTUH. KiituHu mMaroTh pepMeHTH Ta
Oinkm  «aomamHboro rocmogapctBay  (house-keeping), ski  HeoOXimHi  aus
HOPMaJIBHOTO METa0Oi3My KJIITHH Pi3HUX THUIIB, Ta OUTKH «poskomi» (luxury), ski
MarTh crerniainizoBani ¢GyHKIi. TakuM 4YMHOM EMIreHOTUI - 11¢ (YHKI[IOHATBHUN
CTaH BCIX TEHIB KJIITHHH, HEOOXITHUX 1 JJIS JOMAITHBOTO TOCIONApPCTBA, 1 IS
BUKOHAHHS creniaiizoBanux (pyHkuiin. Otxe, ¢pidpodsacT Ta MMQPOLUTH MaKOTh
OJIMH 1 TOM CaMHMil T'€HOTHII, YCIaJKOBAaHUM BiJ 3aIUIIHEHOI SHUICKIITUHH, MPOTE
BOHH MAalOTh Pi3HI €MIT€HOTHUIIH.

VY nocnigoBHocti JJHK nroauHu npucyTHI TUTBKA YOTUPH TUITH HYKJICOTHU/IIB, 3
ypaxyBaHHSAM LHUTO3MHY, SKUM Moxe Oytu abo MeTuiIbOoBaHUM, abo
HEMETHUJIbOBAaHUM, iX 1'sTh. IIpoekt «Emirenom moamuan» («Human Epigenome
Project»), 3amouatkoBamuiéi y 1999 poui International Human Epigenome
Consortium, mMae Ha MeTi BU3HAUUTH TMATEPH METHIIIOBAHHS IUTO3UHY Y DIi3HHX
TUmax KITUH. BiH 0a3yeTbcs Ha TexHill OICynb(pITHOTO CEKBEHYBaHHS, SIKy OYJO
BIPOBAKEHO Yy AociimkeHHs y 1992 pomi. 3 Toro yacy meroauka Oyna 3HAYHO
YIOCKOHAJIEHA, IPOTE XIMIYHHM MPUHIHUI 3aJIUITUBCS HE3MIHHUM. BiH momsrae y
TOMy, 1O OIicynb(IiT 34aTeH Je3aMiHYBaTH LMUTO3MH, NEPETBOPIOIOYM MOro Ha
ypaiuia, TOAl K S5-METWIUUTO3UMH He jaeamiHyeTbesa. Ilicns  mpoBeneHHs
Je3aMiHyBaHHs TOCHIIOBHICTh  aMIUTI(piKyeTbCcss Ta CeKBeHyeTbcsa. Bei  5-
METHIIIATO30B1 3JIUIIKY MPOYUTYIOTHCS K IIUTO3WHU, SKUMH BOHH 1 JIMIIAIOTHCS, a
HEMETHJIbOBaH1 IIUTO3UHU MEPETBOPIOIOTHCS HA THUMIHU. X04a 3aBEPILEHHS MPOEKTY
«EnireHom mroauHW» 3aliMe TpUBAJIUW 4ac, MOXKHA OYIKYBaTH, IO y XOJI HOro
BUKOHaHHs OyJe oTpuMaHa IikaBa iHpopmariis. [lependauyBaHo, 110 A€sIKI pEeTiOHU

JIHK OynyTh MaTu ofHaKOBUM a00 Ty’Ke CXOKUI MMaTepH METHIIOBAHHS Y BCIX THIAX

20



KIITUH. Taki TOCIITOBHOCTI MAarOTh BKJIIOYATH TOBTOPU Ta MOOUIbHI TEHETHYHI
enemeHTH (MI'E), siki KOJIMCh MOTPANMWIM y TEHOM Ta PENPECYIOTHCS 32 JAOMOMOTOIO
MetwmoBanHs JIHK. BaxnuBa iHdopmaliist Oyne oTpuMaHa CTOCOBHO TEHIB, SKI
aKTUBHI y OJHOMY THUIII KJIITUH Ta HEAKTHUBHI Y 1HIIOMY.

[HITUM BETMKUM TIPOEKTOM, PE3yJIbTaTH sIKOro Oyio omyOsikoBaHo y 2012
pomi, € Encyclopedia of DNA Elements (ENCODE) (Puc 1.5). MeToro nmaHoro
MpOeKTy OyJI0 BU3HAUEHHS BCIX (DYHKI[IOHAJIBHUX €JIEMEHTIB Y reHoM1 JioauHu. [Ipu
bOMY i (PYHKUIOHATBLHUMM eJIEeMEHTAMHM pPO3YMIIOTh JHCKPETHI CErMEHTH
reHOMY, SIKI KOJIyIOTh TNeBHI mnponayktu (Outku abo Hekoaytoui PHK), a6o
XapaKTepU3ylThCS  MEBHUMU  OIOXIMIYHMMH  BJIACTUBOCTSMHM,  HAIPUKIIAI,
3B’A3yBAHHSIM 3 KOHKPETHUMH O1IKaMH a00 MEBHOIO CTPYKTYpPOIO XpOMAaTHHY. BiibI

JETaBHO MPO Pe3yJbTaTH MPOEKTY Oy/Je NTH MOBa y 1HIIMX PO3/Iiax.

Eyxapiomuynuii mpanckpunmom. Bymo momideHo, 1m0 po3Mip Ta TyCTHHA
IHTPOHIB (Ta. SK CTaJlO 3po3ymijo Mi3Hime, 1 MbkreHHux austHok JIHK)
MIJBUILYIOTBCA 31 30UIBIICHHSAM CKJIAgHOCTI opranizmy. Y 1994 poui Martik
(Mattick) mepenbaumB, 10 IHTPOHU TIOBHHHI CBOJIOIIOHYBATH Y HAMPSIMKY
30UTbLIEHHS KUTbKOCTI mpanc-perynsaropaux PHK. Bin ctBepxyBaB, 10 €K1 TeHU
€BOJIIOLIIOHYIOTh TAKUM YMHOM, IO €KCIPECYEThCSI a00 TUIHKU IHTPOHHI, a00 TIJIbKU
ex3onHi perymsatopui PHK, 1 taka cucrema perymsmii 3a momomororo PHK €
BAXKJIMBOIO TEPEAYMOBOIO TMOSIBU CKJIAJHUX OPraHi3MiB. 3TOJOM PO3BHUTOK
TexHoyori cekBenyBanHs PHK mo3BonmB mpopemoHCTpyBaTH, 1m0 Ha AECSTKax
TUCAY JIOKYCIB CCaBIIB €KCIPECYIOThCA JOBIl TPAHCKPUNTH, SIKI HE HECYTh
iHdopMmanio npo OUIOK Ta MOXKYTh JIOKANI3yBaTUCA Y MIXKIEHHUX MPOMIDKKaX,
1HTpOHax ab0 OyTHM aHTU3MICTOBHMMH JI0 KOAYIOUM AUISTHOK. Taki momepeaHi aaHi
Oynu TiATBEp/UKEeHI Y paMKax pe3ynbrariB, oTpuManux B xoii mpoekty ENCODE.
30kpema, OyJI0 BUSBJICHO, IO OLIBIIICTh MOCTiA0oBHOCTEN (mMpuHaiiMHi 80%) reHoMa
JOJWHUA Ta Mumedl AaudepeHIiiHO TPaHCKPUOYIOThCS Yy OAHOMY YW 1HIIOMY
KOHTEKCTI. Y 1HIIMX JOCHIPKEHHSX Ha PI3HUX Opra”izMax Oyjio OTpMMAaHO MOAIOHI

pesynbTati. OTXE, Ha CHOTOAHINIHIN JIeHb 3pO3yMLUIO, IO OLIBIIICT, MIXTEHHHUX
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JUISTHOK Ta IHTPOHIB TPAHCKPUOYIOTHCS Ta PO3MIP TPAHCKPUIITOMY 3aJI€KUThH BiJ
CKJIaJIHOCT1 OpTaHI3MY.

Criz 3a3HAYUTH, 1110 HE BCl peasibHI TPAHCKPHUIITH CHOTOJIHI BJIA€THCSI BUSBUTH
icHyrounMu metogamu. Kpim Toro, 6araTo TpaHCKPHUINTIB HE IMOMIaIEHIIIOIOTHCS Ta
SBJISIIOTH CO000 BenMKHMi kiac pizHoMaHiTHUX PHK, ponb y po3BuTKy opraHizmis
JESIKUX 3 SIKUX MiATBEPIKEHA eKCIIepUMEHTaNbHO. biibiie Toro, 61u3bpko 95% caiTis
MOYaTKy TPAHCKPHUIIIIi B TEHOMI JIFOJIMHU HE acolliiioBani 3 Tpanckpuriiero MPHK sk
TaKol0, aje BOHHU TMOBS3aHI 3 TPAHCKPUIIIEID HEMOJaJACHIILOBAHUX HEKOIYIOUHUX
PHK. 11i He momiaaeH1IbOBaHI TPAHCKPHUITH OLIBIITOK MIpOIO HE OXapaKTEpHU30BaHi 3
NPUYMHN  3aCTOCYBaHHS KJIACMYHMX MIAXoAiB A0 jgociaipkeHHs PHK 3

BUKOPHCTAHHAM MOJiafeHTboBaHOro xBocTa s BunaneHHs pPHK 31 3paskis PHK.
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PO3/1]1 2. OCHOBHI MEXAHI3MU ENITEHETUYHOI PEI'YJIALIT
AKTUBHOCTI I'EHIB

VYci KITHHY TUIA JTIOAMHUA BMIIIAIOTh OAMH 1 ToM cammii HaOip JAHK, sxwuii
MOXOJIUTh JIMIIE 3 OJIHI€El €IUHOI KIITUHU Tpu 3arwtijgaHeHHl. Came TOHKO
HAJIAroJKEH1 eMIreHEeTHYHI MEXaHI3MH CHPHUSIOTh  (OPMYBAaHHIO  CKIIQJHOTO
BI3epYHKY MLUISIXiB, HEOOXIAHMX 1 3a0€3MEUYeHHS HOPMAJIbHOIO PO3BUTKY
OpraHizaMy, Ta CTaOUIbHIN peryJsilii BiAMOBIHUX MAaTEPHIB €KCIPECIi 'eHIB y PI3HUX
TUMAX KIITAH. EnireHeTHuHi MexXaHi3MH BH3HAYaIOTh PI3HUIIO Yy TEeHHINH eKcrpecii
KJIITHH, K1 MITOTHYHO AUIATBCA O€3 3MiHM TodaTtkoBoi mocaimoBHocTi JIHK. Ili
MEXaHI3MH  BIAMOBIHO  PErylIOIOThCA  BEJIMKOK  KIJIbKICTIO  OUIKiB,  SIKi
11eHTU(IKYIOTh, 3YUTYIOTh Ta 3HIMAIOTh CHEIU(IYHI emireHeTnyHi Moaudikaii, 3a
JIOTIOMOTOI0  4Or0 BH3HAYalOTh, J€ 1 KoJIW Oyle Marth JOCTyln J0 MEpBUHHOI
nociigoBHocTi JIHK mammuepis Tpanckpumiii, mjo 3ade3nevuye HOpMaJbHOUM pPicT
Ta audepeHIliaiio KIITHH y eMOpPioHi, SKUi po3BUBAEThCS. BCl 111 MpoIecH yCHimHo
B1I0YBalOThCSI BHACHIJIOK Y3TO/PKEHOT B3a€MOJIi JEKIIBKOX THIIB €MIreHeTUYHUX
MITOK, SIKI BU3HA4YalOTh CKCIPECII0 BIAMOBIIHKMX IeHiB. JI0 TaKWX MITOK HaJeKaTb
MetumoBanHs aunykiaeotuniB CpG y JAHK, xoBaneHTHI Momudikamii ricTOHOBUX
oinkiB, Hexomytoui PHK Tta immi momatkoBi MexaHi3Mu, sKi BIAMOBIZAIOTH 3a
Oprasizailiro XpoMaTuHy y KIiTuHHOMY sijpi (Puc.2).

Jlesiki enireHeTH4H1 MITKH € CTa0UIbHUMHU Y KOHKPETHUX TKAHWHAX, TOHL SIK
1HIII IEMOHCTPYIOTh OB’ sI3aHY 3 PO3BUTKOM IUIACTHUHICTh. EnireneTuuni 3miHu abo
«emiMyTallii», K1 BUHUKAIOTh BHACIIOK HU3KHA PI3HOMAHITHUX MEXaH13MIB, MOXYTb
MPU3BOAUTH A0 0araTh0X MATOJIOTIYHUX CTaHIB. Ha emireHeTHyHi MITKU BIUIMBAIOTh
K TEHEeTHUYHI, Tak 1 cepefoBHUIIHI (hakTopu, GopMyroun (PEeHOTUIIOBI Bapiallli Bif
«HOPMAJIBHOTO (DEHOTUITY» 1 JI0 3aXBOPIOBAHb JIIOJIMHU. byso mokasaHo, 1mo (pakropu
OTOYEHHA, TaKli SK MaTepUHChKE XapuyBaHHS Ta BHUKOPUCTAHHS JOMOMIXHHUX
PENPOAYKTUBHUX TEXHOJOTIM, BIUIMBAIOTh Ha emireHoM eMOpiony. Jleski

eNIreHeTUYH1 3MIHH, TIOB’s13aH1 3 MATEPUHCHKUM XapuyBaHHIM y 3apOJAKOBUI MEpPIOA
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KUTTI, 30€pIratoThCsl 10 MOBHOMITTA, IMOBIPHO CIIPUUYMHSIOUU MOPYLICHHS 3 MI3HIM

MOYaTKOM, TaKi sSIK CEPIIEBO-CYAMHHI 3aXBOPIOBAaHHS Ta J1a0eT 2 TUIy.

MiroTrrasaa
XPOMOCOMA

Mommdixarmii

TiCTOHIE \
*

WNNNN sicomom L——8 6

Puc. 2. OcHOBHI enireHeTHYH1 MeXaH13MH (BIATBOPEHO 31 3MiHAMU

http://aboutepigeneticwiping.weebly.com).

Ak Bxe Oyno 3a3HaueHo, meTwmoBaHHs JIHK, moaudikamii ricToHiB Ta
Hekonyroduli PHK € HeszanexHumMu mexaHizMamu, MPOTE BAKIWBO BKa3aTH, IO MiX
UMU PI3HUMH €MIr€éHeTUYHUMU MITKaMH 1ICHY€ B3a€MO3B’SI30K B IPOILIEC] PEryJIsiii

eIireHoMy.

2.1. METHUJIFOBAHHAA JJHK

Ax Bim3Havanmocs Buie, y 1975 pori Oynu He3anexkHO oOmyOJiKoBaHI JBi
KJIIOYOBI poOOTH, B SIKUX BHCYBAJIOCS IPUIYLICHHS, 1110 METUIIOBAHHS [IUTO3UHOBUX
3aJUIIKIB Yy MOCHITOBHOCTI IuHYKIeoTHAy CpPpG MOXke CIyKUTH EHIreHeTUYHOIO

MITKOIO y XpEOETHUX TBapUH. Y LHX CTATTAX aBTOPU BUCIOBWUIIM MPHUIYILIECHHS, 1110
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nocaigoBHocTi JIHK MoxyTh OyTr MeTmiboBaHi 0 NOVO i Take METUITFOBAHHS MOXKE
CHAJKyBaTUCA Y MOKOJIHHAX COMAaTUYHUX KIIITUH 3aBISKH MEXaHI3MY, SKUW aKTUBYE
(dhepMeHT, 110 BIi3HAE HaMiBMETWIbOBaH1 namaapoMu CpG. IIpucyTHICTh METHUIIBHOT
rpynu 3aatHa posmizHaBaTucs JHK-3B’s3yrounmu Oinkamu, a metmmoanas JJHK
Oe3nocepelHbO BH3HAYA€ perpeciro TeHiB. Xouya Ti3HIIIE OKpeMi KIHOYOBI
MOJIOKEHHST OyJTM BU3HAHI HE TOYHHMH, 3arajioM 3B’si30K MK MetmwmoBaHHsM JIHK
IIPOMOTOPIB T'€HIB Ta IX pernpeciero (CaiIECHCUHTOM) BUSIBUBCS CIIPABEIJTHBUM.
butbmricte  poOiT Ha TBapuHax Oyiau  30Cepe/KEHI Ha  JOCHIIKEHHI
METWIIOBaHHSA ~ S-merwmurosuHy  (5-methylcytosine;  5mC) y  koHTekcri
nociigoBHocTi CPG. MeTuimoBaHHsI 1HITUX MOCTIJOBHOCTEH, K€ MIUPOKO MOIITUPEHE
y pOCIuH Ta TpubiB, OyJI0 TIIBLKH HEMIOJABHO OMHUCAHE Y CCaBINB 1 JOCTIIKCHE HE
Tak moBHO. CiJl BIAMITUTH, 110 (PYHKIII{ TAKOTO METUJIIOBAHHS 1034 MOCII1JOBHICTIO
CpG y ccaBIiB 3alUIIAlOTBCA HEBU3HAYCHUMH, TOMY JaHUM po3din  Oyne
npucBsiueHui nepeBaxkHo metumoBanHio JIHK y konTekceti nocnigoBaocti CpG.

Jns 3’scyBanHs ¢ynknid MerwaoBanuss JHK HeoOXigTHO poO3IIsSHYTH
PO3MOIT METUILOBAHUX IOCTIIOBHOCTEH y TE€HOMI. bijbllie MOJOBUHU TEHIB Y
reHOMax XpeOeTHUX TBapHWH MICTATH KOpoTki (Bix 200 mH 10 KuTbkox Kinobas) CpG-
30aradeHi perionu, siki Bimomi sk CpG-octpiBui (CpG islands; CGIs), inma x
yacTUHA TeHOMY 3a3BHuail 3011HeHa Ha nociigoBHOCTI CPpG. BBaxkaerhcs, 1m0 BTpaTta
reHoMHux CpG  BigOyBaeThCs  HUISIXOM  JIe3aMiHYBaHHS  METHJIbOBAHUX
MOCTIOBHOCTEH Yy KIITHHAX 3apoJIKOBOTO MIIAXY, OCKUIbkH S5mC  Moxe
NEPETBOPIOBATUCh HA THUMIH 3aBASKH CIOHTaHHOMY abo ¢depMeHTaTUBHOMY
ne3aminyBaHHI0. BBaxkaerbes, mo CGIS He miggaroThes Ae3aMiHyBaHHIO 4yepes Te,
II0 BOHM IMOBIPHO HIKOJM He OyBaioTh (200 TUIBKM THUMYacoBO OyBalOTh)
MEeTUJIbOBaH1 y 3apoakoBid miHii. CGIS 3a3Buuaii po3MiiieHi y MpoMoTopax TeHiB
JIOMAITHBOT'O TOCIOJAPCTBA, SIKI AKTUBHO TPAHCKPUOYIOTHCS, 1 IeHax-Cylmpecopax
OyXJMH, Ta HEMETWIbOBaHI y audepeHuiioBanux kiaituHax. I, HaBmaku, CGIS
HEAaKTUBHMX TEHIB MEPEBaXXHO METUJIbOBaH1 y Takux kiithuHax (puc 2.1.1). [o
HEJIJaBHBOTO 4acy, Oarato poOiT mo metwmoBanHio JIHK dokycyBanuchk came Ha

CGls y caiitax mouaTky Tpanckpunuii (transcriptional start sites; TSSS).
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ITpomotopu CGI 1 2

HEMETUALOBAHA HEMETUNLOBAHA METUALOBAHA
3apoIKoBa MHIA
=== N S S
S

- : HEMETHUNMbOB4HA METH/IBOBaHA METHUNBEOEBaHA
Judepermifioani
= 1 o SI=I=EI=I= SH—H—H—H
TeHH DOMANIHEOTO [ern X-xXpoMOCOME,
TOCIIONAPCTEA, ['eHH PO3BHTKY IMIIPHHTOBAHI TeHH 3
TeHH-CYTIPecOpH JOBTOTPHBATION
ITYXIHH TeHHOIO pelpecicro

Puc 2.1.1. CxematruuHe 300pak€HHs] METHUITFOBAHHS IPOMOTOPIB P13HUX I'€HIB

y PI3HHUX THMAaX KIITHH.

CyyacHi MiJIXOAH, K1 BKJIIOYAIOTh MOBHOTEHOMHI JIOCTIDKEHHS METUJIOMY,
HAmpUKIaJ, 3 BHUKOpUCTaHHAM OicynbgpitHoi 00pobku JHK (mo mo3Bomse
nerektyBatd SMC  Ta TIAPOMETWINMTO3WH), HAroJolmyTh, [0 PO3MIIICHHS
METHJIBOBAHOTO HYKJICOTHLy Y TPAHCKPHUIILIMHIA OJWHUIII BU3HAYa€ HOTO BIUIMB Ha
perynsanito resa. Hanpuknaa, MeTuwnoBaHHs y Oe3nocepeanil 01u3bKocTi 10 1SS
MPU3BOJNTHL JO OJOKYBaHHs I1HIIiaIlli TPaHCKPUIIi, ajieé METHUIIOBAHHS KOJYIOUOi
YACTUHU T€HAa HE MAa€ Takoro e(exTy, a MOXE HaBiTh CTUMYJIOBAaTH EJIOHTaIlli0
TpaHckpurmiiii. KpiMm Toro, iCHylOTh HOBI JOKa3W, sIKi BKa3ylOTh Ha MOMJIUBICTh
BIUIMBY METHJIIOBaHHS Koayiouoi yactuHu reHa (gene body) ma iioro cruiaiicuHr.
MeTuitoBaHHS TIOCTIIOBHOCTEH, SIK1 IOBTOPIOIOTHCS, TAKUX SIK IIEHTPOMEPH, BiIirpae
BOKJIUBY POJIb Y CTaOUIBHOCTI XpPOMOCOMHM (HANIPUKJIIA[, MIPU PO3AUICHHI XPOMOCOM B
MITO31) Ta TaKOX, BIPOTIJHO, y MPUTHIYEHHI €eKcrpecii MOOITBHUX TE€HETUYHUX
enemenTiB (MI'E), Tum camum Bigirpatoun posib y ctaOumizamii reHomy. Poib
METWJIIOBaHHS Y 3MiHI aKTUBHOCTI €HXAHCEPIB, IHCYJISTOPIB Ta 1HIIUX PETYJISITOPHUX
CJIEMEHTIB TUTLKH TOYMHAE YCBIIOMIIIOBATHUCH. XOYa ICHYIOTH Oe33amepedHi JOoKa3u
toro, 1o MetuiaboBaHi CGls Ta TSSs mop’si3aHi 3 HEAKTUBHUM CTaHOM T'€HIB, BUOIp
yacy METWJIIOBaHHS (€ NOVO CTOCOBHO CaMJICHCHHTY TCHIB TUIBKUA IMOYHMHAIOThH
3’COBYBATH.
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Oyukmii merwtoBanHs JIHK moB’s3ani 3 MexaHi3MaM# BCTaHOBJICHHS,
HNIITPUMKH Ta YCyHEHHS MeTwibHUX Trpyn. MerumoBanns [IHK 3aificHioeThCs
dbepmentamu, siki HazuBawThes JJHK-mernarpancdepazn (DNA-methyltransferase;
DNMT). Ix noginsrors Ha JJHK-meTunrpancdepasu de novo (y ccasuis DNMT3A Ta
DNMT3B), siki BCTaHOBIIOIOTh METHJIBHI IpynH Ha B3arayi HeMeTwiboBaHid JIHK,
ta miarpumyodi (DNMT1 y ccaBmiB), siki BCTaHOBIIOIOTh METWJIBHI TPyNu Ha

HamiBmeTmiboBaHiil JIHK (meTunboBanmii mure oaun 3 nanioris) (Puc 2.1.2).

HemeTunooeada JHK

~ HE-HHE 10 H

HanieMeTHALOB3HA DNMT3a/3L/3b

{remimeTunboeaHa) OHK MeTunoeaHHA de novo

[

— o — ] — i
DNMT1/UHRF1

MoEHICTHY MeTUNbOBaHE IHK MigTpvmytoue PennikaLyia AHK

METHAKEBIHHA

H

Puc. 2.1.2. Cxema BcTaHOBJICHHS Ta miaTpuMaHHs metuiatoBanHs JTHK.

JlocuTh JaBHO BiJIOMO, IO JaHi (epMEeHTH (BKIIIOYAIOUHd MeTuiTpaHchepasu
de novo) HeoOXximHi It cTBOpeHHs matepHy MetwmoBanHs JIHK min wac panaboro
pO3BUTKY opranizamy. [Ipore 3ammmanoch JUCKYCIHHMM sK came 0Oe novo
MeTWITpaHc(epa3u BHI3HAIOTH MICIl MallOyTHbOIO METHIOBaHHA. PO3yMiHHS 1HX
npoleciB OyJIo CyTTEBO MOKPAIICHO 3aBASKH YCBIJOMJIEHHIO TOTO, IO CyOCTpaToM
s Hux € HykieocomHa JIHK, Ta mo moaudikaliii riCTOHIB y HYKJIEOCOMI CYTTEBO
BIUIMBAIOTh HA 3/IaTHICTh ITUX (DEpPMEHTIB BUKOHYBAaTH MeTwiroBaHHs de novo (Puc
2.1.3). Pamime BBaxkamocs, mo DNMTI1 O6e3mocepeqHbo0 MOXKe MiATPUMYBATH
BcTaHoBieHu natepH metwintoBanHs JIHK (Puc. 2.1.4), ane 3apa3 Bxke 3p03yMiJio,
o e He Tak, ocKuibku mocTiitHa ydactb DNMT3A ta DNMT3B nHeoOxinHa He
TUIBKK JJIi BCTAHOBJICHHS, ajie 1 JJisd MIATpUMaHHS MeTwioBaHHsA. Kpim Toro,

(GYHKIIOHYBaHHS KOXKHOI 3 TPhOX METHIITpaHc(epa3 HEOOX1THO [Isl eMOPIOHAIBLHOTO
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Ta HEOHATAJbHOTO PO3BUTKY, a MOBHA BIJACYTHICTh METWIIOBAaHHS HECYMICHa 3
KHUTTSIM SIK COMATHMYHUX, TaK 1 PAKOBUX KJIITHH, TOJl SIK Ha J>KUTTE3JATHICThH
eMmOpionansHux cToBOypoBuX KiiTHH (ECK) me ne BmumBae. HemomaBHo Oyiio
npojgeMoHcTpoBaHo, Mo DNMT3A wneobOximna s nudepeHiiamii KpOBOTBOPHUX
CTOBOYPOBHMX KJITHH, IO TaKOX CBIAYUTH Tpo dyHAAMEHTaIbHY poib SMC y
mudepenmianii xrituH xpebetHux TBapmH. Yac mermmoBanHs [IHK de novo B

IpOoLEC] perpecii reHiB J0Cl € MPEAMETOM AUCKYCIH.

Oairovepusania?

HyriaeocomMa

Jdinanea mo miizatacs iIMOpHEATHETY

Puc. 2.1.3. Moaens 3anydenns Mamuaepii metwmoBanas JJHK de novo 3a yuacri
HeMeTriiboBaHoro JisuHy 4 (K4) ricrony H3 (BimTBOpeno 3i 3minmamm 3 Law and
Jacobsen, 2010). N-xinyesuii oomen DNMT3L (na manonky zobpascena sik 3L)
gzaemoodie 3 Hememunvosanumu H3K4, wo npuszeooumsv oo axmuseayii DNMT3A
(300pascena ax 3A4). Birku DNMT3L ma DNMT34 gopmyroms mempamepruii
Komniexkc. HepeoHumu 3ipoukamu NO3HAYeHi AKMUBHI caumu MemuntO8aHHs, SKi
PO3MiWeHi NPUOIUZHO HA 8IOCMAHI 00HO20 6UMKA CHIPAl OOUH 8i0 00H020 (MOOMO
npubauzno 10 no). lIlicna pexpymysanus 00 yitwogoeo caumy 8i00y8aemvcs

ON120Mepu3aisi KOMNJIEKCY.

Metumosanns JJTHK de novo, sik npumnyckanu mie Pirre, Xomnineit ta [1'ro, He €
OCHOBHUM IUISIXOM caiijieHCMHry reniB. CrpaBa B TOMy, IO ISl BCTaHOBJICHHS
3aJIOBUTLHOTO CTaHy ToAaibiioi ekcrpecii reHy SmMC TOBUHHI MiAJSATaTH

JEMETWIIOBAHHIO 3aBJIIKW TMpollecaM, TMOB‘SI3aHUM 3 aKTUBHMM a00 TacUBHUM
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ycyHeHHs MU MeTwibHUX rpyn. [Homyk JIHK nemernna3 OyB gocTaTHBO IOBIHM Ta
CIIOBHEHHMM 0aratboXx (pajibCcTapTiB, ajie Ha ChOTOHI1 BXKE IMPOKO BHU3HAHO, 1110 TaKi

(hepMeHTH I1ICHO ICHYIOTD.

Pemmixanis THK PenaikaTneHa

TP P] -
Metamnosana JTHE | ‘}QDQ] ,

Puc. 2.1.4. Monens, sika onmcye miaTpuMmyrode metuntoBanHs CpG y TBapuH
(BiaTBOpeHo 3i 3minamu 3 Law and Jacobsen, 2010). DNMT/! pexpymyemwscsi 0o pe
nuikamusHoi eunxu 3a paxynok ezaemooii 3 UHRF1 (Ubiquitin-like with PHD and
Ring finger domains 1), sikuu 30amen 36 ’s13ysamuce 3 nanismemuavosanoio JJHK, ma
3 PCNA (Proliferating cell nuclear antigen). ITicis pexpymysannus DNMT I memunioe
opyeuil nanyroe J[HK, nepemeoprworwuu 2emimemuibo8anHuii. cmax y HOGHICHIO

MemuibO8aAHUII.

Y Hu3mi nyOmikaiiid Oyja0 MNpoJeMOHCTPOBAaHO, IO y AUEpeHIioBaHUX
KJIITUHAX aKTUBHE JIEMETUJIIOBAaHHS MOXKE B1JIOYBAaTHUCh, ajie CKOpIIIE 3a BCE BOHO €
JUIICHb €TaroM BXO/DKEHHS KIITHHH B Tporiecu monaury Ta pemaparii JJHK, nix
caMocCTiiHUM MporecoM. Kpim Toro, Oyino mpoieMOHCTPOBAHO, IO Taki (pepMeHTH,
sk TET (ten-eleven translocation; TET), MeTHAUMTO3MH JiOKCHUTeHAa3a,
iHIyKoBaHa aKTHBaIi€cl0 NUTHIMH Ae3amina3za (activation-induced cytidine
deaminase; AID) ta Tumin JIHK-raiko3miaaza (thymine DNA glycosylase; TDG)
3amydeni o0 aktuBHoro (Puc. 2.1.5) Ta macWBHOTO IEeMETHUIIIOBaHHS Ta aKTHBAIIii
reHiB. [iiicHo, iHaktuBaiis TET3 mpu3BoauTh 10 BIJCYTHOCTI JE€METHJIFOBAHHS
caiitiB CpG y KIF090BUX T€HaX pO3BHUTKY, Takux sk Oct4 (Octamer-4 takox Bimommii

sk Poub5fl; tpanckpunmiiiauii dakrop, skumii Oepe y4acTb y CaMOBIIHOBIICHHI
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eMOpIOHAJIbHUX CTOBOYPOBHX KIIITHUH; IIHPOKO BHUKOPUCTOBYETHCS SIK MapKep
HeaudepeHiiioBaHux KiIiThH) ado Nanog (ocHOBHMIA (GaKTOp ILIFOPHUIIOTCHTHOCTI,
3abe3reuye cTaTyc eMOpIOHAIbBHUX CTOBOYPOBHMX KJIITHH) Y 0aThKIBCBKOMY T'€HOMI,

10 IPU3BOJIUTH J0 3aTPUMKHU eMOPIOHATLHOTO PO3BUTKY.
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Puc. 2.1.5. AxtuBHe nemertwnoBaHHs y TBapuH 3a ywacTi JHK-rmikosmnasnoi
aKTHBHOCTI Ta MUIAXY penapariii a30THCTUX OCHOB (BiaTBOpeHO 31 3MiHamu 3 Law and

Jacobsen, 2010).

MeTU/II0BAaHHS CAUTIB MOYATKY TPAHCKPUIIIIIL
Ocobausocmi TSSS, saxi micmamoca 6 CpG-ocmpisysx. binpmiicts CGIS y
COMAaTUYHUX KIITHHAaX TMepeOyBaloTh Yy HEMETUJIOBAaHOMY CTaHi. 3a yMOBHU
poO3TalryBaHHS CAWTIB CTapTy TPAHCKPHIIIi T€HIB, SKi aKTUBHO EKCIPECYIOTHCS, B
CGls, ix mpoMoTOpH 3a3BHYail XapaKTepU3YIOThCA 301THEHMMH Ha HYKJIEOCOMHU

perionamu (nucleosome-depleted regions; NDRs). B cBoro yepry NDRS wuacrto
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¢daHKoBaHI HYKJI€OCOMaMH, SIKI MICTATh pi3HOBUJ rictony H2A.Z Ta mapkoBaHi
TpUMeTHIIOBaHHAM rictony H3 y momoxxenni misun 4 (H3K4me3) (Puc.2.1.6).
Binomo, 1110 piBHI eKcrpecii TeHiB KOHTPOIIOIOTHCS TPAHCKPUIIIIHHUMH (paKkTopaMHu.
[IpomoTopu, sixki MicTaTh CGIl, 1HAKTUBYIOTBCS 13 3aIy4YCHHSM PI3HOMaHITHUX
MEXaHI3MIB, 30KpeMa, 3aBIsSIKU pempecii, OnocepeaKoBaHI OidkaMu Trpynu
Polycomb. Hampukian, reHu, ski KOAYIOTh TOJIOBHI PEryiIsiTOpU €MOpiOHATBLHOTO
po3BUTKY, Taki sk myogenic differentiation 1 (MYOD1) a6o paired box 6 (PAX6),
1HaKTUBYIOTbCA KOMIUIeKcoM Polycomb y emOpioHanbHUX CTOBOYpPOBUX Ta
audepeHuiioBaHuX KIITUHAX. Buine 3rajgaHi reHu XapakTepusyIOThbCS HasBHICTIO
HyKJeocoMu y paiioni TSS, B skiit ricton H3 monudikoBanuit 1o H3K27me3, mio

3a3BUYAal 0B’ A3aHO 3 IHAKTUBALIIEIO TEHIB.

EHxaHcep IHcynsTop

™
“’l{. - W W .. @

papiabencHe GROHYHOTh
METUIOBAHHA 38°A3YBaHHA
CTCF

H2AZ HeraTMBHO
KOPEADE 3
BmicTom SmC

5miC
BTAMBAKITH Ha

lex CTNACHHT
J, 55 1
.f ;q
H3Kdme3 i HZAZ ./ - ",
610K METHAKIBEHHA | Vs \\ ,
de novo NDR obmesye '
METUAKBAHHA DNMT nigrpeayioTs
de nova CTATYC METHAKBEHHA
_ @ H3K4me3 BapiasT ® Mermmroear CpG
@ Dman & ricromie € Bapiabemese MeTamoearss CpG
DNMTZB HOAZ
® HiEimel : Hesmerrmosasi CpG

Puc. 2.1.6. Pons metunmoBanns CpG y peryssiii ekcrpecii reHiB (BiITBOPEHO 3i

3minamu 3 Jones, 2012).
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B Ttoii xe gac, y mpoMoTOpax IeSKuX perpecoBaHUX IeHiB HassBHI METUIILOBaH1
CpG-octpiBui. Taka cuTyallisi mpuTaMaHHa T'e€HaM, SIK1 JIOBTMH Yac mnepeOyBaroTh y
peripecoBaHoMy cTaHi. Hampukiasn, iMOpUHTOBAHI, pO3MIIEHI B 1HAKTUBOBaHIM X
XpOMOCOMI Ta I'€HH, SIK1 eKCIIPECYIOThCSI BUKIIIOUHO y TeHEpAaTUBHUX KJIITHHaX. Taka
cTabumizalliss pernpecoBaHoro crtany MetwioBaHHsAIM CGIs y mpoMoropax Moxke
TpuBaTH mpotarom 100 pokiB XKUTTA (HAIPUKIAJ, Y POCIMH) Ta HE BIUIMBAE Ha
icuyBanHs camux CGls, ockinmpku Oynp-sfiki MOAIT  JAe3aMIHYyBaHHS — ITUX
MOCIJOBHOCTEH y COMAaTHYHUX KJITHHAX HE IMepelaloThCsd Yepe3 TIeHepaTUBHI

TKAaHUHU HACTYITHOMY MOKOJIIHHIO.

Ocobausocmi memunrosanus TSSs noza CpG-ocmpisysamu. Ha BinMiHy Bif
TSSs, sxi mictatecs y CGIs, piBai merumoBanHa CpG-301AHEHUX MPOMOTOPIB
3HAYHO BapilOI0Th. 1TSS TeHIB 3 TaKUMU HIPOMOTOpPAMHU, SKIi EKCIPECYIOThCS ¥y
MEPBUHHUX CTATeBUX KIIITHHAX, € HEMETHWIbOBAHUMH. T1 T€HH, SIKI €KCIPECYIOThCS
BuKIt0uyHO y ECK a60 TkaHuHO-crienu$ivyHO, 4acTo AEMOHCTPYIOTh METUJIIOBAHHS Y
CIepMaTro30ijiax, aje He B SUILEKIITHHAX a00 COMAaTUYHUX KITHHAX. Bimomo, 1o
reHH, AKi KoayroTh TpaHckpumiiiHi (paktopu OCT4 ta NANOG, HeoOXimHi Jyis
NIATpUMaHHS  HeAudepeHiiiioBaHoro craHy CcToBOypoBux KiiTHH. HenasHi
AocaiykeHHs: cBigyarh, 1o npomotopu OCT4 ta NANOG MOXYTh 3a3HaBaTH
aKTUBHOTO JeMeTHIoBaHHA 3a goroMororo AID ta/ado TET3. B Toii ke dac neski
TKaHUHO-CIIeUU(IYHI TEHU IEMOHCTPYIOTh METHIIIOBaHHS y cnepmaTo3oinax ta ECK

Ta I[eMeTI/IJ'II)OBaHi TUIBKHU Y IICBHUX TKaAaHWHAX, B IKUX BOHU CKCITPCCYIOTHCA.

Memuniosanns ma iniyiayia mpanckpunyii. To SKUN BCe K TaKW 1CHYE 3B’ SI30K
Mk MetmmoBaHHsM JIHK Tta inimiamiero tpanckpummii? HasBHI HecmpocToBHI
J0Ka3u TOTO, IO TOYKU CTApTy TPAHCKPHUIMIIii, Ki MicTAThCA B MeTuiIboBaHux CGIS,
HE MOXYTh IHIIIIOBAaTH TpaHCKpumilio micas toro, sk JIHK xommakTtu3yerbest 3a
JOTIOMOTOI0  TICTOHIB. IIMTaHHS MepHIOYeproBOCTI CANIEHCHUHTY YW METHIIIOBAHHS
JHK, npore, noBruii yac 3anumaerbcs BiAKpuTuM. Ille panni ekcnepumentu JIboka

(Lock) 3i cmiBaBTOpaMH 4YIiTKO TIOKa3ajid, IO METHIIOBaHHSA reHy Hprt y
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1HAaKTUBOBaHIN X-XpoMOCOMi BiJOYBa€ThCS MICHs 1HAKTUBALli caMOi XPOMOCOMH.
[HmMMKM cnoBaMu, METWITIOBaHHS, SIK€ BBAXKAEThCS 3aMUKauyeM, HACIpaBil JUIIe
MIITPUMY€E PpaHiIIe caiieHCOBaHUM cTaH TeHIB X-xpomocomu. binbmricte CGls B
ayTOCOMHHX TI€HaxX 3aJMIIAIOThCS HEMETHIbOBAHUMH Y COMATHYHUX KIITHHAX.
Hesenuka kiabkicTh 1ux ocTpiBiiB (<10%), METHIIIOETECSA Y HOPMAJIbHUX TKaHUHAX
Ta KJIITHHAX, IPOTE Yac METHIIOBAHHS (8 NOVO BiTHOCHO CAMJICHCHHTY JIETAILHO HE
AOCHKeHUH. SIK 3a3Hayanocs BHILE, HEMIOAABHI JOCITIIKEHHS CTOCOBHO POl
DNMT3A y nudepeniiaiii cToBOypOBUX KJIITHUH KICTKOBOIO MO3KY IiTHIMAOTh
MUTaHHS CTOCOBHO YHIBEPCAJBHOCTI JOBTOCTPOKOBOI «MOJENI 3aMuKayay. Y
3rajianii  po0OOTI TO0Ka3aHO BHU3HAYAJIbHY pOJb METWIA3W y audepeHmiamii
KOPOTKOKMBYYUX THUMIB KITHUH. TakuM YHUHOM, LUJIIKOM MOXJIHUBO, IO POJb
metumioBanHs  JIHK B imimiamii 1mporo mporecy He OOMEKYEThCS — JIUIIIE
CalJICHCUHIOM.

[ToBHOT€HOMHI JOCIIDKEHHS, 3[[IHCHEHI Ha TKaHWHAX IMYXJIMH, MOKa3aJH, 1110
rean 3 CGIS y npomoTtopax, siki Bxke caitiencoBaHi komiuiekcom Polycomb, Oimbrm
4acTo, HK 1HII, MiAal0ThCcsl MEeTUIIOBaHHIO. [leit (hakT cBiuuTh HA KOPUCTH TOTO,
0 npuHaimi y Bumagky 3 Oimkamu Polycomb, pemnpecis reHiB mepeaye ix
MeTHIIOBaHHIO. L1 JaHi cBIqYaTh MPO HEOITHO3HAYHY POJIb METHIIIOBAHHS B PEryJIsiii
ekcrpecii reriB. KpiM Toro, BUsIBIEHO TKaHUHO-CHEU(IYHI 3MIHH Y (DIaHKYIOUHX
nocmiaoBHOCTAX CpG-octpiBmiB. [lpoTe Hacminku Takux momudikaiiid me He 10
KiHIg 3po3ymimi. Jlani momo wacy wmetwmoBanHsa JIHK Bigmosimarote  ijei
METHIIIOBaHHS, SIK€ HAJa€ JI0JAATKOBOIO PIBHS CTAOUIBHOCTI €MIr€HETUYHOMY CTaHY.
[{ikaBo, 110 METWUJIIOBaHHS MPAKTUYHO BIJCYTHE Y HHU3KA BHUIB, BKIIOYAIOYH

Drosophila melanogaster ta ngpixmki.

36’130k mixc mpanckpunyiclo ma memuniosannsm de Novo. YV mioHepChKii
po6oti Ooi (O0i) 3 cmiBaBTOpaMH IMOKa3aJd, M0 MPOIeC METUIIOBaHHS de NOVO y
KJIiTHHAX, ki ekcnpecytorh DNMT3L (1o € kaTtamdiTHYHO HEaKTHBHUM T'OMOJIOTOM
DNMT3A ta DNMT3B), BinOyBaeThCcsl 32 JTONMOMOTO TETPAMEPHOTO KOMILICKCY,

KM CKJIQIa€ThCs 3 JBOX MOJIEKYJ KoxHOI metmnrpanchepasu (DNMT3A2 ta
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DNMT3L), i #ioro ¢yHKIiOHYyBaHHS OTpeOy€e HASBHOCTI HyKIeocomHu. Tak, BiZomo,
o akTUBHI TSSS 30iIHEHI HAa HYKJICOCOMH, a OTXKE, Ha LMX MISHKAX BIJICYTHI
YMOBH Ui METHIOBaHHs d€ NOvO. Pawime Oyio mokazaHo, MO y AUCTAIBHOMY
eaxadcepi reny OCT4 Ta mpomoropi reHy NANOG mim wac mudepenriarii
3’SIBJISIETHCS TEpIIa HYKJIEOCOMA, 110 B CBOK YEPry MPHU3BOAMUTH A0 PEKPYTYBaHHs
DNMT3A Ha 1110 HyKJIeOCOMY Ta HACTYITHOTO METHJIFOBaHHs de NOVO.

Kpim Toro, y miifi poboti Oyno mokazaHo, IO METWIOBaHHsS (e NOVO He
B1I0YBa€ThCS, KO TICTOHU HYKJICOCOMH MOJU(DiIKOBaHI y monoxeHHsx H3K4me?2
ta H3K4me3, sxi acoriiioBaHi 3 aKTUBHUMH T€HaMH. | B3arami, HyKJI€OCOMH, fKi
bnaHKylOTh 301JHEHUM HaA HUX CaWT MOYaTKy TPAHCKPHIIII, YacTO MICTAThH
monaupikarmito ricrona H3K4me3 Tta Bapiant ricrony H2A.Z. Obunsa BapiaHTH
TiCTOHIB XapakTepHl Ais AUIAHOK 3 BiacyTHicTio metwmoBanHs JIHK. HasBaict
H3K4me3 y muiieir, MOXKIUBO, MATPUMY€EThcs mpucyTHicTio 0iaky CXXC finger
protein 1 (CXXC1; Takox Bimomuii sk CFPl). lleit Oimok 3amydae
MetuwiTtpancepasy H3K4 y mneBHMil perioH, TakMM YHHOM PO3Mi3HAIOUYU
HYKJIEOCOMH, sIKI  (IaHKYIOTh  KJIIOYOBY  HYKJIEOCOMY 3  BIANOBIAHUMH
MouGIKaIliIMA TiICTOHIB Ta MICTATh HECYMICHI 3 MeTHIIOBaHHSAM de NOVO MITKH.
Kpim Toro, HemerunsoBanuii crtaH CpG-ocTpiBLIB Takoxk 3a0e3MeuyeThes
npucyTHicTio Oinmka TET1, sxuit Oyno 3HalfeHO y BeIMKIA KUTBKOCTI T1SSS y
nmpoMoTopax 3 BucokuM BMictoM CpG. Ilepenbavarots, o 6110k TET1 mepeTBoproe
Oynp-siki SMC y 1npoMy perioHi Ha S-TIAPOKCUMETHILMTO3UH. OTXe, CTPYKTypa
aktuBHUX CGIS 3a6e3neuye iX miATpUMaHHS Yy HEMETHJIOBAaHOMY CTaHi.

3BUYaiiHO, HE BCl TeHH 3 nmpomoTopami, siki MicTath CGls, ekcnpecyroTbes B
eMOpIOHAJIbHUX CTOBOYPOBUX KIITHHAX, OCKUIBKM JEKOTPl 3 HHUX CYNPECYIThCA
xomouiekcom Polycomb. TToctae mutanHs, YoMy ) BOHH HE METHIIIOIOTHCS e NOVO?
BianoBige Ha 1€ 3anUTaHHS IMOBIPHO JIEXKHUTHh Y TOMY (DaKTi, IO Takl TPOMOTOPHU
MICTATh aHTaroHicTruHi Moaudikamii H3K4me3 ta H2A.Z 1 Takox IOB’s3aHi 3
6inkom TETI, mo i 3a06e3neuye BiacyTHICTh y mux perionax SmC. [Ipunyckaerbes,

10 1Ie¥ 3aXUCT BIACYTHIN y BUnaaky iMmoptaiizaiii, a CGls cratoTe qyxe 4yTIuBUMU
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70 MEeTHIItOBaHHS e NOVO, i Taka YyTJIMBICTIO 3pOCTa€ Iie OLIbIIE MPU MOJANBIIIHI
OHKOJIOT14HIN TpaHchopmalrrii.

3riIHO 3 JaHOI0 MOJICJUTI0, YHUM BHIIUM € pPIBEHb EKCHpecii, TUM MEHII
imoBipHe MetmmoBaHHs de novo CGIs y mpomotopi. Ha migTBep KeHHS I[HOTO
MOJIOKEHHSI ICHYIOTh Oe33amlepeyHl JI0Ka3u, a caMe y BHUIIaJKaX MOHOAJIEJIbHOIO
metumoBaHHs CGls MeTmmoeTbes nepeBakHO TOW ajelb, PIBEHb €KCHpecii SKOro
Hwkunii. Hampuknan, mnokazano, 1o anens reHy MLHL1, skuit  micTuth
OJIHOHYKJICOTHJIHY 3aMiHy Yy MPOMOTOpPi Ta € MEHII aKTUBHUM IOPIBHSIHO 3 OLIBII
MOIIMPEHUMH aJleNIIMHU, y €KCIHepUMEHTaxX M0 TpaHCc(eKii uyacTile 3a3Hae
METWJIIOBAaHHS y COMAaTHMYHHMX KJIITHHAX TMPEJCTaBHUKIB CiMEH 3 OHKOJIOTTYHUMU
XxBOpoOamu. 3 iHIIOr0 OOKy, € MPUKIAIXA 1 TOTO, IO MEHII AaKTUBHUN alielb 3
OLITBIIIOI IMOBIPHICTIO 3a3HA€ METWIIOBaHHS (€ NOVO. AJIbTepHATHBHUI ClieHapiit
omucanuii y Bunaaky anens reny RIL (takox Bimomoro sk PDLIM4), skuii
XapaKTepU3y€eThCs MOMIMOP(PIZMOM y MPOMOTOpI, IO CTBOPIOE IOJATKOBUM cailT
3B’SI3yBaHHA JJI1 TpaHCKpuIiiiHoro ¢akropa SP1 a6o SP3, mepenbauae MeHIny
AMOBIpHICTh MeETWJIIOBaHHA (€ NOVO, HiDK ajieni, SAKUM Ied momMopdisM He
nputamanHuii. JlomatkoBi caiitm  mms SP1, Tmm  camumMm, 3a0e3medyroTh
PE3UCTEHTHICTB IBOTO AJICNIIO 0 METUIIIOBaHHs e NOVO. [IpoIeMOHCTPOBAHO TaKOK,
10 BKa3aHUU TeH 3 JOJATKOBUMH CalTaMH 3B’ A3yBaHHS TPAHCKPUIIIHHUX (aKTOPIB

HE JIEMOHCTPYE IMiIBUIIICHHS PIBHS €KCIIPeECii.

MeTn/Il0BaHHA KOAYI0Y0l YACTHHHU I'eHa

binbiricTe KoayrouuMx NOCHIIOBHOCTEH TeHiB 30imHeHi Ha CpG, ane, He
JUBIISIYUCH HA 1€, BOHU METUJILOBAHI Ta 1HKOJIM MICTATH MOBTOPHU 1 HABITh MOO1ILHI
reretnuri enementd (MI'E). MerumoBanns caiitiB CpG y ek30Hax — OCHOBHHIA
YUHHUK BUHUKHEHHsa TpaH3uliii C—T, ski peami3oBylOThcs y MyTamii. Y
repMiHATUBHINA TKaHWHI TaKi MyTallli MPU3BIOATH IO 3aXBOPIOBAHb, & Y COMATUYHUX
KJIITHHAX - JI0 OHKOJIOTIYHUX TmepepokeHb. Sk BkasyBamocs Bume, CGIS
pPO3TaIIOBYIOTECS Y MPOMOTOpPAaX TEHIB, KpPIM TOTO iX 3HAHACHO y KOMYIOUHUX

MOCJIIIOBHOCTSIX TEHIB Ta y MIKTCHHHMX MpoMikkax. He3Bakaroum Ha Te, MmO iX
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GbyHKIIT 3amuImaTeCsS HEBIMOMHUMH, Bimomuii TeHeTuK Anpian beopn (Adrian Bird)
BUCJIOBUB TPUITYIIEHHS, IO Il PET1IOHU MOXYTb SIBIATH COOOIO IMOCIIIOBHOCTI, SIKi
CIyryBaiu TmpoMoTopamu (Orphan promoters) Ta MoOrim BHKOPHUCTOBYBAaTHCH Ha
paHHIX eTanax po3BUTKY Ta HE METUJIIOBAIHNCH y 3apOJIKOBIM JiHIi, caMe TOMY y HUX

iATpUMY€EThCs BUCOKUM BMicT CpG.

Memuntosanns KOOyIOYOi YacmuHu 2eHi@ ma BIOCYmHICmb penpecii  ix
akxmuenocmi. BigoMo, 110 METHIIIOBaHHS KOAyrouoi dactuHu TeHa (gene body)
MPUTAMaHHE TOCTIIOBHOCTSAM, SIKI TPAaHCKPUOYIOThCsA. Bucoka mo3uTuBHA KOPEIALis
MK aKTUBHOIO TPAHCKPUIILIEID Ta METUJIIOBAHHSAM KOAYIOUOI YAaCTUHU reHa Oylia
MoKa3zaHa JJs TeHiB X-XpOMOCOMH 3a JIONOMOTO0 OiCylb(ITHOIO CEKBEHYBAHHS
TCHOMIB POCJHMH Ta TBapuH 3 BHKOPHUCTaHHSAM MeTOoay <«apobosuka» (Shotgun
sequencing). Binbmricte Koayrouux yacTHH reHiB He micTaTh CGls, a y Bumaaky,
komu CGIs posramoBani y cepeauHl TEHIB, BOHHU, 3arajioM, BBaKaJIHUCS
HeMeTwiboBaHUMH. OfHAK, HEIIOJIaBHO MPOJIEMOHCTPOBaHO, 1m0 Maibke 34% Bcix
BHyTpiliHbOreHHuXx CGIS MeTusnboBaHI y KIIITUHAX TKAHWH TOJOBHOMY MO3KY
JTOIUHU. POJIb IIOTO METHIIIOBAHHS, SIKE € TKAHUHO-CIICIU(BIYHUM, JI0 KiHII e He
3’sacoBaHo. IlpukmerHo me ¥ Te, mo TSSS y Takux BHUMNAAKaX MEPEBAKHO
3aJIMIIAIOTHCS HeMeTuiIboBaHUMU. KpiMm Toro, mokaszaHo, mo BHyTpimmHborenHi CGIS
€ caliTaMHi METHJTIIOBaHHS (€ NOVO y pakOBUX KIIITHHAX.

MetumoBannss CGIS y komyrouiii 4YacTHUHI TeHa HE TIPU3BOJUTH [I0
OJIOKYBaHHsI €JIOHTAIlll TPAaHCKPHUIIIII He3BaKarouu Ha Te, 1o MmetwiboBaHi CGIS
mapkoBani H3K9me3 Ta acoriiiioBani 3 6imkom MECP2 (methyl-CpG-binding protein
2), sKi 32 YMOBH TpPHCYTHOCTI y TSSS € 03HakamMu XpOMAaTHHY 3 PEMpPECOBAHOIO
TpaHckpumiiiero. OmucaHa CHUTYyallis BUTIAIAE€ TApaJOKCAIBHOI,  OCKUIBKH
METUJIIOBAHHS TMPOMOTOPIB OOEPHEHO KOPENIOE 3 TPAHCKPUIILIEID, TOMAl SIK
METHJIIOBaHHS KOIYIOUH MOCIIJOBHOCTEN Ie€HIB MO3UTUBHO KOpetoe 3 Hero. OTxe, y
CCaBIliB YYTJIMBOIO [0 CaWJEHCUHTY, chpudyuHeHoro MetwioBaHHsM JIHK, e
1HILIaLis] TPAaHCKPUIILIi, ajie He 1i esoHrauis. Ha BigMiHy Bij ccaBliB, y TpUOiB BUAY

Neurospora crassa MeTWJIOBaHHS IMTO3MHY Yy KoHTekcTi CpG abo iHmmx
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MOCIIIIOBHOCTEH OJIOKY€e caMme eJIOHTallll0 TPaHCKPUIMIi, ane He 1 iHiuianioo. Tomy
MOHa CTBEP/KYBaTH, III0 HE cama Mo co0l mpucyTHICT, SMC BIUIMBa€e Ha MPoOIIEC

TPaAHCKPUIIIIi, a O17IbIIIe KOHTEKCT B IKOMY BIH 3HAXOJUTHCH.

Moowcnusi gynxyii memunrosanus Kooyouoi wacmunu 2ena. SIka x (QyHKIA
METWJIIOBAaHHS KOJYIO4Oi YacTUHU TreHy, sika He wictuth CGIs? Cnouatky
BBAXKAJOCSA, LIO0 METUJIOBAHHA TOJIOBHUM YHMHOM € MEXaHI3MOM CalJIeHCUHTY
enemenTiB JIHK, ki MOBTOPIOIOTHCS, TakuxX K peTpoBipycu, enementa LINEL, Alu-
€JIEMEHTH Ta 1HIII, 1 OJIOKYy€E 1HILIALII0 TPAHCKPHUIIIT IIUX €JIEMEHTIB, JOIYCKauu
TPAHCKPHUIILIIO T'eHy-Xa3siHa.

Takox Oyno0 BHCIOBJICHO TMPUITYIICHHS, M0 CcaM TMPOIEC eJIOHTaIlil
TpaHCKpuMilii Moxe crumynoBatu MetwmoBanHs JIHK, a momuduxaris N-xiis
ricrony H3 y mnonoxxenni H3K36me3, sika Takox acolliifoBaHa 3 €JIOHTaIII€lo,
BiNOBiAae 3a 3amyudeHHHs y ued mponec JHK-merunrpancdepas (Puc. 2.1.5).
IToBHOreHOMHI TOCTIKEHHS MoKa3au, 1o MetuitoBanns JIHK y koayrodiit yacTuH1
reHa MOJKE BIJIITPaBaTH POJIb y PEryislii CIJIAHCHHTY, OCKIIBKM €K30HW OLIbII
METHJIbOBaH1, HIK 1HTPOHH, Ta MEPEXOAN B PIBHI METUJIIOBAHHS 3yCTPIYAIOTHCS HA
MEX1 €K30H-IHTpOH. KpiM TOro, eKcrnepuMeHTH I0JI0 MO3UIIIOHYBaHHS HYKJIEOCOM
CBIUaTh, IO E€K30HM MICTATh OUIBLIY KUIBKICTh HYKJIEOCOM Yy TMOpPIBHSHHI 3
iHTpoHamu, a HykieocomHa J[HK, sk Bimomo, wacto metwimoerbes. [lokazano, 1o
3p’s3yBanHss CTCF (CCCTC-binding factor; tpanckpunmiiinuii (GakTop, SKHi
3ay4eHul Y IPOXOKeHHsI 0araTboX MPOIIECiB, TAKUX K PETYIISILIs TPAHCKPHUIIIIT Ta
peryJiAiis 1HCYJSTOPIB) B KOHKPETHOMY CaMTl 3aJICKUTh BiJl PIBHS METHIIIOBaHHS
JIHK. Ockinbku Take 3B’SI3yBaHHS MPU3BOAWTHL JO 3yNMUHKA y pobori PHK-
nomimepasu |1 (RNAPII), mo y cBoro depry 3amyckae CIuiaiicCHHT, TO MOXKHA 3pOOUTH
BUCHOBOK, 1m0 MeTwioBanHs J[HK onocepenkoBaHo TMOB’s3aHO 3 MPOILIECOM
crutaricuury. OTxe, oHI€l0 3 QYHKIINA METHIIOBAHHS KOAYIOUOl YaCTHHH T'€HYy 11032
CGIs moxxe OyTH MepeKTFOYEHHS PEKUMIB CILIAWCHHTY.

Braxkanocs, mo TSSS Ta Koayroul YaCTUHU T'eHIB - 11€ OKpeMi (yHKIIIOHAIbHI

OIUHUII TeHoMy. Bimomo, mio iCHyIOTh T€HHM, SKI MarlOTh MPUHANWMHI IBI TOYKHU
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CTapTy TpPAHCKpUIIIi, NpU [HOMY OJHA 3 HHUX 3HAXOJUTHCS B Mexkax
TPAHCKPUIILIMHOI OJIMHUIIL, IKa KOHTPOJIIOETHCS 1HIIUM. AJBTEPHATUBHI MPOMOTOPHU
MoxyTh Oyt CGIS mocnioBHICTIO, a00 Hi, a00 JIMIIIE OJUH 3 HUX MOXE SBIISATH
co0oro0 BKazaHui ocTpiBellb. CaMe TOMY HasBHICTh aJIbTEPHATUBHUX CAaWTIB MOYATKY
TPAHCKPUMINT  YCKJIQJHIOE IHTEPIPETAIil0 Pe3yJbTaTiB  EKCIIEPUMEHTIB IO
BHU3HAUEHHIO 3B’3Ky METUJIIOBAHHS 3 €KCIIPECIEIO TeHIB. TakKuM YMHOM, METHIIFOBAHHS
JHK wMoxxe OyTH MexaHI3MOM KOHTPOJIO albTEPHATUBHOIO BHKOPUCTAHHS

IIPOMOTOPIB.

IH1i peryJIATOPHI eJieMeHTH Ta METHJIIOBAHHS

Memuniosanns euxancepie. EHXaHcepH, sKI MOXYTb pO3MIIIYBAaTHUCA Ha
pPI3HUX BIACTaHAX BIJ MPOMOTOPIB, € KIIOUOBUMH y KOHTPOJII E€KCIIpecii TEHiB
IPOTITOM PO3BUTKY Ta (DYHKIIIOHYBaHHSI KJITHH. 31€OUIBIIIOT0 BOHM 301AHEHI Ha
nocnigoBHicTh CpG, TOMYy METHIIIOBAHHS LIUX PETYISATOPHUX CAWTIB TOCIHIIKYyBaIH
3a JIOTIOMOTOI0 MOBHOT€HOMHOTO aHaJli3y METWJIIOBaHHS (Tak 3BAHOTO METHUJIIOMY Y
CCaBIIiB Ta POCJIMH). 3arajioM y IIUX PerioHax CIOCTEPIraeThbCsl TEHCHIIIS 10 TOCUTh
BapiabenpHOoro MetwmoBanHsa. Cramnep (Stadler) 3i cmiBaBTOpamu mpu BHBUYEHHI
€HXaHCEpIB y TEHOMI MHUIIEH NPUNYCTHIM, IO II PEriOHH € «perioHamMum 3
He3HAYHHUM MeTwiIwBaHHaAM» (low-methylated regions; LMRs) (Puc 2.1.6).
OCK1TbKM KOHKPETHHUM LIUTO3UH MOKe OyTH a00 METHIILOBaHUM a00 Hi, TO Y BUMIAAKY
munaykieotuny CpG  oaMH 3  LMTO3WMHIB MOXE OYTH METWIhOBAaHUM, a
KOMILJIEMEHTAapHUH TyaHiHy - Hi. HacmigkoMm mporo € Te, 1o METHUIIOBAHHS CaWTiB
CpG saBnsie cob0 IMHAMIYHUNA MPOIEC, OCKUIBKM (DEPMEHTH METUJIIOBAHHS Ta
JEMETUIIIOBAaHHA KOHKYPYIOTh 3a HuUX. OJHOYACHO 1€ MPHU3BOAMUTH JI0 TOTO, IO
cTaTyc MeTwioBaHHA KoxkHoro CpG He Moke O€3MOMIIIKOBO MiATPUMYBATHCS
NpOTIAroM Moy KiiThuHM, came ToMy LMRS MoxyTe dopmyBaTucs BHaAcCIigoK
NOMMJIOK y criagkyBaHH1. Hanpukinaz, y pi3Hux migrunax T-KIITHH BUSBJICHA BEJIMKa
KUTbKiCTh audpepeniniino merwanoBanux perioniB (differentially methylated

regions; DMRS), siki HajexaTh 10 CHXaHCEPIB TeHIB qudepeHiiamii. 3 TOYKH 30py
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¢bynkii, metunroBanHs caiTiB CpG MoXe MPU3BOIWTH 10 3HIKCHHS aKTUBHOCTI
CHXaHCEPIB MPHU 3aCTOCYBAaHHI METOy peHOpTepHUX reHiB (reporter assay).
BHCHOBOK Mpo BIUIMB METHJIFOBAaHHS KOHKPETHOTO €HXaHCepa Ha HOTro
byHKIIIO TPYHTY€ETHCS Ha BUBYCHHI OLIKIB, AK1 BHU3HAYAIOTh
METWJIIOBaHHS/IEMETUIIFOBaHHS 1IUX perioHiB. IIpoTe, 3BS’30K MK METHJIFOBAHHSIM
CpG Ta 3B’A3yBaHHAM TPAHCKPUNIINHUX (QAKTOpPIB HOyXE CKJIAJHUH, TOMY

OCTAaTOYHE PO3YMIHHS IIUX MPOIIECIB MOTPEOYE MOMATBITUX TOCIIIKEHb.

Memunroeanns 6 medcax iHCyIAmMopHux nociioosnocmeti. ITHCyasiTopu - 1€
€JIEMEHTU TE€HOMY, K1 OJIOKYIOTh B3a€EMOJII0 €HXaHcepa Ta mpomortopa. HaitOinbim
JOCIIKEHUM IpUKIaoM Bu3HaueHHHs nocnigoBHocteil JJHK, siki po3ramoByoTbes
MIX JIBOMa 1HCyisiTopamu € 3B’si3yBaHHA Ounka CTCF, skuit Mae copiHEHICTb J0
PI3HUX HYKJICOTHUAHUX TociaigoBHocTe. Bimomo, mo 3B’s3yBanHs CTCF B Mexax
imopunTtoBaHoro Jokyca IGF2-H19 koHTpomioe B3aeMOJil0 €HXaHcepa Ta
nmpomMoTopa IuX TeHiB. MertumoBaHHs caity 3B’sa3yBaHHsS CTCF y mpomy sokyci
0JIOKy€e 3B’sI3yBaHHA OlJIKa, TAKUM YMHOM peEryiroround podoty jnokycy (Puc. 2.1.6).
Takox moka3zano, mo 38’ s3yBanHst CTCF 3 5 ex3oHOM TreHa, sikuit koaye 6110k CD45,
iHrioyeThcss metwmoBanHsM JIHK, BmnmuBaroun Ha crumaiicusr. JlocmimkeHHs
CTOBOYypOBUX Ta Au(depeHIIoBaHUX KJIITHH y MHUILIEH NPOJEMOHCTPYBAJIO, L0 B
MeXax perioHiB, Oiqaux Ha CpG, meTwimtoBaHHs He BIutHBae Ha 3B si3yBanHs CTCF 3
perioHaMH IUMHU TOCHIJOBHOCTSAMH, X04Ya, MOJXJIMBO, IO CaMe 3B’S3yBaHHS
NPU3BOAUTH [0 JIOKAJIBHOIO JEMETHIIIOBaHHS. 3 ypaxyBaHHSM BHIIECKa3aHOTO
MOCTa€e MUTAHHS I0/I0 iICHYBaHHS 3arajJbHUX MPaBWII BIUIMBY METHIIIOBaHHS B caiiTax
3B’si3yBanHsg CTCF Ha ioro B3aemomito 3 HUMHU. Tak, Xxo4a iCHY€E CiM MOTCHITIHHUX
cautiB 3B’s3yBanHs CTCF y mpomoropi rema H19 mromunu, numie oauH 3 HUX

JIEMOHCTPYE 3ajIeKHe B1Jl 0aTbKIB METHUITFOBAHHS.

MermiawBanns JTHK Ta MexaHi3sMu iHakTHBalil IPOMOTOPIB
Mexanizmu iHakTuBaiii CGl-nmpomoTtopis 3a gomomororo metuntoBanus JJHK

no0pe mociimkeHi. SIK  BiIOMO, METUILOBAHUN MPOMOTOP XapaKTEPHU3YEThCS
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HAsSIBHICTIO HYKJIEOCOM y paioHi TSS, siki HecyTh penpecuBHy MiTKy H3K9me3. s
MITKa CTaOUII3yeThCsl OUIKaMu, SKI 3B sA3ylOThbes 3 MeTuwiaboBaHow JIHK, mio
MPU3BOJUTH, Y CBOIO YEPTY, 10 PEKPYTYBAHHS Y PETIOH JI€alleThIa3 rCTOHIB.
[TuTaHHs BIUIMBY METHIIIOBAHHS Ha €KCIPECIIO TeHiB 3 mpoMoTopamu 6e3 CpG-
OCTPIBIIIB 3QJIMIIAETHCSA BIAKPUTHM. OCKIIBKM TPAHCKPHUMIIKHHI (DAKTOPH MOXKYTh
3B’A3yBaTHUCh 3 METWIbOBaHUMU mnociaigoBHocTaMu JIHK, 1o, B cBoto uepry, moxe
OPU3BOJAUTU IO TACHUBHOTO JEMETWJIIOBAHHS IIMX PETIOHIB, 3aJIMIIAETbCS HE
3pO3YMUIMM, UM 3MIHH B METWJIIOBAHHI € PE3yJIbTaTOM 3B’A3yBaHHs IMX (DAKTOPIB,
abo, HaBMaKW, Take 3B’SI3yBaHHS MPU3BOIUTH 10 CTalLIi3alii TPaHCKPUIIIHHO
HEaKTUBHOTro crany. OHaK METUIIOBaHHS perioHiB 0e3 CPG-ocTpiBIiB MOXKE MATH 1
OpsIMUI BIUTUB Ha 3B’SI3yBaHHS TPAHCKPUIMLIMHUX (PAKTOPIB 3 calTaMHU-MILICHSIMHU.
Hanpuxnan, 38’s3yBanns Oinka MYC 31 cIOpiAHEHOIO TOCTIIOBHICTIO 1HT10Y€EThCS
npucyTHicTio 5MC, ane Takuil pe3yJbTaT HE BCTaHOBJIEHO Mpu 3B’si3yBaHH1 SPI.
[ToBHOTE€HOMHI JTOCIHIKEHHSI MOKa3and, 1o MetwitoBaHHs CpG y meBHUX caiTax
BIUIMBA€E Ha 3B’SI3yBaHHS TPAHCKPUIIIMHUX (DaKTOPIB 3 HUMHM, OJIHAK KOHKPETHHUX
MEXaHi3MiB TaKOTO B3a€MO3B’SI3KYy IMOKM 1[0 BCTAaHOBUTH HE Branocs. Hampukian,
nokazano, mo y ECK monunu Maiixe 3aBxau He Bi10OyBaeThes 3B si3yBaHHs OCT4 3
caliToM-MillleHHI0, kosii icHye MeTuatoBanHsa JJHK y Mexxax 100 mH 3 060X O0OKiB Bijf
nocaigoBHOCTI-MimeHi. OnHak, skmo caiT-BmizHaHHs OCT4 nHe wmictuth CpG,
MeXaHi3M 1HT10yBaHHs TaKoro 3B’ SI3yBaHH 3JIMIIAETHCS HE 3pO3yMUIUM.
[limcyMmoByrOUM BUIIEBUKIaACHE, CHOPMYIIOEMO OCHOBHI TMOJOXXEHHS II0JI0
METHUJIIOBAHHS y CCaBIlIB, SIK BXXKE€ OCTATOYHO 3‘SICOBaHI, TaK 1 Takl, 10 MOTPEOYIOTH

IIOJAJBIIOIO ITOACHCHHA.

Omxe, BCTAHOBJIEHO, IIO.

- binemicts CpG-ocTpiBIiB HEMETHIIHOBAHI, KO BOHU PO3MIIIIEHI Y TOUKax
noyatky Tpanckpumiii (TSS).

- MetumoBanas CGl y TSS moB’s3aHO 3 MOBroTpUBaIUM CailIeHCHHTOM

reHy (Hampukiaj, 1HaKTUBALlsl X XPOMOCOMH, T€HOMHHUN IMIPUHTHUHT,
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pernpecis TeHiB, sIKI eKCIPECYIOThCs TUIBKH Y 3apOJIKOBIH JiHIT, Ta TKAHUHO-
creru(piYHUX TeHIB).

CGls y Mexax KOAYyH4Ooi MOCHIIIOBHOCTI TI'€Ha TaKOXX I1HKOJW TKaHUHO-
crienu®igHO METUITIOIOTHCS.

MetunoBaHHs TTOCHIOBHOCTEH, B Skux CPG oCTpiBIIIB BiJICYTHI, € OUIbIII
JUHAMIYHUM Ta OUTBII TKaHWHO-criendigauM 3a meTmtoBanHs CGlIs.
MetmmoBanHst OJOKye 1HIIIAIII0 TPaHCKpHUIILIi, ane He OJoKye ii
enoHramito (mpore y rpubiB N. crassa omnucaHo MNPOTHICKHUN
B3a€MO3B SI30K).

MetwmoBandss MI'E  iHakTuBYye 111 €JIeMEHTH, ajie He BIUIMBAE Ha
(YHKIIIOHYBaHHS T€HIB Xa3siHa B CyC1IHIX HYKJICOTHIHUX MOCIHIJOBHOCTSIX.
MeTtuntoBaHHsT KOJIYHOYOi TIOCHIIOBHOCTI TE€HA CIPHUS€ BHHUKHEHHIO
COMAaTUYHHMX Ta TCHEPATUBHUX MYTaIii, sIKi MOXYTb IPHU3BOJUTH 0

OHKOJIOTTYHHX 3aXBOPIOBAHb.

[ToTpebye nmoganbHUX JOCHTIIKEHb!

B metuntoBanns y ButbHUX Biff CGIS moCmimoBHOCTSIX Ha aKTUBHICTh
T'eHIB.

Oyukuii metrmoBanHs y konTekcti CHG tpunykneotuais (ne H — e A, C
a6o T).

Posb akTHMBHOTO Ta MACUBHOTO AEMETUJIIOBAHHS y aKTHBAIIi]l TeHiB.

OyukIii «OeperoBoro» («shore») MeTHUITIOBaHHS.

Uu BruMBae METHIIIOBaHHS TIOCHIJIOBHOCTEH T'e€HY Ha CIUIACHHT MOro
IPOAYKTIB?

Ponb 5-riapoKCUMETHITIOBaHHS HYKJIEOTHIHUX MOCIHIJOBHOCTEH B KIITHHAX
TOJIOBHOMY MO3KY Ta 1HIIIUX TKaHWH.

Ponp MeTmmioBaHHS y (PYHKIIIOHYBaHHI €HXAHCEPHHUX Ta I1HCYJISTOPHUX
€JIEMEHTIB.

[ITo nepBUHHO, CAMJICHCUHT YA METUJTFOBAHHS ?

41



2.2. TIOCTTPAHCJISILIINHI MOJU®IKAIIIT TICTOHIB

BigToni sx Ha mouatky 1960-x pokiB BuilIa MmoHEpchka poOoTa BiHceHTa
Ondpi, no6pe BiIOMO, IO TICTOHU MIAJIATAIOTH MOCTPAHCIAIIHHUM MOIU(DIKAITISIM.
Boxe onrcaHo BeIUKY KUIbKICTh PI3HOMAHITHUX MOCTTPAHCAsANiHNX Moaudikanii
ricroniB (IITM) (Puc. 2.2.1). Po3yminHs Toro, sk Mojmudikarii BIIIMBAIOTH Ha
CTPYKTYPY XPOMAaTUHY, IPUHIIILIO 3 PO3KPUTTAM CTPYKTYypHU Hykieocomu y 1997 pori
3a JIOIIOMOTOK PEHTIeHO-CTPYKTypHOro amnamsy (the high-resolution X-ray
structure). Ili poGorm 3acBigumiau, 1o (Bucoko)-ocHoBHI (highly basic) N-
TepMiHAJIbHI AMiHOKHCJIOTHI XBOCTHM TICTOHIB BUXOJSThH 31 CBOiX HYKJICOCOM Ta

KOHTAKTYIOTh 3 KOMIIOHEHTaMH CYCIJIHIX HyKJI€OCOM.

C-kiHeus

C-kiHeus

M-kiseus

F 4 a H2A  H2B

M-kiseus

Ac Ac

ke

Hl C-kineus

C-rimsyb
K26 Ac/Me
53 Fh

M- kineue .
u C-miHeus

Puc.2.2.1. Iloctrpancnamiiini Moaudikaiiii TiCTOHIB.

3po3ymisio, mo Moau(iKyBaHHS ITUX XBOCTIB BIUTMBATUME HA MI>KHYKJICOCOMHI
B3a€EMOIii, a 11e, B CBOIO Yepry, MPU3BOJUTHME JO 3MiHH CTPYKTYpH XPOMATHHY B
oMy, Moaudikamii He TUIBKH caMmi MO €001 3MIHIOIOTH CTPYKTYpPY XpPOMATHHY,

BOHU 3JIaTHI TaKOX PEKPYTYBaTH PEMOIYIIOKYl OUIKH, SKI BUKOPHUCTOBYIOTh
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eHepriro riaponizy AT® nis peno3uiitoBaHHs HyKJI€OCOM. BBaKaeTbCsl JOBEACHNM,

o Moaudikalii O1IKIB HampsMy TOB’s3aH1 3 iX (yHKIiaMu. Moaudikaiiii XBOCTIB

TICTOHIB BIUIMBAIOTh HAa TPAHCKPHUIIIIIIO, a TaKOXX Ha IHII IPOIECH, TOB’s3aHi 3

penapariiero, pertikarieto ta pekombinariero JIHK (Tabmus 2.2.1).

Tabmuus 2.2.1. Mocrrpancasauiiini mogudikamii ricronis (3a Rothbart and

Strahl, 2014)

L : 3B’s13y10ul
Moaudikamis CtpykTypa DyHKIT
b PYKTYp y OMEHH
e Perymsmis akTHBHOCTI
resie PHD,ADD,W
Aiznn NH,, ' '
OW D40
NH,
e  Perymauis aktusrocti | Chromo, PHD,
w IeHiB Tudor,MBT
- -~ L . ' ’
N e N* e Penapanis JJHK ZF-CW,
MeTnnroBaHHs H | S Pennikamis JIHK PWWP,
me 1 me2 me3 *  Popuysaris ADD Ankyrin
WD40,
BAH
e  Perymsimist akTHBHOCTI
O TCHIB
AETHITIOBaHHS . ,»J\ e Crpykrypa xpomatuny | Bromo, PHD
N
H
Honimentix macoro 11 x/la, e  Perymsmist akTHBHOCTI
BropunHa cTpyKTypa cX0ka Ha T'CHIB
CymoinoBaHHs yOIKBITHH. ?
C-xinueBuM Gly 3B’s13yeThest 3 €-
aMIHOTPYIHOIO JII3UHY
. ADP . rPee;i};nﬂum AKTHBHOCTI
- 0
ADP- T\ e Penapauis JTHK PAR
pubo3MITIOBaHHS o  dopumyBanHs
OH OH rerepoxpomMaTuHa
[ominentun macoro 8,5 k/1a, e  Perynsuis akTHBHOCTI
C-xinueBuM Gly 3B’s13yeThes 3 TCHIB
V6iKkBiTHHYBaHHS | €-aMIHOTPYIHOIO JI3HHY e Pemapanis JTHK ?
e  @dopmyBaHHA
reTepoxXpoMaTuHa
NHS e Perynsuis akTUBHOCTI
TeHiB
P © ,4;\]/\/\ N SN
Apriuin PHD

NH;

L |
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e Perymsmis akTHBHOCTI

E H H | TeHiB
T
MeTuiaoBaHHs mel me2a Tudor, WD40,
i - ADD
N \H/}:\
N
me2s
2 H
Cepan o7 o
NH,
OH e  Perymsuis akTHBHOCTI
-0 i
A Ir'€HIB
®ocopumoBaHHs /P'\\ e Pemapanis JITHK BRCT, 14-3-3
HO O dopmyBaHHS
MITOTHYHHX XPOMOCOM
O
.
? ?
AneTHIIIOBaHHSI \:[jr ) )
T KOS HITIOBAHHSL B -N-anerunrimokozamin (O- ° Perynﬂuiﬁ aKTHBHOCTI )
GIcNAC) T'CHIB '
CHj3
TpeoHiH —
o OH
NH,
o e  @dopmyBaHHA
é OH MITOTHYHHX XPOMOCOM
dochopuroBaHHSL N . - BIR
Ay
OH O
“«I-* 2
AneTunroBanHs D\(ﬂ ?
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AleTH/IIOBAHHSA TiCTOHIB

AllEeTHIIOBaHHSI TICTOHIB BIiepiie Oyno omucaHo y 1964 pomi Ondpi 3i
CrHiBaBTOpaMu. 3 TOTro 4Yacy Oys0 MPOJEMOHCTPOBAHO, 110 AETHIBAHHS Ji3HHIB €
HA/I3BUYAIHO JUHAMIYHAM Ta PETYIIOETHCSA IBOMAa POAUHAMH (PEPMEHTIB — IiCTOH-
anmeruarTpancgepasamu  (histone  acetyltransferases; HATS) Ta  ricToH-
neaneruaazamu (histone deacetylases; HDACs). HATS BHKOPHUCTOBYIOTH SIK
kogakrop anetmwi-CoA Ta 3a0e3medyroTh TMEepeMIleHHsS aleTUIbHOI Tpynu Ha &-
amMiHO Tpymy OIYHOTO JaHIora Ji3uHy. B pesynpraTi 1IbOro HEHTpami3yeTbes
MO3UTUBHUI 3apsij Ji3UHY, a II€ B CBOIO Yepry IPU3BOJIUTH JI0 MOCIA0JICHHS 3B SI3KY
Mk ricronamu Ta JIHK. IcHye nBa ronoBuux kimacu HATs: A-tuny Tta B-Tumy.
INicron-aneruntpancdepasu B-tumy - 11e 31€01IbIIOr0 MUTOMIA3MATUYHI (PEPMEHTH,
K1 alleTWIIOIOTh BUJIbHI T1ICTOHHU, aJie HE Ti, SIK1 BXOJSATh J10 CKJIaly HYKJIEOCOM, TOOTO
€ KommoHeHTamu XpomatuHy. Jlo mporo kiacy HATS BXxoaarh Haa3BUYANHHO
KOHCEpBaTHBHI (DepPMEHTH, SKi MarOTh YacTKOBY TromoJiorito 3 Oinkom scHatl (S.
cerevisiae Hatl), ocHoBHuM mnpeacraBaukoM Iboro tunmy HATS. HATS B-tuny
alleTWIIIOI0Th HOBOCHHTE30BaH1 rictond H4 y monoxkennsax K5 ta K12 (tak camo, sk 1
Takl X caityu y rictoni H3). lleit crnenudiuHuii nmaTepH aneTUIIOBAHHS IYyXKe
BOXJIMBUHA ISl TPAHCIIOPTYBaHHS TiCTOHIB, @ B HYKJICOCOMHOMY KOMIUIEKCI Taka
MITKa BIJICYTHSI.
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[icron-auerunrpancdepasn A-Tuiy SBISIOTH COO0K0 OLIbII PI3HOMAHITHY
poauny (epmentiB, HDK B-tumy (Tabmuisg 2.2.2). OpHak iX MOXHA PO3IUIATH
MpUHAMHI HAa TpU OKpeMi Tpynu OUIKIB B 3aJ€KHOCTI Bl TOMOJIOTIT
aMIHOKHUCIIOTHHX TIOCTiZOBHOCTeW Ta KoHGipmariitaoi ctpyktypu: GNAT (Genb-
related N-acetyltransferases), MYST (Ha3Ba mOXOAWTh BiJ MEPIIMX JITEP UJICHIB
pomuan MOZ, YBF2, SAS2 ta TIP60) Ta CBP/p300 (CREB-binding protein).
Koxen 3 mux ¢gepMeHTiB MoAH]IKye NEKUIbKa CalTiB y Mexax N-TepMiHaIbHOTO
XBOCTa TicCTOHIB. OHOYACHO 1€ MPU3BOJUTH 10 HEUTpati3allii MO3UTUBHOIO 3apsy,
[0 B CBOIO YEPry MOPYIIyE CTAOUII3YIOUl €IeKTPOCTaTUYHI B3a€MOIII, 1 1€l BIUIMUB
MO3UTUBHO KOpPENo€ 3 (YHKI[IOHYBaHHSIM BKa3aHUX (PEPMEHTIB y KOMIUIEKCaX
TPAHCKPUIILIHHUX KOaKTUBATOPiB. OJHAK y TaKy pPEryislil0 3alydyeHl HE TUIbKH
FICTOHOBI XBOCTH, y TJIOOYJSIPHOMY TICTOHOBOMY SIIpl MPHUCYTHI JAOJATKOBI cailTH
aneTuiitoBaHHs, Taki Ak H3K56, skuil aneTwiroeTses y JIIOJMHHM, 30KpeMa, 3a
noromororo hGCN5 (omna 3 anermntpancdepas moaunu). Te, mo mitka H3K56
OlYHOTO JIaHIfora Opl€HTOBaHa Yy Bedaukuit kono0ok JIHK, cBiguuTh, 1110
alleTWIIIOBAHHS MOXKe BIUIMBaTH Ha B3aemonii rictoHiB Tta JIHK. Taka curyaris
Haraaye edekT aneTwiroBaHHs Ji3uHIB N-KiHIIEBUX XBOCTIB TricToHiB. [likaBo, 1o
nopymeHHs poootu HAT p300 npuzBoauth a0 BTpaTu anetwioBanHs H3K56, o
CBIIYUThL TPO Te€, IO JI3WH Mig HOMEpoM 56 TakoX MoXe OyTH caiTom
anernmoBanas 1 i P300. Ilpore omHOYacHO 1€ MPU3BOIUTH JI0 30UIBIICHHS
kutbkocTi nomkokeHb JJHK, Ha Bigminy Bin HokaaynHy GCNS, mo B cBow yepry
MO3K€ HETIPSMO BIUTMBATU Ha piBeHb aneruaoBands H3K56.

HATSs A-tumny pa3om 3 6ararbMa ricCTOH-MOAU(IKYIOUUMU (EPMEHTaAaMHU 4acTo
($hopMYIOTh BEJIMKI MYJIbTHOLIKOBI KOMIUIEKCH. BUJIKH, sIKI BXOJSATH /10 CKJIAay TaKUX
KOMIUIEKCIB, BIJIIPalOTh BAXJIMBY POJIb y KOHTPOJI 3alydyeHHS, aKTUBHOCTI Ta
cyoctparHoi  crenmdiuyHocTi  ¢depmenTiB.  Hampuxnan, oummeni SCGCNS
alleTWJIIOIOTh BUIBHI TICTOHHU, alie HE Ti, K1 BXOAATH J0 CKiIaxy HykieocoMm. Komn x
SCGCN5 € kommoneroM Tak 3BaHoro komiuiekcy SAGA (Spt-Ada-Gens-

Acetyltransferase), BiH aleTHIIIOE caMe HYKJICOCOMHI T1CTOHH.
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Tabnuig 2.2.2. XapakTepucTHKAa ricTOHOBUX aneTWJITpaHcdepas tunmy A

HAT (i kommiexkcn . . .
ew . I'icronn, aki B3aemopnis 3
Popgnna HAT acouilioBaHi 3 .
aleTUJII0ITHCA immmvm HAT
HHUMH)
GNAT GCNS5 (SAGA, H3, H2B p300, CBP
ADA, A2)
PCAF (PCAF) H3, H4 p300, CBP
HAT1 (HATB) H4, H2A
ELP3 (elongator)
HPA2
MYST ESAL (NUA4) H2A, H4

MOF (MSL) H4
SAS?2
SAS3 (NUA3) H3
MORF
TIP60
HBO1 (ORC) H3, H4

p300/CBP p300 PCAF, GCN5
CBP PCAF, GCN5

®epmentu HDACS marote npotunexxuuit HATs edekt Ta neaneTuiroTh
ni3uHn N KIHIIEBUX XBOCTIB TiCTOHIB. lle mMOTeHIIHO CcTallIi3y€e JOKAJIbHY
KOMITAaKTHY KOH(opMariro xpomatuHy, a omke HDACS € TomoBHUM YHHOM
pernipecopamu  TpaHckpumniii. Buaunsitore votupu kiacu HDACS: kmacu [ Tta 11
BKJIIOYAIOTh (PEPMEHTH, SIKI HaWO1IbIn ONHM3BKI A0 ApLKIHKOBUX OUKiB scRpd3 Ta
scHdal piamoBigHO, 10 Kiacy IV Hanexuth Tiabku oauH npeacraBuuk (HDACLL),
tomi sk Oinku III xmacy (Bimomi sk CipTYiHHM) TOMOJIOTIYHI APDKIKOBUAM SCSIir2
(Sirtuin) (Tabmums 2.2.3). Binku OCTaHHBOTO Kjacy, Ha BIAMIHY BiJ 1HIIWX, IJIS
CBOTO (DyHKIIIOHYBaHHS NOTpe6yroTh KodakTop - NAD',

3aranom HDACS cami o co0i MarOTh HU3bKY CYOCTpaTHY CHEIH(IYHICTb, a
OTXK€ 3JaTHI alEeTHIIOBAaTH YHUCIEHHI caliTu TiCTOHIB. Po3yMiHHS MexaHI3MiB
pPEeKpyTyBaHHS Ta CrenudIyHOCTI UX (PEPMEHTIB JOJATKOBO YCKIQJTHIOETHCS THUM,
110 1 OUIKHM 3a3BUYail € KOMIIOHEHTAMU Pi3HUX KOMIUIEKCIB, YaCTO Pa3oM 3 1HIIMMHU
npeactaBHukamu kiacy. Hanpuknan, HDACL Oyna BusiBnena paszom 3 HDAC2 y
komiutekcax NURD (Nucleosome Remodeling Deacetylase), Sin3a (komruiekc, skuii
BIJITIOBIJIa€ 3a PENpeciio TPAHCKPHIILIi TeHIB 3a paXyHOK JICAlCTHIIIOBAHHS TiCTOHIB)
ta Co-REST ([co]repressor for element-1-silencing transcription factor). Tomy mysxe

BaXKO iMeHTH(]iKyBaTH, sIKi came KoMroHeHTH abo ocoOmmBocti HDAC (ta/abo
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KOMIUIEKCIB, 0 CKJIaTy SIKMX BOHU BXOJSTh) BIAMOBIJAIbHI 32 epekT crienndiaHOCTi.

Xoua AesiKi BIJIOMOCTI OO 1BOTO €, BITOMO, 30kpema, mo HDACL, ane ne HDAC2,

KOHTPOJIIO€E qudepeHItiaio eMOpioHaATbHUX CTOBOYPOBUX KIIITHH.

Tabnuig 2.2.3. XapakTepucTHKA TiCTOHOBHX JeaneTHJTpancdepas

Binku 6e3nmocepenHnbo ado
Poauna ®epMeHT . . .
OpFaHl3M onmocepeaxkoBaHo acommoBaHi 3
HDAC
HDAC-komniekcamu
RPD3-like RPD3, HOS1-3 I[pl)i(l[)?(l Sin3, Rbap, SAP, MAD, MAX,
RPDA, HOSA Aspergillus .
dHDAC1-3 b dia NCoR, SMRT, Mi2, MTA2,
HDALS o leaans MBD3, MeCP1, MeCP2, Ikaros,
HDm oo laevis UMES, Ski, p53, HPV, E7, PcG,
HDAC1-3 K P ; YY1, LIM, Hunchback, Groucho,
ypa, ccapil LAZ3, PLZF, BRCA1, HDAC4,
HDACY7, 8 Kypka, ccapui HDACS
RPD3/HD1-B Kykypynza
HDAL1- like HDA1 Hpixmxki
dHDA2 Jpo3odina
mHDAL, 2 Muiiri HDAC3, MEF2A, NCoR, SMRT
HDAC4-6 JIronuHa
HDA2- HD2 Pocmim Tomorosivep HD2-p39
moxi0H1
SIR2- like
NAD-3anexni | SIR2 Hpixmxki . .
SIR2-romomnor Muiiri Sir3, Sird, Net 1

DochopnIIOBAHHA TiCTOHIB

SIK 1 aneTHIIIOBaHHS TICTOHIB, iX (ochOpuiIIOBaHHS € AyXe TuHaMIYHUM. BoHO
31€0LJIBIIIOT0 CTOCYETHCSI CEPHHY, TPEOHIHY Ta TUPO3UHY, A€ MOXE BIIOYBaTUCS 1
Ha IHIMAX aMiHOKUCIOTaX N-KIHIIEBUX XBOCTIB TICTOHIB. PiBeHb IIhOTO THITY
Moau(iKkaliii KOHTPOJIOEThCS KiHazamMu Ta ¢ocdarazamu, sKi  BIANOBIIHO
MPUETHYIOTH Ta BUAAISIOTH (ochaTHY TpyIly.

Bci BimoMmi TicTOHOBI KiHa3M mepeHocsTh (ochartny rpynmy 3 ATD Ha
TPOKCUIIBLHY TPYITy O1YHOTO JIAaHI[IOTa KOHKPETHOI aMiHOKHMCIIOTH. BHaACIiI0K 1IbOTO
3 SBJISIETHCSI CYTTEBUIN HETATUBHUM 3apsij] HA TICTOHI, 1 1€, BPEIITI PEIIT, CIPaBIIsE
BIUIMB Ha CTPYKTYpPY XpOMaTHHY. 3a JOMOMOIOI YOTO KiHa3a 3alydyaeThCsl Ha
MOTPIOHUN CalT y XpOMaTHHI JIOCl 3aJUIIAETHCA HE3'SICOBAHUM JJIsi OLIBIIOCTI
dbepMeHTIB NaHOTO TUITy. Y JeSKUX BHUMNAAaX, IO MIATBEPIKCHO MPHUKIAIOM
dbepmenty ccasuiB MAPK1 (Mitogen-activated protein kinase 1), kiHa3a MiCTHTb
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Brnacuuii JIHK-3B’s13yBanbHuil JOMEH, 32 JOMOMOIOIO SIKOTO BOHA MPUETHYETHCS 10
JIHK. Ile moxxe OyTu goctaTHIM uisl cHEIU(IYHOTO peKpPyTyBaHHS, SK Y BHUMIAIKY
TpaHCKPUNIIMHUX (aKTOPIB, siKi 6e3nocepenHno 3B’ s3y0Thes 3 [IHK. PexpyryBanus
MOKe TOTpeOyBaTH 1 acomiarlii 3 (GakTopoM, KU BKE 3B’SI3aHUIA 3 XPOMATHHOM,
nepes TUM, K BiH OesnocepenHbo Oyae kontaktyBatd 3 JIHK mus crabimizamii
3arajbHOI B3a€MOII.

binpmricts caiiTiB GpocopuiioBaHHs TICTOHIB JIGKUTh Yy Mexax N-KiHIIEeBHX
xBOCTIB. [IpoTe TakoX iCHYIOTH 1 aMIHOKHCJIOTH Y KOPOBHUX perioHax TiCTOHIB, SIKI
niuIAraoTs Takii moaudikauii. [lpuknagom moxe Oytu, 30kpema, H3Y41, 3a sxy
BIJIMOBIAaJIbHA HEperenTopHa THUpo3uH KiHaza JAK2. ®dyukiis (ocdopuiiroBanHs
CTAaHOM Ha ChOTOAHIIIHIA JeHb Ie Mayo 3po3yMmisia. Ockinbku (ochopuoBaHHs
TICTOHIB sIBJIsIE COOO0 JyK€ JAMHAMIYHUI TMpoliec, MOKHA Mepe0ayuTH HasBHICTb
BUCOKO1 (pocdaTa3Hoi akTUBHOCTI B szipl. BimoMo, Hanpukiazn, mo ¢ocdaraza PP
Ipaloe aHTaroHicTuuHo 10 Aurora B, kinaswm, sika BianoBiaae 3a ¢GocopHiItoBaHHS

H3S10 Ta H3S28 y MiTO31 y BCLOMY T€HOMI.

MeTn/Il0BaHHA TiCTOHIB
MetunoBaHHs Ji3MHIB Ta apriHiHiB B TicTOHAX 37e01IbIIIOTO B1I0YBAETHCS
Mo OIYHMM JIaHIFOTaM IMX amiHokuciaoT. Ha BigmiHy BIiJ aneTWIIOBaHHS Ta
dbochoputoBaHHS, METWIIOBAHHSA HE 3MIHIOE 3apsij TICTOHOBUX  OUJIKIB.
Mopaudikaiiis Ji3UHY Y IbOMY BUMAAKY MOKE MOJISITaTH y HOro MOHO-, JU- a00 TpH-
METHJIIOBaHHI, TOMI K apriHiHy - y MOHO-METHJIIOBaHHI, & TaAKOXX CUMETPUYHOMY

a00 aCUMETPUYHOMY JIMMETUIIIOBAHHI.

Memumosannss  nisuny.  llepmioro  i1eHTH(IKOBAHOK  TiCTOH-JII3HH-
metmiarpancdepasoro (histone lysine methyltransferase; HKMT) oyma SUV39H1
(suppressor of variegation 3-9 homolog 1), cybcrparom sikoi € H3K9. 3 toro wacy
oyno inentudikoano HU3ky HKMTS, GiibIIicTh 3 SIKMX METUITIOIOTH JII3UH y MEKax
N-kiHmeBoro xBocty rictoHiB. Bci HKMTS, ski Momudikytore mizuHu y N-

KIHIIEBOMY XBOCTI, MicTATh Tak 3Banmii SET-momen (Bim SU[VAR]3-9, enhancer-of-
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zeste, thritorax), skuii Mae epMEHTATUBHY aKTHUBHICTbh, OHAK, (pepment Dotl, sxwmii
metumoe H3K79 y rnoOynspHiii KOpoBii 4acTHHI TICTOHY, HE MICTHUTh BKa3aHOTO
nomeny. YoMy nel (epMEeHT CTPYKTYpHO BIIPI3HSAETHCA BIiJ IHIIMX, HE BIJIOMO,
MPOTE, MOXKIIMBO, 1€ TTOSICHIOETHCS TPOOJIEMATHYHICTIO JOCTYITHOCTI HOTO cyOCcTpaTy
H3K79. V Oyap-skomy Bunaaky, Bci HKMTS BiamoBigaioTh 3a IepeHECEHHS
METHIIBHOI Tpynu 3 S-ameHo3wiMmeTioHiHy (S-adenosylmethionine; SAM) Ha e-
aMIHOTPYIy JI3UHY.

HKMTSs nmputamanna Bucoka crnernudiunicts (Tadmuus 2.2.4). Tak, depmeHT
DIMS y ackominiera N. crassa cnemudiuydo metwinoe H3K9, tomi sk H3K4 e
cyocTparoMm Bxke JiIs iHmmoro oOinka, SET7/9. DIMS 3natna tpumermmoBata H3K9,
tomi sik SET7/9 Moxxe cripuunHsATH TUTbku MoHOMeTwtoBaHHs H3K4. 11i BizoMocTi
OynM OTpHMaH1 JIMIIE IIOJI0 OYMIIEHUX (DEPMEHTIB, a OTXKE, 3AATHICTb PO3PI3HITU
pI3HI JI3MHM TICTOHIB, a TaKOX pI3HI CTaHU iX METWJIIOBAHHS € CHenuQpigyHOIO
BJACTUBICTIO IMX  (epmenTiB. Sk  Oyno 3’scoBaHO 32  JIONOMOTOIO
PEHTTEHOCTPYKTYpHOiI ~ KpucTasmorpadii, KJIOYOBa  aMIHOKHCIOTAa  YCepeauHi
KaTaJIITUYHOTO AOMEHY (PepMEHTY BHU3HAYa€, Y MOTPIOHO (PepMEHTY POOBKYBATH
CBOIO AKTHBHICTh TICJIS YTBOPEHHS MOHOMETHJILOBAHOTO TMPOAYKTY. Y (epmenrta
DIM5 kimodyoBuM € ¢eninananin (F281) ycepenuHi mi3uH-3B’S3yI040T0 aKTHBHOTO
LEHTPY, B SKOMY MOXYTb PO3MIIIYBAaTUCh BCl METHJIbOBaHI (HOpMHU Ji3UHY, IO Y
Takuil crocio J03Bosisie (epMEHTY CTBOPIOBATH TPU-METUIIHLOBAHI MpoaykTu. Ha
BiaMiHy Bij mboro, SET7/9 mae tupo3un (Y305) y BiamoBigHI# MO3MIIiT, TOMY Y HOro
aKTUBHOMY IIEHTP1 MOXYTbh PO3MIIIYBAaTUCh TUIBKM MOHO-METHJIbOBAH1 MPOIYKTH. Y
eKCIIEPUMEHTax Mo MyTareHesy OyJio MpoJIEeMOHCTPOBAHO, 1110 3amina F281 y cknani
DIM5 Ha Tupo3uH noBeprae (pepMEHTYy MOHOMETHITpaHC(hEpa3Hy aKTUBHICTb, TOI1
sk perunpokna myrtamis y SET7/9 (Y305 na F) Hamae depMeHTy 3AaTHICTH 0
TPUMETWIIOBaHHS CyOcTpariB. 3arayiiom, depryBanHs amiHokuciaor (Y abo F) €
MEXaHI3MOM, SKUH MHPOKO BUKOPUCTOBYeThCcst y HKMTS 3 SET-momenamu s

KOHTPOJIIO CTYIICHS MCTUJIFOBAHHS.
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Memuntosanns apeininy. Bimomo 1Ba kjacu apriHiH-MeTwJTpaHcgepas:
depmentu I Ta Il tuny. ®epmentu 1 Tuny renepyrors Rmel (monomethylarginine)
ta Rme2as (asymmetric dimethylarginine), toni sixk meruntpancdepasu Il tuny -
Rmel Tta Rme2s (symmetric dimethylarginine). Pazom nBa Tunm apriuin-
MeTWITpaHc(epas CKIIaIaloTh BIIHOCHO BEJIMKY poauHy OUIKiB (11 mpencTaBHUKIB),
npencTaBHUKH Kol Bigomi sk PRMTS (protein arginine methyltransferase). Bci mi
(GepMeHTH MepeHOCITh METWIbHY Tpyny 3 SAM 110 ®-TyaH1IMHOBOI IPyNH apriHiHy

y CKJIaJil pi3HOMaHITHUX CyOcTpaTiB. MeTHIIOBAaHHS apriHiHIB Yy CKJIaJi TiCTOHIB

BUKOHY€eTbes hepmentamu PRMTI, 4, 5 ta 6.

Tabmuis 2.2.4. Iicton-meTnaTpancpepazn

AMiHo- Homo sapiens Drosophila melanogaster Caenorhabditis
KHCJIOT elegans
a me3 me2 mel me3 me2 mel me3 | me2 | mel
CARM1(a | CARM
) 1
PRMT6(a) | PRMT6
PRMT5(s) | PRMT5
PRMT7(s) | PRMT7
H3K4 SETD1A SETD1A SETD1 | ASH1 TRX TRR | TRX SET-
SETD1B SETD1B A SET1 SET1 TRR 2
ASHI1L MLL SETD1 SET-
MLL MLL2 B 16
MLL2 MLL3 ASHI1L
MLL3 MLL4 MLL
MLL4 SMYD3 MLL2
SMYD3 MLL3
PRMD9 MLL4
SETD7
H3R8 PRMT5(s) | PRMT5
H3K9 | SUV39H1 | SUV39H1 | SETDB | SU(VAR) | SU(VAR) | Eggless | MES | MET-
SUV39H2 | SUV39H2 |1 3-9 3-9 -2 2
SETDB1 | SETDB1 G9a Eggless Eggless SET-
PRDM2 G9a EHMT 9
EHMT1 1 SET-
PRDM2 PRDM 26
2
H3R17 CARM1(a | CARM
) 1
H3R26 CARM1(a | CARM
) 1
H3K27 | EZH2 EZH2 E(2) E(2) MES | MES-
EZH1 EZH1 -2 2
H3K36 | SETD2 NSD3 SETD2 | SET2 MES4 MET | MES-
NSD2 NSD3 -1 4
NSD1 NSD2
SMYD2 NSD1

o1




SETD2
H3K79 |DOTIL | DOTIL | DOTIL | DOTIL |DOTIL | DOTIL
H4R3 PRMT1(a) | PRMTL PRM | PRM
PRMT6(a) | PRMT6 T1 | T1
PRMT5(s) | PRMT5
PRMT7(s) | PRMT7
H4K20 | SUV420 |SUV420 |SETD |SUV4-20 | SUV4-20 | PRSET
H1 H1 8 7
SUV420 | SUV420
H2 H2

I mi3un-, 1 apriHiH-MeTWITpaHchepas MarTh XapaKTEepPHI BEJIHMKI CaUTH
KaTaJITUYHOI aKTUBHOCTI, IO BIJPI3HSE L0 IIHUPOKY Tpyly MeTuiTpaHcdepas Bij
iHmx SAM-3anexuux depmentiB. LlikaBo, mo SAM-3B’s13yr0unii akTUBHHM IIEHTP
3HAaXOJUTHCS 3 OJIHOTO, 30BHIIIHHOIO OOKY, TOII SK MENTHAWI-aKIENTOPHUM KaHail
po3MileHu# 3 iHmoro 0oky Ounka. Ile o3naudae, mo monekyna SAM Tta ricroHOBuUit
O1710K 3B’SI3yI0ThCS (D€ PMEHTOM OJHOYACHO 3 PI3HMX OOKiB. bijbll TOTO, Takuit
crocid 3B’si3yBaHHS CyOCTpaTiB MOXKe 3a0e3ledyBaTd MOXIIMBICTh PO3pPOOKU
TICTOHOBI  apriHiH/JI3UH

JIHK-

mpemnapariB, SKi  OyayTh 3JaTHI JAUCKPUMIHYBaTH

MeTwiITpaHcepazu  BiJ  IHIIMX  MeTUATpaHcdepas,  HaMpHUKIAI,

MeTuaTpancdepas.
licmon-oememunaszu. IlpoTsrom [OBroro 4acy METWIIOBAaHHS TiCTOHIB

BBaXKajgocs CcTabuIbHOIO  Mojaudikaiiero. 3rojaoM OyJIo  e€KCIepPUMEHTAIbHO
MPOJICMOHCTPOBAHO, IO ICHY€ HHU3Ka CUTHAJIBHUX MUIAXIB, SKI BIAMNOBIIAIOTH 3a
JEMETWIIOBaHHS 1 JI3MHIB, 1 aprididiB. CrodaTky Oyji0 BHSIBIEHO MOXJIHMBICTb
MEPETBOPEHHS apriHiHy HAa HMTPYJiH B pe3yJbTaTl peakuii AeiMiHI3alii K Crocio
YCYHEHHSI METWJIbHO1 rpynu. He3Bakaroun Ha Te, 110 e NUIIX He € 0e3mocepeHim
JEMETUIIOBAHHSM,  ONHWCAHUM  MEXaHi3M  MPOJIEMOHCTPYBaB  OOOPOTHICTH
MeTWIOBaHHSA. B mopanbiiomy Oylo oOmucaHO peakililo, sKka BiAMOBigadbHA 3a
JeMeTHITIOBaHH aprididy. Tak, Oyio nmokaszano, mo 6igok JMJID6 (Jumonji Domain
Containing 6) 3gaTHMI BHKOHYBaTH PEakilif0 JSMETHIIIOBAHHS y calTax TICTOHIB
H3R2 ta H4R3.

VY 2004 pomui O6ymno imeHTH(DIKOBAHO MEPITy Ji3UH-IeMeTIWIa3y, sika OTpuMasa
Ha3By Ji3uH-crienudiuna nemerunaza [ (lysine-specific demethylase 1; LSD1)
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(Tabmuus  2.2.5). bByno BcraHoOBieHO, 1m0 BOHAa BuKopuctoBye FAD
((raBMHAICHUHANHYKICOTHA) Y SKOCTI KodakrTopa. Peakiiis JAeMETHIIOBaHHS
MoTpedy€e MPOTOHOBAHOTO HITPOTE€HY, TOMY CYMICHMM CyOCTpaToM i Hei MOXe
OyTH TiTBKH MOHO- 200 TUMETHILOBAaHUH Ji3uH. IN Vitro ounmena LSD1 karamizye
BUJAJCHHs MeTHIbHOT rpynu 3 H3K4mel/2 BijabHOro TiCTOHY, aje BOHA HE MOXKE
JEMETHIIIOBATH TaKUi caMHil CailT, SIKIIO BiH BXOJUTH J0 KOMIUIEKCY HYKJICOCOMHU.
Tum nwe wmenm, saxmo LSD1 e xommonetrom komrmuiekcy CO-REST (ricron-
JealeTUIa3Hui KOMILIEKC), BOHa HaOyBa€ 3JaTHOCTI JAEMETHIIIOBATH TICTOHU Y
ckiaal HykjeocoM. Otxke, 3ragaHuil KoMmiuiekc 3abesneuye LSD1 3patHicTh
BITI3HABaTU ii CcyOcTpaT B KOMIUIEKCI OUIKIB HYKJIEOCOMHM. binbln Toro, came
KOHKPETHHM CKJaJ KOMIIOHEHTIB KOMIUIEKCY 1 BH3Hauae, SKAW Ji3uH Oyje
nemeTtuiroBatrcs 3a gornomororo LSD1. Sk Bxe Oyno 3aznaueno, LSD1 y cknazai Co-
REST ngemermmoe H3K4mel/2, npoTe y KOMILIEKCI 3 aHIPOIC€HOBUM PELIEIITOPOM
BiH aemermwmioe H3K9. Takum uymHOM, 3MiHA KOMIIOHEHTIB KOMIUIEKCY, SKi
B3aemMoitoTh 3 LSD1, BukoHye dyHKIIII0 TepeMUKaHHS i1 aKTUBHOCTI 3 PEMPECOPHOT

Ha KOAKTHUBAaTOPHY.

Taomuig 2.2.5. T'icToH-1eMeTHIa3|

AMiHo Homo sapiens Drosophila melanogaster Caenorhabditis elegans
-KHC-
JIOTa me3 me2 mel me3 me2 mel me3 | me2 mel
H3R2
H3K4 KDM2 | KDM1A | KDM1A | LID SU(VAR)3 | SU RBR- | LSD-1 | LSD-1
B KDM1B | KDM1B -3 (VAR)3 | 2 SPR-5 SPR-5
KDM5 | KDM5A | KDM5B LID -3 AMX-1 | AMX-1
A KDM5B | NO66 RBR-2
KDM5 | KDM5C
B KDM5D
KDM5 | NO66
C
KDM5
D
NO66
H3K9 KDM3 | KDM3A | KDM3A | KDM4 JMID | KDM7 | KDM7
B KDM3B | KDM3B | B 2 A A
KDM4 | KDM4A | PHF8 JMID- | IMJD-
A KDM4B | JHDM1 11 1.1
KDM4 | KDM4C | D
B KDM4D
KDM4 | PHF8
C KDM1A
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KDM4 | JHDM1
D D
H3K27 | KDM6 | KDM6A | JHDM1 UTX- | KDM7
A KDM6B | D 1 A UTX-
KDM6 | JHDM1 JMID- | 1
B D 3.1 JMJD-
3.1
H3K36 | NO66 KDM2A | KDM2A | KDM4 | KDM4B JMJD-
KDM4 | NOG66 KDM2B | B KDM4A 2
A KDM2B KDM4
KDM4 | KDM4A A
B KDM4B
KDM4 | KDM4C
C
H4K20 PHF8

[Ti3nHime O0ys0 BIAKPUTO 1€ OJWH KJac Ji3UH-AeMeTuIa3. BaxiuBo, 110 neBHi
(hepMeHTH 1ILOTO KJIacy 371aTHI JI0 TPU-AEMETUIIIOBAHHS JII3MHIB. BOHM 3aCTOCOBYIOTH
BinmiaHMK Big LSD1 karamitnunuit mexanizM, BukopuctoByroum Fe(Il) ta -
KEeToryTapar sK KodakTop Ta pajaukai-aTakyrounii mexaHidm (radical attack
mechanism). IlepmM igeHTH(dIKOBAaHUM (EPMEHTOM TPUMETUII-TI3UH-IEMETHIIA3
oys JMID2 (Jumonji Domain Containing 2), skuii gemerwaoe H3K9me3 Ta
H3K36me3. depmentaTtuBHa akTuBHICTE JMJID2 BH3HAYa€ThCA HASBHICTIO JIOMEHY
mxkymanmka JmjC  (jumonji domain). Ha ceoromHimmHii JeHb BiqomMo Oarato
TICTOHOBHX JI3UH-IEMETHIA3, 1, 3a BUKIIOUYeHHsAIM LSDI1, BoHHM Bcl MamTh JOMEH
IDKyMaHKu. SIK 1 Ji3uH-MeTuiATpaHcdepasu, JeMEeTHIa3u MaloTh BHUCOKHI piBEHb
cyOcTpaTHOT CIeU(PIYHOCTI CTOCOBHO X LIJIBOBOIO JII3UHY. BOHM TakoX 4yTIUBI 10
CTYTEHIO METWIIOBaHHS J13uHy. Hanpukmnan, aeski pepMeHTH 31aTHI 1eMETHUITIOBATH
TIJIBKA MOHO- a00 AM-METWJIbHI CyOCTpaTH, TOIl SK 1HIII AEMETUIIIOIOTH JI3UHU 3

ycimMa TpbOMa CTYIEHSIMU METUITIIOBAHHS.

Inmi moaungikanii

Jeiminayin. Peakiis BKIOYae XiMidyHy MoAMQIKAIO apriHiHy, sKa

OpPU3BOAUTH JO YTBOPEHHS ULUTPYMiHY. Y KIITHHAX CCaBUIB L peakuis
Katajizyerbcsa (GepMeHToM nentuawi-aeimiHazoro PADI4, skuit mepeTrBoproe
NEeNTUIWI-apTiHIHKA HA HUTPYaiHU. OIUH 3 04eBUIHUX €(EeKTIB II€i peakilii Mmojsrae

B TOMY, IIO B PE3yJbTaTl HEUTpami3yeThCs MO3UTUBHUM 3apsi apriHiHy, OCKUIbKH
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nuTpyniH HedTpaneHuil. Takox € gokasu, mo PADI4 neperBoproe MOHO-METHII-
apriHiH Ha LUTPYJIiH, a OTXKe, (QYHKIIOHYE sK aeMeTmna3a. [IpoTe Ha BiAMIHY Bif
«CTIpaBXKHIX» JeMeTuiIa3, peakiis 3a yuyactio PADI4 He npu3BOAUTH 10 BITHOBJICHHS

apriviny.

[-N-ayemunentokozamin. barato HEriCTOHOBUX OUIKIB MOAH(IKYIOTHCS 10
OOKOBHUX JIAaHLIOTaX CEPUHIB Ta TPEOHIHIB OJAMHUYHUM I[YKpOBUM 3anmuiikoMm [(3-N-
arerriarmoko3amidoM (B-N-acetylglucosamine; O-GIcNAC). HemogaBHo i ricToHH
BB 70 ngoBroro crnucky O-GICNAC-mommdikoBanmx Ounkie. IlikaBo, mo y
KJIITHHAX ccaBIliB Oyso BHsBIeHO TUIbKU ofuH (epment, O-GICNAcC-TtpaHchepasy,
KW KaTaji3dye TMEepeHeceHHs WyKpy 3 JIoHopHoro cyocrpary, UDP-GICNAC, na
ipoBHIA OUTOK. Sk 1 iHmI Momudikamii rictoHiB, O-GICNAC crnpasisie BpaxeHHs
Jy’Ke TUHAMIYHOTO MPOIIECY 3 BUCOKHUM PiBHEM OOEpPHEHOCTI. SIK y BUMAAKY MpsIMOT
peakiii, BHUSBJICHO JHUIIE OAWMH (epMeHT, 3HaTHUN ycyBath Lykop, [-N-
areTrikioko3amininasa  (B-N-acetylglucosaminidase; O-GIcNAcase). Croroani

oyno nokasano moaudikyBanus O-GICNAC mure rictonis H2A, H2B ta H4.

ADP pubosuniosanns. Bimomo, 110 TICTOHH MOXKYTh MOHO- a6o momi-ADP-
pUOO3UITIOBATHCS M0 3AIMILIKAX TIIyTaMary Ta apriHiHy, aje BIAHOCHO MaJlo BiOMO
cTocoBHO (yHkmiit 1€l Moamdikamii. I[lokazano, mo Taka wmomudikaimis €
obepuenoro. Hanpuknan, moni-ADP-pubo3uintoBanHs TICTOHIB — 3/IIMCHIOETHCS
poauHoIo OinkiB moi-ADP-pubo3-monimepas (poly-ADPribose- polymerase; PARP),
a 3BOPOTHA peakilisi — poauHo0 OiNKiB moii- ADP-pubo3-riikorigposasamu (poly-
ADP-ribose-glycohydrolase). Lli ¢epMeHTH pa3oM KOHTPOJIOIOTH KiJIBKICTh IOJIi-
ADP-pr603un»0BaHUX TICTOHIB, SIK1 XapaKTepHI JJI BITHOCHO PEIaKCOBAHOTO CTaHY
XpoMaTtuHy. MOXIJIHMBO, 1€ HACIIIOK, TMPUHAWMHI YaCTKOBO, HETaTHBHOTO 3apsy,
akuil g momudikaiis Hamae ricroHam. Kpim Toro, Oyyno mMpoaeMOHCTPOBAHO, IO
aktuBaniss PARP-1 mnpusBoauTh TakoXX 10 MiJABUIICHHS PIBHS alleTUJIIOBAHHS
KOpPOBUX TicTOHIB. PmOosmmoBanus nmemermnasu rictoma H3K4me3, KDMS5B,

onocepeakoBane PARP-1, inri0ye 1110 nemMeTniasy Ta mpu3BOAUTH 10 ii aucortiaimii 3
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xpoMaTHHOM. OTHOYACHO 3 IIUM MPOIIECOM BiI0YBa€ThCs BUITyueHHs ricToHy H1, mo
POOUTH TOCTYITHUM ITUTBOBUN TIPOMOTOP Ta MPU3BOIUTH 10 AKTUBAIIIT TEHY.
Mono-ADP-pu0o3mitoBaHHsl TICTOHIB 31MCHIOETHCS 3a ydacTio MOHO-ADP-
pubosmnTpanchepas, 1 Oya0 OmUcCaHO IS BCIX YOTHPHOX KOPOBUX TICTOHIB Ta
nikepHoro rictona H1. PiBens miei moaudikaliii 3Ha4HO 3pOCTa€e Ha MOMIKOKEHUX
ainsakax JIHK, mo cBiquuth mnpo ii posib y CHUTHajdbHOMY MUISXY BIANOBIAI Ha

nomkomkenHs JJHK.

Voixeimunysanus ma cymoinipysannsa. Bci ommcani Buie Moaudikarii
TICTOHIB MPU3BOJATH A0 BIJHOCHO HE3HAYHUX MOJICKYJISIPHUX 3MiH Y pajuKaiax
amiHOKHCIOT. Ha BigMiHy BiJl HUX, y pe3ylbTaTi yOIKBITUHYBaHHS BiJI0yBa€ThCs
HabaraTo cyTTeBila KoBajieHTHa Moaudikaiiss. Cam no col1 yOIKBITHH sBJIsiE COO0IO
MOJTINENTH]T TOBKUHOIW 76 aMiHOKHCIIOT, SIKMU NMPUEAHYETHCS A0 JI3UHY Y CKJaIl
OlIka 3a paxyHOK TOCHIIOBHUX Jii TpboX QepMeHTiB: akTuByouoro El,
KoHbtorytouoro E2 Ta miryrodoro E3. depmeHTaTHBHI KOMIUIEKCH BU3HAYAIOTH SIK
cyocTpatHy crnenu@iuHicTh (SKUM caMe JI3WH € IIJIbOBUM), TakK 1 CTYIIHb
yOIKBITHHYBaHHs (HANPHUKIaZ, MOHO- abo MoJiyOiKBiTHHYBaHH:). [l TiCTOHIB
BBAXXAETbCSI OUIBII NPUTAMAaHHUM MOHOYOIKBITUHYBAHHS, XO4ya TOYHI CallTH
Moau(iKyBaHHS 3alMILAIOTbCA HEBU3HAueHUMHU. [Ipore no0pe oxapakTepu30BaHO
nBa caiiTu, po3ramoBaHi y ricromax H2A ta H2B. H2AK119ubl Gepe yuacts y
caityieHcHHTy TeHiB, Toai sk H2BK123ubl Bimirpae BaximBy poJib y iHimiamii Ta
enoHrauii tpaHckpuniii. He auBnsuuce Ha Te, mo yOIKBITUHYBAHHS 1€ 3HA4YHA
Moau(ikallisi, BOHa € AyK€ AUHAMIYHOK. YOIKBITUH BUIAJSETHCS 130TENTH/Ia3aMHU,
AK1 € (hepMEHTaMU Jie-yOIKBITUHYBAHHS, a X (DYHKIIISI BaXKJIMBA SIK JJI1 aKTUBYBAHHS
TeHIB, TaK 1 /I 1X CalJICHCUHTY.

CymoinipyBanHsi — noji0Ha A0 yOIKBITUHYBaHHS MOAM]IKALis, CYTh SKOI
MOJIATa€ B KOBAJIEHTHOMY MPHUEIHAHHI MOAIOHUX J0 YOIKBITUHY HEBEJIMKUX MOJIEKYII
70 Ji3WHIB TiCTOHIB 3a momomoroio ¢epmentiB E1, E2 ta E3. CymoinipyBanus
B1JIOMO JIJISl BCIX YOTHUPHOX THUIIB KOPOBHUX TICTOHIB Ta, K BBAXKAETHCA, (PYHKIIOHYE

SK aHTaroHICT alleTWIIOBAHHS Ta yOIKBITUHYBAHHS, K1 MOXYTb BII0OYBAaTHUCS HA TOMY
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caMmoMy OlYHOMY JIaHITI03y Ji3uHy. OTXKe, BOHO TOBUHHO OYTH TIOB’S13aHO TIEPEBAKHO
3 pempeci€ro XpOMaTWHy, MNpOTe 3°SA3yBaHHA MOJICKYJSIPHUX MEXaHI3MIB IIHUX

MIPOIIECIB MOTPeOy€e MOMATBIINX JOCIIKEHb.

Buoanenus xeocmis cicmonie. MOXKIMBO, HAUOUIBII paJUKAILHUM CIIOCOOOM
3HATTS Monu(ikalliid TICTOHIB € BUAaTeHHs iX N-KIHIIEBOTO XBOCTY, SKWH, BJIAacHE, 1
momudikyerbes. el mporec Oyino HazBaHO BUAAJEHHAM XBOCTY ricrony (histone
tail clipping). Bin 0yB Brepie onucanuii y 1980 pomi y iHdy3opii Tetrahymena, y
SKUX BUJASIIOTHCS KpaiiHi micTh aMiHOKUCIOT rictony H3. [Ipote, Ha choroaHimIHiiMi
JIeHb CTaJl0 OYEBHUIHO, IO IIeHd MPOIECC TaKOXK ICHYE y APDKIKIB Ta CCaBIIB
(MuieRt), y KX BUAANAIOTBbCA mepin 21 amiHokucioTtu rictony H3. ¥V apixmkis
OPOTEONITUYHUNA  (EepMEHT, SKUH  BHUAANSAE  aMIHOKUCIOTH,  3aJIMIIAETHCA
HeiIeHTU(IKOBAaHUM, ajie IOoKa3aHo, 1[0 MpoIeC BHUIAJIEHHS XBOCTa TICTOHY
3ay4yeHUN Yy PEryjsililo TPaHCKpHUMILii. Y MuIlell NpOTeONITUYHUN (epMeHT
(Cathepsin L) Bigpizae N-kinenp ricrony H3 mig gac audepeniiariii eMOpioHaIbHUX

CTOBOYpPOBUX KJIITHH.

[3omepuszayis nponiny y cknaodi eicmonie. HasBHICTH JBOTPAHHOTO KyTa Yy
NENTUAUI-TIPOJIIHOBOMY XIMIYHOMY 3B’SI3KY 3a0€3Meuye MOKIUBICTh MEPEKITIOYCHHS
MDK MOTOo IHC- Ta TpaHC KOHQOpMaIlisiMH, CTaHaMHU, SKi BiJpi3HstoThes Ha 180°.
IIpoain-i3omepa3u MOJIETIIYIOTh TakKi B3a€EMOIEPETBOPEHHsSI, $KI TMOTEHIIIHHO
MOXYTh BIUIMBaTH Ha KoHbopmamito Outka. OfHI€0 3 MPONIHOBHX 130Mepa3 €
dbepMenT apixmkiB SCFPréd, sixuii isomepusye H3P38. Moro akTHBHICTh MOB’si3aHa 3
metumoBaHHsaM H3K36, imoBipHO uepe3 Te, 1o SCFpr4 sBruBae Ha BrizHaBaHHsA K36
MeTriITpancdepaszor scSet2 ta agemetmnazoro scJMJD2, xoua ToOuHI MexaHI3MHU
BKa3aHMUX MPOLECIB 3aJUIIAIOThCA HEBIIOMUMU. Lleil mpukiag € uliocTpaliero Toro
dakTy, 1O 130Mepu3allisi TPOJIHY € BaXKIMBOIO MOAMQIKAIIEID XBOCTIB TICTOHIB.
Opnnak 1el mpolec HE € CHPaBXXKHbOK KOBAJICHTHON MOJU]IKAIIEI, OCKIIBKU
(depMeHT JIHIIIe 3MIHIOE OpIEHTAIlII0 KyTa MENTUIHOTO 3B’ 13Ky Ha 180°, TuM camum

CTBOPIOIOYH XIMIYHI 130MEPH, a HE KOBAJIECHTHO MOIU(DIKOBAH1 TIPOTYKTH.
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MexaHi3Mu BILTUBIB Moau(ikaniii ricToHIB

Mopaudikamii TICTOHIB peali3yloTh CBiil BIUIMB, BUKOPUCTOBYIOUM JIBa
roJIOBHUX MexaHizmu. [lepmmii - 1ie 6e3mocepeHiii BIUTUB (SK KOPOTKOCTPOKOBUH,
TaK 1 JOBIOCTPOKOBHUI) Mojaudikalliii TiCTOHIB Ha 3arajibHy CTPYKTYpY XPOMATHHY.
Hpyruii - 1e BIUIMB Ha PETYJAII0 (SK MO3UTHBHY, TaK 1 HETaTUBHY) 3B’SI3yBaHHS
edexkTopHUX MOJIeKyJ. Moau@ikalii riCTOHIB 3aJIydeHl y PeryJisilii0 TPaHCKPUIILIi
Ta 1HIII TIpoIrecH, ski BigOyBaroThcs 3a yuactio JIHK, Taki, sk pemnapartis,
pexomOiHalis Ta perumkaiis. Jlam po3riasaaTuMeMo NepeBakHO BIUIMB MOIU(DiKaIlii
TICTOHIB Ha TPAHCKPHIIIIIIO, IPOTE, HOr0 OCHOBHI MPUHIUIIN aKTyallbHi 1 JJI 1HIIHUX

MPOLIECIB.

Lpsami cmpykmypHi nepemeopenHs. AuneTumoBaHHA Ta GochopuiroBaHHS
TiICTOHIB €(EKTUBHO 3HWKYIOTh MO3UTHUBHHUI 3apsij TICTOHIB, LI0 MOTEHLINHO
JecTablIizye eJeKTpocTaTuyHl B3aemojii MK rictoHamu Ta JIHK. ImoBipHo, 11€
MPU3BOJIUTH O 3MCHIIEHHS KOMIIAKTH3all XpOMaTHHY, THM CaMHUM IOJICTITYHOYH
nocrynHicte JIHK nns OumkoBoi mammHepii, Takoi, SK OUIKOBI KOMILUIEKCH
Tpanckpuniiii. Haragaemo, 1o areTuatoBaHHs BiJOYBA€ThCS HA HU3II JI3UHIB Y
CKJIaZll XBOCTIB TICTOHIB, B Tomy uuchi anerwnoroThes H3K9, H3K14, H3K18,
H4K5, H4K8 ta H4K12. Taka BemuMka KUIBKICTh IIOTEHIIWHHUX CAWTIB
MoAu(IKyBaHHsS Tependavae, M0 y TINEpalleTUIIbOBAHUX PErioHaX TeHOMY 3apsij
TICTOHOBHUX XBOCTIB MO OyTH €(eKTHBHO HEHUTpasi30BaHUM, 110 Oy/I€ CIPABISITH
3HAYHWUH BIUIMB HA CTPYKTYpPY XpoMaTUHY 3arajioM. CBiTYEHHS IbOMY MOKHA 3HANTH
y P-rmo6iHOBOMY JIOKyci (y JIOJUHM OO0 HOTrO CKJIaAy BXOJATh S5 TEHIB, SIKI
BIJINOBIJIAIOTh 32 CHUHTE3 [-4aCTMHH TeMOTJO00IHY), /i€ T€HHW PO3TAIIOBYIOTHCA Yy
rinepamneTHIbOBAaHOMY Ta TPAHCKPHUIIIIHHO KOMIICTCHTHOMY XPOMAaTHHOBOMY
oTo4eHHi, mpo 1o cBimunTh JJHKa3Ha uyTnuBicTh UX MINSHOK, a OTXKE 1X 3arajibHa
JNOCTYyNHICTb. EHXaHCEpHI eleMeHTH Ta OCOOJIMBO MPOMOTOPH TEHIB TaKOXK
PO3TAIlIOBYIOThCS HAa HYKJIEOCOMAaX, XBOCTH TICTOHIB SIKMX MiJJIATAI0Th 3HAYHOMY

alleTWIIOBAHHIO, 1110, WMOBIPHO, CIpHUS€ JOCTYIMHOCTI IIUX PETiOHIB  JUIs
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TpaHCKpUMUIHHUX (akTopiB. OnHAK MHOXHUHHE AalleTUIIOBAHHSA TICTOHIB HE €
000B’SI3KOBOIO  TIEPEIyMOBOIO 3MIH CTPYKTYpPH, XOua TICTOHHU, SKI CIenu(pIgyHO
aneTusiboBadl y mnosioxkeHHi H4K16, crnpaBisitoTh 3HaAYHUN HETaTUBHUM e(eKT Ha
dbopmyBanus ¢idbpmm 30 HM, mpuHAKMHI IN VItro.

dochoprinroBaHHs TICTOHIB MEPEBAXKHO calT-crenudiyHe, 1 KUIbKICTh TaKUX
CailTiB 3HAYHO MEHIIA y MOPIBHSHHI 3 caliTaMu alleTUIIOBaHHA. SIK 1 y BUIAAKY 3
H4K16ac, Taki Moau@ikamii B KOHKPETHOMY OKPEMOMY CailTi MOXYTb MPU3BOJUTH
710 3HAYHOI 3MIHM CTPYKTYypH XpoMatuHy. Hanpukian, dochopunroanas H3S10 mix
yac MITO3y BiI0yBa€ThCs MOBHOTEHOMHO Ta IMOB’sI3aHE 3 KOHJICHCAIIEI0 XPOMATHHY.
Ile BumaeThCcs ACIIO HEJNOTIYHUM, OCKILIBKM ¢ochaTHa rpymna Haaae HETaTUBHOTO
3apsily TICTOHOBOMY XBOCTY, SIKMM 3HaXOJUThCS y Oe3nocepefHiil 0iaM3bKOCTI 10
HEraTWBHO 3apsypkeHoro 1ykpo-¢ocgatnoro ocroBy JIHK. Ilpore, Moxiuso,
ycyHeHHs1 TerepoxpomaTtnHoBoro Oimka 1 (heterochromatin protein 1; HPI) 3
reTepoxpoMaTuHy Mg dYac wMertada3u 3a0e3MedyeThbCsl PIBHOMIPHO BHCOKHM
dbochopumoBanaam H3S10 Ta HeoOxigHO came JJisd BIIOKPEMIICHHS XPOMOCOM BiJ
intepdasnoro ckedonmy (scaffold). I[le Oyae mosermryBaTd peMOICTIOBAHHS
XPOMOCOM, IO BaXKJIMBE JIJIS X MPUETHAHHS 10 BepeTeHa MOJILTY.

VYOIKBITUHYBaHHS J0JIa€ HAJA3BUYAMHO BEJIMKHUM 3aJIMIIOK J0 TICTOHIB. Taka
Moaudikaris MOBUHHA MPU3BOJUTH JO0 3MIHM 3arajibHOi KOoH(opMallii HyKJIeOCOM,
0 B CBOIO uepry Oyje BIUIMBATH Ha BHYTPIITHROXPOMOCOMHI B3aeMOJIl Ta/abo
B3a€EMOJIii 3 BIJMOBIAHUMU XPOMATHHOBUMH KOMIUIEKCaMH. BKOpOUEHHS XBOCTIB
TiCTOHIB, a caMe BTpaTa mepmux 21 amiHokuciot ricrony H3, Oyae maru momioHwmit
edbext. Ha mpotuBary npomy, HeWTpaibHI Moaudikailii, Taki, sSIK METHJIIOBaHHS
TICTOHIB, HaBpsiJ 4u OE3MOCEepPEHbO 3MIHIOIOTh CTPYKTYPY XPOMATHHY, TOMY IO
BOHHM HE 3HA4YHI Ta HE 3MIHIOIOTh 3apsJI TICTOHIB.

Pecynayisn  36’sa3yeanns  gaxmopie  xpomamuny. YucieHni  (daxTopu,
acormiiioBaHi 3 XpOMaTHHOM, CHENU(PIYHO B3AEMOMIIOTH 3 MOAU(PIKOBAHUMHU
riCTOHaMH 3a JOTMOMOTOI0 Pi3HOMAaHITHUX JoMeHIB. KiabKicTh 11€eHTH(IKOBAaHUX
OUIKIB MOCTIMHO 3pOCTA€ CHIZIOM 332 PO3BUTKOM Ta BUKOPHUCTAHHSM HOBHUX METO/IIB

IOCHIKEHHST OUIKIB. Bennuue3Ha KUIBKICTh JaHUX CBIAYUTD, IO IOJIIBAJICHTHI OJIKA
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Ta KOMIUIEKCH, IO CKJIaTy SKUX BXOJATH CrenudidHi JOMEHH, 37aTHI OJHOYACHO
BITI3HABATH JEKUJIbKa MOIU(DIKaIliil Ta IHITUX 03HAK HYKJICOCOM.

Bapto BigMiTUTH, 110 JJIs1 BII3HAHHS METWJIbOBAaHUX JII3UHIB ICHY€E OljbIa
KUIBKICTh PI3HUX JOMEHIB, HIDK JUIsl PO3Mi3HABaHHS I1HIIMX MOAUdIKalii, o,
MOJKJIMBO, € BiJOOpaKeHHSIM Ba)KJIUBOI poiti Takux Moaudikaiii (Tabmumi 2.2.1). Jo
IpyNH TaKUX JTOMEHIB BimHOCITH JoMeHu PHD fingers ta tak 3Bany poauHy JOMEHIB
Tudor ‘royal’, sxi mictute xpomomomeH, Tudor, PWWP ta MBT nomenn. B miii
IpyIi JIOMEHIB, $5Ki 3B’SI3ylOTh METWUJbOBAaHI JI3WHM, HHU3Ka JOMEHIB MOXe
pO3IMi3HaBaTH OJIHI ¥ Ti caMi calTh MoM(IKOBAHUX TICTOHOBUX JIi3uHIB. Hampukian,
H3K4me3 — miTka, acoiiiiioBaHa 3 aKTUBHOIO TPAHCKPHIIIIEIO, BITI3HAETHCS JOMEHOM
PHD fingers, sixkuii € cknamgoBoro dactuHoto OunkiB ponuuu ING (ING1-5). Ponnna
o6ukiB ING B cBOIO uepry pekpyTye 10JaTKOBI MOAM(IKATOPU XpOMATHUHY, Taki SIK
HATs ta HDACS. 3 tpuMetuiiboBanuM caiitoM H3K4 MoXyTh TakoXK 3B’sI3yBaTUCh
tTamJieMHi xpomogomenu y ckiazai Oinka CHD1 (AT®-3anexHuii peMomytorunii
dbepMeHT, 3IaTHUM PEMO3UIIIOHYBAaTH HYKJICOCOMH) Ta TaHAeMHI gomeHu Tudor y
ckJaji rictonoBoi nemermnazu JMID2A. V nux Bunankax H3K4me3 6e3nocepeaHbo
BIJITIOBIJIa€ 32 PEKPYTyBaHHs (PEPMEHTIB, SIKi MOIU(DIKYIOTh XpOMATHH.

Hacrtynui npukinanu cneru@iqHoro 3B’ si3yBaHHS 3 METHJILOBAHWMHM JII3UHAMU
oOymonneni BmizHaBaHHsAM Oinkom HP1 H3K9me3 — wmitku, sika acomiiioBaHa 3
penpecoBanuMm rerepoxpomarHoM. HP1 3B’s3yerbess 3 H3K9me3 3a paxyHox
HassBHOCTI XpoMOJOMeHYy Ha Horo N-KiHIll, 1 I B3a€EMOJIS € BaXJIWBOK JIJIs
3arajgbHOI CTpyKTypu xpomatruHy. bimok HP1 agumepusyerbcsi 3aBOsiku 3aTHOCTI
xpomomenoy (chromoshadow) nomeny Ha #oro C-kiHii (opmyBartu OiBaJCHTHI
CIOJIYKH, 3B’si3aHl 3  XpoMatuHoM. llikaBo, mio Outoxk HPI1 3a paxyHok #oro
XPOMOJIOMEHY TaKOX 3B’s13yeThes 3 MeTmiboBaHuM H1.4K26. Ockinbku ricron H1.4
TaKOX 3allydyeHU y mpouecu (GOpMYBaHHS CTPYKTYpU TETEPOXPOMATHUHY, MOMXKHA
nepenbauntu, mo aumepu HP1 MoxyTh 00’e€qHyBaTH mMO3WINHHY 1H(OpMAIIiIO
(H3K9me3 Tta H1.4K26, 3 skumMu BiH 3B’S3Y€TbCS) TaKUM YHHOM, IO BOHA

CIIPUHUMAETHCS K CUTHAI JIJIs1 BIATIOBITHOT KOMITAKTU3AIlll XpOMaTHHY.
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3 aneTuIbOBaHWMHU JII3UHAMH TICTOHIB 3B’SI3y€ThCS OPOMOIOMEH, KUl 4acTo
BXOUTh 10 ckiaxy HATs Ta komruiekciB pemMoenoBaHHs XxpoMaTHHy. Hanpukmnan,
Swi2/Snf2  (switching/sucrose non-fermenting chromatin remodeling complex)
PEMOJICTIOIOYNI KOMIUIEKC MICTUTh OpPOMOJOMEH, SIKHM 1 CIpSMOBYE MOro [0
aleTHIILOBAHUX TiCTOHIB. [licast 1BOTO PEKPYTYETHCS PEMOIYNIOIOYHMIA KOMILIEKC
SWI/SNF, ¢yHKIisSsIMH SKOTO € JeKOMITaKTH3aIliss xpoMatuHy. HemomaBHO Oyiio
TAaKOXK MpoaeMoHcTpoBaHo, mo i gomenu PHD fingers smatai cremudivno
BIII3HABAaTH aneTuiaboBaHi ricronu. bimok DPF3b (Zinc finger protein DPF3), skuii
BXOJHTHh JO CKJIQJy XPOMATHH-PEMOIYIIOI0U0Oro KomIiuiekcy BAF Ta wmicTuth
tanaeMHi gfomenu PHD fingers, BiamoBigaabHui 3a peKpyTyBaHHS IBOI'O KOMILICKCY
710 alleTUIILOBAHUX T1CTOHIB.

[Mpuxmagom OinKiB, sKI crneundiyHo 3B’SI3yI0ThCS 3 (HOCHOPUIBOBAHUMU
ricronamu, € 6utok MDCI1, skuii Bifirpae BaXJIMBY pOJb Yy Mpollecax pemnaparfii
JHK. Ileii 6110k pekpyTyeThcsi 10 Micib ABosanmorosux pospusis JJHK. MDC1
mictuth TaHaeMHi gomeHu BRCT, ski 3B’sa3yroTbes 3 rictoHoM YH2AX,
xapakrepHoro ans  JHK, 1o MicTuTh [BOJAHIIOTOBI  pPO3pPUBH 1 €
dochopunroBaHNMH BapiaHTOM TicToHy H2A.

Mopaudikarii TiCTOHIB MOXYTh BHUCTYINAaTH HE TUIBKM B SIKOCTI JMHAMIYHOI
mwiatopmu U1t 3B’ sI3yBaHHS PI3HOMAHITHUX (DaKTOPiB, ajie i B SKOCTI pyHHIBHUKIB
B3a€MOJIM MK ricToHamMu Ta (akTopamu xpomatuny. Hanpuknan, H3K4me3 moxe
nepenkokaty 38’ a3yBanHi0 komiiekcy NURD 3 N-kinneBum xBoctom ricrony H3.
[le#t MexaHi3M MOSCHIOETHCS TUM, 110 KoMiuiekc NURD € 3aramsHuM penpecopom
tpanckpuniii, a H3K4me3 — miTka aktuBHOI TpaHckpuriii. MetumoBanus H3K4
Takox 3amo0irae 38’s3yBanHi0 qomeny PHD finger y ckimani DNMT3L 3 xBocTom
ricrony H3. Otxe, ueit Bapiabenbuuii N-kiHueBuit xBict rictony H3 € BaxnuBuM y
peryJiii 000X THUIIB B3a€MOJIIN, X04a PEryJysiis BiIOYBaeThCsS HE TUIBKU 3aBJISKU
monudikyBannio K4. Hanpuxman, ¢ochopumosanns H3T3  nepemkomxae
3B’si3yBaHHIO 3 KiHIeM rictony H3 kommiekcy INHAT, saxuii  penpecye

TPAHCKPUIILIIO.
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Bszaemoss ’asku piznux moougpixayiti ecicmonis. Benuka KinbKicTh MOAU(IKAIIIMA

FICTOHIB Ja€ MOKJIMBICTb JIJII TOYHOTO KOHTPOJIIO CTPYKTYpH XpomaTuHy. Bumii

P1BHI KOMMaKTHU3allli 3a0€3MeYyI0ThCS B3aEMOIIEI0 MK PI3HUMHU MOIU(DIKAIISAMU, K1

IMOBIPHO JIOTIOMAaraloTb BCTAHOBUTU 3arajbHUM KOHTpPOJb. Taki B3aeMoii

peanizyrThes uepe3 Hu3Ky mexaHizmib. Lle, 3okpema:

1)

2)

3)

4)

5)

KoHkypeHTHHI aHTaroHi3M MiXK MOAU(IKALIAMHU, SIKIIO OJUH 1 TOH caMUll CalT €
MIIIEHHIO JUIsi OIBIN  HDK OJHOTO cmocoO0y Momudikarii. Ile ocobmuBo
CIIpaBEJIMBO IS JII3UHIB, SIKI MOXKYTh OyTH alleTHJIbOBAaHUMH, METUJILOBAHUMU
a00 yOIKBITHHOBaHUMH.

Onna momudikamiss Mo)ke 3ajekatd Bijg iHmoi. Hanpukian, y S. cerevisiae
TpaHc-perysnis MmetuwioBanas H3K4 3a nonomororo scCOMPASS ta H3K79 3a
nornomoroto scDotl moBHicTIO 3anexars Bin yOikBiTuHyBaHHs H2BKI123 3a
nonomororo scRad6/Brel. Ileii MexaHI3M € KOHCEPBATHBHUM Y CCaBIIIB,
BKJTFOYAIOYH 1 JIFOJIUHY.

3B’s13yBaHHs OUIKIB 3 XBOCTOM TICTOHY, SIKMM Mae NEBHY MoJudikarliro, Moxe
MOPYIIYBaTUCh CYMIXKHOIO 3 Hew wmoaudikaiiero. Hampukian, sk Bxe Oyio
3a3Ha4yeHo, Oinok HP1 3B’si3yerbes 3 H3K9me2/3, mpore mix wac mito3y Take
3B’s13yBaHHA MO mnopymryBatuch (ocdopumoBannsm H3S10. Jlns toro mob
pEeryiIoBaTH 3B’SI3yBaHHA y TakWil Crocio, MoauQiKOBaHI aMiHOKHCIOTH HE
000B’S3KOBO TIOBMHHI PO3TAIIOBYBATUCh O€3MOCEpeIHhO OJHA Ol  OJHOI.
Hanpukman, y Schizosaccharomyces pombe anerwmoBanas H3K4  inridye
3B’ si3yBanHs spChpl 3 H3K9me?2/3.

Ha akTuBHiCTH epMeHTIB MOXKe BILIUBATH MOAMGIKYBaHHS iX cyOcTpaTiB. Y
JIPIKIHKIB TIPOJIIHOBA 130Mepasza SCFPrd karajizye MOBOPOT MENTHAHOTO 3B’SI3KY
H3P38, mo BmimBae Ha 3aaTHICTH Pepmenty SCSet2 metmmoBatn H3K36, sike
OB’ s13aHe 3 BIUIMBOM Ha TPAHCKPUIIIIIIO TCHIB.

MosknuBa Koomeparisi MK MOAUDIKAIISIMU 3 METOI0 €(PEKTUBHOTO PEKPYTYBAHHS
crieuudiunux ¢aktopiB. Hanpuxnan, PHF8 crienudiuno 38’ sa3yerses 3 H3K4me3
Ta 1151 B3aeMo/iis € cuibHimow, ko H3K9 ta H3K14 anerwiboBaHi Ha IbOMY K

xBocTi ricrony H3. Ilpote, Taka crabimizaiis 3B’ s13yBaHHs CKOpIIE BiI0YBa€THCS
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3aBIIKHM JOAATKOBUM (pakTopam y komruiekci 3 PHF8, Hixk 3a paxyHOK mpsmoro
BILUIUBY Ha cam 0110k PHFS.

Takox MOXXJIMBa B3a€MOJis MiX MOJAU(]IKAIIIMU TICTOHIB Ta METHUIIOBAHHSIM
JIHK. Hampuknan, 6ok UHRF1 (ubiquitin-like with PHD and ring finger domains
1) 3B’s3yeThCs 3 HyKJIeocomamu, siki HecyTh H3K9me3, mpote, Take 3B’si3yBaHHS
3HaYHO TMOCHIIOEThCA, fAKImo HykieocomHa JIHK wmictuteh mMetunpoBaHi
aunykiaeoruau CpG. 1 maBnaku, metmmoBanus JJHK moxe iHridyBatu 3B’sa3yBaHHS
O11KIB 31 cienupiyHUMH MOAU(IKAIISIMU TCTOHIB. XopoiuM npukiagom € KDM2A
(lysine (K)-specific demethylase 2A), skwii 3B’sA3yeThCs 3 HYKJICOCOMaMH, SKi

MmictsaTh H3K9Me3, ta tibku y Tomy Bunaaky, koiau JIHK € HemetunsoBaHoro.

Jlokanizauis moaudikaniii ricroHiB y renomi

XpomaTHH eyKaploT MOxke rnepedyBaTu y JBOX cTaHax. [lepmmm € BIZHOCHO
JCKOMITAKTU30BaHUI CTaH XPOMAaTUHY, IPU SKOMY BiH MICTUTh OlIbINICTh AKTUBHUX
IEHIB Ta 3a3HAa€ LUKIIYHUX 3MiH TPOTITOM KIITHHHOrO Iwkiy. LI «BiAKpUTI»
pErioHU TaKOX B1JOMI SIK eyxpoMaTuH. Ha mpoTtuBary im, 1HIll perioHd TreHOMY, TaKl
SK TEHTPOMEPHU Ta TEJIOMEPH, € BIITHOCHO KOMITAKTHUMHU CTPYKTYpaMH, SKi MICTSITh
31€OUIBIION0 HEAKTHUBHI TeHM Ta 30epiraroTh BIJHOCHY CTAaOUIBHICTH MNPOTATOM
IUKJIIYHAX 3MiH KJITHHHOTO NUKITY. Taki OLIbIl KOMITAKTHI PETIOHW BIJOMI SIK
rerepoxpomatul. [loniOna xmacudikamis € agyxe ymoBHOw0. Hanpukian,
HeloAaBHO OyIio mokasano, 1mo y D. melanogaster icHye m’sTh reHOMHHX paiOHIB
PI3HUX CTPYKTYp XpOMAaTUHY (3€J€HUN, ONaKUTHHUM, YOPHUN, YEPBOHUHN Ta >KOBTHIM
XpOMAaTHH), PO3MOJIT Ha Kl 0a3yeThCs Ha aHaJi31 MaTEPHIB 3B’sI3yBaHHS Oararbox
O1IKIB XpoMaTuHy. Tak, reTepoXpoMaTHHY BIJMOBIAAIOTH 3€JCHUN Ta OJAKUTHUM
TUTNW. 3€JICHUN TUM XPOMATUHY — 1€ KJIACUYHHUM TeTEPOXPOMATHH 3 BiAMOBIIHUMHU
MITKaMH Ta OUIKaMu, a OJaKUTHUN TUM — 1€ XpPOMATHH, JO CKJIaJy SIKOTO BXOMSTH
oinku rpynu Polycomb. [lo 4opHOTO THITY XpOMaTHHY BiTHOCATHCS BEJIMKI JUISTHKA
Ir€HOMY, SIKI € CallJICHCOBAaHWMHM, IIPOTE€ BOHU MOXKYTh 1HKOJU TKAaHUHO-CIEIU(IUHO
eKCIpecyBaTUCA. TpaHCKPHUIIIIMHO AKTUBHUMH THUIIAMH XPOMATHUHY € >KOBTUM Ta

yepBOHUI. ['eHH, AK1 pO3MIIlIEHI Y YepPBOHOMY XPOMATHHI, €KCIPECYIOThCSI TKAHUHO-
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cnenupivgHo, TOJI K JKOBTUM XPOMATHH MICTUTh T'€HU JIOMAITHHOTO TOCIOAApCTBA.
IIpoTe, oCKUIBKM Yy OUIBIIOCTI pOOIT Opaiiv A0 yBaru came NPOCTHM PO3MOALNT Ha
reTEPOXPOMATHHOBI Ta €yXPOMATUHOBI paliOHU, MM Ha HhOMY 1 OyJIeMO 3YTTUHSATHUCS.
[ rerepoxpomMaruH, 1 e€yXpoMaTHH MOXYyTh OyTm 30aradeHi a0o, HaBMaKw,
3011HEHI, Ha TIeBHI XapakTepHi Moaudikaiii rictoHiB. TUM He MEHI, HE ICHYE
MPOCTUX TIPaBWJ IS BHW3HAYCHHS JOKami3amii mux Moaudikamiii Ta HasBHHMA
BUCOKMH CTYHiHb TMEPEKPUTTS MIK PI3HUMU perioHamu xpomatuny. Ilpore,
i1eHTuikoBaH1 1 IUISHKH, SKI PO3MEXOBYIOTh T€TEPOXPOMATHH Ta €yXpOMaTHH. 3
TaKUMU «OOMEXYBaJbHUMH €JIEMEHTaMI» 3B’ A3yIOThCs crenudiuni (pakTopu, Taki
sk CTCF, skuit Bigirpae BaXXJIMBY poJjib y MIATPUMAHHI MEXKI MK PI3HUMHU «TUTIAMK
XpOMaTHHY. 3a BIJICYTHOCTI TakKuX (PaKTOpiB reTepOXpOMAaTUH Oyie MOLINPIOBATHCH
Ta CalJIeHCyBaTH €yXpOMAaTHHOBI perioHn reHoMmy. OOMeXyBallbHI €JIEMEHTH
30araueHi Ha neBH1 Moaudikarii, Hanpukiaa, H3K9mel, Ta BUIbHI Bl 1HIIUX, TAKUX
SK areTHIIOBaHHA. bisbiie Toro, 111 CallTé CHJIBHO 30aradyeHi Ha OCOOJMBUI BapiaHT
ricrony - H2A.Z. [IpaBuna po6otu nux ¢GhaxkTopiB, Kl 3a0€3MEUyIOTh MiATPUMAHHS
rpaHUllb LMX JUISTHOK Jajieki BiJ TOBHOIO PO3YMIHHS, ajle iX BaXJIHUBICTh €

0e33arepeyHoIo.

I'emepoxpomamun. Y OGaraToKJIITHHHUX OPraHi3MiB PO3PI3HSIOTH JBa THUIIH
reTepoXpoMaTUHY: (paKyJIbTATHBHMUI Ta KOHCTUTYTUBHUIA. J[0 QakynpTaTUBHHOTO
reTEPOXPOMATHUHY BXOATh PEriOHU T'€HOMY, IO MICTATh I'eHH, Kl JudepeHIiiiHo
eKCIIPECYIOThCS MPOTITOM PO3BUTKY OpraHizmy Ta/abo nudepenuianii 1 ki B 1HIIAN
yac € penpecoBaHMMH. KilacCHYHUM MPUKIAIOM TaKOro THIY XPOMAaTHHY €
1HaKTUBOBaHa X-XpOMOCOMa, sIKa MIPUCYTHS Y KIITUHAX CAMOK CCaBIliB B KOMILIEKCI 3
Polycomb (Polycomb repressor complexes; PRCS), sikuii, sk BimoMo, SBIIIE COOOIO
pernipecopHi Ou1ku, Ta MapkoBaHa H3K27/me3. Taka ko-Jokaii3aliisi MOSICHIOETHCS
tuM, mo H3K27-meruntpancdepaza EZH2 (Enhancer of zeste homolog 2)
nepedyBae BCEPEIUHI  TPUMEPHOTO KOMILICKCY PRC2. HemonaBuo
npoaemMoHcTpoBaHo, sk came H3K27me3 ta PRC2 3anyuaroThcs A0 MO3UIIIITHOTO

HiATPUMaHHS cTaHy (aKkyJlIbTaTUBHOIO rerepoxpomaruny mif yac perrikamii JTHK.
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H3K27me3 pexpyrye PRC2 no caittiB permikauii JJHK, cnpusitoun miarpuMaHHIO
H3K27me3 3a paxyHok misuibHOocTi EZH2. ¥V 1mpboMy Bumaaky rictoHoBa MiTKa
TIOLIMPIOEThCS HA BHEceHI de NOVO TiCTOHM Ta TaKUM YHWHOM MIiATPUMYETHCS CTaH
(akyJIbTaTUBHOTO T€TEPOXPOMATHHY .

Y Mexax KOHCTUTYTHMBHOTO TI€T€pOXpPOMATHHY (pallOHM LIEHTPOMEpPH Ta
TEJIOMEPH) PpO3TAIIOBYIOTHCS T€HHU, fAKI MPaKTUYHO HE ecHpecyroThes. Bin
XapaKTepU3y€eThCsl BITHOCHO BUCOKUMU piBHAMH H3K9me3 Ta HasBHICTIO 3HAYHOI
kinmbkocTi HP1a/B. SIk Bxke Oyno ckaszano, numepu HPL1 38 s3yrotees 3 H3K9me2/3
CBOIMHU XpOMOJIOMEHAMU Ta B3aeMOiI0Th 3 SUV39, romoBHOI0 MeTHiITpaHchepaszoro
H3K9. Ilin uac pemmikamii JJHK BigOyBaerbcs mepepo3noain MoAaupiKOBaHUX
rictoHiB (ski mictate H3K9me), a takox Mommdikaiiis cuHTe30BaHHX (e Nnovo
ricToHiB y permiikoBaHoMy xpomatusi. Ockineku HP1 3B’s3yerbca 3 SUV39, e
HaBOJIUTh Ha JYMKY, IO ICHYE 3BOPOTHIN 3B’S30K, KU 3a0e3medye MiATpUMaHHS
KOHKPETHOIO CTaHy TrerepoxpoMaTuHy mnpotsrom permikauii JHK. Iammmu
cinoBamu, mig yac perutikamii JIHK HP1 3B’s3yeTbest 3 HykiieocoMamu, SIKI MICTSITh
H3K9me2/3-monudikoBaHi T'ICTOHH, 10 MIPU3BOJIUTH hi o) 3aJTy4YeHHS
metuntpancepazu SUV39, saxa, B cBorwo uyepry, metwioe H3K9 Ha cycigHix
HykieocoMax. Kpim Toro, Takuii mNacuBHHII 3BOPOTHUN MEXaHI3M MOSCHIOE,
IpUHAaWMHI YaCTKOBO, JUHAMIUHY IIPUPOJYy T€TEPOXPOMATUHY 1 HE B OCTAHHIO YEpry

HOTO BIACTHBICTH MOIIUPIOBATUCS HA PETIOHU €yXPOMATHHY.

Eyxpomamun. Ha BigMiHy BiJ] T€TepOXpOMaTHHY, €yXpOMAaTHH € Habararo
O1IbIII JIEKOMIIAKTU30BAaHUM Ta MICTUTh aKTUBHI TeHM. TUM HE MeHIe, K 1 Yy
BUIAJIKY 3 Te€TEePOXPOMATUHOM, €yXpPOMAaTHUH HE BeCh OAHOpinHUN. [IeBHI perioHu
30aradeHi Ha KOHKPETHI Moaudikallii ricTOHIB, TO1 SK 1HII BITHOCHO 301 HEHI Ha ITi
Moaudikamii. 3arasioMm 30aradeHi Ha Moaudikaiii JUISHKM MarTh TEHACHIIIO
PO3MIIIYBAaTUCh Yy pEerioHaxX, SKi BIAMOBIJAIbHI 3a PEryJjsllil0 TpaHCKpumilli ado
aKTUBHO TpaHCKpuOyroThca. Hampuknan, TpaHCKpUNUIAHO aKTHBHI EHXaHCEpH
MICTATh BIJHOCHO BHCOKHMH piBeHb H3K4mel, ska diTko mMoOB’s3aHa 3 UM

nporiecom. IIpore, akTuBHI reHm cami 1o coOi 30aradeni Ha H3K4me3, ska
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XapakTepHa JUIsS calTiB movatrky TtpaHckpumiii (TSS). 3aranom, miIsHKH, sKi
aKTUBHO TPaHCKPHOYIOThCA, MicTATh Oarato H3K36me3 monudikariii. Mexani3Mm, 3a
nonomororo  sikoro monudikaris H3K4mel BcTaHOBIIOETBCS y EHXaHCEpax,
HEBIJJOMMIA, MPOTE Ha JPLKIKAX MPOJAEMOHCTPOBAHO AESKI JeTall TOro, SIK came
metuntpanchepaszu, siki moaudikyrote H3K4 ta H3K36, 3amyuaroThes y mpoiiec
MeTumoBaHHs. bimok scSetl, skmit € metmirpancdepazoro H3K4, 3B’s3yeThes 3
cepunoM 5 dochopumsoBanoro CTD (C-terminal domain) y ckmanmi iHimiaTopHOi
dbopmu PHK-momimepasu RNAPII, sxa po3mimena y TSS. B cBoro yepry 06110k
scSet2, saxuii € wmerwirpanchepazoro H3K36, 3B’s3yeThcs 3 cepuHOM 2
dbochopunsoBanoro CTD enonramiitnoi ¢opmu nonimepasu. OTxe, aBa GhepMEeHTH
pekpytytoThes Ha JIHK 3aBasku B3aemonii 3 piznumu popmamu RNAPII, came Tomy
iX po3MillleHHs BU3HAYAE, jie caMe Moudikallis Oyae BCTaHOBIIOBATHUCH.

TakuMm 4rHOM, 3arajibHa KapTUHA 3ajydeHHs1 (epMeHTIB MoaudiKallli y cauTu
iX aKTHBHOCTI JajieKa BiJ TOBHOTO PO3yMIHHS, ajie JesiKi aCTeKTH IUX MPOILIECIB BXKe
3po3yminmi. Iie ogHUM BaKJIMBUM acleKTOM MpoOJieMH TiCTOHOBUX MOAMQIKAIliH,
AKAA TOTpeOye OOroBOpeHHs, € Te, 5K caMmMe BIJOYBA€TbCS  Y3TOKEHHS
pI3HOMaHITHUX MoOAU(DIKAIl TICTOHIB 3 METOI0 peryslii TakuX MpOLECciB SK
Tpanckpumniisa. Ilokazano, mo Bxe 3ragaHa monaudikaris H3K4me3 y apixmkiB
BIJIMTOBIIATbHA 32 3aydeHHs SCYNQL, skuii 3B’ 3yeThes 3a qomoMoror gomeny PHD
finger mporo Oinmka. Ile, B cBoro dyepry, craOim3zye B3aemopito scNuA3 HAT 3
XPOMaTHUHOM, 110 MPU3BOAUTH 0 TinepaneTuatoBanus H3K14. Otxe, MeTuIIOBaHHS
H3K4 noeanane 3 aunerwmoBaHHsAM H3K14. B ananoriunuii cmoci®, 1 3HOBY Y
apikmkie, H3K36me3 pekpyrye SCRpd3S kommiekc HDAC, skmii aeaneTuiroe
ricronn micis enonramiiHoi RNAPIL. Ile BaxmuBo ToMy, IO MOMNEPEIKYE
NOTEHLIWHY 1HILIALII0 TPAHCKPUIIIT ycepeauHl Koayrouux perioHiB. OOuaBa i
MPUKIAIN JEMOHCTPYIOTh, K Y3TOJDKEHHS IBOX MPOTHUIICKHUX (EPMEHTATUBHUX
aktuBHoctet (HAT ta HDAC) peryiroe akTHBHICTH TeHIB y ApikIKiB. OmHaK
NUTaHHS KOHIIEPBATUBHOCTI ILOTO MEXaHI3MY Yy CCAaBI[iB 3JIUIIAETHCS BIIKPUTHM. Y
ccaBiiB € aokazun H3K4me3-3anexxHoro pexpyryBanHs HAT, ame Hemae noka3iB

H3K36me3-3anexnoro pekpyryBanus HDAC.
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Y ccaBuiB MexaHI3MH, SKI PpEryiioloTh aKTUBHICTh IE€BHHUX TEHIB,
nepeadavyaroTh MOXJIMBICTh 3JIyYEHHS Yy 11 MPOILIECH KOMIIOHEHTIB, CIEeIU(pIYHUX
sl TerepoxpomaTuHy. Hampukman, pemnpeciss peryistopy KIITHHHOTO —IUKITY
mukiiny E npoxykTom reny peruHoOmacromu (RB) Brintouae pexpyryBanas HDAC,
MetwioBanHs H3K9 ta HP1B. Omxe, penpecoBaHuii cTaH NpoMOTOpa reHy HUKIIIHY
E notpelye nokanbHOI CTPYKTYpH, SKa Harajaye KOHCTUTYLIHHUN TeTepOXpOMaTHH, a
came HasBHOocTi H3K9me2/3 ta HP1l. Tum He MeHme, Ha BIIMIHY BIiJ
KOHCTHUTYIIMHOTO TETEPOXpPOMATHHY, II€ HEIMOCTIHHA CTPYKTYypa, sSKa 3MIHIOETHCS,
AKIIO KIiTHHA nepexoautb 3 Gl- 1o S-dasu, konu ren nukiiny E akTuByeThCs.
OTxe, B €yXpOMaTHHI JJIs pETyJIslii aKTUBHOCTI T€HIB MOXYTh BUKOPHUCTOBYBATHUCS

KOMIIOHCHTH I'CTCPOXPOMATUHY.

2.3. HEKOAVYIOUI PEI'VJIATOPHI PHK

Hexoayrwoui PHK (non-coding RNA; ncRNA) BiairparoTb BaXJIHBY pOJIb Y
peryisuli ekcnpecii reHiB. B eykaploTHUHOMY T€HOMI TpaHCKpUOyeThest Oubie 75%
reHomHoi JIHK, ane Tinpku npubmmsno 3% WX TPAHCKPUNTIB KOIYIOTH OLIKH;
oinbmoro yactuHolo 1e NCRNA, ski MoxHa kiacuikykaTd B 3aJ€XHOCTI Bij
po3Mipy Ta (yHkiii. Ha crorogHimHiil AeHs BiJOMO 0arato THUIB PETyISTOPHUX
PHK, npore naiiOinbin BuBueHuMu € Maii intepdepyroui PHK (small interfering
RNAS; siRNAs), mikpo-PHK (microRNAs; miRNAs) ta nosri nHekoayrwoui PHK (long
NCRNAS; INCRNAS) (Tabmur 2.3.1). Bonu BigirparoTh BaKJIHBY POJb Y PEryisilii
aKTUBHOCTI TEHIB Ha JEKUIbKOX pIBHAX — TpaHckpuniii, naerpagamii MPHK,
CIUTAMICUHTY Ta TPaHCIAL1, 3a0€3MeYyl0un HasiBHICTh MPOYKTIB I€HIB SIK Y IEBHOMY
KOMITATPMEHTI KJIITHHU, TaK 1 y NeBHUM 4acoBuil mepioa. NCRNA BrumBaioTh Ha
€KCIIpeCiio TeHiB 3aranoM sk iHrioiTopu uwsixom PHKi, ToMy BianoBiiHI MexaH13MH
3a ix yuacti BimHocsaTh a0 PHK-caitnencunry. Oxpim pomi y perymsamii PHKI,
ncRNAs 6epyTh y4acTh y €NIr€HeTMUYHMX MEeXaHi3Max, HalpHKiaj, 1HAKTUBAIli X-

XpPOMOCOMM Ta IMIPUHTUHTY T'€HIB.
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Tabmumg 2.3.1. Knacu Hekoaywunx PHK Ta ix pynkuii

Kaac
HEKOAYHYO0i Po3mip DyHKIil
PHK
MiRNAS ~23 HK Perynsamiss Bim coTeHb 10 THCSY OUTOK-KOAYHOYHX Ta

HEKOJYIOUUX T'€HIB HUILXOM MOCTTPAHCKPUMIIHHOTO T€HHOTO
CAMJICHCUHTY SIK Y TBapHUH, TaK 1 Y pOCIHH

SIRNAs 20-25 ux Perynauis mNeBHUX TEHIB [UIAXOM KOMILIEMEHTapHOTO
3B’si3yBanHs 3 MPHK Ta nerpamarii ocranHboi. Ydyacts y
MeXaHi3Max TPaHCKPUMIIIMHOTO Ta MOCTPAHCKPHUIILIHHOTO
TEHHOTO CalJICHCUHTY. Y POCIWH y4acTh y MexaHizmax PHK-
3anexxHoro MetwioBadHs JJHK

piRNAS ~26-31 HK CaiiJleHCUHT TIOBTOPIOBAaHUX TIOCIIIIOBHOCTEH B TEHOMI Ta
perymsamis metwmoBanHs JIHK, mo BrumBae Ha ekcrpeciio
TeHIB

IncRNAs >200 uk PizHomaHniTHI (QyHKIII BiA CTPYKTypHHX MEXaHI3MIB [0
peryJssiii reHiB NUITXOM eMreHeTUYHUX Moaudikartii

mikpo-PHK (micro RNA, miRNA) — 1ie tun engoreHHux Hekoxyrounx PHK
(TOBXMHOIO TIPUOIM3HO 22 HK), SIK1 J1I0Th Ha PiBHI MOCTTPAHCKPHUIIIIMHOT perysiii
excnpecii reHiB. [IpencraBauk poaquan MIRNA, lin-4, 6yB Briepiie ieHTU(IKOBaHHI
y C. elegans sik perynsrop tpuBanocTi po3Butky. Chorojasi 3po3ymino, mo MiRNA
BIJIIPalOTh (PyHIAMEHTAIbHY POJb y KOHTPOJi OararboxX O10JIOTIYHUX MPOIIECIB,
TaKuX SIK PICT, PO3BUTOK, AudepeHiiais, mpoiideparis Ta 3arudend KITHH. BoHn
MIRNA moxyTts Oytu aekinbka coreHb MPHK, Ta mependaueno, mo Oinbine 60%
MPHK marore MiRNA-3B’s3yt10ui caiiti Ha cBoix 3’-UTR (3’ untranslated region),
okpim Toro, MIRNA 31atHi 3B’3yBaThCh 3 KOJYIOUMMH perioHamu. HakonudeHna Ha
ChOTONHINMIIIN JieHb iH(OpMaIlliss CBIIYMTH, MO BeJIMYe3Ha KUTbKiCTE MIRNA
3aJlydeHa y Pperyssiiito 0araTboX O10JIOTIYHUX TIPOIIECiB Ha pIBHI KIITHHHU, a

MOPYIICHHS y PEryasaTOpHUX Mepeskax MIRNA mpu3BOAKUTS 0 MAaTOJOTIYHUAX 3MiH.

SIRNAs — ne asonaniroroBi PHK (double-stranded RNAs; dsRNA), ski €
MOCEPETHUKAMHU TTOCTTPAHCKPHUIIIIIHHOTO CAMJICHCUHTY Ta MOXYTh OpaTH y4acTh Y
PEKpYTyBaHHI KOMIUIEKCIB, SIKi MOAU(DIKYIOTh TicTOHU. SIRNAsS Oynu BUSIBICHI SIK
exzorenni PHK y TtBapun (Hampukiaa, BIpYCHOTO TIOXO/DKEHHS), ajieé Ha

CHOTOJIHIIIHIN JIeHb BIIOMO HU3KY THMIB eHaoreHHux SiRNAs, ski MoXyTb Oparu
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y4acTh Y KOHTPOJII aKTUBHOCTI TpaHCo30HiB. KpiM Toro, y pocnun nobpe Bimoma
yuacth SIRNAs y mexanizmi RADM. YV npixmkiB ta pociua dsSRNA 3anydeHi sk y
NOCTTPAHCKPUNUIHUNA, TaKk 1 TPAHCKPUNUIHUIA TeHHU caiijeHcuHr. 3a
MOCTTPAHCKPUIILIIMHOTO TeHHOTo cailneHcuHra SiRNAs 6e3nocepennbo OepyThb
yuacth y gerpanauii neHux PHK y nuromnasmi, mo He Mae BIJHOIICHHS [0
eMIreHeTUYHUX MEeXaHi3MiB. MaiurHepii TPaHCKPUIILIMHOTO T€HHOTO CaillIeHCHHTa
MpaloOTh Yy AApl Ta acoliiioBaHi 3 MOAUQIKALISIMU XpOMAaTUHY, Oepydd ydacTb y
BCTAHOBJICHHI Ta MIITPUMaHH] IEBHUX MITOK.

piRNAs (PIWI-interacting RNAS) Oynu BimkpuTi depe3 ix acoriariro 3
oinkamu PIWI, sxi 3amydeni y nporiec rametrorenesdy. Januii kinac PHK naiGiabImn
BuBueHnid y D.melanogaster, xoua BoHM TakoX HasBHI i y ccaBIiB. Y apo3odinu
BOHM BHSBJICHI 1 y COMAaTMYHUX KIITHHAX, /€ BIIITPalOTh KPUTHUHY pOJIb Y
cailencunry Tpancno3oHiB. Jlosxkuna PIRNAS Bapioe Big 26 10 31 HK,
XapaKTePHOI OCOOJMBICTIO € BHCOKHI BIZICOTOK ypuIuHIB Ha 5’-kiHii. PIRNAS
31€OUIBIIIOT0 OpraHi3oBaHI B KJIACTEPH, SKI PO3MIIICHI Yy TeTepoXxpoMaTruHi abo Ha
MEXI1 rerepo-eyxpomaTuH. Taki Kiactepu SBISIOTH CO00K  MOBTOPIOBaHI
TMOCITiIOBHOCTI (pparMEHTIB TPAHCIO30HIB YCiX TONOBHMX KJaciB Ta POAMH. IX
rOJIOBHOIO (PYHKIII€I0 BBaxkaeThcs caitiieHcuHr MI'E, xoua y ccaBliB BOHU MOXYTb
6es3nocepennubo perymoBatu MmetuatoBadds JJHK B ctaTeBux kimiTuHax.

INCRNAS mnpencraBnsatore co0or0 rereporeHHy Tpymy NcRNAS JI0BXKHHOIO
oinbire 200 HK Ta € HaMEHII 3pO3YMUIM TPAHCKPUIILIMHUMH OJIMHUIISIMU B T€HOMAaX
eykapioT. bimbmiictes Bigomux mnpuknaaiB takux PHK 3amydeni y emirenerwusi
mexanizmu. Tak, XIST (X-inactive specific transcript) 6epe yuacthb y iHakTuBaIlii X-
xpoMmocoMH y ccaBiiiB, H19 ta AIR HeoOximH1 Aj1s1 TeHOMHOTO iMIpUHTHHTA. OJIHUM
3 migtumiB  IncRNA e lincRNA (long intergenic non-coding RNAS), mis sikux
XapaKTepHa BUCOKA KOHCEPBATHUBHICTh. ByJjo mokas3aHo, 1110 BOHM BiJANOBIJAIOTH 3a
GopMyBaHHS KOMIUIEKCIB MOAMDIKAII XpOMaTHHY Ha crneuu(iuHuX TEeHOMHHX
JOKycaX, THM CaMUM OOYMOBIIIOIOYM BCTAHOBJIEHHS KJIITHUHHO-CHEIU(pIYHOTO

emireHetnyHoro crany. ITig yac emOpioHanbHOro po3BUTKYy ekcrpecis INCRNA, ska

69



PETYNIOEThCA  TUTIOPUIIOTEHTHUMHU — TpaHCcKpunuiiaumu — ¢akropamu OCT4  Ta

NANOG, nosermnrye KIITHHHO-CIIENU(PIYHY €KCIPECitO TeHIB.

Biorene3 mainux NCRNAS

biocenes miIRNA. mMiRNA MoxyTh OyTH MIKI€HHOIO, IHTPOHHOIO a0o
eK30HHOTO TMoxo/keHHs. MikreHni MIRNA MoXyTh MaTH SK CBili BIIACHHIA
npoMOTOp (MOHOLUMCTPOHHI), TaK 1 BUKOPHUCTOBYBAaTH OJUH IMPOMOTOP pPazoM 3
inmmvu MIRNA (moaimuerponni), Toai sk inTpoHHi MIRNA npucyTHI MOOIUHOKO
abo y CKJaai KJIacTepy Ta BHKOPUCTOBYIOTH HPOMOTOp iX reHa-xassiHa. MIRNA
tpanckpuoyroThes RNAPII, ix 5’-kiHenp NiagaeTbcs KEMyBaHHIO, a 3’-KiHElb —
nomiageHioBanHp. Jlo3piBanHs MIRNA motpeOye ABOX €HIOHYKJICOJITUIHUX
KPOKIB pO3IIEIUIeHHs 3a JormomMororo prubdonykieas I1I tumy - Drosha ta Dicer. ITicis
tpanckpumii Drosha katamisye mgo3piBaHHS MEepBHHHOrO TpaHckpunty MIRNA
(primary miRNA; pri-miRNA), sikuii Moke OyTH JOBKHHOIO JIeKibKa Kino0Oas, y
mnwibky A0BXkHUHOIO 60-100 H, sAka Ha3uBaeTbcs mnomepeaHukomM Mikpo-PHK
(precursor-miRNA; pre-miRNA). pre-miRNA 3ropraetbcst y MiHi-CIipabHY
CTPYKTYpY, SKa  BIII3HA€ETHCA Oimkom  exportin-5, smepHuM  akTopom
CKCIIOPTYBaHHSI, kUil iepeHocuth Pre-miRNA 3 sapa y nuToriasmy. Y IUTOILIa3Mi
Bix mmuasku Pre-miRNA BigpizaeTses KiHieBa metist 0iakom Dicer, o npu3BoauTh
no crtBopenHs aymiekcy PHK noxuHOO 22 HYKICOTHAM, KWW BKIIOYAE 3PLTY
roJIOBHY 4YacTuHy Ta nojatkoBy uyactuHy MIRNA. 3pina mMiRNA 3anyuaerbes y
kommiekc RISC (RNA-induced silencing complex), ne aerpamye ii momaTkoBa
yactuHa (Puc. 2.3.1). Touni aeran mexanizmiB Oiorenesy MIRNA 1ie He ocTaTodHO
BUBYCHI, aJie HabaraTo MEHIIE BiJIOMO PO MeXaHi3Mu peryJuimii ekcrpecii MIRNA.
HemonaBui 1OCHiKeHHsT BKa3yloTh Ha Te, mo He Bci MIRNA dopmyrotbes y
pe3yJbTaTi MPOXOKEHHS OJHMX 1 TUX camMux MexaHi3MiB. Ilicisi mpuegHaHHS 10
komiiekcy RISC 3pinoi mIRNA BoHa cripsIMOBY€TbCS 10 CalTy-3B’si3yBaHHs Ha 1l
uisoBid MPHK. Take 3B’s3yBanHHs npu3BoauTh 110 pemnpecii Tpancisii MPHK 3a
JIOTIOMOTOI0 OJHOTO 3 HACTYIMHUX MEXaHI3MiB: a00 TpaHCIHALis OJIOKYETbCS 3a

paxynok 3roptanHs MPHK vy HeaktuBHYy mnpocTtopoBy KoH(popmaliito, abo
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y P-triapns (processing bodies). Ilpu BrCOKOMYy CTyIEHI KOMILIEMEHTapHOCTI

uiteoBoi MPHK kommiekc MIRNA -RISC po3spizae mimsoBy MPHK 3a yuactio

karajgiTaaaoro jgomeHy (momen PHKasm III) y ckmani 6inkie Argonaute (AGO),

KOpOBOTro KoMmmnoHeHTy komiuiekcy RISC, Ta Bukimkae ii gerpajaiir 3a ydacTio

komruiekciB SKI ta XRN1 (Exoribonuclease 1). 3a 4acTkoBoi KOMILIEMEHTAPHOCTI

komiuiekc RISC nekenye ta neageninye uinboBy MPHK 3a yuacti kommiekcis DCP1-
DCP2 (Decapping proteinl-2) ta CAF1-CCR4-NOT (Chromatin assembly factor 1 -
CC chemokine receptor type 4 - Negative regulator of transcription 1) BiamoBigHoO,

110 MPU3BOAUTH 10 nectadim3zarii MPHK.
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Puc. 2.3.1. [Ipouiecunr pizHuX TUMiB Mayux peryiastopaux PHK.

biozcenes SIRNA. dSRNA BBakaeThCst TpUrepoM JUIsi OUTBIIOCTI, SIKIIO HE BCiX,

BumnaakiB Oiorene3y SIRNA, 1 MoXyTh GopMyBaTHCS PI3HUMH MUIIXaMH — SIK

3MICTOBHA-aHTU3MICTOBHA Napa TPAHCKPHUMTIB ab0 SK JABOJIAHIIOIOBI TPAHCKPUIITH.
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Komm dSRNAS nasBHi, 6iorene3 SIRNA morpedye podotu poaunu ¢pepmenTtin Dicer
(Puc 2.3.1.). Dicer pospizae dSRNAs na aymiekcu SIRNA gosxkunoro 20-25 HK 3
JIBOMa HECTMapeHUMHU HYKJIeOTHIaMu Ha 3°- Ta 5°-kiHIsgX. KpiM Toro, y Helpocnopu
(N. crassa), mpixmkiB (Schizosaccharomyces pombe) ta mematonx (C. elegans) oys
onucanuii He3amexxHuit Big Dicer mexanizm dopmysanus SIRNA. Jlokamizaiiis B
KIIiTUHI, J¢ BimOyBaeTbes mnpouecuHr ASRNA, BrumBae Ha peryisiiro OioreHesy
SIRNA Ta ix pomi y simpi. Y S. pombe TpaHCKpHIIIis, MPOLUECUHT, aMIuTi(ikaris
PHK-3anexnoro PHK mosaimepaszoro (RNA-dependent RNA polymerase; RARP) Ta
AGO-omocepenkoBaHe po3pizaHHs MillleHeH BiIOyBaloThes y spi. Baxanocs, mo y
tBapuH mnporecuHr SIRNA BinOyBaeTbcss B ILHMTOILIa3Mi, IPOTE, HEIIOAABHI
nocnipkeHHs mokasanmm, 1o y D. melanogaster Dicer2 (DCR2) mnepeBakHO
JoKamizyeTeesi 'y sanpi. B rtoit ke wac, mus C. elegans mpomemoncTpoBaHO
[UTOIIa3MaTHYHUN TIpoliecHHT 0arathox SIRNA.

[Ticns  dopmyBanns, naymiekcu siRNA  3B’a3yloTbes 3 BIANOBIAHUM
edexropaum OitkoM AGO. [le came BinOyBaeThes 3B’ si3yBaHHs 3 AGO He 10 KiHIS
3’SCOBaHO y BCIX MOJEIbHHMX oprani3miB. Y pisymku Tams (Arabidopsis thaliana)
3B’si3yBaHHs 3 AGO4 BinOyBaeThest B uToInIa3mi i onocepenkopyerbess HSP90 (Heat
shock protein 90), micjst 4oro KOMILIEKC iMIIOpTy€eThes B siapo. Heooxiguicts HSP9O
s 38’ si3yBaHHA SIRNA 3 AGO nokasana i ais D. melanogaster. ¥V S. pombe, sk iy
A. thaliana, npouecunr SiRNA BimOyBaeThcst B sipi, MPOTE HEBIIOMO, JIe came
BiOyBaeThes 3B’ s13yBanHs 3 OiikoM AGOI1. YV C. elegans saepuumii Argonaute, AKuii
HasuBaeTbess NRDE-3 (Nuclear RNAI defective-3), merexryerbes B spi Jwime 3a

YMOBH 3B’s13yBaHHS 3 BTOpUHHUMU SIRNA, iK1 yTBOPIOIOTHCS B IIUTOIIA3M.

biocenes piRNA. biorenes piRNA BinOyBaeThcs, K IPaBUJIO, 332 MEXaHI3MOM,
BIIOMHUM SIK «mMKJ miHr-monr» (‘the ping-pong cycle’) (Puc 2.3.1), sxuii Brepiie
OyB omucaHuWil y KiiTHHaX 3apoakoBoi JiHii D. melanogaster. Crouatky reHOMHI
kiactepu piRNA TpaHckpuOyroThCs 3 yTBOpeHHsM mnomnepenHukiB piRNA. B
nuToriasmi  nornepeaHuku piRNA  mepeTBoproroThCcs B aHTHU3MICTOBHI piRNAS

TOBXUHOIO 23-29 HK, IS IKUX XapaKTepHa ypueAuH-30araueHa AUISHKa Ha 5’ -KIHII.
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i kopotki oxHonaniroroBi PHK (single-stranded RNAS; sSRNAS) 38 s3ytoTbes 3
oinkom Aubergine (AUB), sikuii mHanexxuts no PIWI-6inki, ta Oinkom PIWI. B
uToriaMi chopMOBaHUM KOMIUIEKC BiAmoBizae 3a pospizanHs MPHK aktuBHux
TpaHcno3oHiB Ha 3MmicToBHI piRNAS. Ili 3micToBHI piRNAS B CBOIO uepry 3HOBY
3B’s3ytoThest 3 AGO3 (PIWI-0iok), sKkuii mOTIM BIANOBIAaE 3a PO3pi3aHHS
nonepeaHukiB piIRNA 3 HaCTYmHUM YTBOPEHHSIM HOBUX aHTHU3MICTOBHUX piRNAS,
TaKUM YHHOM 3aMUKAIOYH ITHT-TIOHT MHKJI. Y KIITHHAX 3apOAKOBOI JIHIT CaMOK
nokamizaiis AUB oOmexyerbes mutoruiazmoro, toai sk PIWI — ne mepeBaxHO
anepui Ouiku. IIpumyckaroTh, 1m0 TiIBKK Micis 3B’si3yBaHHS piRNA, yTBOpeHUX B
ninr-noHr nukii, 3 AGO3 ocraHHIM IMOOPTYETHCS B s7p0. MEHI 3pO3yMUTIUM €
MiHT-MOHT-He3aexkHui muisx OioreHe3y PIRNA, skuit onvcanuii y QomikysipHUX
KJIITUHAX, 1110 OTOYYIOTh OOIUTH.

CTaOUIbHICTD 1 IUKIIYHICTh MAlOTh BXKJIMBE 3HaUCHHS B peryssiii sk SIRNA,
tak 1 PIRNA curnampaux nursixiB. PIRNA ta SIRNA MeTHIIOIOTBCS Yy pi3HHX
oprani3zmiB pepmentom BizomuM sk HENL (small RNA 2°-O- methyltransferase). Lle
MeTwioBaHHs 3axumiae maini PHK Big gerpapmamii 3’-kiHms.  Takum 4uHOM,
¢yukuionyBanns HEN1 moxe 3a0e3neduyBatu KiIiTUHHY criennpiuHicTs Mamux PHK,

1, omke, Bu3Hauatu mimeni PHKI.

Enirenernka ta miRNA

Enicenemuuna peeynayis MiIRNA. He nusnsiunch Ha Te, 1m0 GioreHe3 MIRNA
ChOTOJIHI IHTEHCHUBHO JIOCHIJDKYEThCS, peryismis ekcrpecii MIRNA 3anmumaerscs B
3HAYHINA Mipi He3 scoBaHOI0. Tak, Oyl BU3HAYEHI MMPOMOTOPHI PETIOHU TUIBKU ISt
He3HayHoi yactuHu reHiB MIRNA. HesBakaroun Ha Te, IO CIPOOH IepeadadeHHs
npomoropHux perioniB MIRNA Oymu 3xificHeni y Hu3bII nociimkeHs in silico,
OIBIIICT, MUX TepeadadeHb He OyJio MATBEpPHKEHO y  JabopaToOpHUX
EKCIIEpUMEHTAX.

Sk Bxke 3asHadanocsa, MIRNA Moxyrh OyTH MDKIEHHUMH — a0o0
BHYTpPIIIHbOTeHHUMH. Jlokamizalis MNpOMOTOPIB MIKICHHUX Ta AaHTU3MICTOBHHUX

BHyTpilmHbOreHHHX MIRNA B 3HauHid Mipi He 3po3yMilia, TOIi SK HPOMOTOPH
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OCHOBHHX T€HIB, sIKi mepekpuBaioThcsi 3 MIRNA, BBa¥aroTbCsi MPOMOTOpPAMHU
BHYTpilHbOreHHUX 3micToBHUX MIRNA. TIpoTe y Aeskux IOCHIKEHHIX OYJI0
mokasaHo, 10 ekcopecito MIRNA TakoX MOXYTh PEryjtoBaTH IPOMOTOPH, SKi
po3MimieHi y iHTpoHaXx. KpiMm Toro, Oyio NOpoOAEMOHCTPOBAHO, IO OJWH 3
npeacraBHuKkiB  Kimactepy MIRNA MoXe y MNEBHMX BHIAAKAX ajlbTEPHATHBHO
PEryJIIOBaTHCS HE3aJeKHO B 1HIIMX 32 JOMOMOTOI0 BJIACHOTO IMPOMOTOpa, Xoya
3a3BUYAl CKCIPECYEThCs Y Mexkax kimacrepy 3 oxuiei pre-miRNA. Kpim toro, yactka
MIRNA y 3aranpHomy nyii TotanbHoi PHK Moke OyTH 3HIMKEHOIO Y pPaKOBHX
KIITHHAX Ta KIITHHAX, K1 MIBUAKO HPOMiQepyroTh, IPUUUHU YOTO 3aJUIIAIOTHCS
HEBIIOMHMH. A OTXKe, NUIAX perynsmii excrpecii MIRNA moxxe Oyt aemo OuIbI
CKJIaJIHUM, HDXK 3[aBaJOCs Ha MEPIIMX eTamax ix aociipkeHHs. Hanpukiaz, piBeHb
metumoBanHs JIHK Ta cratyc monudikyBaHHs TICTOHIB y mpoMoTopax miR-127

BILIMBAIOTh Ha eKcrpecito 3piol MIRNA.

MIRNA sk pecynsmopu enicenemuunux npoyecis. SIk TeHu OLIKIB, TaK 1 reHU
MIRNA MoXyTh peryimoBaTHcs emireHetndno, a cami MIRNA perymoBatu
pI3HOMAaHITHI KOMIIOHEHTH erireHeTH4Hol mammuHepii. MIRNA MoxyTh 3amydyatucs
70 TPONECIB PEeryislii MUISXOM MNOCTTPAHCKPUIIIAHOT perynsmii (epMeHTiB-
moudikaropiB xpomatuny. Cepen nependoadeHux reip-mimeneir MIRNA mronauau
HU3Ka TEHIB 3aJly4€Ha B €MIr€HETUYHY DPEeryJiililo, Hanpukiaa, reHu metuin-CpG-
3B’sI3yl0uMX OUIKiB, rictoHOBuUX MetuiTpaHcdepas, HDACS Ta OuIKiB, siIKi MICTSTb
xpomogomenn. Ils dactura MIRNA, ska mnpsMo abo OMOCEPEAKOBAHO PETYJIIOE
CKCITpecito eeKTOpIB eMireHeTHYHUX IMPOIeciB, Bigoma mija Ha3Bowo epi-miRNAS.
[Mopymenns peryssmis excnpecii MIRNA y pakoBHX KIIITHHAX JFOJUHU MIPU3BOIUTH
70 TOPYIICHHS E€MIr€HETUYHOTO CAallJICHCUHTY TEHIB-CYIPECOpPIiB MYyXJHH, SKHM
3abesneuyeThes MeTmoBanHsIM JJHK.

[Mepmmit 6e3nocepenniit 38’130k Mik MIRNA ta DNMT 0yiio BCTaHOBIICHO y
HEIIOAaBHLOMY JOCIIDKeHHI a1t poauHu MIR-29 (miR-29a/b/c) Ta DNMT3a i
DNMT3b, a rtakox inmmx MIRNA, Takux sk miR-148 i miR-143, mo Oynwu

i1eHTUGIKOBaHI SIK  peryasaTopu (EepMeHTIB METWIOBaHHA. Tak, y KIITHHAX

74



KapIMHOMH JIETeHb 32 YMOB 3HIDKEHHS ekcrpecii miR-29 miaBuityerbes excmpecis
DNMT3a i DNMT3b. Iligpumenns x excrpecii MiR-29 mopyiiye MeTHIIOBaHHS
JIHK de novo Ta BHMKJIMKae 3arajbHE TIMOMETUIIOBAHHS, SIKE B CBOI YEpPry
MPU3BOAUTH JI0 €KCIpecii TeHIB-CyNpecopiB MyXJIMH, 10 OyJlW BUMKHEHI 3aBJISKH
METHUJIFOBaHHIO. Bee 11e MpU3BOIUTH JI0 alonTo3y PaKOBUX KIITHH sIK IN VItro, tak in
vivo. Lls pobGora mokaszye, mo MIiR-29 perymoe reau DNMT3 y kmituHax paky
JeTeHb, Ta 3acBiUye HASBHICTH HOBOTO MEXaHi3My, 3a paxyHoOK sikoro MIRNA
PEryJIIOI0Th EKCIPECII0 M'eHIB IIJISIXOM BIUIMBY Ha CMITC€HETHYHI MEXaHI3MU. Y 1HIIIN
poboTi OyI10 MOKa3aHo, IO MiABUIICHHS eKcipecii MIR-29b y kimiturax AML (acute
myeloid leukaemia) npusBoauTh 10 cyrTeBoro 3HkeHHs DNMTI1, DNMT3A ta
DNMT3B sk na piBai PHK, Tak 1 Ha piBHI OuIKiB. 3p0o0JieHO BHCHOBOK, IO
ekcripecis MIR-29b cropusie TIMOMETHIIOBAHHIO HE TUIBKH 33 PaxXyHOK MPSIMOTO
BBy Ha DNMT3A ta DNMT3B, a i 3aBasgku HEnpsiMOMY 3HIDKEHHIO eKCIpecii
DNMT1 mnsixom 3HIKEHHS ekcrpecii SPl, BiIoMOTo TpaHCAKTUBAIIHHOTO (PakTopy
reny DNMT1.

Kpim Toro, miR-143 perymtoe DNMT3A y KIiTHHAX KOJIOPEKTAJIBHOTO PaKy,
toxi sik MiR-148a ta miR-148b pempecyrots excnpecito Dnmt3b y xkmituHax mumeit
3a paxyHOK 3B’sI3yBaHHS 3 Jy’)K€ KOHCEPBATHBHOIO TOCIIAOBHICTIO y KOIYHOUii
yactuHi, a He y paiioni 3’UTR sk y Oumpmocti BumakiB. benerri (Benetti) 3
CHIBaBTOpaMH NepeadauniIn HOBUM perynsaTopHuil nuisix metuitoBanusa JAHK, skuit y
ccaBIiB BKIOYae Kiaacrep miR-290 (miR-290, miR-291-3p, miR-291-5p, miR-292-
3p, MiR-292-5p, miR-293, miR-294 and miR-295) — BaxumBuii perynstop Rbl2
(Retinoblastoma-Like 2), mo B cBO Yeprye i€ SIK TPaHCKPHUILIHHHUI pernpecop
Dnmt3a Tta Dnmt3b. Ile npu3BoauTh A0 TINOMETHIIOBAHHS T'€HOMY, OCOOJIHMBO
TeroMep. AKTUBHICTh KJacTepy MOBHICTIO NPUTHIUYYETbCS y KIITHUHAX MHILEH,
no30apienux Oinka Dicer, B Toi e 4ac y HUX HiABHINYEThCS ekcmpecis RbI2, mo
npu3BoAUTh 10 perpecii Dnmt3a ta Dnmt3b i Tim camuMm BuKiMKae nedexTH
MetwioBanHs JIHK. [Iporte perynsitopHi edextu meTuaoBaHHA Kiactepy miR-290
He BcTaHoBJeH1 y DICER-HOKkayTOBaHUX eMOpioHANBHUX KIITUHAX HUPOK JIFOJUHHU.

Takwii pe3ynbTar CBimM4MTH, 10 BIUIMB Kiactepy MiIR-290 nva DNMT moxe Oytu
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KIITUHHO- 4d BUAO-cnenudiuauM. HemomaBHO Ha OCHOBI JaHMX, OTPUMAHHUX HA
IJIaByHax, 3alpoOllOHOBAHO HOBHM MeXaHI3M peryJjsmii ekcrnpecii TeHiB 3a
noromororo MIRNA. BuCJIOBIEHO NPHITYIIEHHS, IO IHIMIAIS EMireHETHYHOTO
CalllICHCMHIy 3a paxyHok MetwnoBanHd JIHK  perymoerscs — numsxom
craiBBigHomensss MIRNA Tta ix MPHK- miteneii.

MIRNA  Ttakox  perymoroTh ekcnpecito HDACs Ta  ricTHOBOWX
metmnTpancdepas. Tak, mokazaHo, mo HDAC4 e mimennio miR-1 ta miR-140.
Takuii HOBHI peryasTopHui MexaHi3Mm 3a ydacTio MIRNA omnwucaHuii y KIiTHHaAX
amioTpodiuHOTrO JIaTepasibHOTO CcKiepo3y (amyotrophic lateral sclerosis, ALS).
[Tokazano, mo MIR-206 3arpumye po3BuTok ALS, Takox miATBEp/HKEHO, IO
HDAC4 e mimrenio MiR-206. Ilikao, mo y MiR-206"" TBapuH 3pocTae excrpecis
oinka HDAC4 y ckemerHux M’s3ax, toni sk piBenb MPHK Hdacd samumaerncs
He3MmiHHUM. Lle o3Hauae, mo MIR-206 iuridOye tpancmsamiro Hdac4, a He i€ Ha
TpaHCKpHIIiifHOMY piBHi. Byio m okazano, mo MiR-1 Ta MiR-499 GepyTh yuacTs y
nudepeHiiaiii KapaioMiouTIB, IMOBIpHO 3a paxyHOk pernpecii reniB HDAC4 Ta
SOX6 (SRY (sex determining region Y)-box 6).

miR-449a BmmBae Ha cBoro Mimenb (HDAC4), ekcmpecis  skoro
HiABUINYEThCS Yy OararboX THMax pakoBux KmiThH. Ekcrpecis 1iei MIRNA
3HIDKYETBCSl Y PAKOBUX KIIITUHAX, BBEICHHS 11 y KIITHHU PaKy MPOCTATH MPU3BOANUTH
70 3aTPUMKHU KIITUHHOTO MUKy Ta arnonrto3y. [logiOHum uynHOM pe-ekcmpecis miR-
101 y OHKOJIOTTYHUX MOJIEJIAX TaKOXK MPU3BOJIUTH JI0 1HT1OyBaHHS ()OPMYBaHHS PaKy.
Mimennro MIR-101 € EZH2, xaramithyHa OIWMHUIL PEHPECHBHOTO KOMILICKCY
Polycomb2, sikuit BignosinaapHuit 3a TpumeTrmoBanas H3K27, penpecuBHoi MIiTKH,
Ta MOXKE 3arajloM 3MIHIOBaTH CTPYKTYpy XpoMatuHy. MiR-2861 y mnepBHHHUX
octeobyacTax MHILEH crpusie ix nudepeHiianii 3a paxyHOK pernpecii ekcrhpecii

HDACS Ha nocTTpaHCKpHUIIIIMHOMY PiBHI.

Mexanizmu peryJsuii saepuoi PHKi
Tpankpunuiiinuii rennunii caiiencunr (transcriptional gene silencing; TGS)

O0yB meporo Binkputoro ¢yHkiieo aaepnoi PHKi 1 Bu3HauaeThes sik mpoiec, 3a
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JOTIOMOTOI0  SIKOTO  MO’KHa 3HM3UTH TPAHCKPHUMIIO MUIAXOM  (QOpPMYyBaHHS
reTepoXpoMaTUHy B TapreTHUX JIOKycaX TEeHOMY. Y IIbOMY KOHTEKCTI IOCTa€
3alUTaHHA: «SK  camMe  JIOCSTaeTbcs  CHUKBEHC-CHenr(piyHe  BCTaHOBIICHHS
penpecuBHUX MOAM(IKALIA XpoMaTUHY?». SIK 1 B IUTOIIa3Mi, MIMIEHAMHU SACPHOI
PHKi € monexynu PHK, npore BoHu noBuHH1 Oyt B Oe3mocepeaHii OJIM3bKOCTI J10
JIOKYCY 1XHBOT'O MOXO/DKEHHS, 110 1 MPHU3BOAUTH 10 CHEIU(IYHOrO BCTAHOBJICHHS
eMIreHeTHYHUX MoaudiKamiii y KOHKPETHHUX [MOCHIIJOBHOCTAX. Tak, Oyna
chopMynbOBaHAa  MOJENIb  KOTPAHCKPMILIHOIO  TEHHOr0  CAWJIEHCHHIY
(co-transcriptional gene silencing; CTGS), 3rigHO SIKOT MIIIEHAMH SACPHUX MaJTHX
PHK e #noBocuntezoBani PHK-momimepazamu wmonekynmu PHK, micns woro
BiI0OYBa€ThCS B3a€MOIS 3 €()EKTOPHMMH KOMIUIEKCAMU Ta PETYJsLis MalIuHepii

TPAHCKPHUIILII].

Aoepna PHKi y S. pombe: TGS. Ponp PHKi y TpanckpuniiiiiHomy reHHOMY
cailencuHry Oyna BusiBjieHa y S. pombe, mo € HeoOXimHuM s (GopMyBaHHS
KOHCTHUTYTHBHOTO TE€TEPOXpPOMATHHY Yy MHpHIleHTPpoMepHHUX perioHax. Lli perionu
BUCOKO30arayeHi rictoHoM H3 MeTuiabOBaHMM MO JI3MHY B 9-My MOJIOKEHHI
(H3K9me) i cknamaroThest 3 BapiaOCIBHOIO YHMCjIa IMOBTOPIB, SIKI JABOHAIMPABICHO
TpaHCKpUOYIOThCs 3 yrBopeHHIM ASRNA, 1110 1oTiM mporecyroThes 3a ydacti Derl y
SiIRNAs. Kpim toro, PHK-3ane:xxnuii PHK-mosimepa3zuuii kommiexkc (RNA-
dependent RNA polymerase complex; RARC), B3aemoniroun i 3 Dcrl, i 3 Agol,
npoaykye dSRNA Ta SIRNA 3 TpanckpunTiB-mimeneid Ag0l, 301IbIIyI09H KUTBKICTh
SIRNA Tta nocumoroun edekr. CunrezoBani SIRNAS 3aBanTaxkyiotbcs B Agol —
ocuosHoro komnonenta RNA-induced transcriptional silencing complex (RITSC)
— 1 copsmoBytote RITSC 1o HoBoyTBopenux mnpuneHTpomepHux NCRNA
tparckpuntiB. bimok Chpl (Chromodomain protein 1), 10 ckiaay sSIKOro BXOIUTh
XpoMoJoMeH, Takox € kKommoHeHToM RITSC 1 copusie ioro mnoxamizamii Oins
rerepoxpomMatuHy muisixom B3aemonii 3 H3K9me. Ilicns noxamizamii RITSC y
JIOKYCl, SIKHA MICTUTh MOBTOPH, BIH CHpuUse MoaajiblioMy MeTwiroBaHHO H3KO,

pekpyryroun Ccryptic loci regulator complex (CLRC), no ckiagy SKOTO BXOIHUTH

77



H3K9 wmetuntpancdepaza. IlikaBo, mo 3matHicTh AQ0l [0 KaTamiTHYHOTO
pO3pi3aHHA € HEOOX1AHOI I Mo3uIlioHyBaHHA Ta nomupenHs H3K9me, 3okpema B
peniopTepHuX TeHax. lle mosicHIOEThCS THUM, IO KaTaliTHYHA aKTHUBHICTH Agol
NPU3BOJUTH JJIi BUBUIBHEHHS «CYIPOBODKYIOUOTOY» JaHIora (passenger-strand)
3B’si3aH01 3 HMM dsRNA, a omke, copusie KOMIUIEMEHTApHIM B3aeMOJIi MIXK
3apaHTaxkeHUMH B Oimok SIRNAsS ta ixwimu PHK-mimensmu (Puc.2.3.2).
Bumeonucane cBiqunth, mo saepua PHKI, a oco6mmBo koMIemeHTapHa B3a€MOIis
«SIRNA-PHK-MimieHb», € HeoOXiAHOW IS MOIIKUPEHHS reTepOXpOMATHHY, SIBHUIIA,
sKe crodyaTky Oyno omucaHe sk edekT moJioxkenHs (position effect variegation).
IlenTpanbHa poJib y IHTErpalii MPOIECIiB TPAHCKPHUIIIT Ta MOAU(IKYBaHHS
xpomaTuHy HasexuTh koMmiuiekcy RITSC. Kpim Toro, icHye mO3UTUBHUI 3BOPOTHI
38’5130k Mik yrBopeHHsM SIRNA, mokamizariero RITSC ta merumoBanasm H3KO.
[lixaBuM HacmigkoM € Te, 1o MeTuitoBaHHd H3K9 e nHeoOXimHuM 1J1s1 reHepyBaHHS
SIRNA. B3aeM03B’s130K Mix TpaHCKpHIIIi€r0, yrBopeHHsM SIRNA Ta caitieHCHHTOM
y S. pombe cBiguuth, 1o TGS BigOyBa€eThCsA y HUC-TIOI0KEHHI; TpoTe Y pociaud TGS

TaKO>K MOX€ B1I0YBaTUCH 1 y TPAHC-TIOJIOKEHHI.

Hoepna RNAi 6 S. pombe: CTGS. 3anexuicts nokamizaimii RITSC Big
KoMIUIeMeHTapHOi B3aemoAili 3 NCRNA TpaHckpuntamu sBisie OO0 IIKaBHi
napajgokc: Jokycu-mimeHi PHKi mnoBuHHi TpanckpuOyBatucsi, mo0 OyTH
cailjieHcoBaHUMHU. TaKy 17€10 MIATBEPAKYIOTh PE3YyIbTaTH T€HETUYHOTO CKPUHIHTY
NOpyIIeHHs caiijieHcuHry y S. pombe, a came Oyio i1eHTH(IKOBAaHO ABI TOYKOBI
myTaiii B cyoomunuisax RNAPIL, ski pos’egnyBanu Tpanckpunuiro Ta RITSC B
MPULEHTPOMEPHUX NuIsiHKax. Moaens 3B’ s13Ky TpaHckpunuii, PHKi ta dopmyBanus
reTepOXpOMAaTUHY MAa€ CEHC B KOHTEKCTI KIITUHHOTO 1uKiIy. JlociimkeHHs
JE€MOHCTPYIOTh, 110 TPAHCKPUIILIS 3 TPUILIEHTPOMEPHUX MOBTOPIB, SIKI € MIIICHIMHU
st PHKI, BinOyBaroThCs BIPOAOBK S-has3u, TOAl K, KOJIU BIIOYBAETHCS PEILIIKAIIIS
JHK 1 noBunH1I nepenatucs wmoaudikamii xpomaruny. Pemmikamis /JIHK Ta
TPAHCKPUIILIS TAKOK MOBUHHI OyTH PO3/1JIEH] Y Yaci, 00 3ano0irTi 31TKHEHHIO LUX

MPOLIECIB 3 HACTYITHOIO 3yNMHKOIO PEIUTIKaTUBHOI BUJIKU. byno Bussieno, mo PHKi
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€ HeoOximHow miusa mojermeHHs BuBiIbHeHHS RNAPII 3 JIHK Ta 3amoGiranas
tpanckpuniii mig vac perutikamii JIHK. Moxkna npunyctutu, mo PHKi moxe
1Hr10yBaTH €JIOHTAIlII0 TPAHCKPHMIli, TUM CaMHM TMPU3BOJAYMA JO JWCOILIALi]
RNAPII 3 IHK. Ha ocHoBi Bumeonucanoro 0yso chopmynsoBano monaens CTGS y
S. pombe.

siRMNA

Puc.2.3.2. MexaHi3M KO-TPaHCKPHIIILIHHOTr0 FreHHOr0 CalICHCHHTY y S. pombe.

Mogens CTGS po3Bonsie mnoscHuTH mapajgokc [GS. HooytBopeHi
tpanckpuntu PHK € HeoOximuumu st iximianii Hanpasienus PHKi nokycy; micins
1poro snepHuil komruieke RNAI Moke cripuaTi TpaHCKPHITIIIHHOMY CaliJICHCHHTY Ha
piBHI XpomaTuHy Ta 3ymoBmtoBaTH aucomiamito RNAPIl HeBigomMuM mOKH 1110
[IUISIXOM. 3aJIMIIAIOTHCS HE 3PO3YyMUIA HACTYIHI MUTAHHS: K CaM€ PO3MOYHHAETHCS
TPAHCKPHUIIIIA y TETEPOXPOMATHHOBOMY CEpPEIOBHUII Ta SKUM caMe MEXaHi3M
3ymoBitoe aucorriaiiro RNAPIL.

3’aBnsA0Th Bce HOBI Jokasu Toro, mo PHKi Moxke Kko-TpaHCKpumniiitHO
pETryJIIOBaTH JIOKYCH 1 110332 KOHCTUTYTUBHUM IeTepoxXpoMaTtuHoM y S. pombe. Byio
noka3zano, mo PHKi Bimirpae ponp y 3anmoOiraHHi OJHOYACHIA TPaHCKPUIILIT

KOHBEPIE€HTHO TPAHCKPUOOBAHWX TEHIB, HMOBIPHO TAaKOX IUISXOM ITOJICIICHHS
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auconianii RNAPIIL. Kpim toro, Dcrl 3gaten ¢i3udHo B3aeMomisiTh 3 reHamH B
€yXpOMaTHHi, TOMy MOKHa MPUITYCTUTH HOTO POJIb B PETYJISAIil TeHIB 03 3aIydeHHs
Moaudikamii rictoHiB. | miiicHo, saepHuit Dcrl rpae poiib «TepMoriepeMHuKaya»
(‘thermoswitch’) min gac perymnsiii reHiB BiAMOBIII Ha TEIUIOBUH cTpec. B kimiTnHaX,
AKi He 3a3Hamu cTpecy, Dcrl 3HaXOAWTBCA B SAPI 1 HETaTHMBHO PETYJIIOE TeHH
BIJIMIOBI/Il HA CTPEC; MiJ JII€I0 TEMIIEPATyPH BiH €KCIIOPTYETHCS 3 sI/Ipa, 1110 3yMOBIIIOE

AKTHUBALIIO JAHUX T'€HIB.

PHK-3anexcne memuniosannsi JJHK (RNA-directed DNA methylation, RdADM) y
A. thaliana. ¥V pocmunu cnpsimoBane BipycHoro PHK tpancrenne mermiaroBanns JJHK
Oyso BiAKpHUTE 3370Bro A0 TOro, sk crana Bigmoma ponb PHKi; miznime 3amydenHs
curHabHuX TWiaxiB 3a ydacti manux PHK ta PHKi B mpomnec TGS Oyno Bmepie
3anpornoHoBaHo came g A. thaliana. MoxHa npoBecTn OaraTo mapajieieid Mix
nporiecamu RADM y A. thaliana ta CTGS y S. pombe. Hampuknan, mis 060x
OpraHi3MiB CHIJIbHUMH PUCAMU € HEOOXIAHICTh TPAHCKPHIIII JJIs CAMJICHCUHTY Ta
JIOKaJi3allis caMe B T'eTepOXPOMATHHOBHX JIOKYCax, sIKi MicTATh moBropu. RADM
BiapisHseTses Big CTGS y S. pombe HeoOXiIHICTIO TOKPOKOBOI TPAHCKPHITIIIT JBOMA
nommepazamu  (RNAPIV  ta RNAPV). Tpauckpuntu RNAPIV  ciayryors
cyocrparamu ais redepaiii SIRNA, toni sik HoBoyTBOpeHi Tpanckpuntd RNAPV e
mimensmu PHKI. Tnimiatopni matpuri st RNAPIV weBigowmi, ane, iMOBIpHO, BOHH
e nmokycamu, ne BigOyBatumeThcsi RODM. RNAPIV ¢isnuno B3aemomie 3 PHK-
3ajexxHor0 mosiMepaszoro 2 (RNA-dependent polymerase 2; RDR2), ska mpoaykye
dsRNAs 3 1i TpanckpuntiB; dSRNAs B pe3yinbTaTi npouecyrothes 3a yuacti DICER-
LIKE 3 (DCL3) B siRNA nosxunoto 24 nykineoruan. L{i SIRNA excnopTyroThcs B

LUATOILIA3MYy, /€ BOHH 3aBaHTaXYyIOThCs B KoMIuieke Argonaute (Puc 2.3.3).
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Puc. 2.3.3. PHK-3anexne metmmoBanus JJHK y A. thaliana.

lonaiimenme 3 3 10 OinkiB Argonaute, susiienux B A. thaliana, 3amydeni B
nporiecu RADM, npote nepium OyB ineHTrdikoBanuit AGO4. Tlicns 3aBaHTaXKeHHS
24 nykneonuaaux SIRNA, sike BiOyBa€ThCs y MUTOILIA3MI, KOMIUIEKC IMIIOPTY€ETHCS
B SIIPO Ta CIIPSIMOBYETHCS JIO MillleHeH - koMIuieMeHTapHux 10 SIRNA Hekomyrounx
TpaHCKpunTiB, cuHTe30BaHUX RNAPV. BBaxkaerncs, 110 MEBHY pPOJIb y IbOMY
MPOoIIeCi BIAITPArOTh Oe3mocepenni 61I0K-017TKOB1 B3aeMoIii 3 cyooauauiieiro RNAPV
NUCLEAR RNA POLYMERASE El1 (NRPE1) ta RNAPV-acomiiiopanum KOW
DOMAIN-CONTAINING TRANSCRIPTION FACTOR 1 (KTF1).

Takuii KoO-TpaHCKpUMNIIAHUN calaeHcuHr 3a ydacti mnpoueciB PHKi B
KiHIIEBOMY pe3yJIbTaTi MPHU3BOAUTH 10 3MIMIEHHS PEMpPEeCcyrvoro METHIIOBAHHS
IIUTO3UHY B JIOKYCH, 5IKI TpaHCKpuOyroThes RNAPV. V A. thaliana metmmoBanHs
muTo3uHy de novo katamizyerscs JJHK wmermnrpancdepazoro DRM2 (DOMAINS
REARRANGED METHYLTRANSFERASE 2) B nokycax-mimensx RAIDM. DRM2
Moke Oyt dacTuHOrO edexkTopHoro xkommiekcy RADM, mio miaTBepaxyeTbes THM
dakrom, mo Oimok RDM1 (RNA-DIRECTED DNA METHYLATIONL), sxuii €
KOMIIOHEHTOM TaKoro KoMIuiekcy, B3aemojie 1 3 AGO4, 1 3 DRM2, 1 € HeoOXigHUM

mist ipouieciB RADM. st HopmanbHoTO (hyHKIIoHYyBaHHS RADM Takox HeoOXigHa
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npucyTHicTh DRM3, karanituuno HeaktuBHOTO mapanory DRM2, npote iforo ponb
HeBiioMa. Ilicns 3anmydenus y nmotpioHe micue DRM2 metmnioe 1nuto3uH y Oyib-
SKOMY HYKJICOTHJHOMY KOHTEKCTi, BKJItouarouu acumerpuuHi CHH caiitu (ne H —
OyAb-sIKUM HYKJICOTHN), AJI HOJermeHHs GpopmyBaHHs rerepoxpomaruny ta I GS.
MoxnuBo, ananorigbo j0 poii Chpl B cnpsamyBanni RITSC go rerepoxpomatuny y
S. pombe, AGO4-aconitioBanmii 6imok RDM1 y A. thaliana 3B’s3yerscs 3
onHonaHIoroporo metmwiboBanow JIHK, i takum umnom copsimoBye AGO4 no
HaIBMETHJILOBAaHUX PET10HIB, TOCHIIOIOYH €(EeKT.

Busgneni Bapianii kaHoHiuHoro RADM curnanbHoro muisaxy. Tak, 0110k
AGOG6 Bimirpae 4acTkoBO Taky xk poib, sk 1 AGO4, a AGQO9 3aBanTaxyeTbes 24
HykineotuaauMu SIRNAS y KiniTHHAX KIHOYOT 3apOAKOBO] JIiHi1, Ie HOro aKTHBHICTH €
HEOOX1IHOIO JJi1 CAMJIGHCUHTY TpPAaHCIO30HIB, MpoTe Oe3mocepeanss poib Y
MetwnoBanHl JIHK mie He 3’sicoBaHa. ICHYIOTh TaKOX JI0Ka3u TOTO, 1110 TPAHCKPUIITH
RNAPII (ska B OCHOBHOMY TpaHCKpHOy€ €yXpOMAaTMHOBI T'€HH), Ha NPOTUBAry
RNAPV, € Ttakox wmimensmu RdDM, mnpore 3Ha4YeHHS IHOTO 3aUIIAETHCA
HE3PO3yMUIUM.

VY pocaua RADM curHanpHUM HIISX MOXKe OyTH 3ailyde€HUH y METHIIIOBAHHS
H3K9, xoua He 3’gcoBano, uu Biairpae PHKi B npomy 6e3nocepentio poisb, siK y S.
pombe. IcHye mepexpecHuil 3B’SI30K MK MMM IUIAXaMH, OCKIJIbKH METHIIIOBAHHS
JNHK  neoOxigHe mns pekpyryBanHsa H3K9 wmermnrpanchepazu  SUVH4.
[H{onaiimenmie aa romojord SUVH morpeOyrothes mns mpoueciB RADM, a maii
PHK-TpanckpunTs 3 iHBEpTOBaHWX MOBTOPIB BIUIMBAIOTh Ha MeTuitoBaHHs H3KO B
O1IBIIIN MIp1, HDK Ha METHJIFOBAaHHS ITUTO3UHY.

RdDM, moxiuBo, € He equHuM MexanizmoM simepHoi PHKiI y A. thaliana. €
JI0OKa3| TOTO, 1o 1HImWHN saepunii curHansuuid nuisix PHKI, 3a ygacrti 6inka DCL4,
BiJliTpae KO-TPaHCKpUNUiiiHy poJb B TepMmiHauii Tpanckpunuii. DCL4
0e3MmocepeIHbO B3aEMOJIIE€ 3 XPOMATHHOM B 3’-perioHi T'€HiB, SIKI TPAaHCKPHOYIOTHCS
RNAPII, 1 3ymoBiio€e po3pi3 HOBOYTBOPEHHUX TPAHCKPUNTIB Ta TEPMIHALIIO

TPAHCKPUIILIII.

82



Kinpka mpuknagiB y iHmmx pociuH, HbK A. thaliana, Bka3yrore Ha Te, 1O
miRNAs moxyTte BmumBatd Ha wmetwmoBaHHsa JIHK. Tak, y pucy mami PHK
JOBXHUHOI 24 HYKICOTHIIB YTBOPIOIOTHCS 3 TONEpEeTHMKIB (Tak 3BaHMX long
MIiRNAS; ImIRNAS) ne3zanexxno Bix aktuBHOocTi RDR2 Ta mpomecyrorscss DCL3,
micist yoro 3aBaHTaxyroThesi B AGO4, skuit y A. thaliana 3a3uuaii acorifioBanuii
came 3 RADM. 1li ImIRNAS 3naTHi HampaBisiTH BHCOKOCTICIU(IYHE METHUITFOBAHHS
[IUTO3MHY Y BJIACHUX JIOKycax (B IUC-TIOJIOXKEHHI) Ta KOMILUIEMEHTapHUX JOKycax (Y
TpaHc-tosiokenHi). Jeski ImiRNAs Oynu inentudikopani i y A. thaliana; npote, ix
BB Ha MetwaroBanHs JIHK He mokazanwmii. Takoxx y moxy Physcomitrella patens
nokazaHo Kuibka 21 wHykiaeotugHi miRNAs, ski BIUIMBalOTh Ha METHJIFOBaHHS
IUTO3WHY. X0oua 00uABa MPUKIIAIN JEMOHCTPYIOTh BIUTMB 1HIUX KiaciB Mannx PHK
Ha metwmoBanHg [IHK, »omen 3 HUX He o3Ha4ae iCHyBaHHS MPUHIIUIIOBO HOBOTO

CHUTHAJILHOTO MUIIXY mo3a mporecamu RADM.

AHoepna PHKi 6 comamuunux xaimunax meapun. Xoda poiib saepHoi PHKi y
KJIITUHAX 3apOJIKOBOi JIIHII TBAPUH € 3pO3yMIIOI0, MPOTE € CyNEepew Bl AaHi, sKi
J03BOJISIIOTh MPUNYCTUTH, IO [GS BinOyBaeTbcs 1 B COMATHUYHUX KIITHHAX.
I'onysanns C. elegans dSRNA, miist SKuX MIIICHSMH € €HIOTEHHI T€HH, € TPUTEPOM
nepexony metmnoBanHss H3K9 B TapreTHUX JIoKycax cOMaTHUHUX KIITHH y TPOIEC,
KM 3a5IekuTh Bin saepHoro mwisxy PHKi [Bigomuit sik curnampamii nuisx NRDE
(Nuclear RNAI defective) y C. elegans] ta Big akruBHocTi PHK-3amexxnoi PHK-
nomimepasn RRF-1. BusBneno 6arato reHiB-mimeHnei eagoreHHnx siRNAs, 1 geski,
aJle He BCI, JEMOHCTPYIOTh 3HWKCHHS MeTwioBaHHs H3K9 y myrantie nrde. V
comatnuHux kiituHax D. melanogaster myramii B Dcr2 um Ago2, siki 3amydeHi y
siRNA curHanbHMii TUISIX, BIUIMBAIOTh HA EKCIPECII0 PEMOPTEPHOTO TEHY Y
[EHTpOMEpax 1 MPU3BOAATH 10 3HWKCHHS DPIBHA METWIIOBAaHHS IIEHTPOMEPHOTO
H3KO.

VY coMaTMyHUX KIIITUHAX OaraTOKJIITUHHUX TBapuH, K 1 y JIPLKIXKIB, IO
JISAThes, OuTkM, 3amydeHi g0 mporeciB RNAI, B3aeMOaiI0Th 3 TPaHCKPHUIIIIHHOO

MaITMHEPIEI0, M0 MOXe CBIMUUTH Tpo KoHcepBatuBHICTE CTGS. Tak, y KimiTHHAX
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monuan ta D. melanogaster 6inok AGO1 B3aemomie 3 RNAPII, a 'y S2 kimitunrax D.
melanogaster AGO2 Ta DCR2 O6e3mocepeiHb0 3B’SI3yIOTHCS 3 XPOMATHHOM Ta
RNAPII 1 nHeoOximHi 1js1 1HrIOyBaHHS €KCIpecii TEHIB TEIJIOBOTO IIIOKY 3a
BIJICYTHOCTI cTpecy nuiaxoMm yTpumyBaHHS RNAPII Ha may3i ta 3amo0OiraHHst THM
caMuM eyoHramii Tpanckpunuii. [lizcymMoByro4M, CydacHi JaHi CBII4aThb PO
KOHCepBaTUBHICTh B3aemoaiil snepnoi PHKi Ta TpanckpumnuiiiHoi Mmammzepii, 1o

BIJINOBI A€ KO-TPAHCKPUMIIIITHII MOzelIi.

Snepua PHKI B kiaiTmHax 3apoakoBoi JiHii
B kmituHax 3apoakoBoi JiHIT ocoOnuBe 3HaueHHs Mae caisieHcuHr MIE,
OCKUIbKH OyAb-sIKI 3MiHM OyAyTh YCNaJKOBYBAaTHCh HAlllagkaMHU. Y TBapHH II€
JOCSITAETHCST 3aBIIKM aKTUBHOCTI curHaimbHOro nuisixy PiIRNA, a y pocnua — 3a

yuacTti SIRNAS.

Aoepna PHKI 6 xaimunax 3apookoeoi ninii A. thaliana. Y pociavuH KIITHHU
3apOAKOBOI JIiHIT BHUHMKAIOTh Ha MI3HIX CTaJisiX PO3BUTKY 3 COMATHYHHX
CTOBOYPOBHMX KJIITHH (Ha BIIMIHY BiJ] TBapWH, ¢ 11l KJIITUHA BUHUKAIOTh HA PaHHIX
erarnax), TOMYy TPaHCIO30HU IOBHUHHI OYTH CailJICHCOBAHUMH BIIPOJOBXK BCHOTO
PO3BUTKY. 3arajioM, XpOMAaTHHOBI MITKH, SIKI MPHUCYTHI MPOTSATOM COMAaTHYHOTO
PO3BUTKY, TMOBHHHI OyTH BCTAaHOBJICHUMH 3aHOBO B KIIITHMHAX 3apoOjKOBOi JiHii. B
COMAaTUYHHUX KJIITHHAX TPAHCIIO30HU MiATPUMYIOTHCS B HEAKTHBHOMY CTaHI K 3a
paxyHok aktuBHOCTe RADM, Tak 1 miarpumyrounx [JHK-metuntpancdepas, xoua i
3MiHM B KJIITHHAX-CYNMyTHUKax 3apojkoBoi JiHii (companion cells) we poGasate
BHECKY B TIEHETHYHY CKJIaJ0oBYy HacTymHoro mnokomiHHsa. bimok DDM1 (DNA
methylation 1), sikuii Gepe y4acTb B pPEMOJICIIIOBaHHI XPOMAaTHHY, € OCHOBHHM
PETYIATOPOM TPAHCIIO30HIB, a HOTO €KCIPECisl 3HIKEHA y BETeTaTUBHUX AIPaX, IO
NPU3BOAUTH J0 AKTHBallli TPAHCIO30HIB Ta YTBOPEHHS 21 HYKJICOTHAHUX MaluX
PHK, antusmicroBHux Tpancno3zonaM. L{i mani PHK MoxyTh BUMuKatu penoprepHi
T'eHHU, SIKI eKCIpecytoThes B criepmaTo3oinax. o crocyerscs MmetumoBanus JIHK, To

Ha BIJIMIHY BiJl TBapUH, Y SKUX B1JI0YBa€ThCS MOBHOTCHOMHE JEMETUIIIOBAHHS T
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Jac crepMaToreHe3y, B KIITHHAX 4YojoBidoi 3apoakoBoi inii A. thaliana
HIATPUMY€ETbCS CHMETPUYHE METHIIOBaHHS Ha pIBHAX, MNOJIOHMX 10 TakKuX Yy
COMAaTUYHUX KIITHHAX, aj€ CIOCTEPIraeThCsi 3HM)KEHHSA PIBHS ACUMETPUYHOTO
METHJIIOBaHHS MOCI1JOBHOCTEN HU3KHU TPAHCIIO30HIB, SIKI Mi3HIIIE PEMETUIIIOIOTHCS B
eMOpioHax, 1110 PO3BUBAIOTHCH.

B xinouomy rameroditi pemnpecoBana JHK-meruntpancdepaza METL
(methyltransferase 1), a JIHK-rmiko3unaza DEMETER, ska 3HiMae METHIIIOBaHHS
IIUTO3UHY, €KCIPECYEThCS B JUIUIOINHIN IEHTpajdbHIM KIITHHI (SKa IMOTIM CTaHe
eKcTpaeMOpiOHaIbHUM  eHjpocnepMom). lle  mpu3BoAWT, A0  TOTaJIbHOTO
JEMETUIIIOBAHHS LIUTO3UHY B €HJOCIIEPMI, 110 CYIPOBOKYETHCS 3pOCTAHHIM PIBHS
excripecii 24 mykimeotmmHux ~ SIRNAS, o0 B CBOIO  4Yepry  3yMOBIIIOE
rinepMeTUIIOBAaHHS B KOHTEKCTaX HykJeoTHliB mo3a CpG B mHuIbOBUX calTax, SKi
4acTo MPEICTaBIsAIOTh 00010 perpoTpoHcno3onu. Lli 24 nykmeorumni SIRNAS
3B’3y10Thest 3 OutkoM AGO9 B neHTpanbHIM KIITHHI 1 3a0€3Me4yloTh KOHTPOJIb
dbyukiionanpHoi  crnernudikamii  Makpocrmopu. Ha chorogHi HeMa  mpsMUX
CKCIICPUMCHTAJIBHUX JO0KAa3iB, SIKI IEMOHCTPYIOTHh THepeminieHHs: Takux SIRNAS abo
AGO?9 3 nenTpanbHOi KITHHU A0 siuekmitunu. [Iporte, y mytanTtiB 3a ago9 MI'E
aKTUBOBaHI B sHIEKIiTHHI, 1¢ ago9 He ekcmpecyerbes, a MIRNA, ski
EKCIIPECYIOThCS, B ILIEHTPAJIbHIA KIITHHI MOXYTh BHUMHUKAaTH PENOPTEPHI T'€HU B
AinekaiTuHl. OTXe, TPaHCIO30HU CIOCTEPIraloThcs B CYMYTHIX KIITHHAX 1 MOTIM
BUKOPHUCTOBYIOThCSL Uisi yTBOpeHHs Manmux PHK, ski 3yMOBIIOIOTP BHMKHEHHS
TPAHCIO30HIB Yy KIITHHAX 3apOJIKOBOI JIHIIT, XO4Ya HEBIJIOMO YU MOXYTb BOHHU
BmBath Ha [GS wepe3 nuiax PHKi. Take mnepemimenns manmux PHK ik

KJIITUHAMHM 3apOJIKOBOI1 JIIHIT Ma€ 3HAYEHHS AJI €MIr€HeTUYHOr0 YCIaKyBaHHS.

PIRNA cuenanvruuit wnsx y D. melanogaster. Cepeni TBApUHHHUX 00’ €KTIB POJIb
curHanbHOro nuisaxy PIRNA y caiinencunry MI'E Halikpaie omnucana Juis oBapiod
D. melanogaster. B oBapionax pPIRNA caiijieHCyIOTh TPaHCIIO30HH B COMATHYHHX
boNKyIIpHUX KIITHHAX, XapuylOuuX KIITHHAX Ta BiacHe B oouuti. CoMatuyHi

(GoiKyISpHI KIITHHU NPOAYKYIOTh juie anTu3micToHi PIRNAS 3 jokycy flamenco;
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BOHM HE OepyTh yd4acTh B MIHT-TIOHT IMKJi, a 3aMiCTh IIhOTO MPOIECYIOTHCS 1
3aBaHTAXYIOThCS BUKIIOUHO B Oiiku PIWI. [{nst rux piIRNAS roioBHUMH MIIICHSIMH
€ eleMeHTu gypsy, sKi mpeacTaBisioTh cobor LTR-perporpancno3onu. EnemenTtu
ponuHU gYypPSY 3/1aTHI PO3MHOXKYBATUCS NIISTXOM MPOAYKYBAaHHS BIPYCHHX YaCTHHOK
B (DOJIKYJIAPHUX KIITHUHAX, K1 MOXKYTh 1H(IKYBAaTH KJIITHHU 3apOJKOBOI JIiHII, TOMY
curHanmpimii  nuigx  flamenco-moximaux  PIRNA  BBakaeTbes  €BOJIOLIMHHM
aHTaroHICTOM JaHOTO KJIaCy TPAHCIIO30HIB.

Y Xapuylouux KIITHHaX Ta OBapiojax TNpalio€ MiHr-MOHI LHKJ, SKHHA
3abesreuye 3axucT Bia pisHMx THmB MI'E 3a ywacti Bcix kmactepiB PIRNA Tta
MRNA aKkTHBHUX TPaHCIO30HIB. Y 1boMy BHUmaaky numix PIRNA mpu3BoauTh 10
Jerpajaiii TPaHCKPUIITIB TPAHCIIO30HIB Ta OOYMOBIIOE€ CAMJICHCHHT TPaHCKPHUITIIII
TpaHcno30H1B nuisixoM MetuiatoBanas H3K9. [Tokazano, mo 6imku PIWI cierudivno
B3acMoaioTh 3 OutkoM HP1A, axkuii BBa)KaeTbCd OCHOBHHM KOMIIOHEHTOM
rerepoxpomatuny. Kpim Toro, smepHa mokamizamis PIWI e nHeoOxigHOWO Is
XPOMaTHH-OMOCEPEIKOBAHOI pPemnpecii psAay TPaHCIO30HIB, IO MOXKE CBIAYUTH MPO
0e3IMoCepEeTHI0 yJacTh B IIUX Mporiecax. B Toi ke vac, CailIeHCHHT caMHX KJIacTepiB
PiIRNA, ski po3MmilleHi y TeTepoXpOMaTHHi, OyB OW HECTIPHUITIMBHM, OCKIIbKH
3aro6irae yyacti nepBuHHUX PIRNAS B 1iukii. Lle BUpimTyeThes 3a JOMOMOTror0 0iJika
Rhino — Bapianty HPI1, sikuii oOMeXyeThCs siipamMy KIITHH 3apOAKOBOI JIiHIT i
cnenndivyHO JIOKami3yeTbess B kimactepax PIRNA 1 cropusie  TpaHCKpHMii
reTepoXpOMATHHOBUX KiacTepiB. MexaHnizmu Jsiokamizaimii Rhino came B kimacrepax

PIRNA, a He B aKTMBHHUX TPAHCIIO30HAX 3aJIUINAIOTHCS HE3PO3YMITUMH.

Cuenanvruti wiisx PIRNA y muweri. CurnanbHuii 1muiax 3a ydyacti 0iakis PIWI
BHCOKOHCEPBATUBHUI y TBapHH 1 BIAITpae y KIITUHAX 3apPOJKOBOI JIiHII MHUILIEH POJIb,
noAiOHy 1o Takoi y aposzodimu. Y mumed na romonoru Ouikie PIWI - MILI
(Mouse PIWI; Takox Bigomuii sik PIWIL2) Ta MIWI2 (MIWI-like; Takox Bimomuii
sk PIWIL4) — € HeoOXimHMMH JJIs1 CaWJICHCHHTY TpPAHCIIO30HIB y KIIITHHAX
3apOJIKOBOI JIiHIT camiliB. BTpata Oyab-AKOro OUIKY CHPUYMHIOE TEpPEeMIIICHHS

TPAHCIIO30HIB Ta CTEPHUIILHICTL 0coOuH. [Ipote, € BimminHOCTI Y PIRNA curHaibHUX
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nuisixax y D. melanogaster ta mummeii. YV kimiTHHAX 3apoJIKOBO JiHII caMIiB MHIIEH
TPAHCIIO30HU TOTAJILHO JEPENPECYIOThCS Yepe3 TOTAbHE IEMETUITIOBAHHS LIUTO3UHY
BIIPOJIOBK paHHIX eTamiB po3BUTKY. [loTiMm PIRNA curHajdpbHHME IUISX 3aIyCKAEThCS
OKpPEeMHUMH TPAHCIO30HAMU Ta BiAOYBa€ThCA BITHOBJICHHS TMAaTEPHIB METHIIIOBAHHS
BINPOJOBK po3BUTKY. Ockinpku MIWI2 3HaxoguThes B spi, TO, CXOXKE, BIH €
epextopom Argonaute PHK-cnpsmoBanoro merumtoBanns JIHK y mumeit. Yaactsb
MIWI2 y Bcranosnenni MetwitoBanHsi JIHK B kimiThHax 3apojKoBOi JIiHII MOXeE He
Oytu OesmocepeaHboro (Ha BigMminy Big poii AGO4 y A. thaliana un Agol mus
H3K9me y S. pombe), Tak sik eKCIIepIMEHTH 0 KO-IMyHONPEIUIITAIlil HE TIOKa3aJIH
B3aemozii mixk MIWI2 ta de novo metuntpanchepazamu DNMT3A ta DNMT3B.
Poms simepunoi PHKiI B chpsmyBanni wmertwmoBanas JIHK y ccaBmiB
NpOJIEMOHCTPOBaHa B immpuHTOBaHOMY Jokyci Rasgfrl (Ras protein-specific
guanine nucleotidereleasing factor 1), ne curnanpamii ntx PIRNA HeoOXigHui 1
MeTHIIOBaHHS de NOVO B KJIITHHAX 3apOAKOBOI JIiHIT caMiliB. Y JaHOMY JIOKYCi BHUIIIE
Big audepenuiino MeruiaboBaHoro periony (differentially methylated region;
gDMRS) 3naxomsatecs LTR, ski komruiementapuai PIRNAS, 1m0 BCTynamTh y UK
miHr-nour; i PIRNAS HameBHO MOXKYTh T'€HEPYBATHCS BHACHIIOK HASBHOCTI KOIIii
LTR B xnactepi pPIRNA. LTR wmictutbes B Mexax rena ncRNA, skuii crienugiqao
TPaHCKPUOYETHCS il Yac ClepMaTOreHe3y, KOJM BiOYBAE€ThCS METHIIIOBaHHS e
novo. Ils roBoyTBOpena ncRNA e mimenHo s piRNAS 1 KO-TpaHCKPUITIIIITHO
CaliJIeHCYeThCA LUIAXOM Jeno3uiiionyBaHHs MetwnoBanHs JIHK. Ile copusie
MOIIMPEHHIO HAIIPABIECHOTO CAWJICHCUHTY B MOOJHM3y po3TamioBaHwuii jokyc Rasgfrl,
10 1 MPU3BEAUTH 0 IMOPUHTUHTY. He BUKITIOUAIOTh, 110 CAWJICHCHHT 3a JOMIOMOTOI0
piRNAs moxe Oyru Hempsimum. [Ipote nokyc Rasgfrl € He emuHMM mnpuKiIazom
IMOPUHTUHTY YW CaWJICHCHHTY €HJOI€HHHUX TIeHIB 3a ydacTi mexaHizmy PHKi.
Hactynuuii reHetTuuHuii Ta OIOXIMIYHMM aHal3 HEOOXIIHMM [Jii TOTO, 1100
3po3ymit, un PIRNAS Bimirparots OesmocepenHio poiab B MetwmoBanHi JHK, i

SKIIO TaK, TO IKUM € JIETATBHUN MEXaH13M I[bOr0 MpOoILIECy.

Sinepua PHKi Ta 30epe:keHHs misticocti reHoMy
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Snepua PHKI Bimirpae kimo4oBy poiib B MiATPUMAaHI MUTICHOCTI TE€HOMY,
3amo0iraroyu MepeMillieHHI0 TpaHCcno30HIB. [IpoTe, 3’sABISIIOTBCS JaHI OPO MPSMY

POJIb IILOTO MEXaHI3My B 30epekeHH1 TeHoMy Ta penapartii JJHK.

PHK1 ma cmpykmypa xpomocom. KoHIeHCAllisE XPOMOCOM € HEOOX1IHOIO IS
cerperarii xpomocoMm Iij 4dac mito3y. Y S. pombe mopymenHs PHKIi Bukimkae
3HaYHUI pIBEHb 3aTPUMKHU PO3XO/KEHHS XPOMOCOM MpU MITO31 Ta MiJIBUIIECHY
Yy TJUBICTH JI0 JIKIB 1IHT10ITOPIB MiKpOTpyOOUOK. TakoX y KIIITHHAX 3apOKOBOI JIIHIT
D. melanogaster DEAD-6okc BmicHa PHK-xemikaza VASA cnpuse mokami3zarii
KoHeHcanii konaeHcuny I (condensin 1), 1o 3yMOBIIIO€ KOHJIEHCAIII0 XPOMOCOM 1
3anexuTh Bix komroHeHTIB PIRNAS curnanproro nuisixy AUB Ta spindle E (SPNE).
binok BELLE, mapanor VASA, i€ aHaJIOT19HO B COMAaTUYHUX KJIITHHAX Ta MOTpeOye
JUIS BHUKOHaHHSA cBoix QyHkmii AGO2 ta DCR2, kommoHeHTiB numaxy SIRNA.
IlixaBo, mo poss PHKi B sokamizarii koresuny Oysa nmepeabadena i y S. pombe, 1o,
MOJKJIMBO, CBIIUNTH PO KoHcepBaTUBHICTH posai PHKI y nokamizanii kore3uny Ta/4u
KOHJICHCUHY JIJIs 3a0€3MeUCHHS HaJICKHOT KOHJIEHCAIllT XpOMOCOM.

Teaomepu D. melanogaster yHnikambHi uyepe3 iX TPaHCIIO30HHUN MeEXaHi3M
MOJOBXKEHHS. 3’scoBaHo, mo nuisix piRNA peryntoe TelnoMepHi TPaHCIIO30HU B
KJIITUHAX 3apOJIKOBOI JIiHIT 1 TOMY MOXK€ PEryJIloBaTH JTOBXHUHY Teromep. Hanpukiang,

y Ag03-MyTaHTHUX €MOpIOHIB CIIOCTEpIraeTbCs MiJBUIICHUN pPIBEHb TPAHCIO3UIII]

TEJIOMEPHUX TPAHCIIO30HIB, 1 SK HACHIAOK 30UIbIlIeHa JOBXHHA Teiaomep. Kpim
mporo, aub i PHK remikaza armitage 3amgydeHi B TNpOAYKYBaHHS TeIIOMEp-
crienudiuaux piRNAs, 1 iX BTpaTa 3yMOBJIIO€ OUIBIIY YacCTOTY 3JIUTTS TEJIOMED, 110
Moke cBimuuTH mpo posib piIRNA B opranizamii Tenomep. Anepna PHKi takox €
HEOOXITHOIO I HaJeKHOTO (YHKI[IOHYBaHHS Teomep y S. pombe. CyOTenomepHi
PETriOHH MICTATh AUIAHKY, SIKa TOMOJIOTIYHA MPULIEHTPOMEPHHUM IOBTOpaM Ta sKa
cupusie PHKi-3anexnomy ¢opmyBanHIO retepoxpomatuny. Ilpumyckaerbes, 1o
anepHa PHKi Bigirpae xoHcepBaTHUBHY poOJib Y MIATPUMIN CTAOIILHOCTI TEIOMEp Y

PI3HUX OpTaHi3MiB.
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EykapioTuuHi reHoMH MICTSITh 3Ha4yHI perioHu mnostoproBanoi JIHK, ska
3ajlydeHa B PEKOMOIHAIlil0, 1 MOXXE€ BUKJIMKATH HECHPHUSATIMBI 3MIHM B CTPYKTYpI1
xpoMocoM. € mokazu Toro, mo nuisixu PHKi moxyTe OyTu 3aidydeHi B pemnpeciro
pexomOiHanii B moBTOproBaHuX perioHax. Tak, mopymenHs PHKi B kmitunax S.
pombe mpusBoaMTE 10 30UIBIICHHS MeWOTHYHOI pekomOiHarii. IlogiOHe
crioctepexeHHs 0yio 3pobiene i st D. melanogaster, B sikoi PHKi-onocepenkoBana
cympecist pekoMOiHaIlii € HeoOX1THOI SISl MATPUMKH CTa0lIFHOCTI TTOBTOPIOBAHUX

nocmigoBaocTei JJTHK.

Bionosiob na nowkooxcenna J[HK. Ponp mamux PHK y Bigmosigs Ha
nomkomkeHHa JJTHK (DNA damage response, DDR) Bnepie criocrepiragacs B N,
crassa, y skux maini PHK yTtBoproBanuck 3 nmosropiB pubocomansnoi JJHK (rDNA)
npu obpo6mi kimitud JIHK-momkomkyrounmu arentamu. [lizHime Oyno moka3zaHo
Oesmocepenuio yuacth MexanismiB PHKi y pemapamii JJHK y A. thaliana.
JBonanitorosi po3puu JJHK iHaykyroTs yTBOpeHHs 2 1-Hykneotuaaux Manux PHK.
1 manmi PHK cunTe3yroThCs Ha AUISIHKAX MOPS] 3 IBOJIAHI[IOTOBUMHU PO3pHUBAMHU, a 1X
6iorene3 norpedye aktuBHOCTeH Kk RNAPIV ta DCRL. BoHu pekpyryroTbest a0
Micis po3puBy 3a ydacti AGO2 Ta onocepeKoByIOTh pernapailito, a myrtailii B Ago2
yi reHax IHIUKX (akTopiB OioreHedy Takux PHK cnpuunHioOTs 3HUKEHHS
e(heKTHUBHOCTI pemapariii IBOJAHITIOroBUX po3puBiB. [lpumyckarots, mo AGO2
PEKpYTyEe KOMILIEKC penapailii JBOJAHIIOTOBUX PO3PUBIB B MICIE MOIIKOMKEHHS
aHAJIOTIYHO 3 JOKaji3aliero KomruiekciB MetwmoBanus JIHK y mpomeci RADM.
Takuii MexaHi3M croctepiraBcss 1 B KIITUHHUX JIHISX JIIOJWHU, BKa3ylOud Ha
koHcepBatuBHICTh posii PHKi B penapauii nBonanitorosux pospusiB JHK. Kpim
TOT0, TIOJTIOHI MpOoIeCcH BiOYyBatThCs 1y KiniTuHax D. melanogaster, B skux po3puBH
iHAyKyI0Th yTBOpeHHs SiRNA, mist goro Takoxk HeoOximHi AGO2 ta DCR2, sxi €
KOMITIOHeHTaMu eHjorenHoro nuwsixy SIRNA. Tlicnst yTBOpEHHs JBOJIAHIFOTOBOTO
po3puBy akTUBYeThCs HUIAX DDR, sikuii Moxe 3ynuHATH mposiidepariiro KIiTHH.
Dicer- ta Drosha-3anexHi mani PHK € HeoOXiqHUMM )i aKTHBAI[IT JAHOTO IIIIAXY Y

aroneit, mutrer Ta Danio rerio. Tomy #iMoBipHO, 1110 DDR 1misx Moye 1MoB’s3yBaTH
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npouecu PHKi Ta penapamii JHK, xoua cnemudiuni ¢ynkuii mamumx PHK

3aJIMIIar0ThCA HeBiIIOMI/IMI/I.

PHKi ma yinvosa eniminayiio eewomy. MOXINBO, HaWOIIbII HE3BUYHOIO
potro PHKi B cTabibHOCTI reHOMY € IibOBa eaiMiHallis reHoMmy y Tetrahymena
spp. Tta Paramecium spp. Tetrahymena spp. 30epirae nBa siapa: TeHEpaTHBHHMA
MIKpPOHYKJIEYC Ta COMaTHYHUN MakpoHykieyc. [licias yTBOpeHHsS 3UTOTH HOBE
MakKposIpo po3BuBaeThes nursxom BupaneHas ~6,000 IESs (internal eliminated
sequences). [lepen BumaneHHsIM y XpOMaTHHI, 10 HAJICKUTh 10 IUX AUITHOK IESS,
30uIbIIy€eThCST  piBeHb MeTwimoBaHHsS H3K9 Ta 3 Hboro cuHTresyroTbes 28-
Hykieotuani sScan RNAS (scnRNAs), siki 3B’ s3ytoThest 3 O6imkom Twil (Tetrahymena
PIWI). PHK-remikaza Emal copusie B3aemomii Mix Twil Ta XpoMaTHHOM,
3YMOBIIIOIOYHM KOMIUIEeMEeHTapHy B3aemoniro PHK, 3aBanTtaxkeHoi y HbOro, 3
HOBOYTBOPEHUMH TPAHCKPUIITAMHU, IO BIJAMOBIAA€ KO-TPAHCKPHUMIIMHIMA MOMEI.
[TpumyckaroTh, MO IIe TPU3BOIUTH N0 TMOMIMPEHHS MIiTKH MeTmmoBaHHs H3K9
HOIOHMM JI0 TaKoro y S. pombe muisxom, 1o MoTiM CIyrye MITKOIO IS €JTiMiHALii

JIHK B makponykieyci.
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PO31J1 3. EHITEHETUYHA PEI'YJIAAIIA AKTUBHOCTI I'EHIB ¥
PIBHUX I'PYII OPI'AHI3MIB

3.1. BAKTEPII. EIIITEHETUYHA PETYJISLIS KJIITUHHOI'O LUKJTY

Sk 1 y eykapior, y mnpokapior MetwmoBaHHsi JHK Bxmodae moct-
pEIUliKaTUBHE J10JIaBaHHA METWJIBHHUX TPYI JO0 a30THUCTHX OCHOB 3a yuacTio JIHK-
metmiTparchepas. C-mermanurosunn ta N°-Mernaameninm Gynu BusBIeHi i
eykapior, i y mpokapior, Tomi sk N*-MeTmaumrosmum xapaktepHi TimbKH st
OakTtepiil. Y maHomy po3aiiai Oyae po3TISHYTO JIUIIE POJIb METUIIOBAHHS aJICHIHIB y
peryAnii KINITHHHOTO LUKITY TPOKapioT.

Crnopignenicts neskux JIHK-3B’s3yrounx OUIKIB 3al€XUTh BiJ CTaTycy
MeTuitoBaHHs nociigoBHocte JIHK (MeTunboBaHOro, HamiBMETHILOBAHOI'O a0o
TMOBHICTIO HeMeTHIb0BaHOro0). Ockinbku N°-MeTHIaeHiH 3HIKYE TepMOINHAMIUHY
cTablIpHICTh Ta 3MiHIOE KpuBU3HY JIHK, #ioro HasBHICTH B MEBHIM MOCIIIOBHOCTI
MOYKHa PO3TJIAJIaTh B SIKOCTI Mapkepy B3aemoii peryistopHux OuikiB 3 JJHK. Pyx
PEIUTIKAaTUBHOI BUJIKH CYHpPOBOJXKYeThbes 3MiHaMu B MmetuitoBanHl JJHK Bracmigok
YTBOPEHHS JIBOX HAaNiBMETWJIbOBAHUX CECTPUHCHKUX XpPOMOCOM Ta HAaCTYIHOL

aKTHUBAIlll aJcHIH-METII-TpaHcdepa3 BiIMOBITHO.

BbakrepianbHi ageHiH-MeTWI-TPaHCPepa3u

Dam-ywemunaza  y-npomeobaxmepini. depment Dam (Deoxyadenosine
methylase) mae y cBoeMy CkIiaji aBa TOMEHH, OJMH 3 SIKUX 3B’SI3y€ JOHOP METUIBHOT
rpynu  S-ageHo3mi-meThHoHiH  (S-adenosyl-methionine; SAM), inmmit  JIHK.
Cyb6ctparamun Dam € HemeTunroBaHi abo HamiBMeTUILOBaH1 mmociiioBHOCTI GATC.
VY xonai oxHoro 3B’s3yBaHHs 3 JIHK Dam meruntoe 0au3bK0O 55 afeHIHIB y CKJIaIl
caiftiB GATC 3a paxyHok noctynaibHoro kos3anss B3noBxk JIHK. ['omo3uroru 3a
MYTaHTHUMH ajeiasiMud reHa dam ue »xutresmathi y Vibrio cholera ta Aeromonas
hydrophila, a Takox y aeskux mramiB Yersinia, mo Bka3ye Ha Te, 0 METHIIIOBAHHS

aZICHIHY BXKJIMBO JUUIA MPOXO/PKECHHS KIITHHHOTO IUKIY y IUX BUIIB Oaktepiid. Y
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iHmmx BB, Takux Ak Escherichia coli, myranTu 3a reHom dam BHKUBaOTh, MPOTE
JEMOHCTPYIOTh PI3HOMaHITHI MyTaHTH1 (DEHOTHUIIH.

[IBUAKICT, METHJIIOBAaHHSI BU3HAYAETHCA KUIBKICTIO MOJEKYJI METUJIAa3u Ta ix
MPOLECUBHICTIO pPa3oM 3 IHIIMMH KIHETHYHUMHU [apamMeTpaMd Yy KOHTEKCTI
MBUJKOCTI perunikaiii. Jlume O6mu3pko 130 mosekyn metuntpancdepasu Dam
HAKOMUYYEThCS Y KOXHINA KimituHI E. cOli, mo mpu3BoanuTh 10 3HWKEHHS DPiBHS
MeTwtoBaHHs y de novo cunte3oBaniit JIHK mo3any periikatuBHOi Briku. OTxe,
nochigoBHicTh JIHK 3anuimmaerbcsi HamiBMETHILOBAHOIO TMPOTATOM  JEKIIBKOX
xBuauH micis pervrikamii (Puc. 3.1.1). B 1ol e dac HeBenMKa KIIbKICTh
perynaropuux caitiB GATC miaTpuMyroThCs HamiBMETHILOBAHUMH TPOTITOM
OULTBIII JOBrOTO TEpioAy, Ta MOXKYTh HaBITh CTAaBaTH HEMETHUIHLOBAHUMH TICIIA
HACTYIHOI perTikaTuBHOT BUIKU. MinimyMm 25 3 mpubmusHo 20 000 caiitiB GATC E.
coli HemoMeTHIbOBaHI BHACTIIOK: 1) 3B’si3yBaHHs OLIKIB, sIKi 3axuinaroTh 11i GATC-
caiith Big MeTwaoBaHHs Dam, Ta/abo 2) HasSBHOCTI TOCIIJIOBHOCTEH, SKi
oesnocepenubo (iaHkyroTb GATC-caiiTu Ta ynepemkyrTh pe-METWIIOBAHHS 3a
nonomoroto Dam. 3a magekcmpecii Dam wnoBocuHTe30BaHi mociinoBHocTi JJHK
HEraiiHO METHJIIOIOTHCS, 110 3HIXKYE MATOr€HHICTh MEBHUX OaKTepialbHUX IITaMIB Ta

nopylrye perutikamito y E. coli.

CcrM-memunasza a-npomeobaxmepiii. BiNOK-perynsiTop KIITHHHOTO IHKITY
CcrM (cell-cycle regulated methyltransferase) 0ys Bnepiie onucanuii y Caulobacter
crescentus, ge BIH TMOCTYNajdbHO METWUJIIOE 3aJMIIKK aJeHIHIB Y MEXaX MOTHUBY
GANTC nepeBakHO y HamiB-METHJIbOBAaHUX caiTax. ¥ C. Crescentus icHye e€IWHUIA
cait inimanii perutikamii JJHK. Tpanckpunuis reny ccrM Tta nerpanarist 6ii1xy CcrM
KOPCTKO KOHTPOJIOIOTBCA TiJ 4Yac KIITHUHHOTO IMKiy, Tak o0 CcrM
HaKOMMUYYBaBCS TIJILKU TMEpPeJl MOAIOM KJIITHH, 110 301ra€ThCs 3 4acOM 3aKiHUCHHS
perutikaii OakTepiaabHOT XPOMOCOMH. Caiitu GANTC CTaloTh
HAIiBMETUJIHOBAHUMHU ITICIISl IPOXOKEHHS PETUTIKATUBHOI BHJIKU Ta 3QJIMIIAIOTHCS B

TaKOMy HamiBMETHJILOBAHOMY CTaHl aX JIO0 MOCTCHHTETUYHOI CTajli KIITHHHOTO
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nuKIy. TpHuBallicTh HaMiBMETUIHOBAHOTO Niepioay neBHOro GANTC-caiiTy 3anexuThb

BiJ1 ioro po3miiieHHs Ha xpomocomi (Puc.3.1.1).

Hopsaanexui pisene Hagexcnpecia
METHATPpAHCEHERES METHATPAHChEpAs
S-fama S-pasa
[——] [—]
—
Gord Gorkd +4

ZEMMERHI GANTE -cafTH
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Cofl gna
l/,‘—f‘«,(‘ i P = . o —
e | ’7 ‘ H
I\\ _,f H u HM
= —
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é:n S-9asa
|
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3BMMAAHI GATE -canTH

- | & [T |-

T wae Yac i
Perg,mmuEHi HaneHIicTE Seql BiasyTHicTe Seqa
GATL -C3HTH
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— Hac - 9ac
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Puc.3.1.1. YacoBa nuHamika METWJIIOBaHHS OaKTepialbHOI XPOMOCOMU
npotsirom  S-¢pasu  (BigTrBopeno 31 3minmamu 3 Colier, 2009). Xeuni 3min
MemuIbo8an02020 cmauy 3anedxcamov 6i0 uyacy pennikayii /[HK ma axmusnocmi
JHK-memunmpancghepas. ¥V opyeiii Kononyi cxemamuuno 300paxceHo 6axmepiaivHy
xpomocomy 3 noxanizayisimu opioxcunis (Cori ma OriC) ma mepminamopis (ter)
pennikayii, ecenie dnaA, ccrM ma CtrA, a maxodc mpu cinomemuyni caumu
memuniosants A, B ma C. YV mpemiii ma uemeepmitl KONOHKAX NPOOEMOHCMPOBAHULL

yac pennikayii J[HK (S-¢paza), naxonuuenns memuimpancgepaz Dam CcrM y
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KIIMUHI ma Kou J0KYCU 3HAX00simucs Y Haniememunvoganomy (HM) ma nosnicmio

memunvosanomy cmani (FM).

Biacyrnicts ¢ynkiionanpHoro CCrM He cyMmicHa 3 ICHYBaHHSM TaKHX
oaktepini six C. crescentus, Agrobacterium tumefaciens ta Brucella abortus, mio
CBITYUTH TIPO KpUTHYHY posib MeTwitoBaHHs JIHK y KOHTpOJi KIIITHHHOTO IUKITY Y
a-mpoteobakTepiii. Takox, komu caiitu GANTC mpoTsroM BChOTO KIITHHHOTO
UKy MIITPUMYIOTBCS Y MOBHICTIO METHJILOBAHOMY CTaHI 3a PaxyHOK HaJeKcupecii
reny CCrM abo crabimizanii 6ika CCrM, kiiTHHa 4acTO akyMyllo€ OibIlIe JIBOX
OakTepiaIbHUX XPOMOCOM, XapaKTEPU3YEThCS HETUIOBOKO MOpP(OJOTi€lo  Ta
3HMKEHOIO MPUCTOCOBYBAHICTIO.

[ToBHOreHOMHUI aHaJi3 METUJIIOBAHHS a/ICHIHIB y TEHOMaX O-TIPOTE00aKTepin
Mesorhizobium loti, Bradyrhizobium japonicum Ta A. tumefaciens, siki KOJIOHI3YIOTb
POCIIMHHI ~ OpraHi3M{, BHUSBHUB  HAsSBHICTh  CTaOUIBHO  HEMETUIHLOBAHUX
nociigoBHocTer GANTC. BiacyTHICTP METWJIIOBaHHS B KOHTEKCTI BKa3aHO1
MOCJI1IOBHOCTI MOKe OyTH HaciiakoMm KoHKypeHiii Mixk CcrM ta JIHK-3B’si3ytounmu
Oinmkamu. J[BomMa TakuMU KOHKYpylouMMH KaHaumatamu y M. loti € romoBHwmid
perynstop kmituHHOro 1Ky CtrA rta Tpanckpumniiiauii ¢akrop NodD, ski

3B’$I3y10TBC$I 3 IEBHUMHU HEMETHJIbOBAHUMU CaliTaMH.

MernmoBanns JIHK Ta ekcnpecist rediB y 0akrepiit

Binomo, mo wmetumoBanHs JIHK perymoe ekcmpeciro  JEKUTBKOX
OakrepianbHuX TeHiB (Tabmuug 3.1.1). Lli renn koayroTh OlTkM ab0 aHTHU3MICTOBHI
PHK Tta 3amydeHi y pi3HOMaHITHI MPOILECH, BKJIIOYAIOYU 1 KOHTPOJIb KIITUHHOTO
nukiy. Excopecis BKa3aHUX T€HIB AaKTHBYEThCS a00 HAaBMAKU TPUTHIYYETHCA
METUJIIOBAHHSAM 1X MPOMOTOPHUX PETIOHIB Y OAMHUYHUX 200 MHOKMHHUX callTax, sKi
1HKOJIM TEPEeKPUBAIOTHCA 3 O1710K-3B’3yI0UnMMH MOTHUBaMH. 1{ikaBo, 1o peryisTopHi
CaliTH METUJIIOBaHHs OyJM BUSIBIIEHI nepes abo micis +1 TOUKu cTapTy TpaHCKPUIIIi
(TSS). V Bumaaky peryisuii TpaHCKpumilii 3a gonoMororn wmetwmoBanHs JIHK

3apxau HasBHI JIHK-3B’sa3yr0ui O11KH, K1 3B’SI3YIOTHCS 3 MPOMOTOPHUMU PETiOHAMHU
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B 3aJIe)KHOCTI BIJ CTaTyCcy MeTWitoBaHHA ocTanHiX. Hampuknazn, JJHK-3B’s3yroui

oikm Lrp (Leucine-responsive regulatory protein ) ta OXyR 3B’sI3yF0ThCS IIEpPEBAYKHO

3 HEMETWJILOBAaHMMHU a00 HaIliBMETHJILOBAHUMU PETYIATOPHUMUA CaﬁTaMH, Ta BOHH

KOHKYPYIOTh 3a IIi caiiTk 3 MetunrpaHcdepazoro Dam y E. coli. Tum camum Oinku

Lrp Ta OXYyR MOXyTh

3aXUIIATU TEBHI

GANTC-caiitu BiJT MOBTOPHOIO

MeTmwmoBanHss Dam, o morno O BigOyBaTHCS Mics MPOXOJKEHHS PeIUTiKaTUBHOI

BUWJIKK. Y mpomoTopi reny trad (transfer gene) y Salmonella enterica npueananns Lrp

no HamiBmetwiboBaHoi JIHK 3amexuts Big Toro, B sikomy came mnanio3i JJHK

MetunboBaHa mociigoBHicTh GANTC, a omxke, nBi komii mpoMoTopiB traJ mics

perutikaiii nepe0yBarOTh y IBOX PI3HUX €MIT€HETUYHUX CTaHaX.

Ta6mug 3.1.1. Ilpukiaaam reniB 6akTepiii, AKi peryar00TbHCA

METHJIIOBAHHAM az[eHiHy

Kineki | IHo3umis
crb PETYIITO | i icm- .
Bun caiiTiB pHHUX AKTUBHHIT .
I'en o . peryasr DyHKUiA TeHy
OakTepii MeTHI caiiTiB opu CTaH reHy
IOBAHH | METUJIIOB
| aHHS
C.crescent | dnaA 2 [Tpomotop | GCrA? [ToBHicTIO IHimiamis perrikamii
us DnaA? METHIIbOBA JIHK Ta perynstop
HUH TPAHCKPHUIIIIIT
C.crescent | ctrAP1 |1 IIpomorop | CtrA I'emimeTnnpo | IHimiamis perurikarii
us GcerA BaHHI JHK Ta perymnsrop
TPaHCKPHIILIi
C.crescent | ccrM [Tpomotop | CtrA 'emimeTnnbo | MeTHrOBaHHS
us 1 HIDK4YE BaHUM aJICHIHY B caiiTax
+1 GANTC
E.coli pap 6 ITpomotop | Lrp Kommiekcna | Cunres F-mineit
operon Papl perymnsiis
E.coli agn43 |3 Hwxue OxyR [ToBuicTiome | CunTe3
+1 SegA TUJIbOBAaHUN | HediMOpialbHOTO
aJIre3uHY
E.coli dnaAP2 | 6 IIpomorop | DnaA [oBHicTIO [ninianis perurikarii
1 HIKYE SegA metunsoBanu | JIHK Ta perynsrop
+1 YccV? )7 TPaHCKPHIILIi
S.enterica | traJ 2 [Tpomorop | Lrp I'emimetnnbo | TpanckpuniiiHui
H-NS BaHUM aKTHUBATOP
(3aIeKHUTh KOH’rorartii
BI1JT JIQHITIOTa)
S.enterica | finP ? ? H-NS [MosHicToMe | ArTH3MIicTOBHA PHK,
TUJIbOBAaHUH | sIKa iHTi10ye
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KOH 0T alliro
S.enterica | std 3 [Tpomotop | SeqA HemernnpoBa | Cunte3 Std ¢imOpiit
operon HdfR HUH
RosE

Amnani3z mocminoBHocTeld reHomy E. coli BusiBuB, mo GATC 3ocepemxeHi
qacTile Yy TMPOMOTOPHMX pErioHax, HDK Yy KOJAYIOYHUX 4YacTHHAaX TEHIB.
[ToBHOTEeHOMHHUI aHaNi3 ekcrpecii reniB y mramiB E. coli moka3zas, mo peryssimis
TeHIB MOPYIIYETHCS 3a BIACYTHOCTI MeTuinTpancdepasu Dam. [Tocaigosuocti GATC
OyJi BUSIBJICHI Y MPOMOTOPHHUX PETiOHax OlIBIIOCTI TaKMX T'€HIB, IO CBIIYUTH IPO
Oe3ImocepeIHe PETYIIOBAHHS 1X TPAHCKPUIIT ITUITXOM METHITFOBAHHSI aJICHIHIB.

Tpauckpunyis eceny dnad y E. coli ma C. crescentus. bimok DnaA
HAJ3BUYAITHO KOHCEPBATUBHUM y OaKTepii, A€ BIH CIIY>KUTh iHiLiaTOpOM pentikamii
JHK Ta Ttpanckpumniiiaum ¢axtopoM. [IpomoTopHmii perion reHy dnaA MicTUTh
mrictb GATC-caiitiB y E. coli Ta nBa GANTC-caiitu y C. crescentus. Y 000X BUIB
Oaktepiii cmia mpoMotopa ANAA 3aJIeXKHTh BiJl METHIIIOBAHHS IIUX CAWTIB, a came
HasIBHICTH 1€l Moaudikaliii B 000X JaHIIOTax MPU3BOJIUTH JI0 TMOCWICHHS eKcHpecii
redy. Ockibku redH dnaA jokai3oBaHUi CIipaBa BijJ TOYKH MOYATKY (OPHIKHHY)
perutikartii (origin of replication) y E. coli ta C. crescentus, TO peruiikaiis Ta
dbopMyBaHHsS HaMBMETWIBOBAHOTO CTaHy BIJIOyBa€ThCs 3pa3y IMiCis  1HIIamii
pertikanii. TakuM YWHOM, TpaHCKpUIMINs TeHy ONaA 3ymuHSEThCS Ofpa3y Micls
Toro, sk Outok DnaA 3amyctuB imimiamito perumkamii JIHK, mo cuaXpoHI3ye
e(eKTUBHICTh CHUHTE3y Iboro Ouika 3 mukioM perutikamii JHK. V C. crescentus
npoMoTop ONaA MiATPUMYETHCSI Y HAIBMETUILOBAHOMY CTaHi JI0 TOTO 4acy, MOKH
MetwiTpancdepaza CcrM He Oyjie MOBTOPHO HAMpallbOBYBATHUCS Yy KIIITHHAX TEpe]
noniiom. Y E. coli mpomoTtop reHy dnaA 3axuINeHHHA BiJl METHIIIOBaHHS
MetunTpancdepazoro Dam Oinmkom SeqA, sikmii 6e3mocepenHbo 3B SI3YETHCS 3
HaIBMETUILOBAaHUM MPOMOTOpHUM perioHoM dnaA (Puc.3.1.1). Ilpuywrnm TOTO, 1110
HaIBMETUIIOBAHHS IMOCIA0II0€ MPOMOTOp TeHy ONaA, 10 KiHI HE 3pO3yMii.
BaxumBo BigmiTuTH, 10 poMoTopHui perion dnaA iy E. coli, iy C. crescentus

TaK0XX MICTUTh MOCJIJOBHOCTI, sIK1 3/1aTHI 3B’s13yBaTu OUTok DNaA (tak 3Bani DnaA-
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0oKcH), a TIPOIYKT IILOTO T'eHY perpecye TpaHckpumiiro dnaA y E. coli, a Ha mei

IIpouecC 3arajioM BINIMBA€ CTAaTyC MCTHUJIIOBAHHA ]_—[HK

Tpanckpunyis eeny ctrd y C. crescentus. SIxk i DnaA, CtrA e O6inkom 3
MOABIMHOI (DYHKIIIEI0, SIKUM 3B SI3YETHCA 3 OPWKMHOM peEIUTiKailii Ta 3 Oararbma
npomoTtopamu y reHoMmi C. crescentus. CtrA inrioye inimiarito pervrikamii JJHK, #ioro
KOHIICHTpAIlis Y KIITUHI 3aJI€KUTh BiJl CTalii KIITUHHOTO MUKTY. ['eH CtrA mae nBa
MIPOMOTOPH, OANH 3 AKuX, CtrAP1, mictuth nocmnigoBHicTh GANTC Ta perymtoerses
metumioBanHsM  JIHK.  AxrtuBnicte  CtrAPl  migBumryerbcss y  #oro
HalmBMETWIbOBAHOMY CTaH1 Tichsa pernikamii. CtrAPl Takoxx akTuByeTbcs 3a
nornomoroto Oinka GerA Ta penpecyeTsesi IPOAYKTOM I1boro reHa Oiukom CtrA, mo
CBIJJUUTH MPO MOKIIUBICTH BIUIMBY METHJIIOBAaHHS Ha 3B’si3yBaHHA GerA Tta/abo CtrA
3 1M mpoMoTopoM. Ciif BiAMITUTH, 110 DNaA ta CtrA MaroTh NPOTUIICKHUN BIUIMB
Ha imimiamiro pervtikaii JIHK, mpu mpomy dnaA akTuBYeThCS METHIIOBAHHSM Ta
pernipecyeTbess OutkoM GcerA, Tomi sk CIrA pempecyeTbcss METHJIIOBAaHHSM Ta

akTUBY€eThCS GCrA.

Tpauckpunyiss ccrM y C. crescentus. TpeTiM Te€HOM, EKCIpecCis SKOTO,
MOKJINBO, peryitoeTbest MeTrmoBanHsIM J{HK y C. crescentus, € ren cCrM. fx 1y
BUMANIKY CUrA, TpaHckpumilis 3 mpomoTtopa CCrM pemnpecyerscs CcrM. IIpomotop
I[bOT'O T'€HY TAaKOX aKTUBYEThCs OuIkoM CIrA Ta cailT 3B’si3yBaHHS PO3MILIEHUN MIX
nBoma mocaimoBHOocTsMH GANTC, omHa 3 SKMX BIAMNOBIZAaEe 3a pemnpeciro

TPAHCKPUIILIi TeHYy.

MetnmoBanns JIHK Ta penuiikanist i po3xomaxxeHHs1 0aKkrepiaabHUX
XpPOMOCOM
Pecynayis pennikayii, opeanizayii ma po3xo0i#ceHHs. XpOMOCOM 3a 00ONOMO2010
Dam ma SeqA. Mytantu E. coli 3a reHom dam xapakTepu3yOThCS TOPYIICHHSIM
ekcrpecii rera dnaA, mo cBiIYUTh Mpo IeEKTH y KOHTPOJI peruTiKaliii, sSiki MOXYThb

OyTH 1oB’si3aHi caMe 3 aHOMaJbHUM piBHeM DnaA y kmitunax. IIpore, komu 5 3 6
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nocmgoBHoctelt GATC y wmexax CIrAP2, 3 sxumum 3B’s3yerhes Outoxk DnaA,
MOPYILIEH], TO PeIUliKallisi TaKoi XPOMOCOMH BCE K IHIIIIOETbCS CHHXPOHHO, IO
JIEMOHCTpYeE, 1o Dam He BuMBae caMe Ha 1ei nporec mija yac pervtikari JJHK.

Opumxun permtikamii £. coli (OriC) mictuth 11 mocmimoBHocTelt GATC, sxi
HE Pe-METHIIOIThCA MeTwiITpancdepazoro Dam oapaszy micis iHiIiamii perJiikari.
binok SeqA 3B’s3yerbcs 3 1mmM HamiBMeTwiboBanmM OriC ta B CBOW uepry
3arobirae Horo pe-MeTWIIOBaHHIO Dam mpoTsaroM mpuOIN3HO TPETUHHU KIITUHHOTO
uKiy. 3B’s13yBaHHs OUTkiB DNaA 3 Bucoko cropigHenumu DnaA-6okcamu y OriC,
HMOBIpHO, TaKOX CHpUsE MiATPUMaHHIO HamiBMeTWIboBaHOTO crany OriC micis
perutikarii. Y OriC, 6inok SeqA Onokye 3B’si3yBanHs DnaA DnaA-Ookcamu, sKi
MalTh HU3BKY CHOPIJHEHICTH O IBOTO O1Ka, MO CHpHUSE€ OOMEXEHHIO 1HIIIaIii
perutikanii JIHK 3a yuactio DnaA ogHOpa3oBo 3a BeCh KIITHHHUHN ITUKJL.

bitok SeqA mokanmi3yeThCsi MO3aAy PEIUTIKATUBHOI BUJIKH, OCKUIBKH BiH
3aTHUH 3B’s13yBaTHCs TUIBKU 3 HamiBMeTwiboBaHoto JJHK. Xpomocomu y kimiTuHax
E. coli 3a BigcyrHocTi abo Hajekcrpecii Oinka SegA  XapaKTepHU3YIOThCS
MOpYUICHHSIMA B Oprasizaiii, a OTXe, caMe KOpPEKTHe 3B’si3yBaHHI SeqA 3
HamBMeTmiIboBaHoto JIHK Moxxe BigmoBimaTth 3a pe-opraHizallilc XpOMOCOMHHX
PErioHIB Ha MOCTPEIUTIKATUBHUX AUISHKAX. SEJA TakoX HEOOXITHUM JJIsi 3YMUHKH
KJIITUHHOTO IUKIY B E. coli y BIIMOBIAb HA FOJIOYBaHHS, CIPUUNHEHE MOJIEKYJIaMH
ppGpp (guanosine tetraphosphate; peuoBuna iHri0Oye cuHTe3 OLUIKA, IO MPU3BOANUTH
710 TOJIOJTyBaHHS).

Kaituau V. cholera mictsaTe aBI XpOMOCOMH, KOXKHA 3 SIKHX MAa€ OPHUIKUH
perutikauii 3 aekiibkoma GATC-calitamu, ki, KMOBIPHO, MOXKYTh OyTH 3axuIIeHI
6inkoM SeqA Bix meTmmtoBaHHS MeTmiaTpancdepazoro Dam. Dam neoOxigHa asns
perutikaiii 000X XpoMOCOM, II0 MOKE€ MOSICHUTH, YOMY LIl T€H € Ty’Ke BaXKIMBUM

g BrxkuBanHs V. cholera.

binox ccrM ma peeynayis pennixayii i po3xoOoxceHHs Xpomocom. SIKIIo
xpomocomu C. crescentus, B. abortus ta R. meliloti minTpumyrooTbcs MOBHICTO

METUJILOBAHUMHU TMPOTATOM KJIITHUHHOTO IMKIY 3a PaxXyHOK Hajekcmapecii CCrM,
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KJIITUHU HAKONMHWYYIOTh MHOXXMHHI XPOMOCOMH, IO BKa3ye Ha YHUCICHHI aKTH
iimanii pervrikamii JIHK. Takuii deHotun Moxe OyTH pe3yabTaToM OJHOYACHOTO
MiJBUIICHHS piBHA Olnka DnaA Ta 3nmxkeHHs piBHa CtrA y Takux KIITHHaX 3a
pPaxyHOK TOBHOMETHJIBOBAHOTO cTaHy mpomoTopiB dnaA Tta CtrAPl mpotsrom
KJIITUHHOTO ITUKITY. [HIIMM MOSICHEHHSIM MOKe OyTH mpsimMa peryssiiis ouikom CcrM
imiami perwtikanii JJHK 3a paxynok merumoBanns GANTC-cailiTiB y opumIKuHI
perutikamii. Ilpote GANTC-caiftu He € yHIBepCalbHUMHU [UJIsl OPUIKHHIB BCIX
MTaMIB BKa3aHUX BHUIB OakTepid, II0 B CBOI YEpPry CBITYUTH IPO Te€, IO
METHJIIOBaHHS OPU/DKHUHIB HE € BU3HAYAJIBHUM JUIsI IPABHJIBHOTO BU3HAUEHHS 4acy

inimarnii permikamii AIHK y a-npomeobaxmepiii.

3.2. OCOBJIMBOCTI EINITEHETUYHNX MOJIUDIKAIIN V IPDKJIKIB

JlochiKeHHsT OCTaHHIX TPhOX AECATUIITH HA JBOX BUAAX HIDKYMX €YKapiOTiB,
APDKIDKAX, SKI PO3MHOXYIOTbCS OpyHbKYBaHHSAM, S. CErevisiae ta apixmKax, sKi
PO3MHOXYIOThCS TIIJICHHSAM, S. pombe, Hamanu BelaWKy KUIbKicTh iH(opmamii 3
MPUBOAY MEXaHI3MIB PETyJsIlii TeperpymyBaHHs TEHIB Ta 1X CallJICHCHUHTY.
[npopmariis, sxa Oyna oTpuMaHa 3 BUKOPUCTAHHSIM IMX MPOCTUX MOJEIBHUX
cucteM, Oyle BH3HAYATH HAMNPSMOK MaWOyTHIX €MIT€HETUYHUX JOCTIIKCHb,
BKJTIOUYAFOYH JIOCTIIKEHHS €BOJIFOIIMHO OLIBIN CKIIAHUX OPTaHi3MiB.

Jpixmki S. pombe € Haa3BUYalHO €(PEKTUBHOK MOJCIUIIO IS JTOCIIIKCHHS
OCHOBHHMX KJIITHHHHX TIporieciB. PoOoTu Ha S. pombe 3a0e3mneumin CyTTeBUI IPOTpec
Yy PO3YMIiHHI PEryisuii KIITUHHOTO UK, IpO IO CBIAYUTH npucyxeHHs y 2001
HoGemniBcbkoi nipemii 3 ¢iziosorii Ta meqummaun [laymo Heopcy (Paul Nurse), sxwii
NpaIfoBaB 3 UM 00 ’ekToM. Bimgomo, 1o 6araro momudikaiiii xpomaTuny S. pombe
BIJINOBIJIAIOTh TaKUM y OaraTOKIITHHHUX eykapioT. CTpyKTypHa opraHizaiis
IICHTPOMEP Ta acoliioBaHMX 3 HUMH Momudikaiii ricroHiB S. pombe e Oimb
CKJIJIHOO Ta TIOAIOHOI0 JO TakuX Yy OaraTOKJIITHHHHUX OpraHi3MiB, HIK Y
S. cerevisiae. Kpim TOoro, gaHuii BHJ Ma€ TUIbKH 3 XpOMOCOMHM Ta y 0Oararbox

BUITAJIKaX TUIBKU OJHY KOIIIO T€HIB KIIOUOBUX peryasatopHux OunkiB. Y 2002 pori
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AociKeHHsT Ha S. pombe 3acBimumim, mo mexanizmu PHK-inTepdepentii (PHKI)
0epyTh y4acTh y CallJICHCUHTY MPHUIICHTPOMEPHOTO XPOMATHUHY (0OYMOBIIIOIOYH HOTO
reTEPOXPOMATUHOBUM CTaH) Ta BCTAaHOBJICHHIO MoAudIKalliid TicToHIB. JlaHui
MexaHi3M OyB BUSIBIICHUH TaKOX y HU3KH 0araTOKJIITUHHUX OpPraHi3MiB.

Hami Oyne po3risiHyTO OCHOBHI NUISXM EHIF€HETUYHOI'O PEeryJIFOBaHHS

aKTUBHOCTI TeHIB Y APLKIDKIB S. pombe.

MetumoBanns JHK y kiaiTHHAX apikIEKiB

[TuTaHHs METWIIOBAaHHS LMTO3WHIB Yy KIITHHAX JAPLKIKIB 3aJUIIAE€THCA
TUCKyciiiHuM. Y paHHiX poOorax MmeTwmoBaHHs JIHK we Oyno BusieHo. Ilpote
MI3HII JOCTI/PKEHHS 32 IOMOMOTOI0 O1IBIII YyTIWBUX METOIB MPOJACMOHCTPYBAIH
HasIBHICTh METHIIIOBAHHS IMTO3MHIB y TeHOMax sk S. Cerevisiae, tak i S. pombe.
PiBenp MeTmIOBaHHSA Y APULKIKIB (B 3ayiexkHOCTI B mrtamy Big 0.014 mo 0.364%)
BUSIBUBCS Ha 1-2 MOPAIKM HUKUMM 32 PIBEHb METHIIIOBaHHS y KJIITHHAxX ccaBuiB (1-
3%). ToMmy BBaxaeThCsl, MO0 EMITEHETUYHUI KOHTPOJIb €KCIIPECIi T'eHIB y APIKIIKIB

3MIMCHIOETHCS 32 PAXyHOK 3MiH Y CTPYKTYp1 XpOMaTHHY.

Moaudikauii ricronis y S. pombe

Hykneocomuuii moBtrop y S. pombe ckiagae 154 nH. Y ApiKmKiB, K 1y IHIIHX
€yKapioTiB, 3 €yXPOMATHHOM acCoOIlIOBaH1 alleTUIIOBAHHS Ta METHIJIIOBAHHS JIi3UHY 4
ricrony H3 (H3K4Me2/3), a rerepoxpoMaTuH XapaKTepH3YEThCSI HU3BKHM PIBHEM
AlleTUIIIOBAHHS Ta MeETWIOBaHHsIM JisuHy 9 ricrony H3 (H3K9Me2/3). Pi3ni
Mo diKaIii TicToHiB GOpMYyIOThCs pisHUMU Tpynamu GpepmenTiB (Tadmurs 3.2.1.).
VY nmpixmkiB HasBai HATS ta HDAC, cepen skux € sk (epMEHTH 3 IIHPOKOIO
cyOcTpaTHOIO CHEerU(IYHICTIO, TaK 1 Ti, SKI XapaKTEPU3YIOThCS OIIbII BY3bKUM
kosioMm Mmitieneit. Tak, HDAC Clr3 y S. pombe cnenudiuna go ricrony H3K14, Toxi
sk HDAC CIr6 toro »x opraHizaMy Mae IMUPOKUH CIEKTpP aKTUBHOCTI Ta 3/aTHa
JealleTUJIIOBaTU  BC1  MPOTECTOBAaHI  MITKM  aleTWwiIioBaHHSA. Bci  ricToH-
MeTwiITpacepasy Ta TiCTOH-AEMETHIIA3M MarOTh OUIBII BY3bKY CHEIU(IYHICTH 110

OJTHOTO-/IBOX TMEBHHUX JII3MHOBUX 3aJMIIKIB y CKJaal TicToHiB. Jlo ckiaay TiCTOH-
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MeTunTpancdepas Bxoautb ocodnmsuii SET-momen. Kpim Mmoaudikariii KaHOHIYHUX

KOPOBHUX TICTOHIB, HYKJI€OCOMH TaKOX MOXKYTh MICTUTH 1HIIIl BapiaHTH TiCTOHIB, 1110

BILIMBA€ Ha BJIACTUBOCTI CaMMX HYKJICOCOM.

Tabmung 3.2.1. daxkTopu, 3a;aydeni y GpopMyBaHHSI XPOMATHHY Y APiKIKIB

Ta X TOMOJIOTH Y JIOAUHHA

T a Opranizm
ui GaKropy H. sapiens S. pombe S. cerevisiae
I'erepoxpomaTrHOBHI . . .
Ginok, HP1 HPlo, HP1B, HP1y Swi6, Chpl, Chp2 BiJICYTHI

Ticmon-oeayemunasu
INcron-neanerunasa [ knacy
I'icrou-neanernnasza I1
KJ1acy

INicron-neanerniasza I11
KJacy

HDACY, 2, 3,8
HDAC 4,5, 6, 7
10

Sirtuins (SIRT1-7)

191

Clr6, Hos2
Clr3
Sir2, Hst2, Hst4

Rpd3, Hosl, Hos2
Hdal, Hos3

Sir2, Hstl, Hst2, Hst3,
Hst4

Ticmon nizun memunasu SUV39H1,

lNcron-metuntpancdepasza SUV39H2, . .

(H3K9) Eu-HMTasel, GOa, Clra BiACyTHI
SETDB1

Ticmown nizun dememunasu

I'icToH Mi3HMH AeMETHIA3H LSD1, LSD2 Lsdl, Lsd2 BiZICYTHI

(H3K4, H3K9)

JmjCpoauna ricToH mi3uH JHDM1A, JHDM1B | Epel Jhdl

nemetmias (H3K36)

Mawunepia PHKi

Ennonykieasza dSRNA Dicer Dcrl

Hesenuki PHK-3B’s3yt0ui Argonaute Agol

OlKH

(Argonaute/PIWI ponuna) BiJICYTHI

PHK-3anexxna PHK BiJICYTHA Rdpl

moJiiMepasa

PHK-inTepdepenuis y apixaxis
Ha Biaminy Big S. cerevisiae, mpixkmki S. pombe mictars mammuepiro PHKi

(musx  mpouecunry Tta (ynkmionyBaHHsS SIRNAS) (Tabmums 3.2.1). Oxpim

0e33amepeyHoi podai Yy MOCTTPAHCKPHUMI[IHHOMY T€HHOMY CaillieHCUHry, Oyla

BHUABJICHA  Y4aCTb Ob0T0 Xy |y BCTAaHOBJICHHI reTepoxXpoOMaTuHOBOI'O

(perpecoBaHOr0) CTaHy MEBHUX PETIOHIB XPOMOCOM (KO-TPAHCKPUNIiHHUI reHHui

caiiyieHcHHr). Xoua MpUpoOJa TaKOi y4acTi y eMIreHETHYHOMY CalICHCHHTY 1
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MexaHi3mu BrumBy MammHepii PHKi Ha cTpykTypy XpomMaTHHY 3aauIIarOThCs
3pO3yMIIMMU HE A0 KIiHIS, MaHWUH TPOIEC y 3arajlbHOMYy BHUTIISAII JOCTIKEHUH Y
npixmkiB. TpaHckpumnilis moBToptoBaHux mnociigoBHoctedr JIHK y menTpomepax,
perioHax, 10 JAECTEPMIHYIOTh CTaTh, Ta TeJIOMEpaxX, OCOOJIMBO MPOTIroM S-asu
KITITUHHOTO UKy, 3amyckae mamuHepiro PHKi. Ile, B cBoro uepry, mpu3BoAuTH 10
pekpyTyBaHHs (akTopiB Xxpomatuny, Takux sk H3K9-metuntpanchepaza Clr4 Ta
OUIKIB 3 XpoMmogoMeHaMu. CalTH TPaHCKPUIILII Ta HACTYIMHOTO HAKONHUYEHHS HOBO
cunte3oBanux SIRNA i € caiitamu dgopmyBaHHsI reTepoxpomMaTruny. OIHOro pasy
YTBOPUBLINCH, TE€TEPOXPOMATUHOBUI CTaH MOIIUPIOETHCS, aX TOKH HE JOCATHE
€JIEMEHTIB, SIK1 3/IaTHI 3yMIUHUTHU 1Ie¥ Tporiec. Y IEHTPOMEPHUX PETiOHaX LU MIIAX €
OCHOBHUM [UIsl 1HIIIamii (QopMyBaHHS TE€TEPOXpPOMATHHY, TOMAl SK ICHYIOTb
HAJJIMIIKOBI MEXaHI3MU JJIi BCTAHOBJICHHS TETEPOXPOMATHHY Y CTaTEeBOMY Ta
nputeaoMepHomMy perioHi. Tak, y perioHax, 110 J€TEPMIHYIOTh CTaTh, 3aly4CHHS
(baxTopiB cailiecHCHHTY MOKe BinOyBaTucs 3a yuactio Atfl/Pcrl, a y npurenomepHux
perionax ¢aktop Tazl (Tafazzin 1) moxke iHimiroBaTH 3B’I3yBaHHI Swib
(XpoMOOMEHOBUM O1JTIOK FeTEPOXPOMATUHY Y APIKJIKIB).

Sx Bxe 3a3Havaniocs, o ckiaay mamuHepii PHKi y S. pombe Bxoauts PHK-
sanesxkHa PHK-momimepasa (RNA-dependent RNA polymerase; Rdpl), ska cunTtesye
Ha Matpuili ogHoiaHmoroBux PHK (SSRNA) asonanirorosi PHK (dSRNA). Ocransi
nporecyroThest y SIRNA mosxunHO0 21-23 1H 3a yvactio pubonykireasu (RNase) 111
tuny, GpepmenTy, skui Bigomuil sk Dicer, Ta 3aBaHTaXylThCsl Ha OO0k Argonaute
(Agol), sxuii Bxoauth 10 ckiamy komruiekcy RITS (RNA-induced transcriptional
gene silencing).

Sxmo renu Oinkie Dicer ta AQOl BUAaIMTH 3 TCHOMY JAPIXIKIB, TO
CIOCTEPIraeThCsl  HAAMIPHE HAKONWYEHHS  KOMIUIEMEHTAPHUX  TPAHCKPHUIITIB
IIEHTPOMEPHUX TOCIIIOBHOCTEH, K1 MOBTOPIOIOTHCS, pa3oM 3 BTpaToro H3K9me y
LEHTPOMEPHOMY XpOMaTHHI Ta TMOPYIIEHHSAM (YHKUIOHYBaHHA LEHTpOMEp 1
CaliJICHCUHTY TpPaHCTeHIB, IHTETpOBaHUX Y 111 perioHu. HemomaBHo Oyso mokaszaHo,
mo Dicer y S. pombe nokanizyerbes mo nepudepii sapa, BKpUBAIOUYA TaKUM YHHOM

BHYTPIILIHIO CTOPOHY sIepHOi MeMOpaHH, X0ua MpHU LbOMY BiH HE KOJOKAJI3YEThCS 3
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reTePOXPOMATHHOBUMHU JUISTHKAMUA XpoMOcoM. KpiM TOTO, BBa)Xa€ThCs, IO
mamHepiss PHKi 6epe yuacts y hopMyBaHHI XpOMAaTHHOBUX CTPYKTYp BHIIHMX 3a

HYKJICOCOMHHM PIBHIB, OCKIJIBKH € HEOOX1THOIO JIJIsl KJIacTepu3allii TeoMep.

I'erepoxpomaTun

['erepoxpomatrHoBa Moaudikamis H3K9mMe2/3 BcTaHOBIMIOETHCS 3a y4acTIO
JCKIJTBPKOX THITIB OUIKIB, siki MicTsaTh SET-nomen, nanpukian, y Drosophila me HMT
Su(var)3-9. V S. pombe romonor Su(var)3-9 simomuii sk Clrd (Cryptic loci regulator
4). Mitka H3K9me2/3 € oaniero 3 HaWOUIBII OJHO3HAYHUX MOIUQIKAIIN TICTOHIB,
OCKUTBKM BOHA CTBOPIOE CaWT MJisg 3B S3YBaHHA CTPYKTYpPHOTO KOMITOHEHTY
rerepoxpomatuny - Oinmka HP1. Momudikamis H3K9me2/3, i 6imox HP1 e Bucoko
KOHCEPBATUBHUMHM Y JIIOJAWHHU, APO30PUIM Ta APDKIKIB, AKI AUIATECA. Y OCTaHHIX
oimok HP1 HasuBaetbcst SWib. 3 iHIIOI CTOPOHH, y IPLKIKIB S. CErevisiae BiacyTHI
sk Moaudikais ricroniB H3K9me2/3, tak i 6imku HP1.

Sk BKe 3a3HAYaNOCs, TETEPOXpPOMATHH TMOAUIAIOTH HA JBa THIH —
KOHCTUTYTUBHUN Ta (akynpTatuBHUA. KocTUTyTHBHHI TeTepoxpomaTHH ¢GopMye
BaXXJIMBI XPOMOCOMHI CTPYKTYpH, a caMe IeHTpoMmepu Ta Tesnomepu. LlenTpomepu
S.pombe MicTATh KOpPOBHMi HEHTPOMEPHHWIl PerioH, sKHi CKIAgaeThCs 3
IeHTpaabHOi TochigoBHOCcTI (Central sequence; cnt) Ta aBOX (UIAHKYIOYHX
BHYTpilHiX iHBepToBaHnX moBTOpiB (inverted inner repeats; imr), siki MOBHICTIO
IIGHTHYHI Ta B CBOIO uepry (QaHKOBaHI NPUUEHTPOMEPHUMH 30BHIllIHIMM
MOBTOPaMHM, 110 MICTITh OararokomiitHi moBTopu dg ta dh. Taki mpuneHTpOMepHi
MOBTOPH BIACYTHI y IpbKIKIB S. cerevisiae. Y S. pombe 3a 3airydeHHs KOTe3uHiB, sKi
YTPUMYIOTh Pa30oM JIBI CECTPUHCHKI XpOMAaTHAM Ta CTBOPIOIOTH KIHETOXOP Mepes
BCTYIIOM JO cerperamii mijJy dYac MeWo3y, BIANOBIA€ MPULIEHTPOMEPHUIA
rerepoxpoMatuH. Sk BiIOMO, TETEPOXPOMATUHOBE OTOYCHHS  YCKJIQJHIOE
TPAHCKPHIIIIO, MpoTe He abcomorHo. Tak, y S. pombe HH3BKHI piBEHb
TpaHCKpUIIli, O0COOJUBO MPOTATOM S-ha3u KIITUHHOTO IHKIY, € YMOBOIO

BCTAHOBJICHHS IIPULIEHTPOMEPHOTO rerepoxpomaTrny. [likaBo, mo came OiIKu SWib
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peKpyTyI0Th 010K mxymaHmku Epel, skuit B cBoto uepry pexpyrye RNAPII, ska
TpaHckpuOye nopropu dg ta dh y nieHTpomepax.

Kpim Toro, icHyIOTH 1HIII YaCTUHU TEHOMY, SIKI MICTSTh KOHCTUTYTHBHHI
reTepoXpOoMaTHH, HAPUKIaI, S. POmMbe Mae crienianizoBanuil perioH y 2 XxpoMocomi,
KU 3a0e31euye MOXKJIUBICTh CHapiOBaHHA. Y JTAaHOMY PETiOH1 PO3MIIICHUHN JIOKYC
matl, mocmigOBHICTh SIKOTO BH3HAYA€ CTATyC KIITHH, SIK1 crapioloTbesa. Jami mu
3YOUHUMOCS OUIbII JETaJlbHO Ha MpPOLECl TaK 3BAaHOTO «IMEPEeMHUKAHHS CTaTi»

(mating-type switching) y npixmkis.

BcraHoBJ/IeHHSI CTATEBOr0 THIY KJIITHH

S. pombe po3MHOXYIOTBCS 3a JIOMOMOTOIO TOJIIIY JOBIUX HMAIMYKOTOIIOHIX
KJIITUH Ha MPUOIN3HO OJTHAKOBI 32 PO3MIPOM CECTPUHCHKI KIITHHU. Y TPOIIEC POCTY
crateBa AudepeHIianis MUX KIITHH He B110YBAa€ThCS, TOMY BOHU € CTEPUJILHUMH 1 HE
cnaproroThcs. B yMoBax TosoayBaHHS, OCOOJHMBO 3a HECTadl HITPOTEHY, KIITHHH
MOYMHAIOTH MPOSIBIATH CBiM cTrareBuil TUIL. Ti, K1 MICTATh T'€HETHUUYHY 1H(POpMAITit0
Plus (P) y cnemudiuynomy nokyci matl (mating-type locus; matl-P) wmaroth
KIITAHHUNA Tun (ctath) P, Tomi sk wmituam 3 anenem Matl-M meMOHCTPYOTH
krituaaud T M (Minus). Koxen mokyc matl MicTUTB J1Ba peryasTOPHHUX T'€HH, SKi
TPAaHCKPUOYIOThCS B PI3HUX HampsMKax. Ekcmpecis came muX TeHIB 1HIYKY€TbCS
roJIOMYBaHHIM. AHami3 nmepeadadeHoi aMiHOKUCIOTHOT MOCiI0BHOCTI P- Ta M-reHiB
IPOJIEMOHCTPYBAaB HAsBHICTh KAHOHIYHOTO TOMEOJOMEHHOTO MOTHBY Yy IEpPIIOMY
BUMANKY, skuil xapakrepuuid st JIHK-3B’s3yrounx OinkiB, Ta HABHICTH JOMEHY
HMG (high-mobility group) y apyromy. Tineku oauH 3 ABOX reHiB KoxHOTro matl
HEOOXIIHUI ISl CMAaprOBaHHS, TOM1I SIK OOMJABAa TPAHCKPUIITH KOXHOTO aJiero
HEOOXI1TH1 JJI1 MEWO3y Ta CIOpPYJIsAlii, OCKUIBKH Il TeHHW KOAYIOTh peryJsTOpHI
dbakTopH, K1 KOHTPOIIOKTH OaraTo cnerudigHuX JJ1s IEBHOTO TUITY KJIITUH I'eHIB.

Komu xmituHEM 000X THMIB 3pOCTAalOTh Ha IUIAIIKAX 3 OIJHUM ITOKUBHHM
CEpENOBUIIEM, BOHU TPHUIMHSIIOTH POCTH Ta 3aTPUMYIOThcsd Ha cramii Gl,
JEMOHCTPYIOUM CBIM CTaTeBUN THUI, Ta 3r0JOM 3JIUBAIOTHCS (CHAPIOIOTHCS) 3

KIITHHAMHA TPOTWICKHOTO THUITY, B pE3yJbTaTi YOTO YTBOPIOIOTHCA JUILIOIIHI
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surotu. Ilicng uporo mpotsrom 2-3 AHIB 31MBAIOTHCS siipa Ta B pe3yjbTari
CTaHJAPTHOTO MEW03y 3 KOXKHOI 3WUTOTH YTBOPIOIOTHCS YOTHPHU TarlIoiHUX
MEHOTHYHUX MPOAYKTH, SIKi HA3UBAIOTbCA acKocmopamu. J[Bi 3 Takux acKocCmop
MicTaTh aieni matl-P, toml sk aBi iHmN MicTsSTh aideilb Matl. Omxe cTtareBui THI

KJIITUH YCIIaAKOBYETLCA IK MCHACIIO0OYA O3HAKaA.

3minu 6 jnoxyci matl eidbysaromecs 3a paxynok mpancnosuyiu JIHK.
T'omoTtanomnui (homothallic) apixkmki, TOOTO Ti, sAKi 37aTHI 10 IMEPEMUKAHHS THITY
CHapIOBaHHs, 1 SIK HACIIJOK CaMOCHAapOBYBAaHHS 3 KJIITHHAMHU TOTO CaMOTO ILITamy,
IPOJYKYIOTh KOJIOHII, sIKI MICTSATh PI3HI 3a cTaTeBUM TuroM kiituHu (P ta M B
PIBHUX KUIBKOCTSIX), IIO € PEe3yJbTaToOM 3MiH B Jokyci matl. BusBuiiocs, mo take
MEePETBOPEHHSI BIJOYBAETHCS 32 PaXyHOK TPAHCIO3UILIII MEBHOI MOCIIIOBHOCTI 3 TaK
3BaHOI0 «JIOHOPHOTrO JIOKyCy» Mat2/3 y aktuBHuii jokyc matl. KapryBanHs maHOi
JTUISTHKA XPOMOCOMH TI0Ka3ajo, 1o JIokycu Mmat2/3 posmimeni y mexax 1 ¢cM Bix
matl(Puc 3.2.1). TpaHcmo3uilis BiOYBAa€ThCA 32 PaXyHOK CIPSIMOBAHOI Y OJHOMY
HampsIMKY TMOii KOHBEpCii TeHiB, B pe3yjbTaTi sKkoi Komis mat2-P a6o mat3-M
«JIOHOPHOTO JIOKYyCY» IepeMilllyeTbcst y Mexi Mmatl Ta 3amiHse icHyrody Tam
nocaigoBHICTh. JIokyc mat2 po3mimieHuit Ha Bijgctadi 17 k6 Big matl, a mixk mat2 ta
mat3 mictuthcs Tak 3BaHuil K-perion nosxunoro 10,9 k6. llltamu nukoro tumy 3
CTaHAApTHOIO KOH(irypamiero matl, mat2 ta mat3 okyciB XapaKTepU3yIOTbCS
3natHicTio 90% iX KIITHH 10 CApOBYBAaHHS Ta MEHO3y B YMOBAX IOJIOAYBAHHS, TOMY
nasuBatothes h* (s romotamomunx, 90% cropyssiiii). IcHyOTb i rerepoTanomui
IITaMH, B SIKUX HasIBHI KJIITUHU JIMILIE €JJMHOTO CTaT€BOrO TUITY, & OTXKE 1 HE 3/IaTHI
70 Meio3y cami 1o co6i. Taki rerepoTajoMHI IITaMU € PE3yJIbTaTOM CIIOHTAHHUX
(pizkux, 1x10™ moxiit Ha moxin kmiTHM) peoprauisartiit 1oxycy matl.

OckinbkM y JAPLKIKIB Maibke He croctepiraetbes wmerwtoBanHs JIHK,
EMIreHeTUYHUI KOHTPOJIb Mat-I0KyCiB BiOYBAa€THCS 3a paxyHOK 3MIH y OpraHizarii
xpoMatuny. Opnpa3sy micist onucanHs nocnioBHoctedt JJHK ta Tpanckpuntie mat-
JIOKYCIB CTaJIo 3p03yMiJI0, 1110 EKCIIPECUBHO aKTUBHUM € JIOKyCc matl, Tomi sik mat2 ta

mat3 caitnencoBani. YcmimHa pernpeciss mat2 ta mat3 3abe3neuyerbes edekToMm
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MOJIO’KEHHS, OCKUIBKH MOCIIOBHOCTI MPOMOTOPIB Ta KiHIIIB KOIYIO40i yacTuHu Matl
€ IJeHTUYHMMH JO0 Takux y mat2 ta mat3 nokycax, [HIIOI HE3BUYAIHOIO
BJIACTHBICTIO perioHy mat2/3 € ToTanbHe MPHUTHIYCHHS MITOTHYHOI Ta MEHOTHYHOI
pexkoMOiHaitii y K-perioni. bimbmn Toro, BHECEHHS MOJATKOBUX IOCIITOBHOCTEH,
HaMpUKIaJ, FeHy Urad, y cepenny 4u noonu3y periony mat2/3, npus3BoauTh 10 3MiH

B iX ekcmpecii, a00 ) HaBITh JI0 MIOBHOI pempecii.

reTepoxpomatuH
mat1-P/M mat2-P mat3-M
H2 H1 H2 HI eepnH H2 HI
SAS1/22 H “ -
K - perioH

\ | |

TpaHcno3uuis

Puc. 3.2.1. Cxema craTeBoro periony S.pombe.

Tpanc- ma yuc-pezynsmopui ¢pakmopu catinencuney mat-iokycie. Ik Bigomo,
TpaHC-PEryJATOPHUMH HA3UBAIOTh OUIKOBI (DaKTOPH TPAHCKPHIILIIi, SIKI PETYJIIOITh
aKTUBHICTh TeHiB. Lluc-perynaropHi ememeHTH — 1e mnocaigoBHocti JIHK, ski
po3MillieH1 OOIU3Y TeHa, y PEryJsilii sSIKoro BOHU OepyTh y4acTh. 3a JIONOMOTOIO
F€HEeTUYHUX JIOCTI/DKEHb BAlOCs 1eHTU(IKYBaIM HHU3KY TpaHc-GpakTopiB Ta
BU3HAYHTH X POJIb Y €MIr€HETHYHOMY KOHTPOJII CallJIeHCUHTY periony mat2/3. Bynu
inearudikoBani renu clrl-clr4 (sig cryptic loci regulators), rikl (recombination in K)
Ta SWI6, siki HeOOXIIHI IS CAlJICHCHHTY.

[{ikaBo, MO Maibke BCi MyTailii T€HIB, SKI BIUIMBAIOTh HA EMIr€HETUYHUIN
KOHTPOJIb, CIPUYMHSIIOTh TIILKA YaCTKOBY JCpPEIPEciio JTOHOPHOTro JIOKycy mat2/3.
Tax, 6mu3bko 5-10% ramnoigHuX KIITHH NEepeXoAsTh J0 TaK 3BAHOTO IramjioiAHOro

Meiio3y (mepexiJ A0 3BHYAMHOTO MEHO3y Yy IPIK/IKIB BiIOYBA€ThCS 3a HAasIBHOCTI

106



JIBOX aKTUBHMX KOIIIH JIOKYCIB Mat, K1 MpUCYTHI y AUIIOINHUX KIITHHAX; FaruIoiaHi
KJIITUHU BCTYMAalOTh y MEMO3 3a HASBHOCTI AYIUTIKAIIM IbOTO JIOKYCY YHM aKTHUBAIlil
JoKycy mat2/3) y MyTaHTHHX KIiTHHaX 3a reHoM Clrl. KpiMm mporo y mux KiIiTHHAX
3a0JIOKOBaHA TPAHCIO3HUIIIS 3 TOKyciB mat2/3 B matl, ockinbku caiitu SAS1 ta SAS2
(switch activating sitesS; KOHTPOJIIOIOTh TPAHCIIO3MIIIIO JOKYCIB, po3MilieHi y matl)
JICJIETOBaHI y cTaTeBOMY JIOKYC (Takuil ayieinb HasuBaeTbes Matl-M smt0). V Ttoii xe
qac, KO Oy/Jb-sKa 3 MyTalllil TeHIB CAalJICHCUHTY 3yCTPIYA€THCS B OJTHOMY T€HOMY
pa3oM 3 Jeleli€ero periony aoBxkuHowo 1,5 Kb, skuit po3rarmoBanuii 31iBa Bijg mat2,
T0 OuIbIIe 90% KITiTHH Matl-M smt0 nemMoHCTpyIOTH MEepexis A0 rajoiHOTO MEHO03Y,
0 BiOYBA€ThCA B pe3ysbTari aepenpecii mat2-P. Taka cutyaiiss CBiIUUTH MPO
HAsIBHICTh JOJATKOBOI'O CHUTHAJIBHOTO ULUIAXY PEryydlii CalJIeHCHHTY JOKYCIB
mat2/3. CekBeHyBaHHS TEHOMY Ta 3alMpOBAPKCHHS Oi0iIHGOPMATHYHUX TEXHIK
MOITYKY TeHIB-KaHAUAATIB JO3BOJUIIO 1AeHTU(DIKYBaTH 0arato reHiB, y4acTh SIKUX Y
MexaHi3Ml caiijleHcuHry Oylia MiATBEepJKeHa eKcrlepuMeHTanbHo. Hampukian,
aenenis hdal, mpoaykr sKkoro, sk mepeadadeHo, € TICTOHOBOIO JealleTHiIa30io,
MOCHJTIOE CalJICHCHHT JIOKycy mat2/3. JIpa iHmmx Oijika, sIKi MiCTATh XPOMOJIOMEH,
Chpl ta Chp2 (CHromodomain Protein 1 ta 2) takoxx OepyTh ydacThb Y KOHTPOJI
CalJICHCUHIY.

[lepmi 4doTupu mnependaveHi HUC-PeryJasiTOPHi eJIeMeHTH, pO3TallOBaHI
mopsii 3 JOKycoM Mat2, Oyno i1eHTu(]iKoBaHO 13 3aCTOCYBaHHSM TOCIIIOBHOCTEM,
BBEJACHUX y IUIa3Mmigy. XpOMOCOMHI JeNellii JIBOX 3 LHUX YOTUPHOX EJIEMEHTIB
MPOJICMOHCTPYBAJIM HE3HAYHWM BIUIMB Ha penpecito. [Ipore, mi nmenerii 3HAYHO
MIIBUINYIOTh €KCIpecito Mat2, Kojau HasBHI pa3oM 3 MyTallisIMU Y OYyIb-IKOMY 3
reHiB Clrl-clr4 a6o swi6. [ToniOHMIA aHAITI3 XPOMOCOMHUX JICJIEIiil BUSIBUB i1CHYBaHHS
PENPECOPHOTO €IEMEHTa, PO3MilIeHOTO B Mexkax 500 mH 3 MPOKCUMAILHOTO OOKY Bij
mat3. Ananiz mocaigoBHocTi K-periony mosxkunoro 10,9 k0 mokasas, M0 TiISHKA
noBxuHo0 npuomusno 4,3 k0 (CenH) nHa 96% igeHTHYHA TOCIIIOBHOCTI
IIECHTPOMEPHUX TOBTOpIOBaIbHUX elleMeHTiB dh Ta dg, ski mpuTamMaHHi IEHTpOMEpI
S.pombe. IlikaBo, 1m0 iHIII MapKepHw, IHCEPTOBaHI y IIEHTPOMEPY, TaKOXK

CalJICHCYIOThCS 3a y4acTi TUX caMuX (PaKTopiB, siKi xapakTepHi as K-periony.
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Byno BusBnieHo /1Ba 11€HTHYHI 1HBEPTOBAHI MOBTOPHU AOBXKUHOMO 2,1 k0O, 0MH 3
SKUX PO3MIIIIEHUI 3/1iBa, a 1HIIKI crpaBa Bia periony mat2/3. Taka cama opraizaris
CTaTeBOTO JIOKYCY, BKJIIOYAIOYH IIi TIOBTOPIOBAIBbHI €IEMEHTH, XapaKTepHa 1 s
omuspkoro Buay Schizosaccaharomyces kambucha. 3ramani ememenTH CiyryroTh

Oap’epaMu JIJIs TIOITUPEHHS CAMJICHCUHTY y perioHu mo3a mat2-K-mat3.

Mexanizmu  enicenemuuyno2o  KOHMPONIO — CMAMe8o20  NepeMUKAHHS
Opiswcoxcosux kaimun. Perion mat2/3 KOHCTUTYTHBHO 3aJIMINAETHCS CAlJICHCOBAHUM
Ta HEJOCTYIHHUM JJII MIXKXPOMOCOMHOI peKoMOiHaIii y MiTo31 Ta Meio3i. Sk Oyio
BKa3aHO BHWIIE, 1€ CalJICHCUHT BiAOYBA€ThCA 3a PaxXyHOK €MIT€HETUYHUX
MexaHI3MiB. BBakaeTbcs, M0 TaKWW EMITCHETHYHUA KOHTPOJh 3a0e3MeuyeThes
reTepOXpPOMATHHOBOKO OpraHi3aiielo perioHy mat2/3, sika yHEMOXKIUBIIIOE TOCTYII
TpaHCKpUMNIIHHUM (dakTopaM a0 perioHy miei auistHkd. CTPYKTYpHI MOTHBH,
XapaKTepHi AJIsl IPOIYKTIB T'eHIB TpaHC()aKTOPiB, CBIAYATH MPO iX POJb y opraHizauii
xpoMmaTuHy. OAWH 3 TaKUX MOTHUBIB HA3UBAETHCA MOJIU(PIKATOPOM OpraHizamii
XpOMaTuHy, XpOMOJIOMeHOM, 1 OyB Brepiie ieHTudikoBaHuil y Oinkax HP1 ta Pc
Drosophila. Xpomonomen Oyio BusiBiieHo y 6inkax Swi6, Clr4, Chpl ta Chp2. bimok
Swi6 Takox MICTUTh CIopigHeHUH Xxpomo-menoy (Cchromo-shadow) nomen. Xpomo-
Ta XpOMO-IIEA0Y JOMEHHU XapaKTepHl Il OaratboX OLIKIB, sIKI O€pyTh y4acTb y
dbopMyBaHHI OUIKOBUX KOMIUIEKCIB, acOIIIOBaHUX 3 XpOMAaTHMHOM. MyTaris y
KOHCEpPBAaTHBHHUX JUITHKaX xpomojoMeHy Oinka Clr4 mpusBomuth 10 nedekriB
caiiiiencunry. binok Clr4 takox mictute SET-10MeH, MyTallii B SIKOMY YTPYIHIOIOTb
caitnencunr. Jlomen SET € eBOJIOLIMHO KOHCEPBATUBHUM, OCKIJIbKA BIH
i1eHTudikoBaHmid Takoxk y Oiakax Drosophila, Takux sik Su(var)3-9, eaxancepi Zeste
ta Trithorax, me BiH HEOOXIQHHUI AJIs1 CTAOLILHOTO MiATPUMAHHS CelH(IYHUX CTaHIB
ekcrpecii TeHiB mnpotsaroM po3Butky. Clrd aeMOHCTpye BHCOKY TOMOJIOTIIO 3
MoCJIiI0BHICTIO O1sika Su(var)3-9. O6unBa renu koaywTh H3-mMetuntpancdepasu, ski
BUOIPKOBO MeTWIIOIOTH JIi3uH 9 Ha N-kiHmi ricrony H3 (H3K9me) in vitro. Kpim
TOTO, y APDKIDKIB, Kl PO3MHOXKYIOTBCS TOJAUIOM, OynH 1AeHTHU(IKOBaHI OPTOJIOTH

daxropis cainencuary MAR1/SIR2 S. cerevisiae.
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I'enn clr3, clr6 Ta Hdal (histone deacetylase 1) koxyroTh TicTOH-ICAICTHIIA3H,
SKI BIUIMBAIOTh HAa OpPTraHi3allil0 XpOMaTWHY Ta, BHACIIIOK IIbOIO, Ha MEXaHi3M
caitlencunry. bBymo mokaszaHo, 10 pekpyTyBaHHs Swi6 10 periony mat2/3,
neHTpomMep Ta Tenomep, 3anexuth Big Rikl ta Clr4 6inkiB. A mommpeHHS
EMIreHeTUYHUX MITOK MiITPUMYETHCS KOMIIOHEHTAMH XPOMAaTHHY, TAKUMU K SWi6.

KonTponp caiiieHcHMHry — 1€ AMHaMIYHHUI mporiec, sSKuil 3abe3mneuyerbes
OaJlaHCOM TO3WTHBHOTO Ta HETATUBHOTO pETyNIOBaHHA. Tak, MyTallis y TeHi
bepmenty Rhp6, sikuii B3aeMoie 3 yOIKBUTHHOM, BUKIIUKAE TOPYIICHHS CIUTAMCHHTY
MPHK, 110 mpu3BoauTh 10 3HWKEHHS CAMJICHCHHTY Yy JOKyci mat2/3 mramis, siki
3MiHIOI0TH Matl, a y mrramiB SMtO, k1 He 37aTHI 10 3MIHU CTaT€BOTO THUITY, TAKOTO
edekTy MyTarlii He crioctepiraeTbes. bitok Rhp6 Bimirpae poib y mocTperIikaTuBHIN
penaparii JIHK 3a paxyHok yOikBITHHIOBaHHS O1JIKIB, 30KpeMa TiCTOHIB. MOXIIMBO,
10 Y IIUX MYTAHTIB MOPYIIIEHE BITHOBJICHHS CAMJICHCUHTY MICJs KOIMIIOBaHHS JIOKYCY
mat2/3 3 HacTyMHOIO TPaHCHO3HUIIi€ Komii y Tokyc matl. OgHak, Take mOpyIICHHS
He criocrepiraeTbes npu nojaBoeHH1 1iei nusHku JJHK 3a perutikamii. Jlenemis rena
hdal, sxuii Koaye TOMOJIOI TICTOH-ZCAlleTHIa3d, BHUKJIMKAE ITiIBHIICHHS
CallJICHCHHTY IEHTPOMEpPHOro perioHy. OTke, HaBEACHI NPHUKIAAW CBIT4aTh IPO

JacTKOBE AyOJrOBaHHS (PYHKIIM B CUCTEM1 CaliJICHCUHTY.

PHK-inmepgepenyis ma cavnencune noxycy mat2/3. HemonmaBHO cTao
3po3ymiio, o mammuepiss PHKI 3anydena i y caineHcunr periony mat2/3. Sk Bxe
3a3Havanocs, y K-perioni Oysio BusBieHO meHTpomepHi moBtopu dg ta dh y
MOCTIJOBHOCTI JOBXKUHOMW 4,3 k0 — perion cenH. Jlanuit perion € PHKi-3anexxHoro
TOYKOIO 1HIIIaIil (OPMYBaHHSI T€TEPOXPOMATUHY, SIKWW MOIIMPIOETHCS MOTIM 1 Ha
BECh JIOKyc Mat2/3, BKIOYarOUM 1HBEPTOBAaHI MOBTOPIOBAJIbHI CIIEMEHTH, SIKi HOTO
¢dbnankyroTh. [Ipu BBeneHHi y K-perioH MapkepHOro reHy Ta OJHOYACHIN aeerii
periony CenH cmocrepiraeTbest eKCrpecis MapKepHOTO TeHY, MPOTE JOHOPHUHN JIOKYC
3anuIaEeTbcsl HeakTUBHUM. | miiicHo, pons PHKi y caiiieHcuHry 1bOTO perioHy
OyOIO€ThCA 1HIIMM  HE3aJIeKHMM MEXaHI3MOM, SKUM 1oTpedye 3alydeHHs

TpaHckputmiiiHoro (akropy Atfl, mo iHimiroe GopMyBaHHS TETEPOXPOMATHHY Y
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iHmomy caiiti K-periony nosa cenH Ta 6e3 yuacti Swi6 1 Clr4. Byno nokasano, 1o
Clr4 cnipuunnioe moaudikaiii H3K9me y xpomaTuHi, 1110, y CBOIO 4epry, 3ade3reuye
dhopMyBaHHS calTy-3B’sI3yBaHHS s XpoMooMeHHuX O11kiB SwWi6/HP1 ta Chp2, siki
CTUMYJIOIOTh MOJAJIbIIE MOIIUPEHHS METUIIOBAHHS TICTOHIB Ta 3allydeHHs Swib y
pCTiOH, SKHi BU3HAYAETHCS MECBHUMHU EJIEMEHTaMH. Y CBOHO depry SWI6 Takox
pexkpyrye HDACSs, siki neaneTminoTs ricToHd. MynbTudepMeHTHHI eeKTopHuit
komruiekc SHREC ( Snf2/Hdac-containing Repressor Complex), mo ckmamy sikoro
BxoaaTh Oinku Clrl, Clr2, Clr3 ta Mitl, BUKOHY€E JealleTWIIIOBaHHS 3a PaxyHOK
aktuBHOCTI Clr3 Ta pekpyTyeTbcs OO TeTEepPOXPOMATUHOBUX PETIOHIB CTaTEBOTO
JOKyCy, TleHTpomep Ta Tenomep. IlapamokcampHOo, 10 I MATPUMAHHS
CAlJIGHCUHTY y perioHax, fKl MICTSITh LIEHTPOMEPHI MOBTOPIOBAIbHI MOCTIIOBHOCTI,
HeoOX1/1Ha TPaHCKPHUIILIIS TTOBTOPIB AJIs 3a0€e3MeYeHHs] HOpMalIbHOT KUTBKOCTI SIRNA.,
Opnnak Oyna igeHTudikoBaHa MyTallisl, IKa MPU3BOIUTH /10 MOMIMPEHHS CaliJIEHCUHTY
3a MeXI BkazaHoro periony. lleii daxrtop, Epe, HeoOXimHWil nis TpaHCKpHITIIii
IIEHTPOMEPHUX IOBTOPIB y cailyieHcoBaHui perioHax. Epel mictuth nomen jmjC,
KWW 3a3BUYail 3HaXOAATh y OUIKaX, IO BIJMOBIIAIOThH 3a JIEMETHJIFOBAHHS TICTOHIB.
Otxe, OalaHC NPOTWICKHUX XPOMATHH-MOAU(PIKYIOUMX aKTUBHOCTEH Qopmye
OCHOBY MiATPUMAaHHS TeTepoXpoMaTtuHy. [IOBHOTEHOMHI OCHIMKCHHS BHSIBUIN
HU3KY PETioHiB, Ha siki MaroTh BB sk PHKi-3anexnwnii, Tak i PHKi-#e3anexumit
MEXaH13MH CAlJICHCUHTY.

3aranom mokasaso, 1o 6arato 3 TpaHc-(haKTOpiB, y4acTh AKUX Oylia Crio4aTKy
ineHTudikoBaHa y CcalIeHCHUHTY perioHy mat2/3, HeoOXimHi IS CailIeHCHHTY

ONECHTPOMCPHUX Ta TCIIOMEPHHUX HOCHiHOBHOCTCﬁ.

3.3. EIITEHETUYHA PET'YJISALIA ¥V Drosophila

MetumoBanust JHK y Drosophila
Jlo HemaBHBOrO 4Yacy BBaXallocsd, IO MeTuoBaBHHS TeHoMHoi JIHK 'y
Drosophila moBhicTio BifcyTHe. Takuii BUCHOBOK Oa3yBaBCsA Ha TOMY (akTi, IO

OUIBLIICTH JOCTIAHUKIB 3a3HaBaJIM HEBJaul Y HAMaraHHsIX JE€TEKTyBaTH METHUJIbOBaHI
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OCHOBH y T€HOMI IJIOJI0BUX MyX. OTKe, MPUIycKaocs, Mo Ap0o30(hiau HAIeKaTh 10
BUHSATKOBOI IPYNH OPraHi3MiB, pa3oM 13 JIpIKIKaMH Ta HEMATOJaMH, Y IKUX HEMae
enirenetnunnx moaudikamin JIHK, xapaktepHux ajis mpeacTaBHUKIB PiI3HUX BHIIB
Bil Oaktepii 0 mronuHU. BkaszaHi BUKIIOUEGHHS OOYMOBWJIM TPHUITYIICHHS, IO
MetwioBanHsa JIHK moxxe Oyt HEOOOB’SI3KOBUM JIJISI MEHIII CKJIATHUX T'€HOMIB a00
JUIA T€HOMIB 3 HEKaHOHIYHHMMHU HEHTPOMEPHUMH MOCIIIOBHOCTSAMU. [IpoTe, reHoM
Apo3odiiM HE MOXKHAa BHM3HATH IPOCTUM, a MHOro LEHTPOMEpHAa oOpraHizalis
MpUTaMaHHa IHUPOKOMY KOJIY OpraHi3MiB, BKJIOUar4u JoAuHy. Kpim toro Oyio
nmokasaso, 1o MetwitoBanHs JIHK HasBHE y HU3KM 1HITUX BUIIB KOMax.

CekBenyBanHs reHoMy Drosophila moka3ano HasBHICTH OJHOTO TeHY-
kaanunary, JHK-metuntpancdepasu, sika BigHOCHTBCS 10 poauHu Dnmt2
eykapiotnunux JIHK-merunrpancdeas. Konu y Drosophila 0ys Brepiie omnucanuit
red Dnmt2, npunyctunm, mo 6utok Dnmt2 € ¢epmeHTaTUBHO HEAKTUBHUM. Take
nependadeHHss 0Oa3yBajiocsi TOJOBHMM 4YMHOM Ha ToMy (akti, mo JHK-
MeTHIITpaHCc(epa3Ha aKTHBHICTh IbOTO Oinka He Oyia BusiBieHa In Vvitro. Tum He
MeHi, 6tk Dnmt2 3aramom € Haa3BUYaWHO €BOJIIOLIMHO KOHCEPBAaTUBHHUMHU, a iX
KaTaJlITHYHUHT JIHK-metuntpachepazuuii JOMEH JIEMOHCTPY€E MOBHY
KOHCEpPBATUBHICTh. BUKIIIOUEHHSI CKJIada€e TIIbKM Tomojior Dnmt2 apixmxkiB, sKi
PO3MHOXKYIOTHCSI TOALIOM, OCKIIBKA MICTUTh IHCEPIIHY MYyTalil0 B OJHOMY 3
TOJIOBHMX KaTaJiTHYHHUX MOTHUBIB. L[ikaBo, 10 mpu BUAaNCHHI IIi€i 1HCEPTOBAHOI
aAMIHOKHUCJIOTH CIIOCTEPITa€ThCSl BTpaTa KATAIITUYHOI aKTUBHOCTI. BuIleBUKIIa/IeH]
daktu  cBiguarh, 1o Oinkm Dnmt2  gBastore  coboro  aktuBHI  JIHK-
MeTuiITpanchepasmu.

HasBHicTe reny i#mosipnoi JIHK-metuntpancdepasu y resomi Drosophila
J03BOJIMIIO TpunycTuTH, mo MetwmoBaHHs JIHK y nporo opranizmy morio He
JNETEKTYyBaTUCh B MHHYJIOMY B CHJIy METOIWYHUX TMPUYUH. Y JTOJaTKOBHUX
eKCIIepUMEeHTax OyJio moka3aHo, 1mo Dnmt2 xapaktepusyeTbcs PI3HUMH DPIBHSIMU
eKcrpecti y mpoiieci po3BUTKY, 3 HaiiBumum piBHeM MPHK B pannbomy embiorenesi.
Takum yumHOM emOpioHanbHI ocobmuBocTi MmetwmoBanus JIHK y Drosophila we

MOXHA EKCTPAroJIoBaTH Ha 1HIIN cTajii po3BUTKY Mymiku. [logiOHe oOMexeHHs
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TAKOXX CTOCYETbCS 1 IHIOUX JOCHIKEHb, SKI JEMOHCTPYIOTh BIJICYTHICTb
METWIIOBaHHS y imaro japo3odin. Xpomatorpadiunuii anam3 reHomHoi JHK
eMOpiOHIB paHHIX CTaAill JIHCHO BHSBUB HU3BKHH, NPOTE€ pEaJbHUN pPIBEHb
METUJIIOBaHHS MUTO3MHIB. [[ikaBo, M0 OUIBIIICTh 5S-METHINUTO3UHIB Oyiia BUSIBICHA
y KoHTeKcTi aunykineotuaiB CpT/A. Take BiIKpUTTS MPEACTaBIIsA€ 3HAYHUN 1HTEpeC,
OCKLITBbKY 1Ie o3Hauae, mo MmetwtoBanHs JJHK y Drosophila ve mintpumyerbes 3a
PaxyHOK CHUMETPUYHOTO MeTHIoBaHHS nuHykiIeoTuaiB CpG. Orxe, y momepemHix
JTOCIIDKEHHSX He BAaBajocs 11eHThdikyBaTH MeTmiroBaHHs CpG came yepes Te, 1110
151 Moauikalis y 1po30(disiu cTocyeTbes 1HIIOI Hapu AUHYKIeoTuaiB. KpiM Toro, Ha
BIIMIHY BiJl KJIITUH XpeOETHUX, SKI 3a3BUYail CTaOUIHLHO MIATPUMYIOTH CBIM MaTepH
METHITIIOBaHHS MPOTSAToM po3BUTKY, mertwtoBanHs JIHK y Drosophila Bumaerscs
THUMYAaCOBUM EMITEHETUYHUM CHUTHAJIOM, TPUTAMaHHUM JIMIIE PAHHIM CTaJisM

PO3BUTKY.

Ocoobnusocmi JIHK-memunmpancgepas poounu Dnmt2. Poauna Ounkis Dnmt2
BIIOMa HH3KOI XapaKTepHUX oO3Hak: 1) BoHa € HalOLIbII KOHCEPBATUBHOIO
ponunoto eykapitounux JIHK-meruntpancdepas, romosorn sSikux ONuCaHi y HU3KU
Oprai3miB, BiJ HaWmpocTimux 10 JoauHu. 2) binku Dnmt2 xapakrepusyrorbes
KOMIIAaKTHOIO CTPYKTYPOIO, SIKa CXOXa Ha CTPYKTypy OakTepiaibHUX MeTuias. 3)
Dnmt2 y cBoemy cknaai mictarh Tutbku JIHK-metuntpancdepasauii karamitnaHuit
JIOMEH, Y HUX BIJICYTHI JOBI1 PEryJsTOPHI JOMEHM K Yy 1HImMX eykapitounux JJHK-
metunrpadcdepas. Ockinpku renom Drosophila mictuts aume Dnmt2, To oueBuaHO,
10 BOHU HeoOXiaHi Ta goctatHi A MeTuaoBanHsa JIHK. Axmo Dnmt2 pukmrountu
3a gonomorow PHKi, mermmoBanua JIHK y emMOpioHIB MOBHICTIO BTpPaya€eThCsl.
Sxkmo x Dnmt2 nHanekcnpecyeTbcss y 1Maro, TO CIIOCTEPIraeTbCs JTOCTOBIPHE
rinepMeTwoBaHHsA. TakuMm unHoM Dnmt2 e equnoro JIHK-metunrpancdepasoro D.
melanogaster. O3naku iHIIOro (epMEHTY OOMEXKYIOThCS BHSBICHHSM HEBIJIOMOTO
Oinka 3a gomomorow crnemugiuHux A0 Dnmtl aHTUTIT Ta HE MOXYTh OyTH
0OyMOBJIEHUMHU HAsBHUMH MOCTIAOBHOCTAMHU TeHOMY. OTpuMaHi JaHl MOKa3yloTh,

mo JIHK npo3odinm meTmimoeThcss Ha HU3bKOMY PiBHI 3a y4acTio Dnmt2 minx gac
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emOpiorenesy. Ili xapakrtepuctuku (GOpMyIOTH TOJIOBHI BiIMIHHOCTI BiJ CHCTEMH
metumoBanHs JIHK ccaBiiB, sika criIbHO 3a1eXKuTh BiJ podoTu GpepmentiB Dnmtl Ta
Dnmt3, ski € HaA3BUYaiHO aKTUBHUMU Ha IMI3HIX CTaJIsIX PO3BUTKY OpraHizMmy. Tum
HE MEHII, BUCOKA KOHCEpBAaTHBHICTh OUIKIB Dnmt2 Bkasye Ha Te, 110 BOHHU €
npeakosumu JIHK-metuntpancdepazamu eykapior, a Takox mo Ouiku Dnmtl Ta
Dnmt3 3’sBumnmcst y xoai eBostrorlii mizHime. Ha mogatok, iCHytOTh OUIBIT OYEBHIHI
JI0Ka3u €BOJIIOLIIIHOT KOHCEPBATUBHOCTI CHCTEMU METHIIIOBaHHS 3a ydyacTi Dnmt2:
reaomu Drosophila psedoobscura ta Anopheles gambiae Takok MICTATh €TUHHI
nependauyBanuii romonor JHK metunrpancdepas, gxuil HaneXutb A0 POAUHU
Dnmt2. Em6pionn D. psedoobscura ta A.gambiae, sk BHSIBHIOCS, TaKOX
JEeMOHCTPYIOTh HU3bKI, ane MocTOBIpHI piBHI SMC. OTxe, cuctemMa METHIIOBAHHS
Dnmt2 BumaeTbcss KOHCEPBATUBHOIO MPUHANMHI MPOTIroM ocTaHHIX 250 MIJIH POKIiB,
3a skl BinOynacs auBepreniiis D. melanogaster ra A. gambiae.

VY CBIiTI1 BUCOKOT €BOMIOIIIHOI KOHCEpBATUBHOCTI O1IKIB Dnmt2 my»ke mikaBo
BU3HAYUTH (DYHKIT METHJIFOBaHHS 3a iX ydacTio. EMOpioHanbHI KIITHHA MHUILIEH 3
nopyumeHuM TreHoMm Dnmt2 HopmanbHO mnposidepyroTh Ta HE JIEMOHCTPYIOTh
BUpaXEHUX (EHOTUIIOBUX 3MiH. BusiBieHno, mo HokxaayH Dnmt2 3a momomororo
PHKi He 3miHioe skurresmaTHocTi emOpionie Drosophila. ITlpote, npucyTHIiCTH
Moau(pikoBaHUX (DEHOTHIIB Ha MOCTEMOPIOHAIBHUX CTaIisAX CBIAYUTH IPO TE€, IIO

metumoBanHs JJHK HeoOxiHe 7151 MOKM 110 HEBIJOMUX KIITUHHUX (PYHKITIH.

MernmoBanns /IHK Ta crpykrypa xpomatuny

Y Drosophila BcTaHoBIeHO B3aeMO3Bs30K Mix MerwiaroBanHsM JIHK Tta
METHJIIOBAHHSIM  TICTOHIB. SIK  BXe 3a3Hauvanocs, y Jpo30dia  TICTOH-
metwiTpancdepasa Su(var)3-9 crernudivHo MeTwiroe Ji3uH 9 y ckiani ricrony H3
(H3K9). V nauumHOK, MyTaHTHUX 3a reHom Su(var)3-9, crocrepira€rbcs CyTTEBE
3MEHILIEHHS LIEHTPOMEPHOIO0 XpPOMATHHY, WIO CKOpIIIE 3a BCE IOSICHIOETHCA
HEJIOMETUJIIOBAaHHSM XBOCTIB TICTOHIB Ha IUX AUISHKaX XpoMocoM. [Ipore HyIbOBI
mytantu Su(var)3-9 e xurre3gatHUMH Ta (QEPTUIBHUMH, TaK CaMO SK 1 MHII 3

BUKJIIOYCHUMHU TeHamu, romosioriunumu reHam Suv39hl ta Suv39h2 aposodinm.
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Imynodnyopucniente mnodapOyBaHHs eMOpiOHIB HyIhOBHX MyTaHTiB Su(var)3-9
IPOJAEMOHCTPYBAJIO Pi3Ke 3HWKEHHS J0 MOBHOI BifcyTHOCTI MetumtoBanHsa JJHK, mo
CBIIUUTh TIPO KOHCEPBATHUBHICTh B3a€MO3BS3KIB Mixk MeTwioBaHHsM JIHK Ta
METUJTIOBAHHSM T1CTOHIB.

Kpim TOro, MeTwatoBaHHS TICTOHIB BiJIrpae BaXJIMBY poOJb y Tepeaadi
enirenetnyHoi iH@opmarii crocoBHo MmetwmoBanHs JIHK Ta penpecoBanux
koH(popmanid xpomatuny. Exrtomiuna ekcnpecis JJHK-mertunrpancdepasu murieit
DNMT3a y Drosophila npu3BoauTh 10 Je€TadbHOCTI, @ Ha PiBHI XPOMOCOM 3aruoni
OCOOMHU  XapaKTEpU3yIOThCS HEPIBHOMIPHOIO KOHJICHCAIIEI0 XPOMATHHY Ta
MOPYILICHHAM peryJisiiii MoaudikyBaHHs TicTOHIB. OqHAK OCOOMHU MOXYTh BUKHUTH,
Ko ekromivHa excrpecis DNMT3a BinOyBaeTbest y MyTaHTiB 3a TeHOM Su(var)3-9.
Ili pesymprat, pazom i3 mganumu 1o Arabidopsis, y skxoro pobora JIHK-
MeTWITpaHc(epasu 3ajJeKUTh BiJ aKTUBHOCTI TCTOH-METUATpaHc(]epa3u, CBIIYAThH
PO KOMILJIEKCHY Ta JBOCTOPOHHIO B3aemoito metmnoBanHs JJHK ta meTunroBanus

XBOCTIB TICTOHIB.

MeTtuia-JAHK-3B8’sa3yrounii 6isiok MBD2/3

Enirenernuna indopmariis, 3akonoBana metuintoBanusm JIHK, noBunna 0ytu
nepeBe/ieHa «Ha MOBY» cHelU(pIYHIX XPOMAaTHHOBHUX CTPYKTYp SIK 3 METOIO penpecii
ICHIB, TaK 1 3a/UIsl BCTAHOBJICHHS II€BHOI TEHOMHOI KOMIapTMEHTamizaiii. VY
XpeOeTHUX 110 (DYHKIIII0O BUKOHYE POAMHA OLIKIB, Kl CHELU(PIYHO 3B’SI3YIOTHCS 3
METHJIbOBaHUMU JuHYyKieoTuaamu CpG 3a paxyHOK HasBHOCTI B HUX MeTHiI-CpG-
3B’s3ytouoro  jgomeny (methyl-CpG  binding domain; MBD). Ilepmmm
inenTudikoBanum Metui-/{HK-38’s3ytounm Oimkom 6y MeCP2 y nmroguau. ToukoBa
myTauis y mexax gomeny MBD y MeCP2 npusBoauts 10 pO3BUTKY CHUHAPOMY
Perra, mopylieHHs pPO3BUTKY AUTA4YO0l HEPBOBOI CHUCTEMHU. byio mokasaHo, 110
MeCP2 B3aemomie 3 kopemnpecopuum komruiekcoM SIN3. /o mporo komrmiekcy
BxouTh Kopenpecop SIN3 Ta inmi 6inku, cepen sikux rictoH-aeanerwiazu HDACI
ta HDAC2. TloniOnHi B3aeMoii OyiM ONMCaHI TAKOX JJIS IHIIOTO TPEICTaBHHUKA

poaunu 6inkiB MBD, MBD2. MBD2 pekpytye kommiaekec MI-2/NURD (nucleosome
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remodeling and histone deacetylase) mo mertmnboBanmx caiitiB JIHK. Ocrannii
KOMIUIEKC TaKOX XapaKTEePH3yeThCS TiCTOH-ICAICTHIA3HOI AKTHUBHICTIO, a TaKOX
AT®-3ameKHOI0 PEMOTIYIIIOIY0I0 HYKJICOCOMH aKTHUBHICTIO, sSKa OMOCEPEIKOBaHA
MI-2.

I'enom Drosophila mictute romonorn Beix cyOoaunuils komimiekcy NURD
XpeOeTHHX, 6araTo 3 AKUM € KPUTHUHUMU JUIsI PO3BUTKY ILI0I0BOI MyIIKU. MyTaHTH
MI-2 Drosophila runyTs Ha nepmriit abo qpyriil TMYUHKOBIN CTaIii, IO CBITYUTH PO
BaxsuBicTh MI-2 y mipornieci emOpiorenesy. I'icton-neanerminaza RPD3, sika BxoauTh
no kommuiekcy NURD Drosophila, BaximBa 1yt HOpManbHOT cerMeHTallii eMOpiOHiB.
VY reHomi MI0I0BOT MYIIIKK TaKOXK MICTUTBCS T€H, SIKUM Kojye Ou1ok 3 meTmi-J{HK-
3B’SI3YI0YMM JIOMEHOM, o3HaueHuil sk MBD2/3. Lleit 0inok neMOHCTpye OLIbII HiX
70%-ny moaiOHicTh 10 MeTUI-CpG-3B’a3yrounx 615kiB xpedbetnux MBD2 Ta MBDS.
VY pe3ynbTaTi aNbTEPHATUBHOTO CIUIAMCUHTY T€HY YTBOPIOIOTHCA JB1 Pi3HI 130hopMuU
Ouika - noBra Ta KopoTka. JloBra i3oopma MICTUTh TPU PI3HUX TOMEHH: METHJI-
JIHK-3B’s3ytounii nomen, crerudivnuii mist Drosophila Ta cynepckpyuenuit nomen
(coiled-coil domain), Toxi sik y ckiaai KOpoTKoi i30)opMH BiJICYTHI crielugiuHni
ans Drosophila gomen Ta wactmaa wmetwmn-JIHK-3B’s3ytouoro gomeny. Jlosra
130popma 171eHTUPIKYETHCS TPOTIATOM PAHHBOTO Ta CEPEAHBOTO eMOpioreHesy, Toi
AK KOPOTKHMI OIJ0K CIIOCTEpIraeThCs y CEpeHbOMY Ta IMI3HOMY eMOpioreHesi.
Exkcnpecis 1mporo Oillka He BHSBIEHAa Ha IOCT-eMOpIOHAIBHMX CTadisfx. Takum
yuHOM, (yHKIionyBaHHs MBD2/3  cmocrepiraetbcss NPakKTUYHO OIHOYACHO 3
po6ororo Dnmt2 ta HasiHicTIO MeTHiIbOBaHO1 JJHK y remomi Drosophila.

byno nokazano, mo MBD2/3 dyHkIioHy€e SK TpaHCKPUIIIIHHUI KOpermpecop.
Takox Oysn0 MpoaEeMOHCTpOBaHO, MmO o0uaBi i3odopmu MBD2/3 penpecyrotsb
TPAHCKPUIIIIII0, MOXJIMBO, 3a PaxyHOK PEKpYTyBaHHsS [lealleTWUia3 TICTOHIB Ta
PEMOTYJTIIOI0UO0T HyKJIeocoMH akTuBHOCTeH. Acomiamiss MBD2/3 3 RPD3 ta MI-2
Oyna mepembadeHa Ha OCHOBI EKCIEPUMEHTIB IIOAO KO-IMyHOTPEIHUITITAIII].
bioxiMiuHe (pakiiioHyBaHHS OIJIKOBOTO €KCTPAKTy TaKOX 3acBIIUy€ MPUCYTHICTb

MBD2/3 y cknani komiuiekcy MI-2/NURD apo3zodit.
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Otxe, 0imok MBD2/3 nor’si3anuii 3 JIHK mpotsirom emOpiorene3y. Iligx wac
MOAUTIB-APOOIEHHS Ta CTajli CHUHIIMTIAIbHOI OJacTojepMu O1JIOK HE TMOB'S3aHUU 3
JIHK. Ili matepHu CHJIBHO 3MIHIOIOTHCS Ha CTail KJIITHHHOI OJIaCTOJEPMH, KOJHU
o110k (hopmye sICKpaBi OCepesIKH, sIKi TOUHO KostokanizytoThes 3 JJHK. binbiie Toro,
oiutoxk MBD2/3 Takox moB’si3aHH 3 aKTHBOBAHOIO Y-XPOMOCOMOIO Y IMEPBHHHHUX
cnepMaronurax. TyT OUIOK ¢GopMye BUpaKkeHI SACpHI OCTPIBIU, TOAlL K TaKUU
CUTHAJI HE JIETEKTYEThCA y MYTaHTIB 3 BIICYTHBOIO aKTUBHOIO Y-xpomocomoro. Lli
JaHl BKa3yloTh Ha Te, 1o Oimok MBD2/3 moxe OyTu 3aiydeHuil y emireHeTHYHY
perymsito renomy Drosophila mpotsirom BenrkoMacmTabHOT TeHOMHOT aKTHBAIT.

[Toxi6HO A0 MuIIeH, y SKUX BUKJIIOYEHI TOMOJIOTIYHI I'€HU, HYJIbOBI MyTaHTHU
MBD2/3 Drosophila € xwurre3matHumMu Ta (QEepTHIBHUMH, MPOTE IEMOHCTPYIOTH
nedektu cerperaiii XpoMOCOM, IO CBiqU4UTh Hpo BaxiamBy poib MBD2/3 y
cTabimizallli NPUIEHTPOMEPHOI'0 rerepoxpoMatnHy. KpiM Toro, BCTaHOBJIEHA POJIb
MBD2/3 y pekpyryBanni komiwiekcy MI-2 na JIHK, moniono g0 xpebernux. [Ipote
OCTAaTOYHOI BIJMOBIAI Ha MNUTaHHSA 0po MomiOHicT, (yHkmii Oinkie MBD2/3
Drosophila Ta MBD2 ccaBuiB He Mae, 0coONHMBO HeoaHO3HaYHOW € MeTui-/IHK-
3B’s13yroua BiactuBicth MBD2/3. ExkcriepuMeHTH 10 3B’ s13yBaHHIO BKa3aHOTO OijKa 3
CpG Oynmu Oe3pe3yiabTaTUBHUMHU, ajié BUKOPUCTaHHS METHJILOBAHUX ITUTO3UHIB Yy
kouTekcTi CpA Ta CpT 3acBimumio crenudiuae 3B’s3yBaHHS 3 JOBrOKO 130()0pMOIO
oinka MBD2/3, ame ne 3 i#oro KOpoTkow i30(¢opmoro. bingbire Toro,
eKCIIEpUMEHTAJIbHE JIEMETUJIIOBaHHS TreHomy Jnpo3odinmu  3a  paxyHok PHKi
BuMmkHeHHs1 J[HK-metuntpancdepasu Dnmt2 abo oOpoOku inri6itopom JIHK-
MeTHIITpaHcdepas 5-a3aluTHIAMHOM IPHU3BOANTE 10 aucomiamnii MBD2/3 ta JIHK. Ll
pe3yJbTaT HaAalTh JOJAATKOBUX JI0Ka31B (YHKI[IOHAIBHIA CXOXKOCTI OLIKIB

MBD2/3 Drosophila ta MBD2 ccasgiiis.

Peryasinis ekcnpecii reniB 0isikamu rpyn Polycomb Ta Trithorax
binku rpyn Polycomb (Polycomb group; PcG) ta Trithorax (Trithorax
group; TrxG) Oynu Bmepiie i1eHTU(IKOBaHI SK KOMIIOHETH PEryJsATOPHOI CUCTEMH,

sKa MATPUMYE aKTUBHHMKA cTaH romeosucHux reniB (Hox) Drosophila. TpoxykTu
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reniB. HOX HeoOXimui Juisi naerepmiHamii cerMeHTiB. PiBenb 1x excmpecii
BCTAHOBJIIOETHCS Y PAaHHBOMY €MOpioreHe3l 3a y4acTO PeryJisITOpiB TPaHCKPHUIIIII,
K1 KOAYIOThCS TeHAMH MATEPHMHCHKOro edekTy Ta cerMeHrtauii. 31 3HIWKCHHIM
eKCIIpecii TeHIB CerMeHTallii MpOTIroM cepeaHboro emoOpioreHe3y Ounku PCG Tta
TrxG OepyTh Ha cebe Ta MPOAOBXKYIOTh MIATPUMYBATH CalJICHCOBaHI Ta aKTHUBHI
CTaHH, BIAMOBITHO, MPOTATOM BCIX HACTYIHHUX MEpioaiB po3BUTKY. Ha cborogHimmHin
AeHb 3po3yMisio, mo Outku PCG Tta TrxG perymoioTh ekcrpecito reHiB HOX Bcix
OaraToxmituHHUX opraHi3MiB Bij C. elegans mo ccasiiB. Okpim HOX reniB y PcG ta
TrxG igenTudikoBaHi 10AaTKOBI reHu-MimeHi. Kpim Toro, BctaHOBIEHO pOJb O1IKIB
PcG Tta TrxG y iHakTuBaiii X-XpOMOCOMH CCaBIlIB, PO3BUTKY paKy Ta BH3HAYEHHI
J10J11 CTOBOYpPOBUX KIIITHH.

Kommiekcn OinkiB PcG T1a TrxG (QyHKIIOHYIOTH $IK aHTaroHiCTH, IO
HEOJHOPA30BO OYyJIO MIATBEPHKEHO €KCIEepUMEHTaIbHO. e BUsBISIEThCA Y OaaHCl
JIBOX XpOMAaTHHOBUX MITOK — MetwitoBaHHs H3K27, BcTaHOBIEHHS SKOTO
Katam3yeTbess Komrmuiekcamu PcG, Ta wmetwmoBanHs H3K4, omnocepenkoBane
neBHUMH KomIuiekcamu TrxG.

O6unsi rpynu OuikiB, PCG ta TrxG, npamomoTh SK MyJIbTHCYOOIUHUYHI
OLIKOBl KOMIUIEKCH, 3MIHIOIOYM CTPYKTYPY XPOMATHHY B MICISIX PO3TalllyBaHHS
ITbOBUX TeHiB. ['eneTnuni pocimkerns Ha Drosophila 103Boiuan BUSBUTH HHU3KY
YUC-PETYJISITOPHUX EJIEMEHTIB JTOBKUHOIO JEKUJIbKa COTeHb IH, SKI HA3WBAIOTHCS
PcG-BinnoBinaoui exementn (PcG response elements; PRES) aGo wmomyai
kJairuanoi mam’sari (cellular memory modules; CMMS). Lli exeMeHTH BiAMOBIAAIOTH
3a 3B’s3yBaHHs OuikiB PCG 3 JIHK Ta 3a0e3neuyroTh TakKUM YUHOM MIATPUMAHHS
CTaHy TPaHCKPUMIIIAHOI pernpecii BIAMOBIIHOIO reHy. He3Bakaroum Ha HEBEIUKY
KUIBKICTh T€HETUYHO 11eHTH(IKOBAHKUX IUIbOBUX JIOKYCIiB OuKiB PCG Ta TrxG, BoHH
3B’s13y10Tbes 3 Oumbmi HIK 200 XpOMOCOMHHMMHM JIOKYCaMH Ha TOJITEHHUX
xpomocomax. IIpore depe3 HU3BKY pO3AUIBHY 3AaTHICTb  XPOMOCOMHOTO
[IUTOJIOTIYHOTO KapTyBaHHS HEMOXKJIMBO 3pOOWTH BUCHOBOK PO TOYHY JIOKAJI3aIli0
PREs ta Bignosigni uytiausi 10 PCG/TrxG renn. OctaHHIM YacoM 3’ SBUJIMCS HOBI

QITOPUTMH, K1 JO3BOJIAIOTH HA TTOBHOTEHOMHOMY DPIiBHI MPOTHO3YBATH JIOKAIII3AIIIO
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PREs y Drosophila. 3a momomororo Ttakoro OioiHdopmariiitHoro migxomy Oyio
inentudikoano 167 nependauennx PRE Ta renis, siki HMOBIPHO PEryJIIOIOTHCS HUMHU
(Tabmur 3.3.1.). BoHun MOXXyTh JIOKaIi3yBaTUCS Ha BiJCTaHl JCCATKIB KijloOa3 BHIIE
abo HIDKYE LITOBOIO MPOMOTOPA, Y MEKax IHTPOHIB abo y 0OaraThoX BHUMAaAKax
nopsig 3 caitom mowatky TpaHckpumiii. Ockinbku PRES  MoxyTh OyTu
JIOKaJII30BaHUMHU Ha BIACTaHI JECATKIB Ki100a3 BiJg €(pEKTOPHUX TEHIB, aje TUIbKH
yactuHa nepeadadennx PRES 36iraiotbes Oe3mocepenHbo 3 MOCTIAOBHOCTSIMU
11eHTH(PIKOBaHUX TEHIB, (PYHKIIOHAIBbHI B3a€EMOBIJIHOCUHM MDK IIMMH T€HAMH Ta
HoBuMH PRES 3anummatoTscsi Hepo3kpuTtuMu. TuM He MEHII, 111 J1aHl HaJaroTh HOBE
PO3YMIHHS MOXJIMBOMY, O1JIBII IIUPOKOMY CIHEKTPY CHUTHAJIBHUX MUIAXIB, SKI
perymoroThes rpynamu O61IkiB PCG ta TrxG, Ta moTeHIiiHO MarOTh BUSBUTH HOBY
iHpOpMaIllI0 PO CUCTEMH Yy CCaBIiB, y SKUX JOTENep HE 1IeHTU(IKOBAHO

nocaigoBHoctl PRE.

Taomumg 3.3.1. Knmacu mependauyBanmnx PCG/TrxG—peryjiboBaHUX reHiB

KinpkicTh MonexymnspHi (QyHKILIi/IpoLec mpoTaroMm
TCHIB PO3BUTKY

26 Tpanckpunuiitai paxkropu (10 romeogomen-
BMICHUX OLJTKiB)

7 BusnaueHHs NUISAXy PO3BUTKY OKPEMHUX KIIITHH
emOpioHa

10 OBorenes

97 [Ti3us cneungikanis KIiTHH (PO3BUTOK
HEepBOBOI cucteMu - 13), (po3BuTok oka - 10)

5 ['enu-ympecopu nyxnus (P53 moaiOHi
TPAHCKPUIIIIHHI (aKTOPH)

Komnnexcu TrxG. binpmiicte OinkiB TrxG Oyna Bmoepine BHSBICHA Y
D.melanogaster B sikocti cympecopiB mytamiii PcG. BigmoBigHO 10 BHUSBICHOTO
F€HETUYHOTro aHTaroHismy Ouiku TrxG 3aramoM (QyHKIIOHYIOTh SIK aKTUBATOPHU
TpaHCKpuIii. 3 JaHUMH O1IKaMH Ta X KOMIUIEKCaMH MOB’ SI3YIOTh HU3KY XPOMATHH-

MoAN(IKYIOUNX aKTHBHOCTEH, a came meTwitoBanHs H3K4, arneTwinyBaHHs TiCTOHIB
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ta AT®-3anexHe pemoaentoBanns HykieycoMm (Tadmums 3.3.2). Kpim toro, meski

TICTOHOBI JIEMETHJIa3u TaKOXK MOXKYTh OyTH BijHEceHi 10 O1ikiB TrxG.

BaxximBuM muTaHHAM € Te, K caMe Jit0Th Outku TrxG: npotuairote PcG abo

(GYHKIIOHYIOTh SIK 3arajibHl aKTHUBAaTOPH TPAHCKPHIILIL, sIKI Ba)KJIUBI TaKOXK 1 Jis

aKTUBaIil

reHiB-mimeHern PcG. Tak,

oiumok Kohtalo Bxogute 10 cKiagy

MeaiaTopHoro komiuiekcy D. melanogaster, sikuit GyHKIIIOHY€E TIOBCIOJHO Y MpOIIeci

aKTUBallli TpPaHCKPUIIii, 00 €AHYIOUM TpaHCKpHUMIiiiHi akTtuBaropu Ta PHK-

noJjiimMepasy. Inmu i 610k miel rpymu, Kismet, Bigirpae po3mOBCIOKCHY POJb B

AKOCTI 3arajbHOro akTuBatopy TpaHckpuniii. Ilpote neski Oumku TrxG MOXyTh

Oe3nocepeIHbO BIUIMBATH a00 mijisirat BIUIUBY PcG.

Ta6umns 3.3.2. Binku rpynu Trithorax y D. melanogaster

TrxG 6iaxn
D. melanogaster

I'omoJsiorn y ccaBuiB

Bioximiuna poab

Trithorax

Myeloid/lymphoid or mixed-
lineage leukaemia proteins 1-3

CyOonunwuII, TKa MICTHTh
SET nomen,
metunTpancdepasu H3K4

Absent small and homeotic
disks protein 1 (ASH1)

ASH1-like

Cyb6oauHu1s, sika MiCTHTb
SET nomen,
MeTUATpaHcdepasu
H3K4ta/abo H3K36

Brahma (BRM) BRM (Bimomuii sik AT®a3na cy0ouHUTIs
SMARCAZ2) ta KOMILJIEKCY PEMOICTTIOBAHHS
BRG1(Bimomuii six nykieocom tumy SWI/SNF
SMARCA4)

Kismet Chromodomain helicase DNA- | AT®a3na cyooauHuis

binding protein 7

nepeadavyBaHOTO KOMITJICKCY
pPEMOJICTIOBAHHS HYKIIEOCOM,
KU Oepe y4acTh y eJOHTaIlii
TPAHCKPHITIII]

Nejire (Takox BiZOMHI SK
CBP)

Cy0OonuHUI KOMIUIEKCY
TACI1, sikuit 00yMOBITIOE
aIeTUIIIOBAaHHS TiCTOHIB

Komnnexcu PcG ma TrxG. MonekymnsipHi ME€XaHi3MHU PEeryJyisiii TeHiB IPyHor0

oinkiB PcG/TrxG ocrtaTtouHo 1ie He 3'scoBaHl. HaWroJOBHIIMMHU 3 HEBUPIIICHUX

NUTaHb € HacTymHi: 1) mo koHKpeTrHO € MimeHHIo OunkiB PcG ta TrxG, 2) ski

MEXaHI3MU iX eMIreHEeTUYHOTO YyCIaJKoByBaHHs B mnporeci perunikamii JIHK Tta
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MITO3y, Ta 3) SIK MOETHYIOTHCS iX MPOTHAIIOUl Ta MEPEXpEecHi perynsaTopHi (Cross-
regulatory) akTuBHOCTI. BioXiMiuHE OUYHIIEHHS Ta XapaKTEPHUCTHKA KOMIUIEKCiB PCG
ta TrXG no3BoamiM 1iIeHTU(DIKYBATH CYTTPOBOKYIOY1 €H3UMATHYHI aKTUBHOCTI IUX
KOMIUIEKCIB Ta HaJajld HOBOT'O PO3YMIHHS IX aHTArOHICTUYHMM (PYHKIIISIM Ta TOMY,
K caM€ BOHHM CTBOPIOIOTH CIMIMCHETHYHI CUTHAIH, SIKi MIATPUMYIOTHCS MPOTATOM
MmiTo3y Ta perurikamii JTHK.

VY Drosophila 6ymno BusiBneno aBa ¢izndHO Ta (YHKIIOHAIBLHO Pi3HUX KIIACH
komiiekciB PCG (Tabmuig 3.3.3). PenpecuBuuii kommiekce Polycomb 1 (Polycomb
repressive complex 1; PRC1) Tta mnoB’s3aHWii 3 HHM XpOMATHH-aCOIIHMOBaHUH
KOMIUIEKC CaiJIeHCHHTY ToMeo3ucHHUX reHiB (Chromatin-associated silencing complex
for homeotics; CHRASCH) wictare Oimok PCG rpynm, sSkuii OTpHUMaB Ha3BY
Polycomb (Polycomb protein; PC). AcoriiioBati 3 uMH KOMILIEKCAMHU O1IKH TPYITH
Polycomb nasBHi y Drosophila ta xpebeTHux, IpoTe He 1AeHTH(IKYIOTHCS Y POCIHH
ta C. elegans. Tnmmit xomrutekc (PRC2) MicTUTBh y SIKOCTI OCHOBHHUX KOMIIOHEHTIB
oinku rpynu Polycomb Extra sex combs (ESC), Enhancer of zeste [E(Z)] Ta
Suppressor of zeste 12 [SU(Z)12]. 1li Oinku Oyau BUSBICHI y BCIX MOJEIbHHX
0araTOKJIITUHHUX OPraHi3MiB BiJ POCIMH A0 ccaBliB. Jlami MM 3ymMHUMOCS Ha
MOJICKYJISIPHUX B3a€EMOJISAX Ta (PepMEHTATHBHUX aKTHUBHOCTAX KoMmIuiekciB PCG Ta
acoIiiioBaHMX 3 HUMH OUIKIB, a TaKOX OyJeMO CITIBBIIHOCUTH iX 3 BIJIOMHUMH

AHTArOHICTUYHUMH aKTUBHOCTIMHU OLIKIB TIrXG.

Tabmus 3.3.3. Komnonentn kopoBux komiiekciB PRC1 ta PRC2 y D.

melanogaster Ta JroauHA

Cy6onqununi kommiaekciB y D. . T'omousorivuuni cyooaunumi y
XapakTepHi 10MeHH
melanogaster JIIOTMHHA

Polycomb repressive complex 1 (PRC1)

E3 ubiquitin-protein ligase RING RING2 (Takox Bimomwuii sik

RINGL1 (takox Bimomuii ik SCE) RING1B ta RNF2) ta RING1
(rakox Bimomuii sik RING1A Ta
RNF1)

Posterior sex combs (Psc) ta RING BMI1 (takox Bimommuii K

Suppressor of zeste 2 (Su(z)2) PCGF4) ra MEL18 (takox
Bigomuii sk PCGF2)

Polyhomeotic-proximal (Ph-p) Ta | Sterile a-motif (SAM) Ta Polyhomeotic-like protein 1

Polyhomeotic-distal (Ph-d) LIUHKOBUH Majenb (PHCI; takox Binomuii sik
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EDR1). PHC2 (Takosx Bimommii
sk EDR2) and PHC3 (Takox
Bigomuit sk EDR3)

Polycomb (Pc) Chromodomain Chromobox protein homologue 2
(CBX2), CBX4, CBX6, CBX7
ara CBX8

Sex comb on midleg (Scm) Malignant brain tumor (MBT), Sex comb on midleg homologue

SAM Ta UMHKOBHUH Manens 1 (SCMH1) ta Sex comb on

midleg-like protein 2 (SCML2)

Polycomb repressive complex 2 (PRC2)

Enchancer of zeste (E(z)) SANT, CXC ra SET (Su(var)3-9 | Enhancer of zeste homologue 2
— Enchancer of zeste - Trithorax) | (EZH2; taxox Bimomwii stk
KMT6) ta EZH1
Extra sex combs (Esc) ta Extra WD40 EED
sex combs-like (Escl)
Supressor of zeste 12 (Su(2)12) Zinc-finger ta VEFS (VRN2- sSuUz12
EMF2-FIS2-Su(z)12)box
Chromatin assembly factor 1 WD40 Histone-binding protein RBBP4
subunit Caf 1 (taxox Bimomuii sk RBAP48) ta
RBBP7 (Takox Bimomuii sik
R8AP46)
Jing [unakoBuil nanens Zinc-finger protein AEBP2

Komnnexcu PcG, saxi micmsame 6inok Polycomb, ma komnaxmuszayis
xpomamuny. Koposuii ckinan PRC1, BunineHoro 3 emopionis Drosophila ta kmitun
moauan Hela, e koHcepBaTUBHUM, X04a Komruiekcn Drosophila marote momatkosi
apyropsiaai Oinku (Tabmums 3.3.3). BiamoBigHO 10 TimoTe3w, 3TiTHO 3 SKOIKO
KomIuiekcu PCG penpecyroTh aKTHUBHICTh TEHIB 32 PaXyHOK BIUIMBY Ha CTPYKTYPY
xpomatuny, ouniieHuii PRC1 iuriOye pemopentoBaHHs XpOMAaTHHY KOMILJIEKCOM
SWI/SNF (hSWI/SNF) mrogunu in vitro. Kommuteke hSWI/SNF € romosorom
komiuiekcy Brahma (BRM) Drosophila, Benmukoi AT®-3a1exHO0T peMOAYIHOI0YOT
XpOMaTHH MOJICKYJIIPHOI MamuHU, sika MicTuTh Oitku TrxXG, BRM, Moira (MOR),
OSA, ta SNRI1. BigrBopenuii pekom6inantHuii PRC1 xoposuit kommieke (PRCI
core complex; PCC), sxuii CKIaaeThCsi 3 YOTHPHOX KOPOBHX KOMITOHEHTIB — PC,
Polyhomeotic (PH), Posterior sex combs (PSC) ta dRING/Sex combs extra
(SCE), - takox iHriOye pemMoJeIOBaHHS Ta PEHpecye TPAHCKPHIIIIID 3 IITYYHO
CTBOPEHOTO (pparMeHTy XPOMOCOMH.

PesynbraT iHKyOarii 3pa3ka xpomatuny 3 PRC1 cBiguath, 110 11ei KOMILIEKC
He inaktuBye SWI/SNF, a 6e3nocepenibo Moan(ikye XpOMaTHHOBHI CyOCTpar, 1o
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MPU3BOAUTH O HEMOXJIMBOCTI Horo pemonentoBaHHs. Komnaktuzaiis XpoMaTHHY
BinTBOpeHoro ¢parmenty JIHK 3 Hykimeocomamu, omocepeakoBaHa KOPOBUM
komiuiekcom PRC1 (PCC), mocmimkyBangach €JIEKTPOHHO-MIKpocKomiuHo. ITics
iHKyOanii Takoro ¢parmenty 3 PCC, penakcoBana koH(opmallisi y BUTIIAIL «Oicepy
Ha HUTI» MEPETBOPIOBANAcs Ha KOMIAKTHY CTPYKTYpY, V SKiii HE MOXKIUBO OyJo
imeHTu(iKyBaTH OKpeMi HYKJIEOCOMHU. BusBIeHa TakuM UYHMHOM KOMIAKTH3aLlls
XpoMaTuHy Oylla He MOB’s3aHa 3 XBOCTaMHU TICTOHIB Ta HE OIOCEPEIKOBYBAIaCh
niakepHoto JIHK, mpote 11e He 103B0JIsI€ BUKITIOUUTH BAXKJIMBO1 POJII XBOCTIB T'ICTOHIB
y perymsmii ekcmpecii reHiB 3a ywacti PCG/TrxG in vivo. KmrouoBy ponb y
iHriOyBaHHI pPEMOJICIIOBAHHSA XPOMATHHY Ta TpaHCKpHIii IN Vitro Bigirpae
KOMIIOHEHT KoMiuiekcy Posterior sex combs (PSC), Toxi sik Polyhomeotic (PH) €
HecyTTeBUM Ui Takux (ynkuii PRC1. Kpim Toro, Oyno mokazano, mo came C-
kinieBu gomeH PSC HeoOXiaHWN JJIs KOMMAKTH3allli XpOMaTUHY Ta 1HT10yBaHHS
PEMO/ICITIOBAaHHS XPOMATHUHY Ta TPAHCKPUIILI].

[amoro ¢ysKIiero in vitro koposoro komiiekcy PRC1 murei Ta Drosophila e
cTalbiTi3alliss BTOPUHHOI CTPYKTYypH XpomaTuHy. Sk Bxke 3a3Hayanoch, PRES caiitu
3B’s3yBaHHs OiTkiB rpymu Polycomb moxyTh OyTi po3miliieHi Ha BiJCTaHI JIECATKIB
Ki1I00a3 BIJ TE€HIB, AaKTUBHICTh SKUX BOHHU perymoTb. [Ipore Oinku PcG
ineHTudikyBanucs 1 017 TPOMOTOpHUX perioHiB. Kpim Toro, nepenbaueHHs calTiB
3B’s3yBaHHs OutkiB PCG y Drosophila npoxeMoHcTpyBaio rinoTeTHUHY HasBHICTD
TaKuX caiTiB OUl a0 HABITH y MPOMOTOpax TeHiB, skl MicTsITh PRE. Taka cutyaiis
BKa3ye Ha MEXaHi3M TMOIIMPEHHs eQeKTy cailyieHcuHry OukiB rpymu Polycomb
IUISIXOM OJTHOYACHO1 B3aeMoIii 3B’s13aHux 3 PRE OuikiB 3 mpomMoTopaMu BiJOBITHUX
reHiB. Bzaemomis PcG 3 mpomoropamm Oyia Ti3HIIIE 3acBig4eHa HasSBHICTIO
acorifioBanux 3 mpomoTopoM (hakropiB, momaionux go TBP (TATA-box binding
protein), ta geskux TBP-acomiiioBanux dakropiB (TAFS) sk m0AaTKOBUX
komroHeHTiB komiuiekciB PRC1, Buainenux 3 emOpionie Drosophila. Takumu
J0JaTKOBUMHU KOMIIOHEHTaMH HMOBIipHO € Oinku Polyhomeotic ta Polycomb, ski
KOJIOKaTI3yBajaucsl pa3oM 3 Oa3aiibHUMH TpaHckpuniiinumu (axrtopamu TFIIB Ta

TFIF y npomoropax HOX reniB y emOpionax Drosophila.
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Taxox pazom 3 PRC1 Drosophila Oynu BumineHi n1Ba 1o1aTKoBi OUTKHA Tpynu
Polycomb - Sex comb on midleg (SCM) Ta Zeste. binok Zeste e cnenudiaauM 10
nocaigoBHocTi JIHK-3B’s13yrounm O1IKOM, SIKMI TIOB’SI3aHUMN K 3 OMOCEPEIKOBAaHUM
PCG reHHuM caillieHCHHTOM, TaK 1 3 OmocepenkoBaHOIO [IXG akTHBalli€l0 T'eHiB.
Lleti OijoK JIOKami3yeTbcs y OaraThbox cadTax 3B’si3yBaHHs OinkiB Polycomb na
MOJIITEHHUX  XpOMOCOMax, TaKoXK TIIOKa3aHa WOro ydacTb Yy MiATPUMAaHI
pPENpPECcCOBaHOr0 CTaHy XpoMaTuHy. BxiroueHHs Ouika Zeste y pexomMOiHaHTHUI
kopoBuit komriiekc PRC1 migBuiiye iHr10iTOpHY aKTHUBHICTH I[OTO KOMIUIEKCY Ta
OTIOCEPEAKOBYE BHUOIP HUM 3pa3KiB, sIKI MICTSATh CaliTH 3B’S3yBaHHS I[bOTO Oinka. B
TOM e Yac, Ha MPOTHUBAry BKa3aHIN BJIACTHBOCTI, O1710K Zeste Moke 3aaydaTucs 10
aKTUBOBAaHMX MiHIMaIbHUX calTiB 3B s3yBaHHs (PRE) remy Fab-7, mo, y cBowo
yepry, IpU3BOAMTH 10 3B’3yBaHHS PEeMOJIEII0I0Y0ro komiuiekey Brahma i Benme mo
aKTHUBaIlll TeH1B.

CrnpoOa BUSIBUTH OUIKOBUN KOMILIEKC, SIKMM BIANOBiNa€ 3a yOIKBITUHIOBAHHS
ricrony H2A, 3 wmitun Hela mroauHu mpusBena A0 1aeHTUdIKAIl 1€ OJHOTO
komruiekcy PCG, sikuii mictuth Outku Ringl Ta Ring2, Bmil ta HPH2 (romosoru
dRing/SCE, xopoBoro kommiekcy PSC ta Polyhomeotic siamosigHo). Yepes
noioHicTh mporo komiuiekcy go PRC1 Drosophila (HasiBHI BCi KOMIIOHEHTH KpiM
oinka Polycomb) #ioro na3zamu PRC1-moaiOHui KOMILIEKC JIIOIuHK. bylio BUsIBIIEHO,
mo dRINg/SCE Tta Ring2 e yoOikBiturimirazamu E3 (tum yOikBiTHHIIra3), ski
KaTaJ3yl0Th IpUeIHaHHs YOIKBITUHY 10 119 mizuny ricrony H2A. ToukoBa myTatiis
y nomeni RING o6inka dRing/SCE Drosophila, ska Beae 10 BTpatud #Horo
(dbepMEeHTaTHBHOIT aKTUBHOCTI, PU3BOIUTH 10 Aepenpecii reny Ultrabithorax (oaun 3
Hox reniB Drosophila) y imarinaneaux amckax kpwia. Ockinbku JRING/SCE e
KopoBuUM KommoHeHToM Kkomruiekcy PRC1, 1o we mmBHO, mo PRC1 Takox
JIEMOHCTPYE 3JIaTHICTh /10 YOIKBITHHIOBaHHS TicToHy H2A.

3 kituHHOI JtiHiT Drosophila Oyno BuaineHo me ouH KOMIUIEKC, MOIIOHUI 10
PRC1, - kommiekc CHRASCH. OcHOBHOIO BIOMIHHICTIO € HOr0 acollifioBaHICTb 3

PcG-6inkom Pipsqueak (PSQ), sikuii oOyMOBIIIO€ 3B’s3yBaHHS KOMILIEKCY 31
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cnerudiuanmu  caitamu PRES, mo wictate motuB (GA)N. Orxe, KOMIUIEKC

CHRASCH wmose 0yTu 3a1yuyeHUM Yy peryJssilito crnerudiqHol rpynu reHiB.

Komnnexcu, axi micmams oinku ESC/E(Z), 0eauemuniogants i Memuito8aHus
2icmonis. BBaxkaeThes, 1110 KOMIUIEKCH, K1 MIicTATh Oijok Polycomb, BigmoBigaroTh
3a TpsAMy pempecito TeHiB, ToIi SK KoMmiuiekcu, siki wmictate ESC/E(Z), €
HEOOXiIHUMHU VI TONeEePeIHHOr0 BCTAHOBJIEHHSI MOJIEKYJISIPHUX MIiTOK, SKi
OyIyTh 1HILIIOBATH caiyieHCHHT 3a ydacTio PCG. binok ESC 3aiimae ocoOmnuBe Miciie
cepen BinoMux 6inkis rpymnu Polycomb. Moro MPHK ekcripecyroTbes TIIbKH IIij dac
OBOICHE3y Ta B IEpIIl TOAWMHM e€MOpPIOHAIBHOIO PO3BUTKY. Jpyruii Oinok, E(Z),
HEOOXITHUHN JIsl 3B sI3yBaHHs 1HIUX OUIKIB PCG 3 XpomocoMamu Ta iX KoJioKasi3amii
3 iHIMMU O1mkaMu PCG y 6aratbox MiCIsX.

bymu BunineHi Ta oxapakrepusoBani sik ESC/E(Z)-koMiuiekcn JTIOAWHH, Tak i
apo3odinu (Tabmuig 3.3.3). Bei kommiekcu micTsath moaioui 6inku PCG: ESC, E(Z)
Tta SU(Z)12, ricToH-3B’sI3yl0uMid OiJIok PSS, sSkuil TakoK € KOMIIOHEHTOM
pemoaenmorounx Hykieocomu komiuiekciB NuRD ta NURF, ta daxtop 30upanHs
xpomatuny CAF-1.

[Tix yac eMOpiOHATILHOTO PO3BUTKY Ta pO3BUTKY JimurHOK Drosophila ckman
ESC/E(Z)-komiiekciB 3a3Hae JIMHAMIYHUX 3MiH. Y eMOpIOHAJIBHOMY €KCTPAaKTi
MokHa Bumimutu aBa komiuiekcu, 600-kDa (massanuii PRC2) ta 1-MDa, sxi He
11eHTU(IKYIOTHCS Y KIHII €eMOpIOreHe3y; Y eKCTPaKTl JIMYUHKUA TTOUYNHAE BUSBIISATUCA
HOoBUU Komiiekc 3-MDa. Ha nmogaTok 10 YOTHPHOX OCHOBHHX KOMIIOHEHTIB,
koMmiuiekc 1-MDa Takoxx MicTuTh Aearneruiasy ricronie RPD3 Ta 6imokx Polycomb-
like (PCL), a mo ckmamy xomiuiekcy 3-MDa noaaTkoBO BXOASTH JABI TICTOHOBI
neanermwiasd - RPD3 ta SIR2. Myranii y renax Rpd3 ta Sir2 He mpuszBoasaTh 110
nosiBU (DEHOTHITIB, OB S3aHUX CYTO 3 MpymeHHsM (yHkuii PCG, ane miacHIO0TH
¢derotun myrtantie PCG, 1mo Bkasye Ha posb npoaykTiB Rpd3 Tta Sir2 y peryunsiii
akTuBHOCTI PCG.

Kpim Ttoro, komiuiekcu ESC/E(Z) w™aroTh ricroH-mMeTwiaTpaHcepasHy

(dbepMeHTAaTUBHY aKTHBHICTh 3aBJIIKH HAsABHOCTI y iX OUIKax mMeTuiTpaHchepasHoro
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nomeny SET. 3okpema, kommiekcu PRC2 moxyTh MeTwmoBaTd 9 T1a 27 Ji3UHU Y
ckiani H3. Binok ccaiiB E(Z) metmmoe 26 mizun rictony H1 3a neBHux ymoB. Taka
cunerudiunicts E(Z) cnpanboBye y BHIIaIKy HOTro B3a€MOJIl 3 IMEBHOIO 130(hOpPMOIO
EED (romosora 6inka E(Z) y ccasuiB). Komruieken 3 xopormioro i3odpopmoro EED
MetwioroTh H3K27, a kommuiekcu 3 IOBIIOK 130(0OpMOI0 METHIIIOIOTH TicToH HI.
JlonaTKoBUil TOMEH, KM BXOJAUTH J0 CKJIaay J0OBIIOL 130()OopMH 1 BIIMIOBIZAE 3a TaKe
METWJIFOBAaHHS, B3araji BiACyTHIN y komiuiekcax Drosophila. A omxke, komiuiekcu
ESC/E(Z) BminBaioTh Ha CTPYKTYpy XpPOMAaTHHY CaMe IIIIXOM JICalleTHIIIOaHHS Ta
METHUJTIOBAHHS TiCTOHIB.

Mexanizm enaugy komniexcis, sxi micmams 6inku PcG ma TrxG, na excnpeciio
eenig. SIk came KomIuiekcu, siki MmicTate Ouiku PcG ta TrxG, Gepyrh yuaTth y
peryssiii akTUBHOCTI TEHIB, JO KIHISI HE 3’SCOBaHO. BBakaeThcs, 10 cailTu
3B’s3yBaHHs OUNKiB PCG (PRES) miarpuMyioThess B aKTMBHOMY CTaHI 3a PaxyHOK
aleTUIIIOBAHHS TICTOHIB. Tak, MPOJEeMOHCTPOBAHO OE3MOCEPEIHIO B3aEMO/II0 O1IKIB
TrxG 3 ricTtoH-aneTunTpaHcdepaszaMu, OCKUIBKM KOMIIOHEHTOM OJHOro 3 TrXG-
BMicHux komiuiekciB TAC1 e ricron-anerunrpancdepaza dCBP. Kpim Toro, Oyio
BCTAHOBJIEHO, 110 MOPYILIEHHA onocepeakoBanoro PRES calineHcuHry y TpaHCTeHHUX
0COOMH Drosophila CYIIPOBOIKYETHCS JIOKaJIbHUM HAKOIUYCHHSIM
rinepaneTmiboBanux rictoniB H4 y Hykieocomax.

CaiineHcuHr, onocepeakoBaHuil koMriekcamu PCG, nocaraeTbest y J1Ba €Taru.
Cnouatky ESC/E(Z) metumorots H3K9 ta H3K27 3aBnsku ix MermirpanchepasHii
aktuBHOCTI. [licims 1poro kommoneHT iHmoro komiuiekcy PRCI1 6igox Polycomb,
SIKUA MICTUTh XPOMOJIOMEH, 3B’A3Y€EThCS 3 KOHKPETHUMHU MiTkamu, a came H3K9me
ta H3K27me. Taka B3aemoist Moxe OTeHIIIMHO cTabumi3zyBatu komiuiekcu PRC1 Ha
caiiTax 3B’si3yBaHHs. SIK B1JIOMO, MO-PI3HOMY METWJIbOBaHI TICTOHW HAsIBHI y PI3HUX
reHax, 1o Moxe OyTHM MeXaHi3MOM crenudikarii aii BHUIIE3rajaHOTO KOMILIEKCY.
Byno nokasano, 1o 0iaku rpynu Trithorax TRX (Trithorax) ta ASH1 (Absent Small
abo Homeotic discs 1), sxi mpucyTHi y ABOX pi3HMX Komiuiekcax Drosophila, e
aHTUPENPEecOpaMu, HEOOXIAHUMHU TPOTATOM €MOPIOHATLHOTO PO3BUTKY JIJISt TPOTH/IIT

edexktam caitnencunry OinkiB PcG. OOupBa Oiumku wmicTsaTh jgomen SET Ta

125



HiACHIIOITG crienuiuny A0 9 nisuny ricrony H3 metuntpancdepasHy akTUBHICTb,

sIKa KOPEJTIOE 3 aKTUBAIIIEI0 TEHIB.

3.4. EHICEHETUYHUI KOHTPOJIb PETYJIALIIT AKTUBHOCTI T'EHIB Y
POCJIMH

Xoua MeXaHI3MHU KOHTPOJIO €KCHpecii TeHIB 3a pPaxyHOK 3MiH CTaHy
XpPOMAaTHHY 3arajoM y e€yKapioT Jye KOHCEPBATHBHI, Y POCIIMH IIl MPOIECH MAIOTh

NeBHY crenniky.

Oco0/1MBOCTI METHIIOBAHHS Y POCJTHH

Y pociauH METUIIOBaHHA LIMTO3UHY BIZOYBA€THCS Yy KOHTEKCTI Oyab-sKOi
nocaioBHOCTI - y cuMerpuunux caiitax CG ta CHG (ne H — ue A, T a6o C) Ta
HecumeTpuyHux caiitax CHH - 3a paxyHOk akTUBHOCTI criennpiyHUX (pepMeHTIB, sKi
BCTAHOBJIIOIOTh Ta MOCIIAOBHO MIATPUMYIOTh matepH SMC mpoTsaroMm peruiikarii
JIHK. Kpim Ttoro, BimOyBaetrhcsi BumaieHHs SMC ocHoBu 3a gonomoror JIHK-
TJIIKO3UJIa3HO1 aKTUBHOCTI. Yepe3 Te, MO B Yacl METHWIIOBAaHHS TIIOB’s3aHE 3
perikamiero JIHK, BoHO € KJIaCMYHUM MPUKIAIOM €MIT€HETUYHOI MITKH, sKa
cTabuibHO crnaakyetbes. Sk Bimomo, merwmoBanHs JIHK mow’s3ane 3 pempeciero
T€HHOI aKTUBHOCTI, OCKUIbKH I MoAu(iKaIlis TPU3BOAWTH JO PEKPYTYBaHHS 3a
paxyHOK 3B’sa3yBaHHs 3 Oiikamu MDB koMIiekciB peMoIeOBaHHSI XpPOMATHUHY, 5Kl
BCTaHOBIIIOIOTH O1JIbIII KOMIIAKTHY CTPYKTYPY XpPOMaTHHY.

VY HM3KM BUAIB KBITKOBUX POCIHH (apallforcuc, puc, KyKypya3a Ta TONOJIs)
3MIHCHEHO TIOBHOTCHOMHHI aHamiz SMC 3 BUKOPHUCTAHHSM PI3HHUX CTpaTerii.
OO6pobky wmetwn-uytiuBuM ¢depmentom McrBC abo iMyHompenumitamio 3
cnerupivanmvu - 10 SMC  antutimamu  (MeDIP)  3acrocoByBaiin  pazom 3
riOpuau3saiiiero 10 BHCOKOMMakTHOro xpomatuny (high density genome assay).
[Hmmii migxiag 6a3yBaBcs Ha Oicynb(pITHOMY CEKBEHYBaHHI, NMPUHLHUI SKOTO OYJI0
OMKMCAHO BHUUIE. 3a JOMOMOIOI0 MEPUIMX ABOX METOJIB BH3HAYAJIM 3MIHM y PIBHI

METHUJTIOBaHHS, TOJ1 K Oicynb(iTHE CEKBEHYBaHHS 3a0€3MEYHMIIO CTBOPCHHS KapTH
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METHJILOBAHUX CAWTIB 3 JIy>KE€ BHCOKOIO PO3AUIRHOIO 37aTHICTIO (0 1 HyKIeoTHa).
B pe3ynbTaTi mpoBeneHUX €KCIEPUMEHTIB OYyJIo BUSBJIEHO, 10 SMC 3ycTpiyaroThCs
MEPEBAXKHO Y MOCTIJOBHOCTSIX, Kl MOBTOPIOIOThCS (Oubie 90% € MEeTUILOBAaHUMNU),
30KpeMa TPaHCI030HaX, MpoTe Mpuom3HO y 20% reHiB IUTO3UH T€K METUILOBAHUH.
3arajiom piBenb SMC y renomi Arabidopsis thaliana y konTekcTax mociioBHOCTEH
CG, CHG ta CHH cknamae npubnuszao 24%, 6,7% ta 1,7% BiamoBigHO, MPOTE
METHJIIOBaHHS y MeXaX MOCIIJJOBHOCTEH TreHiB oOMexyeTbes cadtamu CpG Tta
CIIOCTEPITa€EThCA  37eOIBIIOTO caMe y Koayrouux perioHax. I[lopiBHAHHS
METUIILOBAHUX TOCTIOBHOCTEH 3 JTAaHWUMH aHaJi3y TPAHCKPUIITOMY BUSIBUIIM, IO
KOJIyIOUl YacTHMHU TEHIB, SKI TOMIPHO E€KCIPECyIThCs, OLIbII HMOBIPHO
METHUJTIOIOTHCS, TOJI K KOMYIOUl YACTUHU TEHIB 3 BHUCOKHUMH DPIBHSMU €KCIpecii €
nepeBaXHO He MeTwiboBaHuME. PiBenb SMC y nmpomoropax reni A. thaliana myxe
HU3bKUH (MeHme 5%) Ta TOB’S3aHUN 3 MIABUIIECHHAM TKaHUHOCHEIU(IYHOT
ekcrpecii reHiB. AHani3 metwiomiB ergocnepmy A. thaliana ta pucy cBiguuts, 1110
I'€HU, SIKI €KCHPECYIThCA B E€HAOCIEPMI, XapaKTepU3YIOThCS TIIMOMETHIIOBAHHIM
CpG Bume Touku crtapty Ttpanckpummii (TSS). Otxke, 3arampHuii piBeHb 5MC
HETaTUBHO KOPEJIOE€ 3 AaKTHUBAIIIEI0 TEHIB, OJIHAK TakKa KOPEJsIlis CTae He
OJIHO3HAYHOIO, SKIIO PO3TJISAATH el ePeKT y KOayroulid YaCTUHI TEeHY.

v pOCIIVH HasBHa cnenudivyHa JNHK-metuntpanchepaza
CHROMOMETHYLASE 3, saxa HeoOXinHa Juid MIATPUMAaHHS METUJIIOBAHHSA Y
koHTeKkcTi mocmigoBHocTet CHG. MetwmoBanns JIHK, saxe BigOyBaeThcs mo3a
nociigoBHocTsiMu CpG (CHG ta CHH), noBruii yac BBa)kajaocs XapaKTepHUM TiJIbKH
st pocnuH. [IpoTe HemojaBHIN aHami3 METUIOMY JIFOAWHU BHUSBHUB, III0 HABITH Y
CCaBIlIB HasBHI Il €IMI'CHETHYHI MITKUA. BBajkaeThcs, 0 Take METHIIOBAHHS I103a
caiftamu CpG y ccaBuiB 0OMEXyeTbcsl crienupiYHUMHE TUIaMu KIiTHH. Kpim Toro,
MOXJIMBO, TaKe METWIIOBAaHHS € YaCTHHOI MeXaHi3My, sAKUWi 30epirae
TUTIOPUTIOTEHTHUM CTaH eMOpiOHaIbHUX CTOBOYpOBUX KJIITHH. Ha BinMiHY Bij 1bOTO,
y pOCIHMH MeTWiroBaHHs mo3a caiitamu CpG oOMexyeThCs BIUIMBOM HAa MOOLUIBHI

T€HETUYHI €JIEMEHTH, KUIBKICTh SIKMX B '€HOMax IUX OpraHi3miB iHKoyH csrae 90%,
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ajie BOHO HE acoIlifioBaHE 3 aKTUBAIIEI0 TPAHCKPHUIILII Ta MIATPUMYETHCA MiJ Yac

PO3BUTKY OpraHi3my.

IHo3uioHyBaHHS HYKJI€0COM Ta 0CO0JIUBOCTI MOCTTPAHCASANIHHUX
Moaudikanii XBOCTIiB rCTOHIB Yy POCJIMH

HyxneocoMHi OUIKK MEepeBaKHO acoIiioioThesa 3 nociaigoBHocTs MU JIHK, sxi
XapaKTEPU3yIOThCS HAWOUIBIIO CHOPITHEHICTIO O HUX, & KOHTPOIIOETHCS IICH
npouec AT®-3amexxHuMU KOMIUIEKCaMH peMojentoBaHHs. Kpim Toro, mneBHi
CHelliayli30BaHl KOMIUIEKCH 3ally4yeHi 10 3MiH CKJIaJy HYKJIEOCOM 3a PaxXyHOK 3aMiHU
KaHOHIYHUX TICTOHIB Ha 1HII BapiaHTH IUX OLIKIB, a IIl MPOLECH B CBOIO Yepry
MOXYTh BIUIMBAaTH Ha PIiBEHb KOHJEHcAIlli xpoMartuHy. Ha chOTOAHIIIHIN JICHB
MO3UIIIOHYBaHHS HyKJieocoM o0pe nocmimkeHo y A. thaliana Ha moBHOreHOMHOMY
PIBHI 3 BUKOPUCTaHHSIM HU3KHA METOJMK. Takui MOBHOTEHOMHHMM aHaji3 MoKa3as, 110
OUTBIIICTh AKTUBHUX TEHIB € 30IMHEHMMU Ha HykKJIeocomu y ix TSS, a oTxke,
GbopMyIOTh BUIBHI BiJi HYKJIEOCOM AUISTHKH, SIKI CYNPOBOKYIOTh TPAHCKPHUIIIIIHO
KOMIIETEHTHUM CTaH XpoMaTHUHy Yy Bcix eykapior. Kpim Toro, 5’-kiHueBi
MOCIIJJOBHOCTI TeHIB € 30araueHUMH Ha BapiaHT TictoHy H2A.Z, sxwuii
XapaKTepU3y€e€ThCsl aHTAarOHTICTUYHUM MaTtepHoM posmimieHHs SMC. Tum He MeHIn
HasgBHICTh H2A.Z He 00OB’S3KOBO KOPEIIOE 3 AKTUBHOK TPAHCKPHIIIIEIO, IO
CBITYUTH PO HOTO POJIb JUIIE Y HAAHHI PETIOHY TPAHCKPHUMIIITHO KOMIIETEHTHOTO
CTaHy, a He TIPO BIUIMB HAa caMy TPAHCKPHIIIIIIO.

[TocTTpancnsiitai Moaudikallii riCTOHIB JOCTIKYIOTh 32 TOTOMOTO0 METOTY
iMmyHompenmmitamii  xpomatuHy  (Chromatin  immunoprecipitation; ChIP) 3
BUKOPUCTAHHSAM CHEHU(PIYHUX 10 NMEeBHUX Moaudikaniid aHTutil. [ToBHOreHOMHHUIA
anamiz y mnoemananHi ChIP 3 wmikpouinom (ChIP-chip) a6o 3 BucokoToYHMM
cekBenyBanHsM (ChlIP-seq) mo3Bonue BusiButu y A. thaliana, pucy ta kykypynsu
HU3KY BIIMIHHOCTEH y 0COOIMBOCTAX MOAM(IKAIIiM TICTOHIB Ta X (PYHKIIIH y pOCIHH
Ta TBapuH, 30Kkpema, BiaMiHHOCTI y po3nofuni H3K9me2 ta H3K9me3. ¥V pocnun
H3K9me2 e kmacnyHOI0 MITKOIO reTepoxpoMatury, Todl sk H3K9me3 3aebinbiroro

JIOKAJTI30BaHI y MeXaxX TeHiB. Y TBapwH CHTYyallis € mnpotuiexHor: H3K9me2
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3a3BUYAll ACOIIIOETHCS 3 TPAHCKPHIILIMHO CaNICHCOBAaHUMH €yXpOMaTHHOBUMHU
renamu, a H3K9me3 3HaxoauThCs y NPUIICHTPOMEPHUX TE€TEPOXPOMATHHOBUX
ninsiHKaxX. BiaMiHHOCTI Takox BcTaHOBjeH1 i1t moaudikarii H3K4me3, ockiibku y
pocauH 1sf  Moaudikaiis  CyNpOBOKYE BHUKJIIOYHO TE€HH, SKI aKTUBHO
TPAaHCKPUOYIOThCS, TOJA1 SIK y CCaBI[IB BOHAa 1JICHTU(IKYETbCS B MPOMOTOpaxX SK
aKTUBHUX, TaK 1 HEaKTUBHUX TEHIB. BpemrTi-pemT CcrnocTepiraloTbes AesiKi
BIIMIHHOCT1 y PO3MOALII KOHCEpBATUBHOI y OaraTOKIITUHHUX OPraHi3MiB MITKH
TpaHckpuniliiHoro canneHcunry H3K27me3, nokanizoBaHoi y MeXax IIISHOK 3
BHCOKOIO IIIJIBHICTIO T€HIB, a TAaK0)K OUIKIB, SKI 3 III€I0 MITKOIO B3a€EMOIIIOTH.
IToBHOreHOMHMI aHaji3 y PI3HUX BHUJAIB POCIAWH TMOKa3zaB, IO MoaudikoBaH1
H3K27me3 3rpynoByloThCsl y HEBEIWKI JOMEHHM JOBXKHUHOIO MeHme 1 kO, ski
OXOILUTIOIOTh KOJIYIOUY YacTHHY KOHKpeTHOro rery. Ha mportuBary Takiii cutyamii y
CCaBIIiB Ta IJIOJOBOI MYIIKH XpoMocoMHI foMeHn H3K27me3 e Benukumu (Oi1bIme
100 x6) Ta BrmOYarOTh Oarato reHiB. bimpme Toro, y pocima H3K27me3
nokamizytotbes pazom 3 LHP1 (like heterochromatin protein 1), Toxi sik y TBapuH
BOHH I0B’s13aHi 3 Oikamu penpecoproro komriekcy Polycomb (PRC1). Ockinbku y
POCIIMH JI0 CHOTOAHI HE Oynu iMeHTH(]IKOBaHI OPTOJOTU KOMIIOHEHTIB KOMILJIEKCY
PRC1, to LHP1 moxe OyTu aHaioroM IbOTO PENPECOPHOro KOMIUIEKCY, SKUH
cailiiencye reHu, mapkoBaHi moaudikamiero H3K27me3 y pocamHHHX opraHi3MiB.
[lixaBo, mo LHP1 nemonctpye romomorito 3 OunkoMm rerepoxpomatuny HP1
OaraTokITHHHUX Ta S. pombe, sxwii 3anydeHuil y ¢GopMyBaHHS Ta MiATPUMAHHS
rerepoxpomatuny. A orxe, HP1 € mpukmagom «emi-peryistopa», sikuii Mae pi3Hi
¢GyHKLIi Yy PI3HUX Tpyn €yKapioT, HE3BaKalUM Ha 30epexeHHs TOMOJIOrii
MOCIJOBHOCTI. B To# ke yac BapTo 3a3HauuTH, 110 (yHkIii 611kiB HP1 He cyTTeBO
BIJIPI3HSIOTBCS Yy POCIHMH Ta OAaraTOKJIITUHHUX TBAapWH, aJKe OOWJBA TUMHU OILIKIB
O0epyTh y4yacTb y (popMyBaHHI reTepoOXpOMaTHHY, X0Ua 1 IUIIXOM BII3HAHHS PI3HUX
MITOK.

KpiMm Toro, pociuHu MarwTh CBOi 0COOJMBOCTI y HaOopi (hepMEHTIB, fAKi
3MIMCHIOIOTh TMOCTTPAHCIALINHI Moau@ikamii TiCTOHIB, a TaKOoX Yy pPO3MOALI Ta

KOpeJslii 3 TPaHCKPHUIIIMHO-aKTUBHUM CTaHOM IIMX CMIT€HETUYHUX MITOK.

129



Hanpuknan, y pocimH mpucyTHsS ocoOnmBa TicToH-feanerwiaza (tumy HD-2) Ta

HasBHI crienr(1vH1 MEXaH13MH PETYJISIii aKTUBHOCTI T1CTOH-/I€alleTHIIa3.

Penpecis Tpanckpuniii Ta nepeaaya caiJieHCOBAHOI0 CTaHY HA MPHUKJIATi
moaeabHoi cuctemu FLC (FLOWERING LOCUS C)

Perymsmis excnpecii penpecopa ugsitinast FLC (FLOWERING LOCUS C) y
A.thaliana € Haiikpame BHBUEHHM NPUKIAJAOM EIMITCHETHYHOI  PEryJIsiii
TpaHckpunili reHiB y pociauH. Kpim Toro, caitiiencunr jokycy FLC e mikaBuM e i
TOMY, IO BIH CHOPUYUHSAETHCS MOAMQIKAIISIMUA TICTOHOBUX OUIKIB, K1 CTaOLIBLHO
yCHAAKOBYIOThCS. Taki Moaudikaiii MpOXOJKeHHS 30epiraloTbCsi MPOTITOM
MITOTUYHUX TOJUIIB HAaBITh MICHS NPUIMHEHHS N1i HU3bKUX TemImepaTyp, fKi 1
1HAYKYIOTh ()OPMYBaHHS TAaKOTO PEIPECUBHOTO CTaHY.

Penpecis nokycy FLC perymoeTbcs OKpEeMHMH CHUTHAIBHUMHU IUISIXaMH Y
pisaux exorunax A.thaliana. ¥V o3umux mnpeacTaBHUKIB 1bOTO BHUAY IBITIHHS Y
MEePMICUBHUX TeMIEPaTypHUX YMOBaX 3a0€3MeuyeThCs 3aB/ISIKA TPUBAIIN €KCITO3UIIIT
710 XOJIOAY IijJ Yac 3MMOBOr0 CEe30HY (Tak 3BaHOI spoBm3arlii). bByiao mokazano, 1o
apoBu3anis cupuunnse 3amydeHHs 10 FLC kommnexcy PHD-PRC2, sikuii MicTUTBH
4OTHpU roMmosioriuHi penpecopHomy PRC2 Drosophila cybomunumi Tta Ttpu
POCITMHHUX ToMeoaoMeHHHX Oinka (plant homeodomain proteins; PHD). Bkasanwuii
KOMIUIEKC crpusie HakonuueHHI0O MiTkn H3K27me3 y nanomy XpomMaTHHOBOMY
perioni. KpiMm Toro, spoBuzailisi NPU3BOAUTH JO Cepli IHIIMX PENPECUBHUX
MOCTTPAHCIIAIMHNX MOIU(DIKAINA TICTOHIB, cepell SKUX JealleTUIIOBaHHS TICTOHIB,
mumetumioBanas  H3K9 ta H3K27, nemermmioBanns H3K4, a omke, BUAallcHHS
MITOK akTUBHOI TpaHckpumiii. Ilicns uboro momudikanis H3K27me3 BrnizHaeTbes
oinkom LHP1 (like heterochromatin protein 1), sikuit crpuse GHopMyBaHHIO
CalJICHCOBAHOTO CTaHy XpoMaTuHy y JIokyci FLC Ta 3a0esneuye mepemady Takoro
CailJIeHCOBAaHOIO CTaHy NpPH peIUIiKalli aXX IMOKW pOCIuHA HE 3a3HA€ CHUTHATY
THIYKIIT UBITIHHS B TEIUIMX YMOBaX 3pOCTaHHS.

VY npencraBaukiB A. thaliana 3 panHIM [BITiHHSM, SIKi 3pOCTalOTh BIITKY,

excripeciss FLC minrpumyerbcss Ha HHU3bKOMY 0a3ajibHOMY pIBHI 3 TNPUYHHU
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BijicyTHOCTI (QyHKuionyBaHHs Jokycy FRIGIDA, skuit € aktuBatopom FLC, a6o
MOJKe TIOsSICHIOBATHCS HasiBHICTIO ciabkoro anens flc. Kpim Toro, moBHa penpecis
FLC nocsiraethcsi 3a paXyHOK aKTHBHOCTI T€HIB aBTOHOMHOI'O CHUTHAJILHOTO HUISAXY
FCA 1a FPA (xomytore PHK-3B’s3yroui Oinku, mo Mictath momeH RRM), FY
(dbaxTop momianeHutyBanHs Ta npouecunry 3’-kiHus PHK), reniB ricronaemeTuias,
FLD (LSD1-noni6umii 6Ginok, cnermudiuamii 10 H3K4me), REF6 (mxymanmku-
nonioHui Oiok, crienudiunuit 1o H3K36me), FVE (koxye 6itox 3 WD-mmoBTopamm).
BcranoBnieHo, 10 J1€dKl MPEJCTAaBHUKU I[LOIO aBTOHOMHOT'O CHUTHAJIBHOTO HUISXY,
3okpema FVE, FLD, ta REF6, € xomMmoHeHTamMu KOMIUIEKCIB, $IKI BHIAJSIOTH
MOCTTPaHCIALINHI MoaudiKalli TiCTOHIB, acOIliHOBaHl 3 aKTHUBAIIE€I0 TPAHCKPUIIILI.
Ha nomarokx, HemomaBHi pociiympkeHHs BusBmwim, mo Outku FCA Tta FPA
0e3nocepeIHbO 3B SA3YIOTHCA 3 cepelnHO0 abo 3’-KiHIEeBUM perioHoM Jokycy FLC,
BIIMOBITHO,  CTBOPIOIOYM THUM  CaMUM  ajbT€pHATHBHE  IOJ1aJCHUTYBaHHS
anTu3MicToBHUX TpaHckpuntiB FLC. Byno BucyHyTOo mpunyieHHs, mo BiaOip 1ux
crienu(piyHUX CaWTIB TMOJIaJeHUIyBaHHS € YMOBOw 3amycky FLD-3anexHoro
nemetuwntoBanHss H3K4 y 3’-perioni nokycy FLC. Takum nuisixom BU3HadaeTbes
BCTAHOBJICHHSI HECHPUSATIMBOTO JJIA TP AHCKPHUMIlI CTaHy XPOMATHHY Ta 1HIIIAIls
TepMiHalii Tpadckpumiii. [likaBo, 110 sipoBuU3allisl NPU3BOJUTH 1O HAKOMUYCHHS
anTu3MicToBHUX TpaHckpunTiB FLC Ta nosrux nexkoayrouux PHK, siki HazuBaroThes
COLDAIR Tta 3anyueni o BmizHanHs FLC kommiexkcom PHD-PRC2. Ile o3nauae,
[0 BUOIPKOBE HaIpaIlOBaHHS aHTU3MICTOBHUX TPAHCKPHUIITIB — KIIFOUOBA MOAIS 1y
aBTOHOMHOMY CUTHaJIbHOMY LIIJISIXY, 1 Y penpecii FLC B mpoueci sipoBu3ariiii. A oTxe,
JTaHUN TIpUKIa] JCMOHCTPYE HOBHH MexaHi3M (OPMYBaHHS PEIPECHBHOTO
XPOMAaTUHOBOTO OTOYEHHS, B SIKOMY ClielU(I4HI aHTU3MICTOBHI TPAHCKPUNTH J1IOTh
K CUTHAJIM [IJISi 3aJly4C€HHS eMi-peryiaropiB Ta/abo Oe3mocepeqHbO 3aBakaroTh
po6oti PHK-nonimepasu II mig yac iHimianii Ta exoHrarii 3MiCTOBHOI TPaHCKPUIII].
OckinbKkM KOeKcIpecis 3MmicToBHOI Ta aHTH3MicToBHOI PHK € posmoBcromkennm
SBUIIEM y POCIMH Ta IHIIMX OPraHi3MiB, MOXKHA Mepea0ayuTH, 10 PeryJsilis 3a
yuacTio aHTtu3MmicToBHUX PHK € BakimBHM Ta KOHCEPBATHMBHHUM MEXaHI3MOM

perymsIii TpaHCKPHUIIIIIT TeHiB.
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YyacTb MOOIJIbHMX TeHeTUYHHUX €JIEMEHTIB Ta MOBTOPIB y peryJasuii
aKTHBHOCTI I'eHIB

Benuky wacTuHY reHOMIB €yKapiOTHYHHMX oOpraHi3miB ckiagaiotb MI'E Tta
MOCJTIIOBHOCTI, $IK1 MMOBTOPIOIOTHCS. Bimomo, o MI'E Ta noBTOpu SBISIOTH COOOI0
3arpo3y crtabuipHOCTI TeHoMy. MI'E moxyTh BOyIOByBaTHCsA y IeHH XaszsiHa ado
BUKIIMKATH 3HA4YHI XPOMOCOMHI Tmepe0yloBM 3a paxyHOK HETrOMOJIOTIYHOI
pekoMOiHaIlli, Taki K TpaHCIOKaIlii, JAeselii Ta iHcepIlli, KpiM TOro, MOCJiI0BHOCTI,
K1 TOBTOPIOIOTHCSA, MOXKYTh IMiJIBULYBATH KUIBKICTh HEOQKaHUX PEKOMOIHAIIHHUX
nofid. 3 MUX MPUYUH CMIr€HEeTUYHI MEeXaHi3MU, IEePEeBaXHO OIOCepPEeKOBaH1
akTUBHICTIO curHanbHOro NULsixy mManmx PHK (SRNA), po3BuBaroThCs y HampsMKy
nigTpumanHs uux enemeHtiB  JIHK y HeakTuBHOMY cTaHi 3a paxyHOK
CIIpallbOBYBaHHS TINMEPMETHIIOBaHHS IIUTO3UHIB (mporecy, skuii mae Ha3py PHK-
3ajexHoro merwimoBandsa JHK (RNA-directed DNA methylation; RdADM) Ta
BHECEHHs penpecuBHUX Moaudikaiii ricroniB. MI'E Ta moBTopu MaroTh TEHICHIIIIO
0 HAKOMWYEHHS y TeTepoxXpoMaTHHi  (IICHTPOMEpPHUX, TEJIOMEpPHUX Ta
MPUIICHTPOMEPHUX JUISHKAX), /1€ BOHH BIJITPAIOTh KIIIOYOBY pOJib Y (OopMyBaHHI
eNIreHeTUYHOi apXiTekTypu Imx perioHiB. Kpim toro, MI'E 3yctpivatroTecs y
€yXpOMaTHHI y MeXaxX I'eHiB Ta MDKI€HHHUX mociigoBHocTel. Lle oco6immBo oueBuIHO
y BEJIHMKUX T€HOMaxX pPOCIWH, TaKUX K T€HOM KyKypyna3H, B sikomy MI'E-no’s3aHni
reTEPOXPOMATHHOBI KJIACTEPU PO3MEKOBYIOTh I'eHH. [IpoTe 1HKOIM TpariseTbes 1
NpPOTWJIEKHA CHUTyallis, a camMe, T€HH PO3MILIYIOThCS Y TeTepOXpOMATHUHOBUX
perioHax, Jie MiCTUThCS Beuka Kiabkicte MI'E.

Jlns yHUKHEHHS NOLIMPEHHS IeTepoXpoMaTuHOBOro crany 3 MI'E Ha reuu,
KIITUHA  PO3BUBAIOTH  130JIAIIAHI  MEXaHI3MH, SKI  PI3KO OOMEXYIOTh iX
€yXpOMaTHHOBI JOMEHH. BapTo 3a3Ha4nTH, M0 TOBHOTCHOMHE BH3HAYCHHS
ocobnmBocTel po3mimieHHs SMC ta Moaudikaiiil TICTOHIB Yy PI3HUX BUIIB POCIUH
BUSIBUJIO YITKE PO3TAIIYBAHHS €MIT€HETUYHUX MITOK, SIKE BU3HAYA€ TPAHCKPUIILIIITHO
KOMITIETEHTH1 JUISHKYA HE3aJIe)KHO Bija iX Jiokamizamii y reHomi. Hampuknazn, reHwu,

30araueHi Ha eyxpoMmartuHOBI Moau¢ikamii rictoHiB H3K4me2, wmoxyTth
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€KCIIPEeCyBaTHUCS, HABITh SKIO BOHU BXOJATH JO F€TEPOXPOMATHHOBHUX JOMEHIB. TUM
HE MEHIIIE, MOPYIICHHS Yy MIATPUMAaHHI TaKUX €MIr€HETUYHUX KOPJOHIB MOXE 1HOJI
NpU3BOAUTH 110 (GOpPMYBaHHS emayiesied, SKUM TMpUTaMaHHI CIaJKOBlI 3MIiHU
ekcrpecii renis. [IpucytHicts MI'E (sik TOBHOpPO3MIpHHUX, TaK 1 HETIOBHOPO3MIPHHUX
€JIEMEHTIB) Ta CKJIQJHUX MOBTOPIOBAIBHUX MOCIIIOBHOCTEH Oy10 11eHTH(HIKOBAHO K
Take, IO XapakTepHO [UIsI JEeSKUX emianeniB pocauH. OauH 3 TNPUKIAAIB
MIPEACTABICHUI NEPEXOAOM AJE0 KyKypya3Hu B-Intense (akTUBHO eKcpecyeThes) y
emianens B' (calijieHCOBaHMI), SIKMM TOB’SI3aHUN 3 MPHUCYTHICTIO CEMU TAaHJAEMHUX
MOBTOpiB, 10 po3mimeHi Ha 100 mH Bumie Koaywodoro periony bl. V ixmmx
BUIAJIKaxX ermiayiesll BAHUKAITh BHACTIAOK MYIUTIKAIlT I'eHIB, SKi MOXKYTh BKJIIOUATH
MOCIIJJOBHOCTI IIUIOr0 reHa a0o MOro 4acTWHH, MO OyJ0 MOKa3aHO MJIs JEsKUX
aneniB kKykypym3u 1l ta pl. Kpim Toro, mayrmiikaiii T€HIB MOXYTh €MIr€HETUYHO
BIUIMBAaTH Ha EKCIpecito (IaHKYIOUUX HEKOJIYIOUUX TOCIIIOBHOCTEH, K Oy
npozeMoHcTpoBaHo ais emianens pucy DWARFI. I, Bpemri-pemr, iiMoBipHO, 110
neski acoriioBadi 3 MI'E reHu 3a3HaloTh €NIr€HETUYHHUX 3MIH Y Ppe3yJsbTaTi
akTUBYBaHHs curHaybHOTO 1UIsixy RADM (RNA-directed DNA methylation).

Bumiesramgani  emianenl Xo4ya IIOTEHIIMHO € €BOJIIOLIMHO BaXXJIMBUMH,
JEMOHCTPYIOTh 0c00NMMBI Bunaaku Bukiankanoi MI'E/moBTopamu perynsuii ekcipecii
reHiB, ska OOMEXeHa TIEBHHMH COPTaMH/E€KOTUNIAMU BUIIB pociauH. OJHak,
MOJICKYJIIDHUN aHalll3 BaXXJIMBUX TIPOILECIB PO3BUTKY, TaKUX SK TEHOMHHIMA
IMIOPUHTHHT, Ta XapaKTEPUCTUKA eMi-peryIsaTOPHUX MYTaHTIB TMOKa3alld, SKUM
gyuHOM Om3bki MI'E mocnigoBHOCTI MOXKYTh OOMpaTUCS KIITHHAMHU JJIsT PETyJISIii
reHiB xa3siB. SIckpaBUMU MpUKIagamMu € ernianenbHi BapiaHTh reniB FWA ta BONSAI
(BNS), sxi omucani y emi-peryiastopaux MytaHTiB Arabidopsis 31 3HWKEHHSAM
excnpecii DNA methylation 1 (DDM1) ta methyltransferase 1 (MET1), B sikux
metmmoBaHHs CG cunbHO mociabieHe.

I'en FWA xoaye 6110k 3 TOMEOJJOMEHOM Ta HOTO MPOMOTOP MICTHThH J[BI MapH
TaHJIEMHHUX TOBTOPIB, ki OepyTh mouatok Bix MI'E kmacy SINE (short interspersed
nuclear element). ¥ pocnun aukoro tuny ren FWA caiieHcoBaHuil y BereTaTUBHUX

TKaHHHax, aJic BIH CKCIIPCCYETHLCA Y eH,Z[OCHepMi TaKMM YHWMHOM, IIIO AaKTHBHHM €
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JWIIE aneib, OTpUMaHui Big Marepi. Y mytantiB ddml ta metl ren FWA ekromniuno
EKCIIPECY€EThCsl Ta OOYMOBIIOE€ (PEHOTHUI MI3HBOrO IBITIHHA. Byno mokazaHo, 110
ekcipecis FWA moB’s3aHa 31 3MEHIIEHHSM KUIBKOCTI y mpomoropi SmC Ta
H3K9me2 (rerepoxpomMaTHHOBI MITKH). 3TiTHO 3alpOMOHOBAHOI MOJEM IS
MOSICHEHHS PEryJIsilii JaHOTO reHy, npucyTHicTh enemeHnTy SINE Buie xoayrodoro
periony FWA nos3Bomsie ¢dopmyBanus aponanmroroBux PHK, saxi 3a ywactio
curnanbHoro nursixy PHKi nponecytorses y SRNA noBxuHOI0 24 HyKI€OTHAH, K1 B
CBOIO uepry 3amyckaioTh (opmyBanHs SMC ta H3K9me2 y mpomotopi FWA 3a
nonomoroto targeting xomruiekcie RADM. Exkromivna excrnpecis TeHy y MyTaHTax
ddml Tta metl BinOyBaeTbcs 3a paxyHok ycyHeHHs H3K9me2 ta 3arampHOro
3HmkeHHs piBHs SMC. Kpim Toro, ockinpku Oinku DDM1 ta MET1 BrunBaroTh Ha
nigTpuManHs SMCG, rinoMeTuiIbOBaHUN Ta TPAHCKPUIIIMHO aKTUBHUMN emialieib
FWA cTabinpHO ciaKyeThCs HaBITh MICHS 1HTPOTrpeECii y JiHII JUKOTO TUITY, B SIKUX
gokycu DDM1 ta MET1 € ¢ysukuionansHumu. [laHa MoAenb TakoX MOSICHIOE
crietndiuyHy TPAHCKPHIILIID MaTepuHchbkoro anens reHa FWA y engocmepwi.
BusiBmiiocs, 10  CalJIGHCHHTY IOTO  MAaTEPUHCHKOTO  alensi  MPOTHUJIE
JEMETUIIIOBaHHs mpomMoTopy omnocepenkoBane J[HK-rmikosmnazoro DEMETER. A
omxe, peryisuis reny FWA e mpukinagoMm moB’si3aHoro 3 nochiigoBHocTsMu MI'E
TKAaHUHOCTIEIIU(PIYHOTO KOHTPOJIIO EKCIPeECii TeHIB.

I'er BNS xomye Ouok, moaiOHUN 10 peryisTopa KIITUHHOTO ITUKIY CCaBIB
Swm1/Apcl3. Perporpancnoson kiacy LINE (long interspersed nuclear element)
po3ramoByeTbess Hkue 3'UTR panoro rena. Y pocnuH aukoro tumy reH BNS
KOHCTUTYTUBHO €KCIIPECYEThCs, TOMI K y MyTanTiB ddml ta metl ekcrpecis nporo
reHy 3HIKYETbCS MICHS JEKUIBKOX IMKJIB caMo3ariigHeHHss pociaud. [lepmn
nokoninHsg MytaHtiB ddml nemoHcTpyroTh mocwiieHy Tpanckpumiito LINE, 1o
NPU3BOJIUTH /10 TMOMIMPEHHS METUIIIOBAHHS 3 TOCIHIJOBHOCTI MOOUTBHOTO €IEMEHTY
Ha koayrouy yacTuHy reHy BNS ta nakonnuenns SRNA 10BxkuHOIO 24 HYKICOTHUIH,
KOMIUIEMEHTApHUX 1IboMy TeHy. Lle cBimumth mpo Te, mo Myraris resa ddml
BUKJIMKA€ BHBUIbHEHHs mnociigoBHOCTI LINE 3 miinpHO ymakoBaHOi CTpyKTypH

XpOMAaTHHY, TAKUM YHHOM CHPUSIIOYN CUHTE3Y aHTU3MICTOBHUX TpaHCKpunTiB BNS 3
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HacTynmHUM ¢opmyBaHHsIM SRNA, ki BMIMBaIOTh Ha EKCIPECII0 JAHOTO TeHy 3a
ydacTio curtanbHoro nusixy RADM. Otxke, Ha BigMiny Bijg rena FWA, HopmanbHa
excnpecis reHa BNS motpebye aktuBHoro caitneHcunry LINE-enementy.

Bapro 3a3nauntu, mo myrauis rena FWA, ska mpu3BoAuTh A0 BTpaTd HOro
GyHKIT, HEe 3MIHIOE (PEHOTHUIl IBITIHHS Ta PO3BUTOK HACIHHS, IO CBITYUTH IIPO
HEOOOB’SI3KOBY y4acTh IIbOTO T'€Ha y PO3BUTKY BKa3aHWX o3HaKk y Arabidopsis.
OpHak, MPOMOTOPH J@HOTO TeHa y HM3II EKOTUIIIB € KOHCEPBAaTUBHUMH, a
nociigoBHicTh SINE Oyna ineHTudikoBaHa B pailoH1 JaHOTO T'eHy Yy OJU3BKHX J10
Arabidopsis BuniB pociuH. 3araiom 1 GakTu BKazyrTh Ha Te, mo iHcepiss MI'E y
IPOMOTOPHHUM pErioH JaHOro TeHy Moke OyTH aJanTuBHOIO. Y 3B’S3KYy 3 IIUM
npucyTHIcTh mociigoBHOcTi SINE Moxe HamaBaTH ayke THYUYKYy Ta JUHAMIYHY
cTparerito peryisiii ekcrpecii reHa FWA, a peBepcist emireHeTHYHOro CaiJIieHCHHTY
BOTO TEHy MOXe BigOyBaTHCA 3a KOHKPETHHX YMOB 3pOCTAaHHS, TUM CaMHUM
KOHTPOJIIOIOYM MepioJ pO3MHOXKEeHHS pociauHd. [lomibHo 1o 1mporo, Oyio
BCcTaHOBJEHO, 110 1HcepIlis LINE-enementy y nokyc BNS € ayke koHCEpBAaTUBHOIO
ta igmeHTH(dikoBaHa y 96 Bunankax pociauH A. thaliana 3 mpupomHux momyssii.
Bpaxosyroun edexr, skuii LINE moxe matu wa excmpecito reny BNS, Take
CHIBICHYBaHHS HE MoOke OyTW BuUMaakoBuM. Hampuikian, BiICyTHICTh aKTHUBHOCTI
BNS nerepminye 3arajibHy peayKIil0 CTPYKTYp POCIMHH, fKI MOXYTb OyTH

KOPHCHUM 32 IIEBHUX CTPECOBUX YMOB.

3.5. OCOBJIMBOCTI EINITEHETUYHNX MOJIUDIKAIIIIN V CCABIIIB

Ak 1 y BUNAAKY 1HIIMX OAaraTOKJIITUHHUX, OPTaHi3M CCaBLIB PO3BUBAETHCS 3
enuHoi kimituHU, B JIHK sikoi 3akogoBana iH(opmarlis mpo BCl HACTYyHHI 3MIiHU B
IILOMY OPTaHi3Mi Ta THUMH KJIITHH, 3 IKUX BiH copmyeThcs. Taka cuTyailist notpedye
CKJIQHOI PEeryisiuli eKcrpecii T'eHIB Yy CKJIaJl IeHOMY, sika pa3oM 3 HasBHICTIO
TPAHCKPUNIIAHUX (HAKTOPIB 3a0€3MeUy€eThCS CMITeHETHYHUMU MEeXaH13MaMH1, TAKUMH
sk metuwmoBanHa JIHK, momudikamii xBocTiB ricroHOBUX OuIkiB Ta NCRNA.
EnireneTnuuHi MexaHI3MHU Yy CCaBLIB JOCIHIKEHI JIOCUTh JI€TaJIbHO Ha 0araTtbox

piBHsAX. OCHOBHMM MOJEIBbHUM OO0’€KTOM Yy LbOMY BHUNaAKy Oymu mwumi Mus
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musculus. Kpim Ttoro, HemomaBHO Oyyio OIMyONIKOBaHO TMEpPINi Pe3yIbTaTH BKE
sraganoro npoekty ENCODE Ta aktuBHO #ife po0OoTa Haj 1€ OJHUM MacIITaOHUM
nocaikennsMm  Human  Epigenome Project (HET). MeToo 0OCTaHHBOTO €
BCTaHOBJICHHsI matepHiB MeTwmoBaHHs JIHK Ha piBHI LiJIOTO reHOMY Y KIIITHHAX
BCIX OCHOBHUX TKaHMH JtoauHU. Ha mouarok 2014 p. omyOJjikoBaHO pe3ysibTaTH

ananizy natepHiB MetuwmoBanus J[HK 6, 20 ta 22 xpomocom.

MetnawBanns JHK

VY renomax ccaBuiB metuiatoBanHs JJHK BinOyBaeThes mepeBaKHO Y KOHTEKCTI
nocmigoBrocTeit CpG, ne momudikyerscst C° atom umrosmHy. Kpim Toro, y
eMOpioHanpHUX KIiTHHAX Mumed reHomHa JIHK Bkitouae TakoX MeETHIIbOBaHI
IUTO3MHHU Y KoHTekcTi auHykiaeotunis CpA, CpT ta CpG. Tum He menme, SmC
ckiafaroTh jaumie 0au3bko 1% Beix HykieotuaiB JHK, a oTxe, BXOAATH 10 CKIaxy
70-80% Bcix aunykneotuniB CpG renomy. Sk Bxke 3a3Havanocs, JUHYKICOTHIU
CpG po3noainieHi HEPIBHOMIPHO Y T€HOMI JIFOJIMHHU, BOHM CKOHIleHTpoBaHl y CpG-
octpiBigix (CGIs). TlarepH MeTWIOBaHHS IICBHOI KIITHHH € PE3yJbTaTOM
TUHAMIYHUX HE3aJIKHUX MPOIECIB METWIIIOBAHHS Ta JEMETHIIIOBAHHA. Y CCaBIIiB
naTepH METWIIOBAaHHS T'€HOMIB JAU(PEPEHIIHOBAaHUX COMATUYHUX KIITHH 3arajioM €
CTaOlIPHUM Ta cHajaKyeThcs. PemporpamyBaHHsl emireHoMy (IO BKJIIOYAE IOro
MIOCTIIOBHE JIEMETHIIIOBAHHS Ta METWJIIOBAaHHS) Ma€ MICIe ITiJT Yac JBOX CTaaiit
PO3BUTKY — Yy KJITHHAX 3apPOJAKOBOI0 MUISAXYy Ta Yy HNpeiMIVIAHTAIHHUX
emOpionax. Ha BigMiHy BiJ 3arajJpbHOTO TOBHOT€HOMHOTO JIEMETHIIIOBAHHS Y
MEPBUHHUX CTAaTEBUX KIITHUHAX, TEHOMHU 3pUIUX CIEPMATO30iIB Ta SUICKIITUH €
3HAYHO OUIbIII METUJIbOBAaHUMH Y TIOPIBHAHHI 3 COMAaTUYHUMU KJIITUHAMU.

Xouva y reHomi Ounbmricth CPG € MeTUILOBAaHUMHU, JaHI TUHYKICOTHIU Y
ckianal mpomoTopiB 3 CGIS 3a3Buyail 3aiuialOThCsd HEMETHJILOBAHUMHM IMPOTATOM
PO3BUTKY, a TAKOXX y 3BUYAWHUX THMAaX TKAaHWH (HE 3J0SIKICHUX a00 HE CTapirovmX).
3aszpuyait CGIs — 1ie aistHky reHoMy Jo0BKHUHOKW 200 1H, 10 CKJIaAy SKUX BXOAUTh
oinbire 50% nykineotuaiB CG. AHani3 po3noainy MeTwioBanHa 21 ta 22 xpoMocom

JIOJMHU TIOKAa3aB, 110 TakKi PEriOHM acoIliioBaHI caMe 3 5’ KIHIIEBUMHU YacCTHHAMHU
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reHiB. CpG-octpiBiil nepekpuBaroThes 3 50-60% mpoMoTOpiB TeHIB MoauHu. TuM HE
MeHI, aeski mpomotopu 3 CGIS TkaHMHOCHENM(DIYHO METHIIIOIOTHCS MPOTATOM
PO3BUTKY, TaKi MPOMOTOPHU € BUKIIOUEHHSIM 3 3arajJlbHOrO MpaBHIIa, 3T1IHO SKOTO
metmmoBanHs ~ CGIS  oOMexyeTbcsi  1HAaKTUBOBAHOI  X-XPOMOCOMOIO  Ta
IMIIPUHTOBAaHUMU TeHamu. [IpoeMOHCTpOBaHO, IO TaKi METHJIbOBAHI MPOMOTOPH 3
CGls nepebyBaioTh y JeMETHJIHOBAHOMY CTaHI y KJIITHHaX 3apoakoBoi jdiHil. Kpim
toro, 6-8% CGIs renomuoi JIHK € merunboBaHuMH y KIIITHHaX MO3KY, M’S31B Ta
cene3iHku JoauHu. Take MetwtoBaHHS CPG-OCTpIBIIB CIOCTEPITAEThCSA Yy T'eHAaX,
HEOOXITHUX NI PO3BUTKY OpraHi3My.

[H11010 111IKaBOIO 0OCTAaBUHOMO, MOB’s13aHOI0 3 MeTuioBaHHsIM JIHK y ccaBiis,
€ Te, M0 YEeproBUH aKT METWJIIOBAHHS PO3MOYMHAETHCS 3pa3y MiCHs TOTaJbHOTO
MOBHOT€HOMHOTO J€METUIIIOBAHHS, SIKE CIIOCTEPIraeThCs BiApa3y MiCIsl 3arliiTHEHHS.
PemerunroBanns (MeTrItoBaHHS (e NOVO) OUIBIIOI YAaCTHHH T'€HOMY BilIOyBa€eThCs
micis ctafii 0JacTOUCTH Ta 3aBEPIIYETHCS MIPOTATOM OCTAHHIX MEPIOJiB PO3BUTKY.
Ileit ¢peHOMEH OCTAaTOYHO HE € 3PO3YMUIMM, MPOTE BBAXKAETHCS, IO II1 MPOIECH
MOXJIMBI 3aBISKHA B3a€MOJIi MDK OlIkamu, sKi MOAM(IKYIOTh XpOMaTHH, Ta
meTwiroBanHsM JIHK.

VY ccaBIiB BIJOMO JIeK1JIbKa MeTHJTPaHcpepas, sKi NOAUISIOTh Ha ABa KJIacH B
3aJIe)KHOCTI B1Jl CyOCTpaTiB Ta (PYHKIIIH, siKi BOHM BUKOHYIOTh. Depmentu DNMT3A
ta DNMT3B € de novo metuntpancdepaszamu, siki BiAMOBIIAIOTh 32 BCTaHOBIICHHS
naTepHy METUJIIOBaHHS 1uTO3MHY Ha HeMmetwnboBaHii JIHK. Came mi depmenTH
NpAIO0Th MPH TOTAJIBHOMY METHIIIOBaHHI reHoMy de NOVO Ha paHHIX CTamifx
eMOpioreHe3y Mic/s MOBHOTEHOMHOTO JIEMETHIIIOBaHHs. TaKkoX y CCaBIliB BHSIBJICHA
Mmetwitpachepaza DNMTIL, sxa BianoBigae 3a cTabiabHE MIATPUMAaHHS
METHUJTIOBAHHS MICIS MPOXOHKEHHS MOAUTY KIITUH. BoHa mparftoe i yac pervrikaiii
JHK Ta MeTtwitoe HamiBMETUIBOBaHI CalTh. Y MHUILIEH BHSBJIEHO JB1 130(hopmu
depmenty DNMT1 (Dnmtls ta Dnmtlo), ski OepyTh yd4acTh y MiATPUMaHHI
METUJIIOBAaHHS Ha MepediMIUIaHTalliiHIA cTafli emOpioHiB Muiued. llopyiieHHs
aKTUBHOCTI METWITpaHc(]epas3 y cCaBlLiB MPU3BOAUTH A0 MOPYIICHHS HOPMaJIbHOIO

pO3BUTKY IuX opranizMmiB. Kpim Toro, Oyma onucana metmirpanchepaza DNMT2,
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GbyHKIIT SKOT HE 0 KIHIS 3pO3yMiJli, OCKUIBKH BOHA JEMOHCTPYE HU3BKUI pIBEHb
aKTUBHOCTI IN VItro Ta Ti BiACYTHICTh HE BHMKJIMKA€ TMOMITHOTO BILIMBY Ha PIBEHb

MCTUIIIOBAaHHA I_II/ITO3I/IHiB.

Moaudgikaiii XBOCTIB riCTOHIB
Pazom 3 mermmoBanasMm JIHK monudikyBaHHs XBOCTIB TICTOHIB BiAirpae
BaYXJIUBY POJIb Y PETYJIALIT aKTUBHOCTI T'€HIB Ta MiATPUMAaHHI CaiJICHCOBAHOTO CTaHY
xpomaTuHy. Ponp Takux Monaudikaiii Ha ChOTOJHINIHIA J€Hb TEPEBa)KHO
3aJIUIIAE€THCS HE BCTAHOBJIEHOI. OCOOIMBOCTI OCHOBHUX (PEPMEHTIB Ta OILIKOBUX
KOMILJICKCIB CCaBIIIB, SIKI BIAMOBIJAIOTh 32 BCTAHOBJICHHS Ta YCYHEHHs MOAU(DiKaIliif

XBOCTIB TICTOHOBUX O1KiB HaBeneHi y Tabmumi 3.5.1.

Tabmuus 3.5.1. Ticron-moaudikyyi ¢pepmenTH ccaBuin

®epMeHT CyoOcTparn ®epMeHT CyocTparu
Aneruarpancdepasu Heaueruniiazu
HATI H4 (K5, K12) SirT2-3 H4K16
GCNS5, PCAF H3 (K9, K14, K18) Jli3uH-nemMuTea3u
LSD 1/BHC110
CBP, P300 H3 (K14, K18). H4 (K5, K8), H3 (K4, K9)
H2AKS5,
H2B, (K12,K15)
TIP60/PLIP H4 (K5, K8, K12, K16), JHDMla-b H3K36
H3K14
HBOI H4 (K5,K8, K12) JHDM2a-b H3K9
JMJID2A/JHDM3A
JMJID2B- H3 (K9, K36)
C
JlizuH-
MeTHITpaHcpepasu JMID2D H3K9
SUV39H1-2 H3K9 JARID1A-D H3K4
G9a H3K9 UTXx H3K27
EuHMTase/G LP H3K9 JMJD3 H3K27
ESET/SETDB1 H3K9 CepuH/TpeoHiH KiHa3n
CLLS3 H3K9 Haspin H3T3
MLL1-5 H3K4 MSK1-2 H3S28
SET1A-B H3K4 CKll H4S1
ASH1 H3K4 Mstl H2BS14
SET2 H3K36 Rsk2 H3S10
NSDI H3K36 YoikBiTuiaasu
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SYMD2 H3K36 Bmi/Ringla H2AK119

DOT1 H3K79 RNF20/RNF40 H2BK120
Aprinin-

Pr-SET7/8 H4K20 MeTHJITpaHchepasn

SUV4 20H1-2 H4K20 CARM1 H3 (R2,R17,

R26)

EZH2 H3K27 PRMT4 H4R3

SET7/9 H3K4 PRMT5 H3R8, H4R3

RI1Z1 H3K9

KoMmneHcanist 1031 reHa Ta reHOMHUH iIMIIPUHTHHT

VY ccaBmiB 3a3Buuail camka mae aBi X-xpomocomu (XX), Toal SK caMmenb —
numie oaay (XY). Taka xpoMocoMHa OCOOJIMBICTh Y PI3HUX CTAaTe MPHU3BOJUTH 0
HEOOXITHOCTI (PYHKIIIOHYBAaHHS CHCTEMH KOMITICHCAIlIl IJIs1 KOPEKIIil JO3U TeHiB, SKi
MICTSTBCSA Y X-XpPOMOCOMI. ¥ CaMOK CCaBIliB KOMIICHCAIlIS 03U T€HIB 3/I1HCHIOEThCS
HUIIXOM 1HAKTHUBAIlIl OAHIET 3 ABOX X-XPOMOCOM IIiJl YaC PaHHLOTO €MOPIOHATIBLHOTO
pO3BUTKY. [HaKTHBaIis BKIIOYA€E BEIUKOMACIITAOHE MEPETBOPEHHS IUISHOK X-
XPOMOCOMHM 3 €yXpOMAaTHHOBOT'O CTaHy Ha Y€ KOMIAKTHUM TeTepOXpOMaTHHOBUM.
Take nepeTBOpPEHHSI XpOMATHHY PETYITIOETHCS 32 YUACTIO CMITeHETUYHUX MEXaHI3MiB,
Takux K akTuBHICTH NCRNA, metnmtoBanns JJHK ta monudikyBaHHs ricTOHIB, BOHO
MPU3BOAUTE 70 OJIOKYBaHHS TPAHCKPHUMIT OLIBIIOCTI, aje He BCiX, I'€HIB Ha
1HaKTHBOBaH1M XpoMocoMi. biibIr neTanpHO emreHeTHyH1 MeXaHi3MH 1HaKTUBaIii X-
XPOMOCOMH Y CCaBIliB OyayTh po3risinyTi y PO3LII 7.

JlumnoinHi opradi3Mu, 10 SKUX HaJIEeXKaThb 1 CCaBIll, MAIOTh MO JBI KOIMIii yciX
ayTOCOMHUX TE€HIB, MO OJHOMY BiJ KOXHOTO 3 OaThKiB. Y OUIBIIIOCTI BUMAAKIB
o0uIBa 0AaTHKIBCHKI aJielli XapaKTEPU3YIOThCSl OJHAKOBUM ITOTEHIIIAJIOM €KCHpecii y
kiTuHi. [IpoTe yacTuHA ayTOCOMHUX T'€HIB € MPEIMETOM F€eHOMHOI'0 iMIPUHTHHIY,
3aBISKU SIKOMY OOMEXYEThCS EKCIIPECis OJHOr0 3 JBOX OAaThKIBCHKUX ajeliB B
3QJIEKHOCT1 BiJI TOTO, KOMY camMe 3 OaTbKiB BiH HajiekaB. | €HOMHUIN IMIPUHTUHT €
KOHCEPBATUBHUM Y CCaBIlIB €MITCHETHYHUM MEXaHI3MOM, TMOPYIIEHHS SKOTO
BUKJIMKAE JePEeKTH eMOpIOHAIBHOIO Ta HEOHATaJIbHOTO PO3BUTKY Ta MOXKE
MIPU3BOJUTH JI0 HEHPOJIOTIYHUX 3aXBOPIOBaHb TakuX s K cuHapoM lIpanepa-Bimmi. YV
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muniei 0yno ineHTrudikoBaHo 61u3bko 80 IMIPUHTOBAHMX TE€HIB, OLIBIIICTD 3 SIKUX
3HAaXOJUThCS Y KJacTepax, aje HEeBeIMKa KUIBKICTh pPO3TAIIOBYETHCS 11032
Kkiactepamu. KoxxHui Kiactep IMOPUHTOBAHUX T'€HIB MICTHUTh JCKUJIbKAa KOJYIOUHUX
Oinku teHiB Ta Mae goBxkuHy 100-3000 k6 1 xoua 6 omun reH NCRNA. Bimbm

JeTaJbHO MEXaH13MU T€HOMHOTO IMOPUHTUHTY OyayTh po3risaHyTi y PO3IJII 8.

Enirenernuni mexanizmu penpecii MI'E

CexBeHyBaHHS T€HOMIB JIIOJIMHM Ta MUIled mokasano, mo MI'E Biagirpaiotsh
BAXJMUBY pPOJb Yy (OpMyBaHHI T€HOMIB CCaBIiB, 30Kpema, y ix eBomormii. Lli
enemMeHTu ckianarwTh 45% ta 37% reHoMmy MroAMHU Ta MuIIeH BianosingHo. MI'E
NONUISAIOTh Ha  JAekinbka ocHoBHMX rpyn — JIHK-tpancnozonu, LTR-
petpotpancno3onn (long terminal repeats), enementu LINE Ta SINE. BBaxaetncs,
mo enemeHTd LINE cknanarote 6mm3bko 17% renomy mroauHu. BoHu HE MICTATh
JOBTUX KIHIEBUX TIOBTOPIB Ta HEBENWKa dYacTMHAa LuX aBToHOMHUX MIE
3QJIMIIAETHCS AKTUBHUMU Y TeHOMI JrouHu. LTR-peTpoTpaHcio3oHu MICTSITh JOBI1
MOBTOPU B KIHIIEBUX pEriOHax, y I€HOMI MHUIIEH aKTUBHUMH €JIEMEHTaMH i€l
pomuau € IAPs (intracisternal A particles), MaLR ta Etn. SINE - neaBTOHOMHI
eJleMeHTH 0e3 JOBruMX KIHIIEBUX I[OBTOPIB, AKTHBHICTh SKUX MIATPUMYETHCS 32
paxyHok ¢epmenTiB LINE. Alu-enement e HaitOinbmr mommpenum SINE y renomi
JTIOAUHY Ta ckianae 6mu3bko 10% Beix mocniqoBHOCTEH reHoMy. B reHomi muieit
Hanoiuem nommpenumu eaemeHTamu SINE € B1 ta B2 (manexats 1o poaunu Alu).
[IIo crocyetses JJHK-Tpancmno3oHiB, TO y TEHOMAax CCaBIliB aKTHBHUX €JIEMEHTIB ITi€i
POJAVHU BUSBICHO HE OYJI0, MPOTE HasBHA BEJIMKA KUIbKICTh HEAKTUBHHMX KON
TPAHCIIO30HIB.

VY ccaBuiB ICHYIOTh MEXaHI3MHU 3axHCTy reHomy Bing aktuBHocTi MI'E, ski
BKOUYaroTh MetwmoBaHHs JIHK Ta wmommdikamii XBOCTIB TiCTOHIB (30Kpema
metumoBanHs H3K9 ta neaunerunioBanHs di3uHiB). Y Mumei tpanckpumiis |APS
3a3BUYall € pernpecoBaHolo, aje Il eJIEMEHTH aKTUBHI y eMOpiOHaX, B SIKMX BIJACYTHIH
dbepment DNMTI, wmo cBiIUUTH MNpO y4yacTh METHIIIOBAHHA Y (OpMyBaHHI

peMpecoBaHOro CTaHy IMX eJleMeHTIB. Y jociimax in Vitro Oyiao mokasaHo, IIo
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METHIIIOBaHHS TeBHUX AuHykiIeoTunaiB CpG y mpomortopi LINE € gocratHiM mist
NPUIIMHEHHS TPAHCKPHIILII [BOTO €JIeMEHTY. Y HH3Il pPaKOBUX KIITUH OYJ0
BUSBJICHO 3HWKEHHS MeTuoBaHHs eneMmeHTiB LINE y mopiBHAHHI 3 HOpMaJIbHUMU
KiiTuHamMu. 3HukeHHs MeTuwmoBaHHS LINE moxxe BimOyBaTucs Ha paHHIX eramax
dbopMyBaHHS MyXJIMH, 30KpeMa MPU OHKOJOTIYHUX 3aXBOPIOBAHHSIX TOBCTOI KHIIKH
Ta mOpocTatd. Y OUIBIIOCTI IHIIMX THUIIB OHKOJIOTII (JIeHiKeMis, ypoTeniaibHa,
OBapiaJibHa Ta pak MOJIOYHOi 3ano3u) AemeTwioBanHs LINE 30imbrmyerses 3i
CTYTIEHEM 3JI0SIKICHOCTI.

Monudikarii ricCTOHIB TaK0X BIJITPalOTh MEBHY POJIb Y penpecii TpaHCKPUITLIi
MIE. V ninsskax, B skux HasBHi MI'E, xpomatun 30araueHuii Ha METHJIbOBaH1
H3K9 y nykieocomax, 110 € CUTHAJIOM i penpecii TpaHcKpuniii. Myraii y rexi,
AKUM Komye MeTwinTpaHcdepasy mizuny 9 rictony H3 Suv39, mpuzsoauts 110
aktuBanii TpaHckpuniii MI'E y kynerypi ECK wmwumeit. [ammumM mexanizsmMmom
perymanii aktuBHOocTi MI'E € perynsuis 3a ydactio MikpoPHK. Takwmii mexanizm
caitmencunry MI'E € noope BuBuenum y A. thaliana, npote BiH He i1eHTH(IKOBaHHH

y CCaBIIiB.
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PO31J1 4. 3B’A30K MIZK TEHETUYHHUMMU 1 EIIN'EHETUYHUMMU
YNHHUKAMMU

B3aemMo03B’s130K Mi’k reHOMOM Ta eNireHoMoM

Enirenom € craOulbHOIO, ajieé BOAHOYAC 1 IIACTHUYHOK CHCTEMOIO, IO
J103BOJIsIE HOMY HIBHAKO 3MIHIOBATHUCH NMPOTATOM JM(EPEHITIIOBAHHS KIIITHH, 8 TAKOX
i BIUIMBOM 30BHIIIHIX (pakToOpiB. EmireHeTMUHUN CTaTyC T'eHIB € 3HAYHO OlIbII
JUHAMIYHUM, HDK TOCHIJIOBHICT, HyKJIeoTuaiB B Mojekyinl JHK. Sk Bxe
3a3HayvajIocs, CMIreHeTUYHI MITKH BBAXKAIOTHCS BIAHOCHO CTAOUIbHUMU y KIIITUHHHOMY
UKl Ta TMPOTATOM PO3BUTKY OpPTaHi3MiB, IO 3a0€3MeUyeThCS 3a PaxyHOK
COMAaTUYHOIO  MiATpUMaHHS (MiToTH4YHa mepegaya). OpHak, Wi dYac
nepenporpaMyBaHHsl y ramMeTax Ta eMOpioHaX paHHIX CTajii, BiJOYBa€ThCs MOBHE
YCYHEHHSI CMTeHEeTUYHUX MITOK, sIKi MOTIM BCTaHOBJIOIOTHCS 3aHOBO. JlesIKi MITKH
MOXYTh HE MIAJATaTH I[bOMY IPOLECYy, IO MPU3BOIUTH O iX yCIaJKOBYBaHHS Ha
PIBHI IUTICHUX OpraHi3miB (3a3BUYail - MPOTATOM KIJBKOX TMOKOJIiHB), 1m0 Oyjo
Ha3BaHO TPAHCTeHEPAlIiiHOI0 Mepeaayero.

Uitkuii miepedir 3MiH ENIreHeTHYHUX MITOK € BKpaidl BaXJIMBUM JUIS
HOPMaJHHOTO PO3BUTKY OpraHi3My, a WOTO TMOPYIIEHHS MPHU3BOAITH JI0 3aITyCKY
naToreHHUX mnporecis. [lepmmm 3-moMik 3aXBOPIOBaHb, MIOAO SKUX OyJIO BUSBIECHO
3B’SI30K 3 EMITeHEeTUYHHUMH YMHHHKaMU, OyB pak. EmireHeTwmdHy mpupoay IbOro
3aXBOpIOBaHHS Oysio BusBieHo 1mie y 1983 poui. IlokazaHo, 1m0 KIITHHU
KOJIOPEKTAJILHOTO pPaKy JAEMOHCTPYIOTH 3arajbHy BTpary MetwntoBanHsa JHK y
MOPIBHSAHHI 3 HOPMAJbHUMHU KJITUHAMHU Ti€l ) TKAHUHU. Take TriOMETHUIIOBaHHS
MPU3BOAUTE 10 TEHOMHOI HECTaOlJIbHOCTI, XPOMOCOMHUX IMEepeOya0B Ta CIPUUUHSIE
abepaHTHY akTHBaIlif0 TEeBHUX TeHiB. llomanmemii poGoTH  BUSBHIM, IO
rinometrwmoBanHg JJHK y mpoMoTopHHX perioHax reHIB-CYIpecopiB MYyXJHH €
3BUYANHOIO TIOAIEI0 Yy TepepoKeHux kiituHax. [li3Hime Oyiio moka3aHo, MO 1HIII
enireHeTU4H1 MEXaH13MH, 30KpeMa, MOJAU(IKallii XBOCTIB ICTOHIB, TAKOK aHOMAJIbHO

B1JI0YBAIOTHCS Y KIIITUHAX MYXJIHH.
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Touni MexaHi3mMu, SKi NOPU3BOJAATH JO BCTAHOBIEHHS aOepaHTHHUX
ENIreHETUYHUX TMAaTepHIB Yy pPAaKOBUX KIITHHAX JOCHOTOJIHI 3aJMIIAIOTHCA HE
3po3ymiumumu. IlikaBo, 110 YHCJIEHHI MOPYIICHHS Yy TeHax, SKi KOIYIOTh OUIKH
eMIreHeTUYHOI MAaIUHepii, B CBOIO Yepry MNPU3BOAATH A0 3MIH y HOpPMallbHIN
eKcrpecii TeHIB, IO CBUIYUTH MPO T€, IO MyTalli y TeHax, SKI KOJIYIOTh
enireHeTH4H1 (DepPMEHTH, MOXKYTh BIIITPaBaTU BU3HAYAIBHY POJIb y MATOTEHE31 PaKy
Ta IHIOUX KOMIUIEKCHHMX 3aXBOpPIOBaHb. OTXe, €MIr€HeTUYHI MPOLECH MiIsTraloTh

3arajJbHOMY F€HETUYHOMY KOHTPOJIIO.

I'eneTnunuit KOHTPOJIb MeTWIOBaHHA JTHK
[lopymiennss HopMasibHOro mnarepHy wmerumoBaHHs JIHK xapakrepHo s
TaKHUX XBOPOO sIK Oe3IUTiiIs, ayTOIMyHHI 3aXBOPIOBAHHS, J1€Kl TeHETUYH1 CUHAPOMHU
(Tabmuus 4.1), paky, a Takox cTapiHHsa. [IpoTe MOJNEKYJIsIpHI MEXaHi3MH, SKi
MIPU3BOJISATH /0 BCTAHOBJICHHSI a0epaHTHUX matepHiB MeTwioBanHs JIHK, no kiHis

HE 3PO3YyMLJII.

Ta6nui 4.1. EnireHeTuuHi 3MiHM 32 3aXBOPIOBaHb JIOJIUHHU

3anydyenuii . -
ieﬂ XBopooa Enirenern4Hi 3MiHH

MeruaroBanua JJHK

DNMT3B Cunapom imyHonedinuty, MyTtauig B nociinoBHocti DNMT3B npuzBoauts 110
[IEHTPOMEPHOI XPOMOCOMHOT HECTaOUIBHOCTI Y 3B’SI3KY 3 BTPATOIO
HECTaOITBHOCTI, IMIIEBUX  METHJIFOBAHHS B TIOBTOPIOBATBHHIX MOCIiJOBHOCTSIX
aHOMaJTii JIHK

MeCP2 Cunapom Perra Myrartii MeCP2 BUKIUKAIOTh TOPYIICHHS

MerumoBanusa JJHK, anerniiroBaHHs TicTOHIB Ta
minBuienHs Tpanckpuriii LINEI, mo 1 mopymrye
(GyHKII1IOHYBaHHS MO3KY

CucremMHul 4YepBOHUM Myrarii B reniMeCP2 npu3BoasiTh 10 aHOMaIbHOTO
BOBYAK MetumoBanHs JIHK ta neperynsmii ayToiMyHHUX
OB’ sI3aHUX 3 3aMaJICHHSIM T'eHIB
FMR1 Cunapom 1amkoi X- BinOyBaetbces excnancis CGG-nmoBTopy y mpomMoTopi
XPOMOCOMU rera FMR1, mpu3Boasiun 10 TpaHCKPUTIIHHOTO

calJIeHCUHTY nuisixoM rinepmetmmoBanns JJHK

FRG1, FRG2 ®opma miomnarii Jlanny3i- Momnekymnsaphi nepedynoBu B D474, inmykoBaHi
ANT1, DUX4, Jlexepuna TITOMETHIIFOBAHHSIM Ta MOPYIIEHHSIM
(GyHKII10HYBaHHS pO3TAILIOBAHUX MOPS FCHIB

Mocrrpancasuiiini moaudgikaunii ricronis
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CBP, EP300 Cunapom PyOunmreiina-  Myraiii B HAT nomeni renis CBP ta EP300

Teti01 MIPU3BOJATH JI0 AaHOMAJIBHOTO alleTUITFOBAHHS

TiCTOHIB

RSK2 Cunapom Kodina-Jloypi Myrariii y RSK2 nopymyroTs dhochopriroBaHHS
ricToHiB Ta ix B3aemoito 3 CBP uepes HAT nomen

NSD1 Cunapom Coroca 3HUKYETHCS METHIIFOBAHHS TICTOHIB Y 3B S3KY 3
BTpaToi0 (DYHKIIIOHYBaHHS B PE3YJIbTATI MyTallii
NSD1 reny

ITG15 XBopoba ['enTinrrona Excnanciss CAG-noBTOpIB CIPUYUHSIE YTBOPEHHS

(huntingtin) MOJIINTYTaMiHOBOTO MOTHUBY B T€HTIHI'TOHIHI, IO

nepemkokae 38’ s13yBanaio CBP 3 HAT nomenom Ta
1HT10y€ HOTO (PYHKIIIIO, 1110 MPU3BOIUTH 10 3HUKCHHS
PIBHSI alleTHITFOBAHHS

PemoeloBaHHSI XPOMATHHY

ATRX Cunnpom anbda-ranacemii Myraiii B reHi ATRX BUKIMKAIOTh MOPYIICHHS
Ta PO3yMOBOI BIICTAJIOCTI (D OPMYyBaHHS T€TEPOXPOMATHHY Ta METHIIFOBAHHS
MOBTOPIOBaNbHUX MocnigoBrocTeit JJHK

CHD7 CHARGE cunnpom 3MiHa CTPYKTHPU XPOMATHHY Y 3B’S3KY 3
Hee(eKTUBHUM 3B’ I3yBaHHIM BKOPOUYEHOTO Oinka
CHD7 3 H3K4me3

CSB Cunapom Kokeitna Myrarii B CSB nepenikomkaoTs Horo B3aeMo/Iii 3
XPOMATHHOM 1 OJIOKYIOTh MEXaHI3MH €KCITU31HHOT
pemnapariii HyKJICOTHUIiB

MoxauBuM pkepesioM  iHdopMalii I0J0 BHUIIE3raJaHuX MPOIECIB €
BUKOPHUCTAHHS MOJICIBHUX CHUCTEM, HANpPWKIIAJ, MyTaHTHUX JIiHIA agouti Ta axin-
fused y mumeit Ta white y D. melanogaster. Kpim Toro, BakjuBy poJib BiIirparoTh
JTOCIDKCHHST MyTalliil TeHiB ()epMEHTIB, Kl MEPEHOCITh MeTWIbHI rpynu Ha JJHK,
Ta TaKuX, SKI € Yy4YaCHHUKaMu MeTabomi3My KapOOHY, a TOMY € MOXJIMBHUMH

YMHHUKaMU nopyueHs MetwintoBanss JTHK.

TeapunHni MmoOeni eniceHeMuyHUX 3MiH, GUKIUKAHUX Mymayiamu. TepMmiH
«meTacTadinbHi emiajeai» (Mmetastable epialleles) Oyino BBeaeHO It BH3HAYCHHS
SBUILA, KOJIM 3a BIJICYTHOCTI F'€HETHUYHOI TIeTepOreHHOCTI ()EHOTUIIM OCOOMH, SIKi
HECYTh 11l ajiesi, pi3HAThCSA. TakuM YMHOM, PI3HUILIS B €KCIIPECii TaKUX ajeliB MOXKE
MOSICHIOBATUCH OCOOJIUBOCTSM iX €MIr€HeTUYHOro cTany. OHUM 3 PUKIIAIIB MPOSIBY
MEeTACTablIbHUX emiaNeliB € KUTTE30aTHI )KOBTI MU, SKi HeCyTh anens agouti (A%).
I'en mukoro tumy agouti kogye OiNOK, KWl BHU3HA4Ya€ BIAHOCHUN BMICT YOPHOIO

(eymenaHiH) Ta >KOBTOro ((peoMernaHiH) MIrMEHTIB y mepcti Mumei. Opun 3 TSS
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JaHOTO T'eHa PO3MIIICHUN y MeXaX 2-TO €K30HY, a €KCIPEeCis TeHy 3MIHIOEThCS B X0/
PO3BUTKY OpPraHi3My, 0 MPU3BOAMTH JI0 TIOSBH JKOBTOI IJISTHKU Y TIEPEIBEPXiBKOBIH
YaCTHHI KOXKHOTO YOpPHOro abo0 KOPUYHEBOrO BOJOCKAa (aryri — 1€ THUIOBUH
KOPUYHEBHUI KOJIp MIepCTi MUIIEH auKoro Tuiy). Anens A” € pesynsrarom incepuii
1HBEPTOBAHOTO peTpoTpaHcno3oHy |AP Bullle TOYKH CTapTy TPAHCKPHUIMI TeHy
agouti. BHacmigok 1HOro HOpMallbHA Ta 3MiHEHa eKcrpeciss reHy agouti
CIIOCTEPIraeThCsl HE TUIBKM Y KIITHHAX BOJIOCSHUX (DOMIKYJIB, a 1 B yCIX IHIIMX
KIiTMHAX. Mumn, gki HecyTh anenb A, XapakTepH3yrOTbCS IKOBTOIO ILEPCTIO,
OKUPIHHSM, J1a0eToM Ta OUIBIIOI0 BIPOTIAHICTIO 3aXBOPIOBaHHs Ha pak. L{ikaBo, 110
MeTuItoBaHHs Yy KoHTekcTi CpG y HaHOBO BcTaHoBiieHOMY |AP-mmpoMoTopi alnento
A" sHmKye excripecito reHa agouti, a rimoMeTHIIIOBaHHS i€l AUISHKA TPU3BOAUTH 10
Bapialliii KoJbopy XyTpa BiJ >KOBTOrO (3a MOBHOi BiJICYTHOCTI METWJIIOBAHHS) 0
nceBnoaryTi (3a HagBHOCTI MeTwmoBaHHA) y wmumeidl A"”/a. IHTeHCHBHICTSH
METHIIOBaHHS AuHYKIeoTuaiB CpG 3anexuTh BiJ XapuyBaHHS MaTepi Ta BIUTUBIB
HaBKOJIMIITHHLOTO CEPEIOBHUIIA Ha ii OpraHi3M MPOTATOM PaHHBOTO PO3BUTKY TUIOAY.
[HIIMM TIPHKIAZOM MeTacTaGimpHux emianemiB € axin-fused (Axin™), sxwit
Oyno inentudikoBano y 1937 poimi. biiok akcuH, KUl KOAYETHCS BKa3aHUM T'€HOM,
peryimoe popMyBaHHs OlIaTepalibHOI ocl cuMmeTpii y XxpedetHux. [loaioHO 10 anemnto
AY, anens AXin™ mictuTh perporparcoson |AP, ane y Mexax 6 inTpona. THIIOBOMY
denotnmy AXin™  mpuTamMaHHHE TEpeKpYdeHMH XBiCT, IO CIPHYMHSETHCS
nopyuieHHs M (popMyBaHHSI OCi CUMETpIli mpoTsIroMm emoOpiorene3y. Kpim TumoBoro
MPOSIBY CIIOCTEPIralOThCS TaKOX Bapialii 1aHoro (peHOTHMy BiJ HOPMAaJIBHOTO 1 10
NEPEerHyTOT0 XBOCTA, SKi KOPENIITh 3 PI3HUM CTYNEHEM METUJIIOBaHHS
nociigoBHocTi |AP. ®deHOoTHMI JEMOHCTpyE€ €MIr€HEeTUYHY IUIACTHUYHICTh IIOJI0
CKJIagy MaTepHHCHKOI mieTn. Emirenerwanuii craH i anemo AXin™, i amemo agouti
MOJKE€ YCIIaJKOBYBaTHCh TPaHCI'€HEpAIliiHO, BiJ MaTepi y BHMaaky agouti, Big 00ox
OiTekiB y Bumanky axin-fused, mo e ycmaakyBaHHsM (heHOTHITYy, IPHYUHOIO YOTO
IMOBIPHO € TOpYUICHHS pENporpaMyBaHHS EMITeHETUYHUX MITOK MPOTATOM

raMmCTorcHesy.
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Ha nmomaTox 1m0 BWIEBKa3aHWX MPUKIAIB, 3MIHHM AKTHBHOCTI TE€HIB abo
PO3MOALTY iX MPOAYKTIB y TKAHWHAX Ta MPOTATOM PI3HUX CTaJld PO3BUTKY MOXKYTh
BiI0yBaTUCS 3a paxyHOK edeKTy moJjio:keHHs reHa. Y 1930 pomi ['epman Memnnep
(H. Muller) ommcaB 3MiHu 3a0apBJICHHS OYeH B 3aJCKHOCTI BiJ TIOJIOKEHHS TCHY
white D. melanogaster, 1110 nosicHIOBaIOCh IHAKTHUBALIIE€I0 TEHY Y ASIKHUX KIITHHAX 3a
paxyHOK Horo mepemimieHHs B rerepoxpomatut. I'ern white D. melanogaster, sikuii B
HOpPMI PO3MIIICHUN Ha TUCTAIBHOMY KIHII X XpOMOCOMH Ta € MPEIMETOM JI030BOi
KOMIIEHCAIlli, TPOSBIISEThCS B MIrMEHTAIlll MalbIiri€eBUX KaHAJbIIB, CiIM STHUKIB Ta
ouell TUIOJOBOI MYIIKH, a KWOTO EKCIpecis 3alieKUTh BiJ €Taly PO3BUTKY Ta €
TkaHuHoctenudiuHor. [IeBH1 XpoMOCOMHI Nepe0yA0BU 3yMOBIIIOIOTH MTEPEMIIICHHS
reHy B OJIOK IIEHTPOMEPHOIO T€TePOXPOMATHHY Y NESIKUX KITHHAX, 110 BUKIIUKAE
3MIHY €KCTpecii TaHOTO TeHy, SKa B CBOIO Yepry MPU3BOJUTH 0 PI3HOKOJIHOPOBOTO
dbeHoTummy oyei, 00YMOBJIICHOTO HAsBHICTIO TPYI KJIITHUH 3 TepedynoBamu (0111 abo
O€3KOJIIpHI IUISTHKY OYel) Ta KJIITUH 3 HOPMAaJbHOIO EKCIIPECi€l0 ayesiB (4epBOHO-
KOpHuHeBI JiIsHkH oueil). I[lepemimienns reny White 3 rerepoxpomMaTHHOBHX
OUISTHOK y PpIi3HI €yXpOMAaTHMHOBI CalWTH T€HOMY MPHU3BOJUTH JI0 MPOTHUIIECHKHOTO
edeKkTy, IO JEeMOHCTPY€ TO3UIIHHY TPUYMHY (DEHOTUIIOBUX 3MiH, SIKI

CIIOCTEPITaloThCs, 1 BUKIIOYAE €PEeKT 3MIHU MOCTIOBHOCTI TEHY.

Enicenemuuni  3minu, cnpuuumeni cenemuuynumu nopyuwenuamu JHK-
Memunmpancgepas. Sk BXKe 3a3HA4ANOCA, y CCaBI[IB HAasBHI JEKUJIbKa THIIIB
metuntpanchepaz - DNMTL1 (migrpumyroua), DNMT3A Tta DNMT3B
(MmetunTpancdepasu de NOVo), a Takox romosior Metuiarpanchepas DNMT3L, skuii
HE Mae MeTWITpaHc(hepa3Hoi aKTUBHOCTI, MTPOTE JOMOMArae HIIUM (QepMEeHTaM i€l
POJIMHU 3IACHIOBATH METHJIIOBAaHHSA. Ha TOMO3MTOTHUX HOKAayTHUX 3a TeHaMHu
MeTUATpancepas opranizmax 0ysio MpoAEeMOHCTPOBAHO, IO BCl MeTUITpaHchepas3u
HEOOXiHI /I BM)KMBaHHS opraHi3miB. Tak, BuMkHeHHs reriB Dnmtl ta Dnmt3b y
MUIIEH TPU3BOJUTH O €MOpPIOHATBHOI CMEPTHOCTI TAaKMX MYTAHTIB, a Y BHUIMAJKY
BUMKHEHHs reHy Dnmt3a wmumn noMmuparoTh onpasly IIicis HApOIKEeHHS. Y

EKCIIEPUMEHTAX 3 MHIIIAMH, SIKI XapaKTepU3yIThCS HyIb-aliesiMu reny Dnmt3l, 6ymo
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MOKa3aHO, IO TETEPO3WUTOTHI HAMAAKWA BIJT HOKAYTHUX MHUIIEH JIEMOHCTPYIOThH
BTpaTy IMIPUHTHUHTY a00 BHUIIQJKOBUN IMIIPUHTUHT, ab0 OlajenbHy EKCIPECIo

IMIIPUHTOBAHUX T'CHIB.

I'enemuuni oepekmu DNMT3B ma cunopom imynooeghivumy, yenmpomeproi
necmabinbnocmi ma auyvosux anomaniu. Cuagpom ICF  (immunodeficiency,
centromeric instability, and facial anomalies syndrome) — me piake ayrocoMmHoO-
pelieCUBHE 3aXBOPIOBaHHS, sike BIepIie O0yio onucano y 1970-x pokax. [itu 3 naHum
CUHAPOMOM XapaKTEPHU3YIOTHCS MEPIOTUIHUM IMyHOAEC(IITUTOM, IO € PE3yIHTaTOM
peUUIUBYIOYMX  1H(MEKIIH, COPUYUHEHUX XPOMOCOMHUMHU TMOPYIICHHSMH Y
OPUIIEHTPOMEPHOMY reTepoxpomatuni 1, 9 Ta 16 XpoMocoM, a TakoX Y
reTepoXpOMaTHHOBUX PETiOHaX Y XPOMOCOMH Ta I1HAKTUBOBAHOI X-XpOMOCOMH.
Cunapom ICF noci € enMHUM BIIOMHUM 3aXBOPIOBAHHSM, SIKE CIPUYMHEHE MYTalIil0 Y
3apojKoBiil miHii y reHi de novo merunrpancdepazu DNMT3B. B 3anexHocTi Bif
HasIBHOCTI 4M BiiIcyTHOCTI MyTaliiid y reni DNMT3B po3spizustors cunapom |ICF nBox
tumiB. Cunapom |ICF nepiioro tuny o0’€AHy€e NaIll€HTIB, Y SKUX HasBHI OJHOYACHO
nBa pi3HUX MyTaHTHUX ajeni reny DNMT3B, toai sk y xBopux Ha cuniapom ICF
JApYroro THUIy He 11eHTU(IKYIOThC MyTamii y ex3oHax reHy DNMT3B, xoua
OUIBLIICTh MAIIIEHTIB  XapaKTEPU3YEThCS TIMOTMETHIIOBAHHAM ILIEHTPOMEPHHUX
taHAeMHHX oBTOpiB carenitHol JITHK (Sata).

CuMnTOMH J1TaHOTO 3aXBOPIOBAHHS IMOBIPHO TIOSICHIOIOTBHCS JedexTamu
metumoBadds JIHK. Tak, pimbornutu xBopux Ha cunapom |CF xapakrepusyroTbes
riMnoOMeTUSIbOBAaHUMHU  TochigoBHOCTAMU carenitHoi JIHK (Sat2 Ta Sat3) vy
MPULEHTPOMEPHOMY reTepoxpoMatuHi 1, 9 ta 16 xpoMocom, 1110 1 BUKOPUCTOBYETHCS
y JIIarHOCTHII JTaHOTO CUHAPOMY. TaKOXX MEHII METUILOBAHUMHU € aKPOIEHTPUYHI
(NBL2) Ta npurenomepni (D4Z4) TanaeMHI MOBTOPH XPOMOCOM TaKUX JTIMQOIUTIB Yy
MOPIBHSHHI 3 HOPMAJbHUMH KIITHHAMU. TaKe TIMOMETHIIOBAaHHS IMOBIPHO 1 €
NPUYMHOID XPOMOCOMHHUX TIepeOynoB (po3puBH, JAenenii LUIMX IUieded Ta
pO3rally’)keHl XpOMOCOMH) Ta JIEKOHJIEHCAllll XpOMAaTHUHY, IO € XapakKTEepHUM JJIs

XBOPUX Ha II€ 3aXBOPIOBaHHA Jrojaei. Takl IUTOreHeTHYHI e(PEeKTH B KJIITHHAX
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XBOpUX TyK€ CXO0X1 Ha MOJAll y HOPMaJbHUX KIITUHAX, SKi 3a3HAJU BIUIUBY S-
a30LUTUANHY, SIKUM TakoX NPU3BOAUTH 10 AedekTy MeTuntoBaHHs. HemomaBHO
OyJi0o omucaHy IIe OJHY OCOOJMBICTh KJIITHH XBopux Ha cuHapoM ICF — y Hux
CIIOCTEPIraeThCsl aHOMaIbHO MigBUIIEHUM piBeHb TenomepHux PHK TERRA
(telomeric repeat-containing RNA) ta BKopoueHHs TeIoMep.

binpmiicte Bimomux martieHTiB 3 cunapomoM ICF € rereposuroramm, y skmx
HasiBHI pi3HI MiceHc-myTanii B yactuHi DNMT3B rena, ae posmimgytotbes 10
KOHCEpBAaTUBHUX MOTHBIB, BIJMOBIIAJIbHUX 3a HOTO KaTalITUYHY aKTUBHICTh. Taki
MyTarlii MOCIa0II0Th KaTaNITUYHY aKTHUBHICTb METUITpaHcdepasu, mpoTe edekT
JOCSITAETHCA PI3HUMHU HIIsiXaMu. [Hom1 mamieHTH 3 cuHapoMoM ICF HecyTh myTaiiii,
po3mimieHi y N-TepMiHaIbHOMY PETiOH1 KaTaJiTUYHOTO JOMEHY, sIKI HE BIUIMBAIOThH
Ha 3JaTHICTh (EePMEHTY MEpPEeHOCUTH METWIbHI TIpYIH, MpOTe BIUIUBAIOTH Ha
3patHIicTh B3aemomisiTh 3 DNMT3L, skuii mincuimoe axktuBHicTh DNMT3B. Inmmn
TOYKOBI MyTallli BIUIMBAIOTh Ha JIOKami3alilo (QepMeHTy, a TakoXX Ha 3JaTHICTb
3B’SI3yBaTUCh 3 CyOCTpaTaMu Ta 3J]aTHICTh 10 OJIITOMEpHU3allii.

Jlnst xpamoro po3yMmiHHS MexaHi3MiB BUHUKHEHHs cunapomy |CF Oyno
3aMpONMOHOBAHO JCKUJIbKAa MHINUHUX Mojened. Jlenmemis KartamiTHYHOTO JIOMEHY
Dnmt3b npusBoauTh 10 eMOpiOHAIBHOI CMEPTHOCTI, MOAIOHO 10 MHUIICH 0e3 TeHy
Dnmt3b. Onnak, mpu BBeIeHI B '€HOM MHUIIEH OJHOYACHO JBOX PI3HUX MICEHC-
MyTaliil y KaTaJITHYHOMY JIOMEHi, XapakTepHuX g jroaer 3 cunapomom ICF,
eMOpIOHAJIBHOT CMEPTHOCTI HE CIOCTEpiraerbcd. Taki MUIIl y MOCTHAaTaJIbHOMY
nepiogal MaroTh o3Haku cuHiapomy |CF: HHM3bKYy Bary npu HapoOJDKEHHI, JHUIbOBI
aHomautii (30KpemMa MEHIIMI HIC Ta MIMPUIYy CIHHKY HOCA) Ta TINOMETHIIOBAHHS
noBropiB JIHK. Taki naHi BKa3ylOThb Ha Te, L0 y XBOPHX, MOXIIHUBO, HasBHa
3QJIMIITKOBA aKTUBHICTh METUITpaHc(epasu, TOMl K TOMO3UTOTHI HYJIbOBI MyTaHTH
DNMT3B B3aram ii He MarOTh 1 TOMY CIIOHTAHHO aOOPTYIOThCS MPOTIATOM
eMOpioreHesy.

[Tpyunan Tta cumntomu cunjapomy |ICF BkaszyloTh Ha Te, 110 HEMpaBUJIbHA
perymaiis DNMT3B npu3BoauTh 10 TINOMETHIIOBaHHS caTteliTHUX iasHok JTHK,

K1 PO3MIIIEHI Y MPUIIEHTPOMEPHOMY T€TEPOXPOMATHHI MEBHUX XPOMOCOM, IO B
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CBOIO Yepry BHUKIIMKA€ 3MIHHU €KCIpecii FeHiB 3 MPUYMHU aHOMAaJbHOTO BUJAJICHHS

TPaHCKPUMIIHHUX (PaKTOPiB, 3MIH apXITEKTYpH sifpa Ta ekcrnpecii Hekoayrounx PHK.

Hepexmu cenie JIHK-memunmpancgepaz ma oHKONO2IUHI 3ax80pt08anHs. Y
1983 poui Oymna omyOJsiikOBaHa OJHA 3 MEPIIMX POOIT, Yy sIKik OyJO BCTaHOBJICHO
3B's130K Mik MeTwitoBaHHIM J[HK Ta pakom. VY 1t poGoTi Oys10 BCTaBICHO 3HAYHE
riIOMETUIIOBAHHS MEBHUX TEHIB y KIITHHAX MEPEpOIKEHUX TKaHWH Yy TOPIBHSAHHI 3
BIJIMOBIIHUMU HOpMaJbHUMHU TkaHuHamu. MetumoBanns JIHK y mnepepomxenux
KJIITUHAX BTPAYAETHCS MEPEBAKHO HA MOCIIIOBHOCTSAX, SIKI MOBTOPIOIOTHCS, 30KpEMa
rinometusiboBanuMu € MI'E. dyHKI110HaIbHE 3HAYEHHS TaKOi BTPATH METHIJIFOBAHHS
JIHK monsrae y xpoMocoMHil HectabuibHOCTI, peaktuBaiii MI'E Ta iMnpuHTOBaHMX
reiB. KpiM Toro, y KJIiTHHax MyXJHUH CIOCTEpIraeTbes abepaHTHE calT-crienudidHe
rineprMeTrIIOBaHHs. de NOVO rinmepmetrimoBanHs CpG-0oCTpiBIIiB, SIKI TPEICTaBIICHI
y IpOMOTOpax OJIM3bKO MOJOBUHHU I'€HIB JIIOJAMHHU Ta € 3a3BUYall HEMETUIHOBAHUMU Y
HOPMAJIbHUX KJIITUHAX, MPU3BOJAUTH JI0 CAJICHCHUHTY T€HIB-CYNPECOPIB MYXJIHH,
T'EHIB-PETYJISITOPIB KIITUHHOTO UKy, MeHIB, 3AJIyd€HHUX B aromnTo3 Ta perapariiro
JIHK. Ornucani enireHeTUYHI 3MIHH MOXYThb OOYMOBIIOBATHUCH MYyTallisIMH a0o
nomimopdizmamu reHie. DNMT, a Takox meBHHUX TeHIB, sIKI KOAYIOTh (HDEepMEHTH
MeTabomi3My BYTJEI0 Ta MOXYyTh BiumBatd Ha ¢yHkuionyBanns JHK-
MeTunTpancdepas.

['eru DNMT 3a3Buyail HaJIeKCIPECYIOThCS y MEIKUX TUIAX MyXJUH. 30Kpema
crioctepiraerscs foctoBipHa Hagekcnpecis DNMT3B, toxi ssk y DNMT1 ra DNMT3A
BOHA € MIJABUILIEHO0, ajie HUK40t0 3a Taky y DNMT3B. Baxaerscs, mo DNMT1 ta
DNMT3B O6e3nocepenubo mpuueTHI 10 (POpMyBaHHS 3MIHEHOTO IAaTEPHY
metumoBanHs JIHK y mnepepomkxeHux KIITHUHaX, a TaKoX J0 XPOMOCOMHOI
HectabutbHOCTI. KpiM Toro, metumoBanHs CpG Moxe crnpustd  GHopMyBaHHIO
tpau3uuiii C-T y reHax, 3ady4eHHX 10 KaHIEPOreHe3y, Ta MiJBUIIYBAaTH IMOBIPHICTh
BIUTUBY (haKTOPIB HABKOJIUIIIHBOTO CEPEIOBUILA HA BUHUKHEHHS ITyXJIMH.

I'en DNMT3B posmimenuit Ha xpomocomi 20911.2., fioro noBXuHa CKJIaJaae

npubnau3Ho 47 kO, BiH MICTUTh 23 ek30HU Ta 22 iHTpoHH. OmnucaHo Oau3bKo 345

149



oJTHOHYKJIeoTHIHUX ToJiiMopdi3miB (Single-nucleotide polymorphisms; SNPS) msoro
reHa, aje TUIbKM JEeKUIbKa 3 HHUX TMPU3BOJAATH JO aMIHOKHCJIOTHUX 3aMiH Y
MOCJIJOBHOCTI O11Ka (4acToTa TaKuX MOJIMOP(dI3MIB € JAy’Ke HU3bKOI0). SIK BiIOMO,
SNPs y mionuHu € HalOUIbII NOIMPEHUMH (OpMaMKU TEHETUYHMX Bapialii Ta y
0aratbOX BHUNAJKaX I1X HASIBHICTb IIJIBUILYE PU3UMK BUHUKHEHHS TEBHUX
3aXBOPIOBaHb. Xoda (QyHKIIOHATbHE 3Ha4YeHHS Oinbmocti SNP  3amumaerbes
OCTAaTOYHO HE 3’JCOBAaHUM, JEsKl 3 LIKUX BaplaHTIB MOXYTh OOYMOBIIOBATH 3MIHY
aktuBHocTi DNMT3B, a omxke, 1 metumoBanns JJHK, mo B cBoro uepry moxxe OyTu
OPUYMHOI0 TEHETUYHOI CXWJIBHOCTI 70 OHKojorii. 3 iHmoro ©Ooky, SNP 'y
IPOMOTOPHOMY PEriOHI MOXYTh BIUIMBATH Ha 3B’SI3YBaHHS 3 HUM TPAHCKPUIMIIIHHUX
¢dakTopiB, M0 B CBOIO Yepry MpU3BOJIUTH 10 3MIHU ekcrpecii reny. | miiicHo, y
npoMoTopHoMy perioni reny DNMT3B Bussineno tpu SNP, skxi MoxyTs Oytu
MOXJIMBUMHM TEHETUYHHMHM YWHHUKAMU CXWIBHOCTI 10 paky: —149 C > T
(rs2424913), 283 T > C (rs6058870) ta =579 G > T (rs1569686). [1epmi nBi 3aminu
OPU3BOIATH 10 JOCTOBIPHOTO 30UIBIIEHHS aKTUBHOCTI MPOMOTOPY, MPOTE KOIHOTO
edhekTy He BHUSBICHO [JIsi TPEThOro BapianTy. Hes3Baxaroum Ha Takui
HEOJTHO3HAYHMN BIUIMB, yacTOTU caMe 1ux SNP sk (akTopiB pU3HKY PO3BUTKY paKy,
OIIHIOBAJIUCH Y PI3HUX MOMYJIIiX jrofei. [likaBo, 1o Taki poGOTH TEMOHCTPYIOTh
CyNepewInBl Pe3yJbTaTH — JesAKli 3 HHUX CBiUaTh MPO MPSIMHA 3B 30K IUX
noyiiMop(i3MiB 3 BUHUKHEHHSAM JI€IKMX BHJIB paKy, TOJl SK 1HIII IOKa3ylOTb
BIICYTHICTh TaKOTro 3B’s3Ky. P0oOOTHM 10 BMBYEHHIO HasBHOCTI AeKUIbKOX SNP
OJIHOYACHO € III¢ MEHII nepekoHmuBuUMH. [IpoTe cymapHi 0Ka3u cBiaYaTh, IO IS
aJIcKBaTHO1 OIIHKA BIUIUBY TE€HETUYHUX MOJIMOP(PI3MIB Ha CXWIBHICTH J0O
OHKOJIOTTYHHMX 3aXBOPIOBaHb HEOOXIJHO OpaTu 0 yBaru 1 iHmi (akTopu, Taki sK
0COOJIMBOCT] MKHUTTEBOTO NUISAXY, €THIYHY NMPUHAIEKHICTh, IPOKUBAHHS Yy MEBHOMY
reorpagiyHOMY pailoHi, II€TY, BIUIUB (PAKTOPIB 30BHIIIHBOIO CEPEIOBUILA TOIIIO.
[HIIMM MOXIJIMBUM JDKEpenoM 3MiHeHuX mnarepHiB metwmoBanHsa JHK y
nepepopkeHnx kiithuHax, okpiM SNP, € BkopoueHi Oinku. Tak, TpaHCKpUNTH TeHY
DNMT3B, siki CHHTE3yIOTBhCS 3 IPOMOTOpa y MeEXKaxX €K30Hy 4, TOB’s3aHi 3

METHIIIOBaHHAM npomMoTopiB reHiB P16 Ta RASFF1A 3a paky snerens. VY iHIIii poOoTi
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Oyno imentudikoBaHo HM3KY abepanTHuX TpaHckpunTiB DNMT3B y pi3nux 3a
MOXO/KEHHSIM JIIHISIX TMEPEepOPKEHUX KIITUH Ta MOKa3aHO CTa0lIbHE MiABUILECHHS
excnpecii Tpanckpunty DNMT3B7, sxe npu3BoauTh A0 3MiHU aKTUBHOCTI I'€HIB, 110
posmimeni y 1, 9 ta X xpomocomax. JIyisi TOSICHEHHS OINMCAHOTO SIBUIA OYJO0
3alpOINOHOBAHO JIEKIIbKa TimoTe3: 1) BKopoueHuil OUIOK Moke iHTepdepyBaTtu 3
HopMaibHuMH Olikamu DNMT3B nuisixom 3B’si3yBaHHS 3 HMMH; 2) BKOPOUYECHHIA
outok cam Moxke 3B’s3yBatuch 3 JIHK, mnepemkomxkatoun —anekBaTHOMY
¢dbyukionyBanHio DNMT; 3) 3a paxyHok 3MiHeHHMX maTepHiB MeTwioBaHHs JJHK
MOPYIIYEThCS MPaBUIbHE MOAU(IKYBaHHS T1CTOHIB.

BapitoBanns natepny metuimtoBanHs JIHK € 3BuuaiiHum sBUIEM 1y 3I0pOBUX
moneil. [larepH MeTWIIIOBaHHS MOKE PI3HUTHUCS B 3aJ€KHOCTI BiA CTaTi, BIKY,
CEepeloBUIlla TPOXWUBAHHSA Ta TEHETHMYHUX  BIAMIHHOCTEH, a TaKoX €
TkanuHocnenudiuauM. ['enn metuntpancdepas € Bucoko nojgiMopduumu. Tak, y
poOoTax 1O BHM3HAUYEHHIO MOMIMOpQI3MIB Yy Koxyrouid dvactuni re”iB JIHK-
MeTwiITpancdepas ta piBHa metuiatoBanHg JIHK y 310poBuX mpencTaBHUKIB Pi3HUX
nonyssiiii 0yno BusiieHo 111 SNP y nanux renax. Cepen ycix DOCHIIKEHUX T'€HIB
auiie OAWH piakud  BapiadT, 3amiHa R277Q y DNMT3L, nop’s3anuii 3
rinometimoBanHam JIHK. [sg 3amiHa, ska 3ycTpIiYaeThCs TIABKUA y TETEPO3UTOTI,
MIPU3BOJUTH JI0 CUHTE3Y O17Ka 31 3HWKEHOO 3/IaTHICTIO CTUMYJTIOBATH METUITIOBAHHS
JIHK, mo BigOyBaeThCs 3a paxyHOK 3aTpuMKu ¢opMyBaHHs komruiekcy 3 DNMT3A.
[{ikaBo, 10 OomMMCaHe TIMOMETHIIOBAHHS TOB’S3aHE HE 3 TOTAIBHUM 3HWKCHHSIM
METUJTIOBaHHS SK TaKOTo, a 3 BTpaToro Moaudikarlii y meBHUX nociigoBHocTsIX CpG,
SKI TIOBTOPIOIOTHCSL Yy TeJloMepax Ta MDKTCHHOMY MpPOCTOpi, a Takox (piamie) y
iHTpoHax. Cniij 3a3HaYUTH, IO MPUIUHOIO BiFACYTHOCTI Bu3HauyHUX SNP y 310p0BHUX
IHIUBITYYMIB MOXKe OyTH Te, 1O BCl momMopdizMu 3 (EHOTUIIOBUM MPOSBOM
MIPU3BOJIATH JI0 TTOPYIIICHb PO3BUTKY Ta CEPHO3HHUX 3aXBOPIOBAHb, TAKUX SIK CHHJIPOM

ICF y Bunanky reny DNMT3B.

Enicenemuuni 3minu, cnpuuuneni cenemuunumu nopywenuimu MBD-6inkis.

Indopmariisi, 3akomoBana mnwiaxom MetwmoBanHs JIHK, mnpountyetscs Ta
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NEPEKIATAETHCSI HA MOBY (DYHKIIIOHATBHOTO CTaHy XpPOMAaTHHY 3a Y4YacTIO TPbOX
pisaux poaun OuikiB: MBD (methyl-CpG binding domain), SRA (SET and RING
associated) Ta Kaiso 1 Kaiso-oxioni Oinku. binku pomgunu MBD e myxe
KOHCEpBATUBHHMH Ta XapaKTepu3yloTbCad HasBHICTIO jJoMmeny MBD, skwuii
3abesrneuye iX 3B’s3yBaHHsS 3 MeTwiboBaHoro JIHK. Jlo ckmamy poawHu BXOASTH
’sath OinkiB: methyl-CpG binding protein 2 (MeCP2), MBD1, MBD2, MBD3 Ta
MBD4. binku MBD 3ae6unpmioro BifIrpaloTh aKTHBHY poJib Yy (OpMyBaHHI
reTepOXpoOMaTUHY Ta perymsamii TpaHckpumiii. KpiM Toro, HemomaBHo OyJi0
nokasano, mo 0110k MeCP2 e 6aratoyHKIIOHAIBHUM OLTKOM, SIKHI Oepe ydacTb y
aTOreHe3l TeHeTHYHMX 3aXBOPIOBaHb TakuX gk cuHapoM Perra (Rett syndrome) ta
ayTOIMyHHHX 3aXBOPIOBaHb, 4 CAM€ CHCTEMHOT'O YePBOHOTO BoBUaka (Systemic lupus
erythematosus).

Cunapom Perra. Criouatky BBakanw, mo ¢yHkiis reny MeCP2 nos’s3aHa 3
pPENPECOBAaHUM CTAaHOM XPOMAaTHHY, OCKIJTBKM WOTO0 TPOAYKT 3B SI3YETHCS 3
meTmiiboBano JIHK Tta pekpyrye Oimok SINA3 (TpaHCKpHNIIHHHMN permpecop) i
ricrouaeanerunazu (HDACS), mo 1 npu3Boauth 10 (GOpMyBaHHS PENpPEeCcOBAHOTO
ctany xpomatuHy. HasBHicTh mochimoBHOcTer (A/T), mopsimx 3 METHIbOBAHUMH
[IUTO3MHAMH, IMITBHICTh METWUJIIOBAHHS Ta JOBKMHA METHJIHOBAHOI ITOCHIIOBHOCTI
BIUIMBAIOTh HA CTyHiHb cmopigHeHocti Oinka gm0 JHK Tta, sk Hacmigok,
0OyMOBIIIOIOTh YaCTKOBY CHEIU(IuHICTh 3B’si3yBaHHS Ounka. [IpoTe 3romom craso
3posyminio, mo MeCP2 moxe 3B’si3yBaTuch 1 3 HemeTmiboBaHow JIHK, ockinbku
Oynu omwmcadi 1 1HII Horo (QyHKIII: BIH MOK€ (PYHKIIIOHYBaTH K TPAHCKPUILIIHHAN
EHXaHCep 3aBIsIKU B3aeMojll 3 TpaHckpumiiitnuMm dakropom CREB y mpomotopax
aKTUBHUX T'€HIB; MOXe OyTu mocepennukom ciuiaicuary PHK 3aBasku B3aemonii 3
PHK-3B’s3ytounm  6inkom YBI1; moke 1HIyKyBaTH KOMIIAKTHU3AII0 XPOMAaTUHY
HeMmeTwiboBaHuX AiUsiHOK JIHK; crabinizyBaru Benuki netm JHK (merenbHi jomMeHn
XpoMatuHy). Hampukiaa, MoOaymtOBaHHS CTPYKTYpPH XpOMATHHY BiOYBA€ThCS 3a
paxyHoOK auHamiuHoi B3aemojii Oiika MeCP2 3 ricronom HI1. ¥V Bunaaky koiu
piBeHb excripecii MeCP2 Hmxuuii 3a Takuii rictony H1, BinOyBaeTbes crienudivbe

3B’sI3yBaHHS IHOTO OlJIka 3 TEBHUMH CaliTaMu, aj€ Yy BUIQJKy OJHAKOBOTO abo
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noi0Horo piBHSA ekcnpecii 060x 611kiB MeCP2 moxe 3B’s13yBaTHCh K cielU(IvHO,
peryJIlol0urd aKTUBHICTh JIMIIE TI€BHMX TE€HIB, TaK 1 HecnenudiyHo, 3arajiom
PEryJIoUd CTPYKTYpy XpomaTuHy. LlikaBo, 1m0 y Mwuileld 3pocTae aKTUBHICTb
MoOuUTEHOTO eteMeHTy Line 1 3a BincytHocti 6ika MeCP2, mo moxxe Oyt oHUM 3
MexaHi3MIB BIUIMBY BijcyTHocTi MeCP2 Ha ekcrpecito TEHIB Ta IMOAabIIOrO
¢dbopmyBaHHSI 00YMOBIICHUX ITUM 3aXBOPIOBAHb.

Jna oinka MeCP2 BcraHoBieHo O6araTo TeHIB-MIIIEHEH, sKI 3aly4eHi Y
IPOIECH PO3BHTKY TOJOBHOrO MO3Ky, 30kpema rean BDNF  (brain-derived
neurotrophic factor), DLX5 (distal-less homeobox 5), wmactepun (clusterin),
cytochrome c¢ oxidase subunit 1 Tta renm mnpotokaarypunis (protocadherins)
PCDHB1, PCDHY. lns HopMaiabHOTO PO3BUTKY HEPBOBOI CUCTEMHU BKpail BaKJIMBa
TOYHA PETYJIAIIs IepepaxoBaHUX IeHIB.

Y 1999 pomi Oyno mokaszaHo, mo Mmytamii y reni MeCP2 o06ymoBIOHOTH
cuagom Perra (OMIM #312750). 3 toro wacy Oyio BusiBIIeHO 0e311i4 AeEKTiB TeHy
MeCP2, sxi oaHO3HAYyHO IMOB’sI3aHI 3 JAaHUM CHHIPOMOM, SIKUU 3yCTPIYaEThCSA
nepeBaxkHo y kiHOK. Cunzapom Perra — me X-3uersieHe 3aXBOPIOBaHHS PO3BUTKY
HEPBOBOi CHCTEMH, CHMIITOMH SIKOTO MPOSBISIOTBCA Yy Bill 6-18 MicAiB micis
HApOJ/UKEHHS, KOJM XBOpPUHM IMOYMHAE JAEMOHCTPYBaTH MPOTPECyrOdl HEPBOBI
AUCQYHKIIT IMOBIPHO 4Yepe3 MOPYIIECHHS PO3BUTKY HEUPOHIB Ta PEAYKIII0 PO3MIPY
rojoBHOro Mo3Ky. Ilpouec perpecii cnpuyuHsie KJIIHIYHI MPOSIBH, Taki K MOMipHA
HECIIPOMOXKHICTh HABUaHHS, IOBEAIHKA ayTHCTa, CTEPEOTUIIHI PyXH pPyKaMu Ta
ennedanonaris. Takok y XBOpUX Ha JaHWWA CHUHIPOM 3a3BHYAM CIIOCTEPITaeThCs
PO3yMOBa BIJICTATIICTh Ta MOTOPHI MOPYIIICHHS.

Myrtauii reny MeCP2 BusiBiieH1 ik y CIMEMHHMX BHUIIQJIKaX 3aXBOPIOBAHHS Ha
cugapom Perty, Tak 1 y cnopaaunyHux. HalOunplml maToreHHMMHM MyTalisiMH €
nopymenns pomeHisB MBD ta TRD (transcriptional repression domain). Ilpote o
PO3BUTKY cuHIpoMa PeTta mpu3BoAsTh MyTallll HE TUIBKH y BKAa3aHUX JOMEHaX, a1y
Oynb-sIKii 1HIIKA YacTWHI reHa. BOHM MOXyTh MaTH pI3HY IPUPOIY: TOYKOBI,
MICCEHC, MyTalli 3CyBYy paMKu 3udTyBaHHS Ha C-KiHII Ta iHII. Y YOJOBIKIB

HAWOUIbLI TOIIMPEHUM MOpYUIeHHSIM € aymutkamis reHy MeCP2, sxa Takox
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MPU3BOAUTD 10 HEHPOIOTIYHUX JAePEKTIB, SIKI BIAOMI SIK 1HIIUI CHHAPOM — CHHAPOM
nymmikamii  MeCP2. Yacto vonoBiku, y sSkux HasBHI mytamii y reHi MeCP2,
JEMOHCTPYIOTh 3aTPUMKY HEPBOBOI'O PO3BUTKY, sIKa HE 00OB’SI3KOBO CIIOCTEPITa€ThCS
B pamkax cuHiapomy Perta. Tum He Mmenmie, pizHi MyTtauii B reHi MeCP2 maroThb
pI3HUN BIUIMB Ha (PYHKIIOHAJIBHICTh O1JKa, B 3aJIEKHOCTI BiJ TOro, B sKiA came
YacTHUHI TeHYy BiI0ynach Taka MyTailis. 3HauHa (PeHOTHUIIOBA BapiaOeIbHICTh, OIMCAHA
y XBOpuUX Ha cuHapoMm Perra, mMoxe OyTu pe3ynbTaToM CHenu(iuHOCTI PI3HUX
MyTalliii pa3oM 3 TMOPYIICHHIMH HOPMaJIbHOTO TIPOXOKEHHS 1HAKTHBalii X
XpOMOCOMH, sIKa 3a3BUYail BUIIAJIKOBA.

I'en MeCP2, sxuit posmimienuid y X(28, eKCipecyeThcsl y BCiX KIIITUHAX, ajie
0COOJIMBO BHUCOKUN pPiBEHb JAaHOTO OlIKa 11EHTU(DIKYETHCS y TOJIOBHOMY MO3KY.
PiBenp Oika y TOJJOBHOMY MO3KY 3MIHIOETHCS 3 4aCOM Ta 3aJI€KUTh B JO3pIBaHHSA
HelpoHiB Ta ciHanToreHesy. Crenudiuna Brpatra MeCP2 y kiiTHHaxX IeHTpaIbHOl
HEPBOBOI1 CHCTEMHU MPHU3BOJUTH JI0 PO3BUTKY CHHAPOMY PeTTa Ta IHIIUX MOPYIICHD
MOBE/IIHKY, TMOMIOHUX JI0 ayTU3My, TOJAl SK B pe3yabTaTi HOro Hajekcmpecii
CIIOCTEPITaloThCsl MOPYIICHHS] MOTOPUKHU, MPOTPECYIOUl HEBPOJOTIYHI pO3iaau Ta
nepeayacHa CMepTh, IO CBIAYUATH MPO HEOOXIAHICTh KOPCTKOI PEryssiii reHy
MeCP2 nnst HopmanbHOTO (PYyHKIIIOHYBaHHS TOJOBHOTO MO3KY. Jledimenci (BTpatu
KIHIIEBUX AUIHOK XpomocoMm) MeCP2 y wmwumeit npu3Boisate 10 ¢eHoThna
noaibHoro 10 curapomy Perra.

CucremHuii yepBonuii BoBuyak. CucteMHuU uepBOHHMI BoBuak (Systemic
lupus erythematosus; SLE) — me ayroiMyHHE 3amajibHe 3axXxBOPIOBAHHS, SIKE
XapaKTEPHU3y€EThCS MPOIYKYBAaHHSIM ayTOAHTUTI 0 OaratboxX SAECPHUX aHTHUTCHIB,
10 MOpPYIIye pOOOTY HU3KU OPTaHiB Ta MPU3BOJIUTH A0 BUCOKOTO PIBHS CMEPTHOCTI.
3axBOpIOBaHHS IPUTAMaHHE 371€0UTBIIIOTO KIHKAM.

HasBHi gani cBiguath, 110 etionoria SLE € ckimamgHoro Ta BKiIOYae He TIJIBKH
OKpPEMO I'eHEeTHYHI ()aKTOpH Ta YMHHHMKH 30BHIIIHHOTO CEPEIOBHINA, a 1 B3aEMOJIIIO
MDK HUMH. J{OCTI/DKEHHS Ha MOHO3WTOTHUX OJIM3HIOKaX, XBopux Ha SLE, BusBMIH
HasIBHICTh JIMCKOPJAHTHOCTI, IO MOX€ BKa3yBaTH Ha Yy4acTh €MIF€HETUYHUX

YUHHUKIB Y PO3BUTKY 3aXBOPIOBAHHS. 30KpeMa, BAXKIIUBY POJIb y Mepediry XBopoou
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MaioTh abepantHi mnartepHu MetwitoBanHs JIHK y T-kmitunax. Taki 3miHH
metmmoBanas JIHK mpu3BoasiTh 10 akTWBaIii 4yTJIMBHX 0 METHIIIOBAHHS TEHIB,
takux sk ITGAL (CD11a), TNFSF7 (CD70), PRF1 (perforin) ra TNFSF5 (CD40LG).
3acToCcyBaHHS JEMETHIIIOIOUHMX areHTiB, HAMPUKIAM, S-a3allUTUIUHY MPU3BOAUTH J0
noAi0HUX e(EeKTIB, K1 TAKOXK MiABUIIYIOTh EKTOMYHY aKTUBaIlil0 y KiiTuHax CD4+,
[ikaBo, mo y Bumaaky nepecagku Takux kimituH CD4+ y oprani3m Ml BOHH
1HAYKYIOTh PO3BUTOK Moai0HOTO 10 SLE 3axBoproBanHs.

Y  kmituHax roAed, xBopux Ha  SLE, 3HWXKyeTbCS  aKTHUBHICTH
metuntpancepasn DNMTL, mo cnpuse rinoMeTHIIOBaHHIO BHUINE3TaJaHUX TEHIB.
HesBaxkarouu Ha 11e, HE BUSBIICHO JOCTOBIPHOTO 3B 513Ky MK SKUMH-HEOYb SNP y
resi DNMT1 Tta cxunpHocti o SLE. V BigmoBimHOCTI 10 OO MOXKHA
nependadynTy, MO AJI TIATPUMAHHS ajgekBaTHOro piBHa MetwmoBaHHs JIHK
DNMT1 mnoBuHHa KoomepyBaTucs Hamnpukiaaa 3 Oitkom MeCP2. fx  Bxke
BKa3yBaJIOCh, TaHWW OUIOK BiAirpa€e BHUPIIIAIbHY POJIb Y €MIT€HETUYHIN peryssiii
TPAHCKPHIIIIi TeHIB 32 PaxXyHOK 3JaTHOCTI 3B’s3yBaTHCh 3 MeTmiboBaHoio JIHK Ta
pPEKpYTyBaTH JcaleTuja3u TiCTOHIB, IO MPU3BOANTH J0 YTBOPEHHS 3aKPUTOTO IS
MaIIMHepli TPAHCKPUIIIi CTaHy XpOMaTHHY. Byllo MpoaeMOHCTPOBAaHO HAasBHICTb
cuipHOrO 3B 53Ky MK Jesskumu SNP y reni MeCP2 ta po3sutkom SLE. 3B’s130k
JAHOTO TE€HY 3 PO3BUTKOM UYEPBOHOIO BOBYAKY IMIJITBEPIKYETHCA 1 MOMEPEAHIMU
JaHUMHM, 3TIHO 3 SKUMH caMe 34erieHHil 3 X-XpOMOCOMOI0 T'eéH Oepe ydacTb y
natoreHesi. Hanpukiaz, gonoBiku 3 cunapomom Kiarindensrepa (47 XXY) MaroTh

OJTHAKOBUH 3 )KIHKaMU pU3HK 3aXBopiTi Ha SLE.

Enicenemuuni  3minu,  00yMO81eHI  NOPYUIEHHAMU  2€HI8  (hepmeHmis
oOHo8y2neye6o2o Mmemabonizmy. Sk Bimomo, mnopyuieHHs y reHi DNMT1 ra
MOB’A3aHUX 3 HUM OUIKIB, Takux ik MDB, € mxepenom gopmyBaHHS aOepaHTHHUX
MaTepHIB METWIIIOBAHHS, K1 TPU3BOSTH 10 3aXBOPIOBAHb JIIOAUHU. B TOM ke "ac 110
HUX MOXYTb MPHU3BOJAUTH 1 aHOMaJII y ()epMEHTaX OJHOBYTJIEIIEBOTO META00JII3My

(one-carbon metabolism enzymes), siki peryoroTh 3anac SAM y KIITHHI.
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SAM € OCHOBHHMM JOHOPOM METWUJIBHUX TPyN Ha KIITUHHOMY piBHI. SAM-
3B’s13YyI041 O1JIKM BUKOHYIOTh Pi3HOMaHITHI QyHKIII1, cepes sskux metuaoBanus JTHK,
PHK, ricroniB Ta iHmux Mmojekyia. Kpim Toro, SAM Bigirpae BaXJHMBY pOJb Yy
perymsiii pocty, audepenmiamnii Ta 3arudem remaronutiB. Peakiii 3 SAM, ski €
YaCTHUHOIO OJTHOBYIJICIIEBOI'O META00J113MYy, BXOAATH JI0 IIUIIXY CUHTE3Y MOJllaMiHy Ta
domaraoro nukiry. SAM TakoX € MOMEPETHUKOM BaKJIMBUX METAOOJIITIB, TAKUX 5K
riyTation (peakuii TpaHccynbgypyBanHus) (Puc. 4.1). 3umxenHs piBHa SAM y
renaTonuTax MPU3BOJIUTH 0 XPOHIYHOI MEYiHKOBOI HEJOCTATHOCTI, TOAlI SK HOTO
HAJUIMIIOK CTUMYJIIOE PYWHYBaHHS KIJITHH TEYIHKU Ta MiJBHUINY€E CXHIBHICTH IO
cTearosy i remarouestosspaoi kapiuHoMu (hepatocellular carcinoma; HCC). Otxe,
HiATPUMKA MEBHOTO piBeHs SAM y KIIITHHAX MEYIHKK € BKpaill BaKJIMBOIO IJIS 1X
HOpMaJbHOTO (YHKIIOHYBaHHSA. ['OJIOBHUMHU BIANOBIJAIbHUMHM 3a CHHTE3 Ta
karabonisMm SAM depmeHTaMH € MeETIOHIH aaeHo3wiI-TpaHcdepasu (methionine
adenosyl-transferases; MATS) Ta  ruminua-N-metunrpancdepaza  (glycine-N-
methyltransferase; GNMT) BiAmoBigHO, 3MiHM B reHaX OyJb-AKHX 3 IUX (epMEHTIB

MPU3BOJATH J0 MAaTOr€HE3y MEUYIHKH.
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Puc. 4.1. CxemaTuune 300pak€HHS OJJTHOBYTJICLIEBOTO META00II3MY

(BiarBOpeHo 31 3minamu 3 Huidobro et al, 2013).

Hoaimopdizm reniB MATS Ta konuentpauis SAM. Cunres SAM
B1IOYBa€ThCS y BCIX KIITHHAX TiJIa CCABIIB, MPOTE€ HAWMAKTUBHINIEC Y KIITHHAX
nevinku. Cunte3 SAM BinOyBaeTbes mpu B3aemonii MeTioHiHY Ta AT®D B xoxi
peakiii, ska karamizyerbcs (epmentamun MATS. YV ccaBmiB gaHi ¢depMeHTH
KOJyIOThbCs ABOMa pisHUMH reHamu, MAT1A ta MAT2A, npoaykTtaMu SIKMX € OUIKH
MATI i MATIHI ta MATII BinmoBigHO (MOXYTh OYTH TOMO-OJITOMEPHUMH a0o
terpameparmu). I'en MAT1A mnepeBaXHO EKCHPECYETbCs y MEYIiHII Ta KOAYE
cybonunuio ol, ska Bxoauth a0 ckiaxy gk MATI, tak 1 MATIIL. MAT2A
JEMOHCTPY€E OUTBIN MIUPOKY EKCIPECII0 Ta Koaye cyOoauHuIto ol (memo BiAMIHHY
BiJ cyoonunuuili ol rena MAT1A), ska inentudikoBana y MATII. Tleuinka eMOpioHiB
mictuTh 6arato MAT2A Oinka, KUl IPOTATOM PO3BUTKY MOCTYIOBO 3aMIIAETHCS
Ha MATI1A. Excnpecis MAT1A 3HIKY€eTbCsl y XBOPIM TEUIHII Ta Mai>ke BIICYTHS y
KJIITUHAX TeNaTolENIONISIPHOI KapiuHOMH, Toal ik reH MAT2A TpanckpuniiiHo
aKTUBHUM y JaHUX KIIITHHAX, [0 MOXE CBIIYUTH TPO HOTO MOXKIHBY pPOJIb Y
kaHieporenesi. PiBens ekciipecii MAT2A 3anexuts Bij koHeHTpalii SAM: Hu3bka
iHaykye ekcrpecito MAT2A, a Bucoka 3umxkye. Bignocno rena MAT1A takuii edekr
HE CIIOCTEPITa€ThCA.

Haii0inpm momupeHo NpUYMHOK CHAJKOBOI TINEPMETIOHIHEMII € HecTaya
ouikiB MAT. B 3anexHOCTI BiJi NMPUPOAM MYyTallii CIOCTEPITaeTbcs ayTOCOMHO-
pelecuBHU a00 MOMIHAHTHUW THUN chajakyBaHHs. bymo omnucano Onusbko 30
mytamii 'y redi MAT1A, sxi npu3BoisaTh A0 BiACyTHOCTI HaTuBHUX MAT. 3
HAWOUIBIIIOID YaCTOTOI0 3yCTpidaeTbes 3amiHa R264H, skxa ycmamkoByeThes 3a
JOMIHAHTHUM THUIOM. Y OLIBIIOCTI BHUIMAJKIB BiACYTHICTH OuikiB MAT €
HE3arpo3jMBOI0, MPOTE 1HKOJM  MOXKE  CYNpPOBOJKYBATHCS ~ CHMITOMaMHU
HEBPOJIOTIYHOI IPUPOJIN.

[Topymiennss MAT1A y muriedt mpu3BOASATh 1O BUCOKOTO PiBHSI METIOHIHA B

mia3Mi Ta Hu3bkoro SAM y meuiHIll, MO TiABUIILYE IMOBIPHICTh OKHCHOI 3arubeni
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KIITHH IIEYiHKHA, 3 MOJKJIMBOIO IIOJANBIIOI0 HEJIOCTATHICTIO Ta CIIOHTAHHOIO
renaToleNoNIPHOI KapLUUHOMOIO, 3 OJIHOYACHUM 3HIKEHHSAM pereHepariiiHux
BJIACTUBOCTEH MEUYIHKHM Yepe3 He3/IaTHICTh 301IbITYBAaTH piBEHb HKKJIiHA D.

IMoaimopgizm renie GNMT Ta 3axBopoBaHHs mediHku. B pesynbrati
aKTUBHOCTI METWITpHCepa3 MeTwibHa Tpymna 3 SAM nepeHOCUThCS Ha HUBKY
aKIENTOpPiB 1 MPOAYKTOM Takoi peakilii € S-adenosylhomocysteine (SAH). binbricts
peakuiii MeTWIIOBaHHS, Y SKUX MpuilmMae ydactb SAM, iHriOyioTbcs y BHIAIKY
3poctanHs piBHA SAH Ta 3HmwkeHHs piBHI SAM. €nunumu metunTpancdepazamu,
Aedienci SKuxX Npu3BoAsATh 10 HakonnueHHs: SAM y kmitusi, € 61k GNMT. lani
O1IKM € HANOIBII MOMMPEHUMHU METHIITpaHchepa3aMu y TediHIl (TaKoX MPUCYTHI Y
MepeAMIXypoBiii Ta MIANUIYHKOBIM 3aj03ax), SKi MATPUMYIOTH TOCTiHE
cmiBBigHomenuss SAM/SAH, 1m0 € iHIUKATOPOM 3AaTHOCTI  KIITHHH [0
MetwioBaHHsA. Mosnekyau GNMT e onHumu 3 roioBHUX (pojiaT-3B’13yr0unX OUIKIB 1
peryinaropamu Mertabomnizmy 1-kapbony. Monudikyroun cran ¢osaTy y TKaHUHI,
GNMT MOXyTh CHpPUATH pO3pHUBAM XPOMOCOM Ta IOPYUIyBaTH HOPMaJIbHE
metumoBanHs JIHK. Kpim Toro, nmani Outku OepyTh y4yacTh Yy JE€TOKCHKAIlli Ta
MOXYTh MAaTH 3aXHCHHH €(eKT CTOCOBHO /ii KaHIEPOTEHIB, 3HUKYIOUHM PIBCHb
dbopmyBanns JIHK-anmykTiB.

VY monunu Bimomi mytanii reniB GNMT, ki npu3BoaATh A0 BTpaTH OlIKaMU iX
¢bynkmii. BoHM COpUYMHIOIOTH Taki TOPYIICHHS, SK M’SKa TemaroMeranis,
MIJBUILEHHS PIBHA CHPOBAaTKOBUX TpaHCaMiHa3, MIABUIICHHS PiBHS METIOHIHY Ta
SAM y mua3mi. Xowa Brpata aktuBHOCTI GNMT y moaumHM CynmpoBOIKY€ETHCA
nopyuieHHsIMU 3 JerkuM nepedirom, aedimenci GNMT y mumeit npusBogsTe 110
iHIMX edekTiB. BigoMo BI HOKayTHI MHIIMHI MOJENl 3 PI3HUM (PEHOTUIIOBUM
nposiBoM. {7151 o/1HI€T 3 HUX XapakTepHUi CHOHTaHHUM po3BUTOK remartuty Ta HCC, a
TAKOXX 3aXBOPIOBaHHS, K€ CYINPOBOJDKYEThCS HAKOMWYCHHSM TiikoreHa (glycogen
storage disease). Y nanomy Bunanky BigcyTHicte GNMT mpu3BoauTh 10 MOPYIICHHS
peryiiii OUIKIB, SIKI BaXJIMBI JUIsi aHTHOKCHIATHT-JACTOKCHUKYHOYOI BIJIMOBIIIL,
MeTaboJii3Ma TIIKOJITUYHOI eHeprii Ta uuisixy Mmeradosnizma l-pyrnemto. CroyaTky

BBXXAJIOCS, IO JIpyTra MOJIEIb IEMOHCTPY€E HOpMaJIbHUIA (DEHOTHII, aJie Mi3HiIIe O0yi0
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BUSIBJICHO, 110 BifCyTHICTH OikiB GNMT Takox mpu3BOAMTH 10 CTEaTO3y MEUYIHKH,
¢16po3y Ta HCC, a Ttakoxx 10 mociiabjaeHHs pereHepailii neuinkd. MoxXiauBo, 1o y
npomy Bunagky GNMT monymtoe metumtoBanusa JIHK Ta ricToHiB, a TakoX Mepexis
10 KapIeHOTeHe3y, K BinOyBaeThes, Hanpukiaa, y Mmexkax JAK/STAT umsxy, mo

1 IPU3BOAUTH J10 enireHeTnyHux 3mMiH y HCC.

Enicenemuuni 3minu, euxauxaumi eKcnauciero Hykieomuoie ma egexmom
NOJIOJHCEHHSL.

Excnancis tpunykiaeoruanux nosropiB CGG ta merwmnoBanns /[IHK:
cuHapoM Jamkoi X-xpomocomu. Cunapom Jamkoi X-xpomocomm (fragile X
syndrome; FXS; OMIM #300624) - rie HallO1JIbII MTOIIMPEHA Y CBITI CagKoBa Gopma
po3yMoBoi BifcTanocTi. FXS € X-3uenneHuM JOMIHAHTHUM MOPYIIEHHSM PO3BUTKY
HEPBOBOI CHUCTEMH, SIK€ XapaKTEPU3YEThCA KOTHITUBHUMU Ta TOBEAIHKOBUMHU
YCKJIQJHEHHSMU Ta JHUILOBUM AUMOPPI3MOM (TIOJOBKEHE 00InMYus, 0coOIMBa
dbopma Byx). MoxuBi JieTki Ta Baxki (hopMu 3axBoproBaHHs. KiHKH, T€TEPO3UTOTHI
3a TAKOI0 MYTalli€l0, XapaKTePU3yIThCsI HU3KOI0 CUMITOMIB, TPOTE CYTTEBO MEHII
BUPAXEHUMHU, HIK Yy YOJIOBIKIB, BHACIIJIOK HASBHOCTI HOPMAJIBHOTO aJielio y
TE€HOTHIII.

[Mamientn 3 FXS xapakTepu3yroThCsl €KCIAHCIEID TPUHYKICOTUIHUX TTOBTOPIB
CGG y mpomotopHomy perioni reny fragile X mental retardation (FMR1), sxwuii
posmimienuit y Xq27.3. 3nopoBi aoau MarTh Big 5 10 44 notopiB CGG, tomi sk
XBOp1 3 MOBHOIO MYTAII€I0 XapaKTEPU3YIOThCS HasBHICTIO O1m3bko 200 MOBTOPIB.
[lepeamyTaniiiHoMy cTaHy MpuTaMaHHa HasiBHICTH BiJ 55 mo 200 moBTOpiB Ta cipa
30Ha XapaKTEepPU3YEThCs eKcnaHcio Bif 45 g0 54. Uum Ouibllia KUIbKICTh TOBTOPIB,
TUM OLIBII HEeCTAaOUIBHUM € ajenb. JIoBKMHA eKCmaHCli TaKo)K BU3HAYAE PHU3HK
YCIIQAKOBYBAaHHSA  ITIOBHOIO  MYTaHTHOro anens. [loBHWII ~ MyTaHTHHM  Ta
nepeIMYTaHTHUAN ajielib MOXKYTh BXOAUTH JI0 CKJIaay TEHOTHUITY OJHI€T OCOOMHHU, IO
OpU3BOAUTE M0 Mo3aimm3my FXS, skuii myke yCKIaJHIOE BCTaHOBJIEHHS TOYHOTO

J1arHo3y.
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Excnancis noBropiB CGG mpu3BOIUTE 10 METHIIOBaHHS JAaHOTO (parMeHTy
JHK, mo y Bumagky ajnens 3 MOBHOK MYTalli€l0 BEAE 0 EMIreHEeTUYHOTO
caitmencunry reia FMR1 Tta, sik HacmioK, BIACYTHOCTI Horo mpoaykry, Oinka fragile
X mental retardation protein (FMRP). FMRP inenTudikyeThcst y BCiX KIITHHAX, aje
0COOJIMBO BUCOKUM MOTO PIBEHb CIIOCTEPIra€ThCsl y HEMpOHAX, Jie BiH BIJIMOBIJIAE 3a
CUHANTUYHY IJIACTUYHICTh Ta pOo3BUTOK HeipoHiB. binok FMRP mae PHK-3B’s3y10u1
BJIACTUBOCTI Ta pEryJjlo€ YHUCJICHHI TMpollecH, moB’s3aHl 3 Merabonizsmom PHK,
30kpemMa 3 TpaHcmopToM Ta Jokamizamiero 1PHK y nengpurax Ta cuHarcax.
BincytHicTh 1iporo Oinka BUKIMKAE nedekTr Mopgoiorii HelpoHiB Ta ixX ¢izionorii,
10 TPHU3BOAUTH JI0 3aTPUMKU HEPBOBOTO PO3BUTKY, SKHUM XapaKTEPU3YIOThCS XBOPI
Ha LU CUHAPOM.

Edexr mnonoxennsas ta merwaoBanHa JHK: ¢anio-nmieyenonarkosa
M’s130Ba aucTpodgis. darrio-1sIe4esnonaTkoBa M’s130Ba nucTpodist
(facioscapulohumeral muscular dystrophy; FSHD, OMIN #158900) — 1ie ayrocomHO-
JIOMiHAHTHA MiOTIaTisl, SIKa XapaKTePU3YyEThCS TOCTYIMOBOIO, 3a3BUYall aCHMETPUIHOIO
CNaOKICTIO Ta Jerpajaiicro M’si3iB o0nuyus, Iuiededl Tta pyk. KiiHiuHa kapTuHa
namieHTiB 3 FSHD Mo)ke TakoX BKJIIOYATH JOJATKOBI PUCH, Takl SK BTpara CIyXy,
pPETHUHOIIATII, YIIOBUIbHEHA PO3yMOBA JiSIbHICTh Ta MPUCTYIH emiiencii. [IpuaunHoro
FSHD BBaxaroTbCsi HE MOHOICHHI MOPYIIECHHS, a JCPeryJyslis emireHeTHYHUX
MEXaHi3MiB, 1[0 B CBOIO Yepry MPU3BOIUTH 1O abepaHTHOI TPaHCKPHUMIII 0aratbox
T'CHIB.

VY reHomax OLIbIIOCTI MAalll€EHTIB 3 JIaHOIO MATOJIOTIE€I0 CIOCTEPIraloThCs
MOJIEKYJISIpHI TIepeOyI0BH Yy MPUTEIIOMEPHIN JUISHII JTIOBroro Iwieda 4 XpoMOCOMHU
(4035), sxa sBasie cOOOK MaKpOCATETITHI TaHAEMHI MOBTOPU JOBKHHOK 3.3KO,
D4Z4. 3nopoBi moau MICTATh Y cBoeMy reHoMi Bif 11 mo 100 Takux moBTOpiB, TOAL
sk xBopi Ha FSHD xapakTepu3yroThCsi iX 3HUKEHOIO KUIBKICTIO, a came Big 1 mo 10.
BinMiuaeTbest 3HauHa BapiabenbHICTh (DEHOTHUIIIB Y XBOPHUX, SIKa KOPENIOE 3 YHUCIOM
noBTopiB D4Z4 ta, BignosinHo, rimomerwiatoBanHsM JIHK. UuMm meHIa KiabKiCTh

MOBTOPIB CHOCTEPITAEThCS y T'€HOMI, TUM paHIlIe MOYMHAETHCA Ta OUIBII MIBUAKO
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mporpecye 1me 3axBoproBaHHs. [likaBo, mo moBHa neneris moBTopiB D4Z4 Ta
cycigaix 3 Humu auistHok JIHK nosxunoro 200 k6 npuzsoauth 10 FSHD.

[ToBropu D4Z4 metunboBaHl y 310pOBUX JrofeH, a y xBopux Ha FSHD
CIIOCTEPITAETHCS X TIMOMETUITIOBAHHS. Y NESKUX BUIAJKaX TaKe TIITOMETHUITIOBAHHS
MOB’s13aHe 31 BKOPOYEHHSAM BKa3zaHOi JIsHKU. lleit pakT cBIquuTh mpo MOABIHHY
MPUPOSY TEHETUIHUX MedeKTiB, ski mpu3BoaAsaTh 10 FSHD, - 3amexHi Bim genmerii
D4Z4 (FSHD I tuny) Ta He3anexHi Bix vei (FSHD 11 tuny). Bume O0yno po3riasHyTo
FSHD I tumy.

Ha xpomocomi 10026 € me oaun macuB noBTopiB D4Z4, sxi neMOHCTPYIOTH
98%-Hy 17€HTUYHOCTh 3 TaKUMHU Ha Xpomocomi 4Q35. TuMm He MEHIIe, BBAKAETHCS,
10 KOPOTKUI1 MacuB 1noBTOpiB D4Z4 cam 1o co0i He € BiAMOBIAAIBHUM 32 PO3BUTOK
FSHD, amxe maitxke i1eHTHYHI MacuBU y XxpoMmocomi 10026 He MaroTh MaTOT€HHOTO
edeKTy y BHUIAJKYy iX pIBHOI KOPOTKOi JOBXHUHU. KpiM Toro, 6€3cCMMIITOMHI HOCI1
Takoi mepedyI0BU TaKOX acolliifoBaHi 31 3HWkKeHHsSM MmeTwmoBanHus [[HK D4Z4 y
obmexxeHomy JIokyci. lle Bkazye Ha Te, 1o rinoMetwitoBanHs D474 camo 1o cobi
He nocTtaTHe 11t BuHUKHEeHHs: FSHD, ane BoHO Mo’ke MmiABUIITYBAaTH €KCIIPECIIO TEHIB,
PO3MIIIEHUX TIOPSAJ 3 TaHUMH IUISTHKAMU TMOBTOPIB. SIK BXKE BKa3yBajloCh, XBOP1 Ha
FSHD xapaktepusyroTbcs MIJIBUINCHHSIM €KcIpecii meBHUX TeHiB, a came FRG1
(FSHD region gene 1), FRG2 (FSHD region gene 2), ANT1ta DUX4, ski po3milieHi
npokcumanbHiime D4Z4. Otxe, ponb moBTOopiB D4Z4 monsrae y oOMEXeHHI
eKcrpecii po3MILIEHUX NO0JIM3y HUX IeHIB. Y bOMY MPOLEC] BAXKIUBY pOJb BIIICPA€E
riMOMETHIIOBAHHS JAHOTO PETIOHY, SIKE MOXE BiOYBaTHCS 3a paXyHOK 3MEHIICHHS
KUTbKOCTI MOBTOPIB D474 ab0 He3alexHO BiJ HEl, 110 MPU3BOIUTH JI0 IiIBUIIICHHS
eKcrpecii TeHiB-KaHAuAaTiB. TakoX He MOXHA BUKJIIOUUTH, IO 1 1HII €MIreHeTHYHI
MexaHi3Mu 3ai1ydeHi y po3Butok FSHD.

Kpim rinomernmroBanns JIHK, y mamientiB FSHD  cmocrepiratotbes
Moaudikarmii TicToHiB y 4035 AIASHII XPOMOCOMH, JI€ pO3TamioByrOThcsi D4Z4
MOBTOPHU, SIKI OUIbII XapakTepHl s (PaKyJIbTaTUBHOTO, HI)K KOHCTUTYTHBHOTO
reTepoXxpoMaTuHy. Y Miil ke AUISIHII XpPOMOCOMH B HOPMI CIOCTEpIraloThes 1

H3K9me3, 1 H3K27me3 moaudikariii rictoHiB (MITKH penpecii TPaHCKPHUMILi), SKi
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BifcyTHi y mauieHTiB 3 FSHD. Brpara H3K9me3 3amobirae 3B’s3yBaHHIO
reTepoXpomMaTruH-3B’s13yrodoro Oinka HPly Tta xoresuny 3 moBTopamu D4Z4, mio 1
MIPU3BOJAUTH JI0 3HSTTS T€HHO1 pernpecii. biabie Toro, B Hopmi 3 moBTopamu D474 ta
npoMotopoM reny FRG1 3B’s3yeThest Tpanckpumnuiinuid ¢paktop YY1, skuit y cBoio
qyepry pekpytye 0110k EZH2. Jlanuit 61510k npenacTaBisie coO000 METHITpaHchepasy
H3K27me3 Tta BigHOCHTBCA 10 OinkiB rpymu Polycomb, sxi y Bummx eykapiot
OpUMMAaIOTh Y4acTh Yy TPAHCKPHUMIIIHOMY CaillIeHCHHTY. Y BUIAAKY 3aXBOPIOBAHHS
MEHIIIa KUTbKICTh MmoBTOpiB D4Z4 3Hmxye cnopigHeHicTs OU1kiB YY1 ta EZH2 no
i€l JUISHKH, 110 B CBOIO YEpry MPU3BOJIUTH IO 3HATTS MITKU pernpecii XpoMaTHHY
H3K27me3 Tta cipusie nepenpecii rediB. Takum duHOM, pojib OuIkiB rpymnu Polycomb
y CallJICHCUTY JTaHOTO PETi0HY HE BUKIIUKAE CyMHIBIB.

VY koxxHomy noBTopi D4Z4 icHye mOCHiIOBHICTH JOBXKHHOIO 27 MH, 3 SKOIO
crieniuigyHO 3B’SI3YETHCS penpecopHuil komiuieke, 3 eaHanuii 3 YY1, HMGB2 ta
HYKJICOJIIHOM (HETICTOHOBHM OCHOBHHM OUIKOM, ITI0 BXOJUTH /IO CKIIATy SIIEPIIEBOTO
opranizaropa). OkpiM 1HIIUX MEXaHI3MIB caijieHCUHTy (Hanpukiaa, poootu DNMTs
i HDACS Ta 3B’s3yBanns Oinka HP1), nanwit komiuiekc 3a3Buuaii B3aemosie 3 D4Z4
y perioni 4035, 0OyMOBIIOIOUN PEIPECII0 TPAHCKPHMIIT PO3MIMIEHUX TaM TEHIB. Y
BUIMAJKY 3MEHIIEHHS 4Kcia nmopTopiB D4Z4, komruiekc He Moxke chopMyBaTHCS B
JaHOMY PETIOHI, IO MPU3BOJUTH A0 YTBOPEHHS BIOKPUTOrO CTaHy XPOMATHHY Ta
CIpus€e HaJeKCIpecii HiIbOBUX I'eHiB. bibIie Toro, nmopsia 3 nosropamu D4Z4 ichnye
CalT TIPUKPIIUICHHS 70 SIEPHOTO0 MaTpHKCy, SIKMH Oepe ydacTb y (GOopMyBaHHI
NEeTEeNbHUX JOMEHIB XpOMaTuHy. Take MPUKPIIUICHHA 10 MAaTPUKCY y JaHOMY CalTI €
Habarato ciaOkimuMm y xBopux Ha FSHD, HDX y 310poBUX JIOJIEH, IO TaKOXK
BIJIMBAE HA CTPYKTYpY XpomaTuHy. [IoBTOpH Ta CycCiiHi 10 HUX TeHU 3HAXOASITHCS Yy
MeXax JBOX METeIh XPOMAaTHHY Y MioOJacTaxX 30pOBUX JIFOJIEH, TOI SIK Y KIITHHAX
IIbOT0 X TUIy y XBopux Ha FSHD BoHM po3milieHl y Mexax JivIle OAHIET MeTIi,
HiICHITIOI0YH CIS-PETyIISIIiio 3a3Ha4eHUX TeHiB.

BpaxoBytoun Bce Buieckazane, FSHD BuHukae BHacigok mopyiieHHs (gain-
of-function) meBHMX TreHIB, sike BiIOYBAa€TbCS y pe3yabTaTi 3MIHH CTPYKTYpH

xpomatuHy. CrnoyaTky JociikeHHs Oynu cdokycoBani Ha reHi FRGI, sxwuit
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PO3TAIIOBYETHCS TOPST 3 MacuBoM MoBTOPiB D4Z4 y xpomocomi 4035. [lanuii reHn
HajzieKcpecyeTbes y xBopux Ha FSHD. Kpim toro, nuiiie iHaykoBaHa eKCIipecis reHy
FRG1 npusBoauts y wmumed g0 noaioHoro no FSHD d¢enoruny, saxuii He
CIIOCTEPIraeThCs MpH 1HAYKIIT eKcIpecii IHIINX IeHiB-KaHAuIaTiB, Takux Kk FRG2 Ta
ANT1. Touna ¢ynkuis reny FRG1 3anumaersest 10 KiHI HE BU3HAYEHOO, alie
MPOJIEMOHCTPOBAHO, 110 WOTO €KCITPECIs 3aJICKUThH BiJl €TAaIy PO3BUTKY OpraHi3my, a
il BIAXWJICHHS BiJ] HOPMHU TOB’S3aHl 3 MOPYIICHHSIM MYCKYJaTypud Ta CYIWH, IO
xapaktepHo s FSHD. BBakaeThcs, 110 BiH 3aJIydeHUN Yy PI3HOMaAHITHI acCIeKTH
6iorenesy PHK. 3umxenns excrnpecii FRG1 mpusBoauTh 10 Kopekuii M’sI30BHX
MOPYUIEHb Y XBOPUX MHUIIEH, 0 MOXE CTaTH €(PEeKTUBHUM 3aCO00M YCYHEHHS
CUMIITOMIB Npu AoMmiHaHTHUX Miomartisix FSHD. Orxe, mepebir 3aXxBOproBaHHS MOXKE
OyTH omocepeIKOBaHUM, TPUHANMHI YaCTKOBO, eKcrpecieto reHy FRG1.

[HmuM  HanpssmMkoM  fociimkeHs npuuuH FSHD € BusHauenHs poii y
3axBoptoBanHi MI'E, a came perpoenementy, skuil komye reH DUX4
(mepenbadyBaHuii T€H 3 JIBOMa rOMEOJOMEHAMHU), IO MPUCYTHIA y BCIX OJWHHUIIIX
noBropy D4Z4. T'en DUX4 BBakaBcsi (pyHKIIOHATBHO HEAKTHUBHUM, OCKUIBKH HE
MICTUTh IHTPOHIB Ta CUTHAJIY MOJiaJCHUTyBaHHs, a HOr0 aKTUBHY TPAHCKPHUIIIIO HE
AeTekTyBand In Vivo. IlikaBo, 110 BiAKpHTa paMKa 3UMTYBaHHs Ta ii opraHizallis €
Ty’Ke KOHCEPBAaTUBHUMH BCEpeIUHI MOBTOPIB D4Z4. YV OGinbi Mi3HIX JOCTIIKEHHSIX
Oyno BusBieHo HasBHicTh 1 MPHK, i1 Ginka DUX4 y nepBuHHUX MioOnacrax,
oTpuMaHux y xBopux Ha FSHD, npore Bonu Oynu BiJICYyTHI y KJIITHHAX TOTO K THITY
3I0POBHX JIFOJIEH, IO CBIAYUTH MPO MOMKIUBICTH BIUIMBY camux moBTopiB D474 na
nepedir 3axBOprOBaHHsS HUISIXOM akTuBalii reHa DUX4. Sk Bxe 3a3Havanocs,
noBTopu D4Z4 ne MicTaTh cUrHanmy nojiiaJeHiIyBaHHs, TOMY BBaxaeThcs, 1o MPHK
3 DUX4 cuHTe3y€eThCsl BUKIIIOUHO 3 JUCTAIBHOI JUISHKA MacUBY IOBTOPIB, a caMme 3
nociaigoBHocti  PLAM, ska MICTUTh CUTHaJI mojiafgeHutyBanHs. Curnan
nomanenutyBanas PLAM moxke ctabinmizyBatu Tpanckpunta DUX4. ITesni SNP Ha
1A AUISTHII TPU3BOJSATH 0 €KCIpecii JaHOTO IeHy y maiieHTiB, XxBopux Ha FSHD.
I'en DUX4 konmye nBa crutaiic-BapiaHTd. Y M’si3ax 3J0pPOBUX JIIOJIeH 3a3BUYal

CIIOCTEPITAIOThCS JIMIIE HU3bKI PiBHI KOHIIEHTpAIllli KOPOTKOTO TPAHCKPUIITY, SIKUN
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Hece 1H(OpMAII0 MpPO BKOPOUYEHUH OUIOK, TOAl K IMOBHOpPO3MipHa i30(opma
BusiBieHa y kmiTuHax xBopux Ha FSHD. Excnpecis MPHK octanHboi BimOyBaeThes
TUIBKM Ha TEBHUX CTaAisiX PO3BUTKY OpraHi3My Ta BIUICYTHS Yy OUIBIIOCTI
COMAaTUYHHUX TKaHHUH. Xoua Jy’ke Majo Biomo mnpo gyHkuii DUX4, excriepumenTu
Mo TpaHC(QeEKIli CBiIYaTh, 110 BIH MOXE XapaKTEPU3yBaTHCS MPOANONTO3HUM

e(eKTOM Ta BILTUBATH HA MIOTE€HE3.

I'eHeTMYHMA KOHTPOJIb MeXaHi3My Moaudikanii ricTOHIB

T'enemuyni oegpexmu CBP ma EP300. cunopom Pyoinwmetina-Taiioi

Cunapom Pyoinmreitna-Taii6i (Rubinstein-Taybi syndrome; RSTS, OMIM
#180849) — ayrocOMHO-JIOMIHAaHTHE 3aXBOPIOBAHHS, SIKE CIIOCTEPIra€ThbCs JUIIE Y
TeTepO3UroT. XBOP1 XapaKTEPU3YIOTHCS 3aTPUMKOIO TCUXOMOTOPHOTO PO3BUTKY,
aHOMAJISIMU JIMIIA, TAKUMU SK OIYINEHI BHU3 IMITMHU OKa, IMIMPOKa CIMHKA HOCA,
13p000m0/110Ha (hopMa HOca Ta MIKpPOTHATIs, CKEJIETHUMU MOPYUICHHSIMH KiHIIIBOK,
TaKUMHU SIK paJilaJIbHO BiBe/eH1 (hajlaHTy Ta IIMPOKI 1 MOJBOEHI JUCTAIbHI (pajlaHru
naneiiB. KpiMm toro, y xBopux Ha RSTS MoOXyTh HpOSIBUTHUCS 1 1HII CHUMIITOMH,
HAIPUKIIAJ, TOBI1 HITTi, BPOJUKEH] BaJld cepls Ta MPoOJIeMH 31 HIKIporo. 3arajibHOI0
OCOOJIMBICTIO KJIIHIYHOI KAapTUHM 3aXBOPIOBAHHS € TIIJBUINCHA CXWUJIBHICTH [0
BUHUKHEHHS MTyXJIVH.

[{uToreHeTMUHM aHaJI3 BUSBHB, IO MPUINHOIO OLIBINE MOJOBUHU BUITAIKIB
3axBoproBaHHs Ha RSTS e myrariii de novo y asox renax: CAMP response element-
binding protein (CREBBP-a6o CBP), sikuii po3mimenwii y perioni 16p13.3, Ta E1A-
associated protein p300 (EP300), sikuii po3mimieHuit y perioni 22913. V reni CBP
Takl MyTalli BiIOyBalOTHCA YacTO Ta CIOCTEPITAEThCA iX IIUPOKUM CIEKTp, SAKUN
BKJIFOYA€E 3CYB PAMKHU 3YUTYBaHHS, HOHCEHC, MICEHC Ta MOPYIIEHHS CIUIAiC-CaNTIB,
TOJI K 3HAYHO PIJIIEe 3yCTPIYaroThCsl BEJMKI Jeielli, 1Hcepiii Ta TpaHCIoKaIii y
nanoMmy reni. Myranii y reni EP300 BBaxkaroThcsi pinkicHumu. Mytamii gx y
MepIIoMy, TaK 1 y IpyroMy I'eHl 3yCTpIdarThCs B T€TEPO3UTOTI.

[IpoaykTu 000X T€HIB MIABUIIYIOTH PIBEHb TPAHCKPHMIli IIJIILOBUX T'€HIB

HU3KHM TporeciB nuisixom pekpytyBanHs PHK-momimepasznoro xommiekcy Iy
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POMOTOPHI PErioHy Ta 301IbIIEHHS TICTOH-aleTHIATPpaHc(hepa3Hoi akTUBHOCTI. X04a
(GyHKINT TPOIYyKTiB 000X I'€HIB YaCTKOBO MEPEKPUBAIOTHCS, Ha CHOTOJIHINIHIN JICHb
IIJIKOM 3pO3YMLJIO, 110 O1JIKM MarOTh P13H1 BJIACTUBOCTI. 3 YCIX MOXKJIMBUX MyTaIlii y
reai CBP, no RSTS mpusBoasTh Tinbku Ti, siki cTtocytoTbesi HAT-gomena. Taka
CUTYallisl CBIJYUTH MPO T€, IO PEMOJICTIOBAHHS XPOMATHHY € KIOYOBUM (aKTOPOM
y PO3BUTKY JaHOTO 3axBoproBaHHA, a pyHkIii O611kiB reniB CBP Tta EP300 pazom 3
OPOAYKTaMH I1HIIMX TEHIB-KaHIUIATIB OepyTh CIUIbHY Y4YacTh Y MOJEKYJISIPHUX
HUIgxXax I[bOro nporecy. Y wmuiieir romosurotHi nedimenci Cbhp ta Ep300
OPU3BOJAATH /10 €MOpPIOHANbHOI CMEPTHOCTI, SIK 1 y JAUTETEPO3UTOTHUX HOKAYTIB
eMOpioHiB, BKa3ylOUu Ha Te, 1110 00MIBa T€HU HEOOX1H1 JIJIT HOPMAJILHOTO PO3BUTKY
Oprasi3my.

Yepes pizHOMaHITHY TeHeTnuyHy npupony RSTS, tinmeku y 6musbko 50%
MAIIE€HTIB BAAETHCSI KOPEKTHO BU3HAYUTH T'€HETUYHE MOPYILICHHS, AK€ MPU3BOAUTH
710 PO3BUTKY 3axBOproBaHHs. OTKe, METOI MOJAJIBIINUX JOCIIHPKEHb TOBUHHA CTaTH
imeHTudikamis 1HIIAX MOMJIMBUX TEHIB, IMOPYIICHHS SKUX MPU3BOAATH J0
BUHUKHEHHS cuMnToMiB RSTS.

I'enetuuni gedextn rena RSK2: cunapom Koddgina-Jloypi. Cunapom
Koddina-Jloypi (Coffin-Lowry syndrome; CLS, OMIM #303600) — me piakicHa
dbopMa pPO3yMOBOi BIJICTANOCTI, SIKA CHAJIKYEThCS 3YEIJIEHO 3 X-XpOMOCOMOIO.
VYpaxkeHi YOJOBIKM JEMOHCTPYIOTh 3aTPUMKY ICHXOMOTOPHOTO  PO3BUTKY,
0COOIMBOCTI JIMLA (IIMPOKO PO3CTABJIEHI Ta CKOIIECHI YHU3 OYi, BUPA3HY ILIEJENy Ta
TOBCTI TyOH), Mikporiedaito, HU3bKUI 3picT, nedopmarliiro ckenery (3By>KeHi Taibili
Ha pyKax Ta Horax). Y >KIHOK-HOCIiB 3aXBOPIOBAHHS € PU3MK PO3BUTKY 3HUKEHOI
3IaTHOCTI /10 HaBYaHHS Ta (PI3UYHUX aHOMAJIIH.

CLS BuknmkaroTh MyTallii, Ki TPU3BOASTH J0 BTpaTH (YHKIIOHATBHOCTI, y
reni ribosomal protein S6 kinase 2 (RSK2), sikuii kojye CepHH/TPEOHIH KiHa3y Ta
nokamizyetbcsi y perioni Xp22.2. binok RSK2 Gepe ydacts y MAP-kinazHomy
curHajapbHOMy IuIAxy (mitogen-activated protein kinase pathway) paszom 3 Tphoma
inmmmu npencraBaukaMu poauan O0inkiB RSK: RSK1, RSK3 ta RSK4. Jlani 6inku

aKTUBYIOTHCS 3a yuacTi kiHa3 ERK1 and ERK2 (extracellular signal-regulated kinase)
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y BIAMOBip HA MIMPOKHWHA Jlama30H CUTHATIB, TaKUX SIK CTHMYJISIlIS 1HCYJIIHOM,
dakTopu  pocTy, HeWporpaHcMmiTTepH, Y D-BUIpOMiHEHHS  Ta  3JIOSKICHI
MEPETBOPEHHSI, Ta OEpyTh Yy4acTh y TaKWX BAXKJIWBUX KIITHHHUX Ipolecax, sk
nporidepartis, audepeHIiaiis, amonTo3 Ta BIAMNOBIAbP HAa CTPEC IUITXOM
dbochopunroBanHs HU3KkU cyocTpariB. Myrtarti y reri RSK2 e nyxe rereporeHHuMu
(MiceHC, HOHCEHC, 3CYB paMKHU 3UUTyBaHH:, 3MiHa CIUIaiic-CalTIB, KOPOTKI Jieiewii Ta
iHBepcii, Bemuki nenerrii). Hespomoriuni cumnromu CLS MOXyTh OyTH HaCHiIKOM
3HMKEHHS a00 HaBITh MMOBHOI BIICYTHOCTI akTUBHOCTI O171ka RSK2, 1110 B cBOMO "epry
YCKIJIAJIHIOE HOPMaJbHY CEKPEIil0 TOPMOHIB Y HEMPOKPUHHUX—KIITHHAX, BUKIMKAE
MOPYIIEHHS PEryJiALii pOoCTy HEHPUTIB, BIUIMBAE Ha AuUdEpeHIlialliio MonepeIHUKIB
HEPBOBHX KJIITHH y 3pLJll HEHPOHU Ta 1HIYKYy€e nopymeHHs ¢pyHkiioHansHocTi AMPA
(a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid) y ckmani AMPA riyramar
perenTopy, o OOYMOBIIOE IIBHIKO 30yAJIUBY CHHANTHYHY TMepeaady y Mekax
LEHTPaJIbHOI HEPBOBOi cucTeMu. Ha mpoTuBary npomy y KiIiTHHAX MyxiauH redH RSK2
4acTO HAJIEKCIIPECYEThCA, IO CBIAYUTH MPO HEOOXITHICTh TOYHOI PEryJisili Horo
eKcrpecii sl mepediry HopMajabHUX MTPOIIECIB.

EnireHeTnuna mpupoaa AaHOTO CHUHAPOMY TMOSICHIOETHCS THM (DaKTOM, IO
RSK2 3MmiHIO€ CTpYKTYpy XpOMaTHHY 3a y4dacTi JBOX OCHOBHUX MEXaHI3MIiB:
6e3mocepenuporo GochopumtoBanns ricrony H3 Tta B3aemonii 3 6inkom CBP, sikwmi
BIUTMBa€e Ha ekcrpecito reHiB. Kpim Toro, RSK2 3nathuit gochopusoBaru 1 iHm
O17IKH, a OTXKE, YMCJIO T'eHIB, skl peryintoe RSK2, Moxe OyTu 3HAYHO OUIBIIMM, IO
00yMOBITIO€ HEOOX1AHICTh TMOATBIINX JOCITIKEHB JJIA iX iAeHTH (KA.

I'enernuni nedextu, siki 00ymMoBJOIWOTHL cuHAPOM Cortoca. CuHapom
Cotoca (Sotos syndrome; OMIM #117550) 1ie cTan HaATO MIBHAKOIO POCTY Y JITCH,
akuil Boepme OyB ommcanuid y 1964 pomi Cotocom Ta iH. (K IepeOpaibHUil
rirantusM. lIpoTe rogoBHA MpHUYMHA IaHOTO CHHApPOMY He Oyla BH3HA4YeHa ax J0
2002 poky, ko Kyporaki (Kurotaki) 3i criiBaBT. BUSBHIIM MyTallii Ta JeJelii y TeHi
NSD1 (nuclear receptor SET domain containing gene 1), skuii BiZHOCHUTBLCS 0
POAMHU TICTOH-JII3UH-METUITpaHcepa3 ccaBIiB, IO 3allydeHl JO0 IPOIIECIB

PO3BUTKY OpraHi3my.
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Hitu, ypaxeni curapomoMm CoToca, XapaKTepU3YIOTHCS BEIMKUM PO3MIpOM
TUJIa Ta paHHIM TPUCKOPEHHM POCTOM, OCOOJUBOCTIMHU JMI (Makporedaris,
mesena, sika BUJA€EThCS, CKOIICH1 BHU3 IIUIMHU OKa, BUCOKA JIIHIS BOJOCCS Ta piJiKe
BOJIOCCS) Ta 3aTPUMKOIO PO3BUTKY, sIKA 3a3BUYAl CYMPOBOKYETHCS YCKIIATHCHHIMHU
cinyxy. Tako 3 JaHUM CHHAPOMOM acolliioBaHl 1 1HIN OCOOJMBOCTI, TaKl SK
HEOHATaJbHA >KOBTYXa, TIMOTOHIS, HAIMagu, CKOIIO3, cepleBl nedexTu Ta aHoMmatii
CEYOCTaTeBOI CUCTEMU. 301IBIIICHHS POCTY Ta BarM Ma€ TEHICHIIIO O HOpMaTi3allii
y myOepTaTHMM TMepiof, 1 TOAI 3pICT 1 Bara JOPOCIMX CTalOTh OJU3BKUMHU 0
cepenHix moka3HUKiB y Hopmi. Cunmpom Cotoca, sK 1 1HII CHHAPOMH, SKi
XapaKTepU3yIThCS HAJAMIPHUM POCTOM, 3a3BUYAl OB’ S3aHUM 3 OUIBIIOI YaCTOTOIO
BUHUKHEHHS TMYXJHMH, HI) Y 3J0pOBUX 1HAMBIIIB, 30KpEMa, O PO3BUTKY KPHKOBO-
KYIIPUKOBOI TEPATOMHU Ta TEMATOJIOTIYHUX 3O0SIKICHUX TyXJIUH.

I'em NSD1, skuii posmimieHuid Ha XpomocoMi 5035, Koaye TiICTOH-
MeTunTpancdepasy 3 6ararbma GyHKIIOHATFHUMU JOMEHAMU, a caMe JJOMEHaMHU, SKi
MaloTh CTOCYHOK 10 pemojemoBanis xpomatuny, SET, SAC (SET-associated Cys-
rich), m’ste momenis PHD, nea PWWP, ta nBa goMeHu B3aeMojii 3 sSACpHUMHU
peuentopamu NID-L ta NID+L (nuclear receptor interaction), siki moB’si3aHi 3
Koperynsitopamu OimonanbHoi Tpanckpuniii. I'en NSD1 ekcnpecyerbest y HuU3IMI
TKaHUH, Cepell SKUX TKaHMHHU TOJOBHOIO MO3KY €MOpIOHIB Ta JOPOCIHMX, HHUPOK,
CKEJIEeTHUX M’SI31B, Celie31HKM Ta TuMycy. HemonaBHo Oyno mokaszano, mo NSD1
PETYJIOE EKCIPECi0 TeHIB HUIIXOM MOJAYJIIOBAHHS PI3HUX PIBHIB METUIIOBAHHS
H3K36. I'enn, sKki migisraroTh Takid peryisiii, Hanpukiaa, bone morphogenetic
protein 4 (BMP4), GepyTh y4acTh y 0araThox mporiecax, o BiJoOpaKaeThCs y PoJi
NSD1 y po3BUTKY MEBHUX 3aXBOPIOBaHb, TAaKUX K pak Ta cuHapoM Cortoca. Kpim
toro, NSD1-3anexxna mMetuioroda akTUBHICTH cripusie pekpytyBanHio RNAPII na
npomoTop, sk i BMP4, inimiamito Ta enonramitro Tpanckpumilii. NSD1 3maramii
METHUJTIOBATH TaKOXX HETICTOHOBI Ou1kH, Hanpukian, K218 ta K221 cybonunuiti p65
oinka NFK.

binbiricTe BUNaAKiB 3aXBOPIOBaHHS Ha cuHApoM CoToca € CIOopaJuyHUMH Ta

CIPUYMHSAIOTHCSA MyTalisMu 0e NOVO (ToukoBi MyTailii, Mikpoenerii 5935, yacTkoBi
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aenenii) y Oynp-sikiii dactuHi reHy. OJHaK pi3HOMAaHITHI (PEHOTHUIIOBI MPOSIBU
MOXXYTh BKa3yBaTH Ha TETEPOTCHHY MPHUPOAY BUHUKHEHHS CHHIpoMy. PizHOBHIM
MyTallii MOKYTb OyTH €THIYHO CIlelU(pIYHUMHU

Iopymenns wmoaudikauii ricToHiB y pakoBux kiaitmHax. Xouya
Moaudikalii TICTOHIB MawTh pI3HY XIMIYHY TMPUPOAY, 3B'SI30K 3 PaKoOM
MPOJICMOHCTPOBAHMM JIsl alleTUITIIOBAHHS Ta METIUIFOBAHHS XBOCTIB TicTOHIB H3 Ta
H4. HasBnicth a00 BIACYTHICTh MEBHUX MITOK TICTOHIB Oyjia omucaHa y paKkOBUX
KJIITUHAX, HAPUKJIAJ, Y HUX crocTepiraerbcsi BTpara HAK16AC Tta/abo H4K20me3 y
MOCIIJIOBHOCTSIX, Kl MOBTOPIOIOTBCA. KpiM Toro, imeHtu¢ikyroTbes abepaHTHI
Moau(ikalii ricTOHIB, Takl sk neaneTwioBanHs H3 ta H4, Brpata H3K4me3 Ta
HasBHICTh H3K9me Tta H3K27me3, mo pasom 3 wmetwmoBanasm JIHK y
POMOTOPHHUX PErioHax MPHU3BOAUTH 0 MOPYIICHHS peryssmii ekcropecii reHis. He
TUIBKK caMi TICTOHOBI MITKH HENPaBWIBLHO (OPMYIOTHCS Y PAKOBUX KIITHHAX, a 1
maTepH  eKcrpecii  ricTOH-MOAU(DIKyrouMX  (EpPMEHTIB  BIAPI3HAETHCS  BiA
HOPMAaJIbHOTO, a CyTh TAaKMX BIAMIHHOCTEH 3aJ€KUTh BiA TUMY KIITUH. [le cBIAUUTH
PO CYTTEBY POJIb MO (IKAIINA MCTOHIB Y PO3BUTKY OHKOJOTTUHHMX 3aXBOPIOBAHb.

Hampuxnan, abepantna aktuBHicTh HAT, npuunHOIO SKOi € MyTallii y HboMy
IreHl Ta TIOPYIICHHS peryidiii #oro excrpecii BIpyCHUMH OHKO-OLIKamu,
BCTAQHOBJICHA Yy KJIITHHAX TeMaTOJOTIYHUX Ta COJAHUX MYyXJIUH. XPOMOCOMHI
TpaHCIOKAIli, sKI 3a4iMaloTh TE€HH TICTOH-MOIU(DIKYIOUHUX (PEPMEHTIB, MOXYTb
BIUIMBATH HAa aKTUBHICTh (DEPMEHTIB OCTaHHIX, 30KpeMa Ipu Jjeikemii. Hanpukian,
tpaHcnokamiss HAT abo moB’si3aHux 3 HUM TeHiB, Takux sk TIF2, MOZ, MORF Ta
HDACS, npu3BoJaTh 10 YTBOPEHHs 3JIMTUX OLIKIB, III0 B CBOIO HEpry, IMOBIpPHO, 1
00YMOBIIIOE HETIPABWIIBHY PETYJIALII0 €KCIIpecii TeHIB-MillIeHEH MIITX0M MOPYIICHHS
XapaKTepHOro JUIi HOPMU pPEMOJENIOBaHHS XpoMaTuHy. Jly)ke yacto mpH
OHKOJIOTTYHHUX 3aXBOPIOBAHHSX CIOCTEPITalOThCS MYyTalllii y reHax pOJAWHHU O1IKIB
ricroHoBux MetmiaTpancdepas Mmixed-lineage leukemia (MLL). XpomocowmHi
nepeOynoBH, sKi 3adinaroTh TeHH MLL, moB’s3aHi 3 nopyuieHHsM perysiii Hox
r'eHIB npu Jekkemii. MyTartii, siki mpu3BoasTh 10 aehektHoro MLL, 6ynu BusBieH1

y redax MLLZ2 ta MLL3 y kmituHax mnepBUHHOI Meayno0iacTOMH Ta He-
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XO/DKKIHCHKOT siMmdomu. Kpim Toro, came mns 1iei dopmu paky Oyrno panimie
MOKa3aHO HAsBHICTH JieJielii Ta aMIuTi(iKaliil y reHax, MpoayKTH SIKMX MOIYJIOIOTh
MmetwmoBanHs H3K9. 1li wmyrtamii BIUMBaIOTh HE TUIBKM Ha TICTOHOBI
Mmetuintpancepasu, Hanpukiaaa, EHMT1 ta SMYD4, a 1 nemeTunasu ricToHiB, 10

CKJIaay SIKUX BXOAMTh AoMeH JMjC, a came Oinku JIMID2B ta IMID2C.

Enicenemuuni 3minu, BUKIUKAHI eKCRAHCIEIO HYKIEOMUOHUX NOBMODIE

Excnancia TpunykiaeoruaiB CAG Ta mnocrrpanciasiniiini moaudgikaumii
ricroniB: xopesi D'enrtinrrona. Xopes [entiarrona (Huntington disease, HD,
OMIM #143100) — 1me He CyMiCHE 3 JKHTTSAM HEBPOJIOTIYHE 3aXBOPIOBAHHS,
BUKJIMKAaHE JIOMIHAHTHOIO MyTari€ro y ayrocomi (4p). 3axBOpIOBaHHS TpPHUBAE
omuzpko 20 pokiB, Ta HOCIi MyTalii 3a3BHYail XapaKTEPU3YIOThCS BIJICYTHICTIO
CUMIITOMIB JI0 CEpeAHbOro BIKYy. MO30K MOCTYIIOBO JIeT€HEepye, a Talli€HTH
JTEMOHCTPYIOTh MOTOPHI MOPYIIEHHS (XOpesi Ta AUCTOHIA), TICUXIYHI Ta MOBEIIHKOBI
MOPYILICHHS pa30oM 3 KOTHITUBHUMH BajaMu, 10 BPEIITI-pEIIT B KiHIN-KIHIIB
MPU3BOJUTH A0 BTPATH KOTHITUBHUX (PYHKIIIH.

Xopeto ['eHTIHITOHAa BUKIIMKAIOTH MOpYyIIeHHs y reHi IT15, axuil koaye 6110k
TEHTIHITUH, 110 EKCIPECYEThCA Yy BCIX TKaHMHAX, X04Ya y IbOMY 3aXBOPIOBAHHI
YpaXxyeTbCsi camMe TOJIOBHUM MO30K, 30Kpema, cMmyracte Tuto. Myramis, ska
OPU3BOAUTH JO PO3BUTKY JaHOTO 3aXBOPIOBAaHHS, SBJsIE COOOI0 EKCIaHCIIo
TpuHykieotuaHux MmoBTopiB CAG y Mexax exk30Hy 1, sKi TpaHCIIOIOTHCA Y
noJiirryTamiHoBy (PolyQ) mociioBHICTh aMiHOKUCIOT. [licis nporo Bigkputts HD
OyJ0 BIJHECEHO JI0 TPYyNU HEBPOJIOTIYHMX 3aXBOPIOBaHb, SKI HA3UBAIOTHCA
3axBoproBaHHAMH POlYQ, 0COOJMBICTIO AKUX € HAIBHICTh €KCIIAHCIT TPUHYKICOTH/IIB
CAG. VY reHoMi HEypaXeHHX JIOJIed KUIbKICTh TOBTOPIB CKiamae 5-36, Toml sk
ekcmancis 40 1 Ouibllle TOBTOPIB OOYMOBIIIOE 3aXBOPIOBAHHS 3 IIOBHOIO
NEHEeTPaHTICTIO. JIoBXXMHA TIOBTOPIB OOEpPHEHO KOPENIoe 3 BIKOM TOYaTKY
3aXBOPIOBAHHS Ta TOCTYMOBO TIJBUINYETHCS B MOJIOAOTO BiKy g0 70 pOKiB.
HasiBHicth 36-39 mOBTOpIiB BKa3ye€ Ha HEMOBHY IEHETPAHTHICTh, II0 OOYMOBIIIOE

BUCOKUHN pu3uK po3BUTKY HD y ix HociiB. [ledekTHU aMiHOKUCIOTHUN JAHIIOT 3
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polyQ mepemkomkae GOpMyBaHHIO HATHBHOI CTPYKTYpH T€HTIHITHHY, II0 B CBOIO
4epry MNpU3BOAUTH JO BTpaTH MM OIKOM Horo dyHKIioHansHOCTI. Kpim ToOTO,
TaKui 3MIHEHUH T€HTIHITHH HE MJUISTae MPOTEOJITUYHOMY PO3IICIIJICHHIO, Ta Pa30M
3 OlIKaMu, 3 SKUMH BIH B3a€MOJIl€, HAKOMHUUYYETHCA, (HOPMYIOUM Y KIITHHAX
T'OJIOBHOT'O MO3KY TOKCHYHI arperartu, 1o 00yMOBIIIO€ MOPYIICHHS HOTo (PYHKITIMN.
HesBaxaroun na Te, mo reHernyHa mpupoga HD noOpe Bimoma, omucani
TeHETUYHI BapiaHTH HE MOXYTh MOSICHUTH BCIX (PEHOTUIIOBUX Bapialiil IbOTO
3aXBOproBaHHS. Hampuknaa, Taki HEMEHIENIBChKI OCOOMMBOCTI, SK €(EeKT
OarpkiBchkoro moxomkeHHs (parent-of-origin effects) ta renmernmuyna amTHIMTIAIS
(genetic anticipation) He MOXyTh OYTH MOSCHEHI 3 TOYKH 30py KJIACHYHOI F€HETHKH.
Y 1992 pomi Oyna BuUCyHYTa TINOTe3a, 3TiAHO SKOI NPUYMHAMU BKa3aHUX
0COOJIMBOCTEN CHajKyBaHHS € €(EeKT IMOJIOKEHHS Ta CMIreHEeTUYHE CHaJKyBaHHS.
Ponp enmireneruku y HD Oyna Takok miaTBep/keHa TUM ¢dakToMm, IO Y
MOHO3UIOTHUX OJIM3HIOKIB, SIKI HECYTh OJHAKOBY KuIbKiCTh mOBTOpiB CAG,
CIIOCTEPITa€EThCS MOMITHA PI13HULI Y (PEHOTUIOBUX MPOSIBAX I[LOTO 3aXBOPIOBAHHS.
Bigomo, 1m0 aneTwitoBaHHS TICTOHIB BHUCTYIA€ CYTTEBUM MOAYJIATOPOM
CTaOUTBPHOCTI TEHOMY TIPU JIaHOMY 3aXBOPIOBaHHI. Y JOCTIPKEHHIX Ha JIPLKIKAX Ta
KYJBTYpl acTpOIUTIB JIIOAUHU OyJji0o mokazaHo, mo crenudiuni HDACS cnpusiors
excriancii moBTopiB CAG, Toai sk ricTOH-aleTHITpHAac(epa3Ha aKTUBHICTH OLIKIB
CBP Ta p300/CBP-associated factor, siki 6e3nocepeiHbO 3B I3yFOThCSI 3 MyTaHTHUM
TEeHTIHITUHOM, I1HTIOYIOTh €JIOHTAaIlll0 TpaHCKpunuli. Ha MUIIMHUX TpaHCreHHUX
MOJIENIAX TOKa3aHo, 1o pisHOMaHiTHI 1HTIOITOpn HDAC 3HIMarOTh CUMITOMH, a
came MOKpallyloTh pyXOBY aKTUBHICTb a00 3MEHILYIOTh HEpBOBY aTpodito. HaBeneHi
(aKkTH HaJalTh IPYHTOBHI JOKa3W BaXJIMBOI poJil MoaU(]iKalliid TICTOHIB Yy €T10JI0T1i
HD, mporte BioMi 3MiHM 1 y IHIIMX MOAUQIKALISIX TICTOHIB, OMUCAHI y BUIAIKY
JAHOTO  3aXBOpIOBaHHA. Hampukiana, CHocTepiraerbCsi  MIiJABUILECHHS  PIBHS
metwmoBanHs H3K9 y mroauHM Ta TpPaHCTEHHUX MHUIIEH, MPUYMHOK SKOrO €
HiBUIICHUNA piBeHb ekcrpecii rictoH-metmirpancdepasn ESET (ERG-associated
protein with SET domain). Kpim Toro, 0ys0 mokas3aHo, 1[0 MyTaHTHHI T€HTIHI'THH

OOyMOBIIIOE€ TOPYIICHHS PETYIAIli TPAaHCKPHUMINi, 10 MOXE TOSICHIOBATHUCS

170



BapialfisiMd MOCTTPAHCIALIMHUX MOAMPIKALINA, M0 SKUX NaHUN OIOK MOXKE MaTu

CTOCYHOK Y HOpPMI.

I'eHeTHYHMI KOHTPOJIb PEMOJETIOBAHHSA XPOMAaTUHA

Pi3H1 KOMILIEKCH sAJIepHUX OLIKIB BIAMOBIIAIOTH 32 KOHTPOJIb B3a€MO/I1T PI3HUX
KOMIIOHEHTIB XpPOMATHHY, 3a0€3MeUyI0UuH 3B’ sI3yBaHHs TPAHCKPUIILIHHUX (HAKTOPIB 3
1imsoBUMH niociigoBHocTssMu JIHK Ta 31ilicHIOIOUN afieKBaTHY TPAHCKPHIIIIIIO TeHIB.
binku peMmoaentoBanHsa XxpoMaTuHy pazoM 3 MmeTuitoBanHsIM JIHK ta moaudikarisimu
XBOCTIB TICTOHIB pETYyJIOIOTh Mei mpomec. Jleski 3 OUIKIB pPEeMOICIIOBAHHS
XpoMaTUHy MICTATh y cBoemy ckiami JAHK-3anexuuit ATdaznuit 1oMeH, sKui
BimHOCHTBCs 10 poamam SNF2 (sucrose non-fermenting 2). B 3anexHOCTI Bin
TOMOJIOTIi TIOCHIIOBHOCTEN TakuxX KoHcepBatTuBHUX AT®da3zHuX J0MEHIB, OUIKH
BITHOCATH 70 pi3HUX poauH, Hampukiaa, SWI2/SNF2 (switching/sucrose non-
fermenting chromatin remodeling complex), CHD Ta inmmux.

[TopymieHnHss OUIKIB PEMOJCIIOBAaHHS XPOMAaTHHY BIUIMBAE Ha CTPYKTYpY
OCTAaHHBOTO, 110 MPU3BOAUTH JO TOPYLIEHHS PEryysiii ekcnpecii reHiB. Y
pe3ynbTaTi  BHUHUKAIOTH  YHUCJICHHI  3aXBOPIOBAHHS, SIKI  CYNPOBOIKYIOTHCS
MOPYUICHHSIMA ~ €MIr€HeTUYHUX MEXaHI3MiB, Takl SK X-34YerjieHa po3yMoBa
BiACTATICTh 3 anmbga-tagacemiero (o thalassemia X-linked mental retardation (ATR-
X) syndrome), CHARGE cunapom, cunapom Kokeiina (Cockayne B syndrome) ta
MIJBUILEHHSAM PU3UKY OHKOJIOTIYHUX 3aXBOPIOBAHb.

X-3yemjieHa Ppo3ymMoBa BiacTajdicTh 3 auabda-tanacemierw. X-3ueniena
posymosa siocmanicme 3 anvga-manacemicio (o thalassemia X-linked mental
retardation, ATR-X syndrome; OMIM #301040) — ue piakicae X-34eruieHe
peliecCBHE 3aXBOPIOBAHHSA, K€ 3a3BHYail XapaKTePU3Y€EThCS 3arajbHOI0 3aTPUMKOIO
PO3BUTKY, JIUIILOBUM AUCMOP(i3MOM, M’ SIKOIO 0, TAJIaCEMIEI0, OPYIICHHSIMH CKEJIETY
Ta C€YOCTaTeBOI cucTeMu. Bpaxkae 371e011bI110T0 YOJIOBIKIB,

3azBuuail y xBopux Ha ATR-X crnocrepiraerbcs 3araibHa 3aTpUMKa PO3BUTKY,
o y 95% BumaakiB Npu3BOAUTH A0 PO3YMOBOI BIACTaNOCTI. [HOAI TaKOX MPUCYTHS

ayTUCTUYHA TMOBEJIHKA. Y OyAb-SIKOMY BHUMAJKY Y XBOPUX OOMEKEHa BHpa3Ha MOBa,
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HasiBHA TINOTOHIS Ta XapakTepHi JuiboBi aHomanii. Kpim Toro, xBopi Ha ATR-X
CTpaXJaloTh BIJ TOPYIICHh CKEJETy, IMOBIPHO SK HACIiAOK TIMOTOHII,
ractpoe3odariaibHoro pedirokca (peTporpagHoro MPOCYBaHHS BMICTY IIUTYHKa
Yyepe3 HIKHIA CTPaBOXIAHHUM CPIHKTEp B CTPABOXiA) Ta F€HITAIBHUX aHOMAJIH, SKi
MOXYTh TPOSIBIISATHCS B 3aJIEKHOCTI BiJ MPUPOAM MYTalliid, [0 BUKIUKAIOTH
3aXBOPIOBAHHS, y Jiana30Hi Bl HEOMYIIECHHS sI€Y0K a00 BiICYTHOCTI KpalHBO1 IJIOTI
70 HEBU3HAYEHMX TeHiTamiil. M’ska ¢opma o-TamaceMii, sKka MPOSBISETHCS
HasIBHICTIO TIJ€Ib BKJIIOYEHb reMoryio0iny H y epuTtpouurax Ta BHKIMKaHa
AepeKkTaMu TEHIB 0 TJIOOIHY, CIOCTEpIraeThCsi HE 3aBXAU. [ €TepO3UTrOTHI KIHKH
3a3BUYall XapaKTepU3YIOThCSI HOPMAIbHUMU (PI3BUYHUMU Ta 1HTEJIEKTYaJbHUMU
3n16HOCcTsAMU. Take sSBUIIE € HACTIAKOM HEBUIAJAKOBOCTI 1HAKTHUBALIT X-XpOMOCOMH,
sKa TOIIMPEHA Yy JKIHOK-HOCIIB X-3UEIUICHUX MYTalliil: 1HAaKTUBYETHCS MEPEBAKHO
xpomocoMa 3 gaedekTtHuM aneneM. lle BigOyBaeThCcs HE B XOJlI PaHHBOTO
eMOpioreHesy, a Ha OUIbII Mi3HIX €Tanax pPo3BUTKY LUIIXOM TKAHUHO CIeu(pIYHOTO
B1100DY.

VY OUIBIIOCTI OMUCAHUX BUIAJIKIB TpUUMHOIO BUHMKHEHHS ATR-X € myrarii y
redl ATRX, skuii po3minieHuit y xpomocomi X013 Ta koaye 610K peMOaeTIOBaHHS
xpomatuHa. ['en ATRX OyB Brnepiie onucanuit y 1995 pori. Bin BigHOCUTBCS 110
ponunun SNF2, mpeacTaBHUKHM SIKOI 3ay4€Hl y MPOIECH PEryJsiii TpaHCKPHUIMIIII,
KiiTuHHOTO nuKkiy, penapauii JJHK, po3xomxenHs xpomocom y mpolieci MOALTY
kaituan. Y ckaaai reny ATRX imentudikoBano apa gomenn. Jlomen ADD (ATRX-
DNMT3- DNMT3L), ockiibki BiH TOMOJIOTIYHHN TTpeIcTaBHUKAM poauHu de Novo
meTmitpancdepas DNMT3, na N-kinni Oinka B3aemonie 3 N-kiniesum GATA-like
Zn mnaneiiem, & PHD-moniOnum mnanbiiem Ta noBroto C-KiHIIEBOIO CHIpasUIio,
YTBOPIOIOUN TIIOOYISIpHUN AOMeH, sikuih Moxke Matu JIHK-3B’s3yroui BIacTHBOCTI.
IammMm ronosuuM gomenoM € SWI/SNF-like ATPase/helicase, sikuii memoHCTpye
cilabky XpomaTtHH-pemozemorody Ta cwibHy JIHK-TpaHciiokasHy akTUBHOCTI in
vitro.

Myranii y knactepi reniB ATRX BigOyBaroThcs 3ae0ubioro y mexxax ADD

(50%) ta remikazaomy (30%) nomeHiB. binbnricTs MyTaIii — e MiCEHC MyTaIllii, ki
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MOTEHLIWHO 32 YMOBH 3MIHU 3aHYPEHUX Yy INI00YTy O11Ka aMiHOKUCIOTHUX 3aJIUIIKIB
MOXKYTh PU3BOAUTH JI0 3MIHA HOTO CTPYKTYpH. Y BHUIAJKY 3MIHM aMiHOKHCIOTHUX
3QJIMIIKIB HA MOBEPXHI O17IKa MOXYTh PYWHYBATHCS MOTEHIIIMHI CalTU 3B’sI3yBaHHS
TpaHCKpUILIHHUX (akTopiB Ta iHmMX OuKiB. [Ipore y xBopux Ha ATR-X Oynu
BUSIBJICHI JIMIIE BEJMKI BHYTPINIHBOT'EHHI IYIUTIKAIlil, SKI TPU3BOJASTH IO BTpaTH
(GyHKIIOHATBHOCTI O1JIKa.

binox ATRX mpucyTHi# nepeBa)xHO Y NMPULEHTPOMEPHOMY TeTepOXpOMATHHI.
3azeuuait ATRX pekpytyerbest 3a ydacTi ricroH-H3-3B’s3yrouoro moayss Oinka
HPlo. Take 3BszyBanHs mnocuwmoerbess H3KO9me3 Ta inribyerscs H3K4me3 1
H3K4me2. Myranii 1 y ATRX, 1 y renax, siki nopymyoTs H3K9me3, npuzBoaars 10
Ae(peKTHOro 3B’SI3yBaHHS Ta JIOKaji3allli MPUIEHTPOMEPHOTO TeTepOXpOMATUHY. Y
EKCIIEpUMEHTaX Ha JApDKIHKax Oyno mokaszano, mo ATRX Moxke B3aemMonmisaTe 3
oinkoMm rpymu Polycomb EZH2, sxuit € ricron-mizua N-meruntpancdepasoro. Y
ANEPHUX TUIBLAX XBOPUX Ha mpomienonutapHy Jjeiikemito ATRX yTBoproe
koMmIuiekcu 3 Oinkom Daxx (death-domain-associated protein) ta Oepe ydacTth y
pEeMOJIETIOBaHHI XpPOMAaTHHY TEHIB, SIKI KOHTPOJIIOIOTHCS 32 Yy4acTi B3a€EMOIIIOUMX 3
Daxx caiir-cienudiuanx Tpanckpuniliiaux  QakropiB. [loz6asneni JIHK-
MeTwI3B si3ytouoro Ouika MeCP2 HelipoHM AEMOHCTPYIOTh IU(PY3HUN PO3MOILT
ATRX y anpi, mo cBiguuth npo yyacth Oinka MeCP2 y pekpyryBanni ATRX.
HynpoBi myramii Atrx mpusBoaaTh 10 e€MOPIOHATBHOI CMEPTHOCTI Ta I1HAYKYIOThH
3Mminu natepny metwntoBanHs JJHK y mumeit. @eHotunoBa BapiabenbHICTh Y XBOPUX
Ha cuHapoM ATR-X e pezynbraTom sokanizanii mytauii y reri ATRX, ane >xoqH0TO
BUIAJIKY JIMCHOT HYJIbOBOT MYTallii HE BIJOMO.

Y moauau mytanii ATRX npu3BoaTh mepiil 3a BCe 10 3HIKEHHS eKcrpecii
reHa o TJ00iHy, 10 1 € MEePIIONPUYUHOI0 BUHUKHEHHS o Tanacemii. [Ipore nesiki
xBopi Ha cuHIpoM ATR-X He NeMOHCTPYIOTh MOPYLIEHb HAa FE€MaJOTiYHOMY PIBHI.
[ixaBo, mo 3mian MetumoBadds JJHK croctepiratotsest mepeBakno y renax pPHK,
y caTelliTHUX oBTOpax B Y-xpomocomi (DYZ2) ta y nputenoMepHUX NOBTOpax.

AnenpHi mytarii ATRX 3a3Buuail moB’si3aHi 3 PO3YMOBOKO BIJICTAIICTIO.

Cunnpom ATR-X — He €1MHE 3aXBOPIOBAHHS, K€ BUKIIMKAIOTh MyTaIlii JaHOTO T'eHa.
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[HImMMU cuHApOMaMU, MOB’s3aHUMHU 3 TopylIeHHsAM (yHKuioHaNIbHOCTI ATRX, siki
00’€IHYI0Th PO3YMOBY BiJCTaNICTh Ta AucMopdi3zMm, € cunapomu FHOGepra-Mapcini
(Juberg-Marsidi), Kapnenrepa-Barmupi (Carpenter-Waziri), Xonmca-I'anra (Holmes-
Gang), Cwira-®inemana-Maiiepc (Smith-Fineman-Myers) Tta UYyaneit-Jloypi
(Chudley-Lowry).

Ha croronni BusiBneni nesiki kodakropu ATRX, a came 6inku HP1, EZHZ,
Daxx, MeCP2 Ta kore3iH (KOMIUIEKC OLIKIB, SIKM PEryiio€ Mpolec PO3ALTICHHS
CECTPUHCBKUX XPOMATHJ B XOJI MOJAUTY KIITHUHHM). KpiM TOoro, HemiojgaBHO Oyjio
inentudikoBano 12 caifTiB 3B’s3yBaHHS TpPAaHCKPUMNIINHHUX ¢akTopiB y 5’
perynaropHii aiunsHil ATRX ccaBiiB, siKi MOXKYTh OyTH KaHIWJAaTaMH PETYJISTOPIB
ekcrpecii ganoro reHa. ATRX € He0OX1THUM I HOPMAJIBHOTO PO3BUTKY HE TIJIbKU
rOJIOBHOTO MO3KY 1 06araTb0X YacTHH IIEHTPaJIbHOI HEPBOBOI CHUCTEMHM, BIH TaKOX
perymoe GYHKIIIOHYBAaHHS COMATHYHUX KIITHH Ta KIITHH 3apOJKOBOr0 IUIIXY 1
rameToreHes. BBaxkaerbes, mo ATRX € mepeBaxxHO TeHOCTICTU(DIYHIM PETYISITOPOM,
MpoTe e NOTpeOye MOJANBIINX YTOYHIOIOUUX AOCTIIKECHb.

Cunapom CHARGE. Cunmpom CHARGE (OMIN #214800) - 1e
KOMIUIEKCHE ~ ayTOCOMHO-JOMIHAHTHE 3aXBOPIOBaHHS, K€ XapaKTepU3YEThCS
MOEAHAHHAM 0araTh0X BpOKEHUX Baj. Jlo HUX BIAHOCATHCS KojloOoMa (BpOIKEHUMN
nedeKT) ouel, cepreBl MOPYILIEHHS, arpesis XoaH (MOPYIIECHHS MPOXIiITHICTh
MOPOKHUHU HOCA Y 3B'SI3KY 3 11 YACTKOBUM 3apOIICHHSIM), BaXKKa BIJICTATICTh POCTY
Ta PO3BUTKY, OPYIICHHS CIIyXY, @ TAKOK F€HITaJIbHI aHOMAJIIi Ta FINOTOHAAU3M.

VY KOXHHX JIBOX 3 TPHOX BUMAIKIB [ILOTO CUHAPOMY 1AEHTU(DIKYIOTHCS MyTallii
y reni CHD7 (chromodomain helicase DNA-binding protein seven), sxwuii
posmimieHuit Ha xpomocomi 8012.2. CHD7 nanexurts 1o poaunu OuikiB CHD, ska
BKitouae AT®-3anexHi xpoMaTuH-pemoyoroui Oinku. Jo ckmagy Oinmka CHDY
BxoIaTh JBa N-KiHIEBHMX XpoMmoJieMeHa, sKi 3a0e3leuyloTh 3B’SI3yBaHHA 3
METHJIBOBAaHUMU TicToHaMH, neHTpaibHuii tomen SWI2/SNF2-like ATPase/helicase,
KU Mae XpOMaTHH-PEMOIYJII00Uy akTUBHICT, 1oMeH SANT (Swi3, Ada2, N-Cor
ta TFIIIB), sxuit 6epe ydacth y 3B’si3yBanHl 3 JIHK Ta/abo momudikoBanumu

ricromamu, Ta gBa gomeHn BRK, d¢ysakmii skux HeBigomi. dDepmeHTH
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pPEMOJICTIOBAaHHS XpPOMATHHA 3a3BUYail peali3yloTh CBiM BIUIMB LUIIXOM B3a€EMOIII 3
iHmMu  Oinkamu. Ile crocyerbes 1 O6inka CHDY. Bin acomiiioBanuit 3 PBAF
(Polypbromo and BRG-associated factor-containing complex), xpomartun
PEMOETIOIYNM KOMIIOHEHTOM Komruiekcy poauHu SWI/SNF, sxuii € BaXIMBUM
JUISL  aKTHBalli  OporpaM  TPaHCKPUIILII, TOB’s3aHUX 3  (POPMYBaHHSIM
MYJBTUIIOTEHTHOTO MITPYIOUOTO HEPBOBOro rpedeHs 3apoaka. OcTaHHINA SBISE
co00I0 THMYAacoBy KIITHHHY MOMYyJSLII0 3 IUIIOPUIIOTEHTHUM MOTEHIIAJIOM
mudepenmianii. 'en CHD7 excnipecyeThcs y BCIX THNaxX KIITHH Ha paHHIX CTaJifax
po3BuTKy. [li3HimIe ioro ekcnpecis NiABUILYETbCA Y KIITHHAX OpraHiB, OB’ s3aHUX 3
po3ButkoM cuuapomy CHARGE 1 y mumeit, 1 y moaunu. Bce BuieszaszHaueHe
CBIUUTB, 1110 excipeciss CHD7 peryintoeTbes SiK MPOCTOPOBO, TaK 1y yaci.

CHDY7 pexpyryethecss 10 crienudiyHUX CAWTIB B 3aJIEKHOCT1 Bl KIITHHHOTO
KOHTEKCTy. [laTepH TakuX KOMIUIEKCIB CHJIBHO KOPEJIOE€ 3 PO3MIIICHHSM MITOK
H3K4me. Taka curyaris pazom 3 TuM (akToM, mo caiitu 3B’s3yBanHs CHDY
31€OUIBIIOT0  PO3MIIIEHI JUCTAIBHO BIJT KOHCEPBATUBHUX CaWTIB IOYATKY
TpaHckpunuii, rinepuytauBux no JAHKa3, cBiqunts npo 3anyuyenns 6inka CHD7 no
MIPOIIECIB PEMOJICTIOBAHHS XPOMATHHY MIJISTXOM BITI3HAHHS MOAMQIKAIM TCTOHIB Ta
HACTYIMHOI 3MIHM CTPYKTYpHu Xxpomatuny. Kpim toro, Oyno nokazano, mo CHD7 mae
criopiiHeHicTh 70 rinmometwiboBaHoi p/IHK Ta, Takum uymHOM, MOXKE MIsITH SIK
MO3UTUBHUM perynsatop cunTe3y pPHK.

Jesaxi 3 BuIle3ragaHUX MyTalliil HajaexaTh J0 MICEHC MYyTallill, mnpore
OUTBIIICTD — [I¢ HOHCEHC Ta MYTallii 3CyBY paMKH 34UTyBaHHS, siKi GopmyroThcs de
NOVO Ta TOBWMHHI MNpU3BOAUTU J0 ramioHenoctatHocti CHDY7, a otxe,
NPOJYKYBaHHIO TOPYIIEHOro Oinka. Murr, roMo3urotHi 3a Hynb-anenem Chd7,
TMHYTh Ha paHHIX eMOpIOHAJBHUX CTaJisAX, MPOTE€ TETEPO3UTOTHI eMOPIOHH
BIMKMBAIOTh Ta HAPOJKYIOTHCS 3 BaJlaMH PO3BUTKY, AKi JyXKe CXOXiI Ha TPOSBU
cuagpomy CHARGE y mogunu. Kpim Toro, y xBopux Ha cunapom CHARGE
BUSIBJICHI XPOMOCOMHI aHOMaii, 30KpeMa iHTepCTUIlianbHI nenemii niisaku 8q12.2-
013 Ta 36anmaHcoBaHi TpaHcoOKaiii, ski 3aginatoTs 8012. BBaxkaeThcs, mo myTaitii y

reHi CHD7, ski COpUYMHSIOTH CIOPAJAWYHI BUTMAJKUA 3aXBOPIOBAHHS CHHIAPOMOM
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CHARGE, 3ne6inbmoro maroTh 0aTbKiBChbke MOoXomkeHHsA. Myrtanii y reni CHD7
MOXYTh TaKOX OYTH MPUUYMHOIO 1HIIUX PIJKICHUX T€HETUYHUX CHUHIPOMIB, 30KpemMa
cunapomi Kanmana (Kallmann) ta Jli Txopmxu (DiGeorge).

Kniniyni npossu cunapomy CHARGE nan3Buuaiino BapiaOenbHI, a MyTalii y
redi CHD7 MOXyTh TIJIBKM JOMOMOITH Yy TIOCTaHOBIl JlarHO3y, ajieé He Y
nependadyeHHl CHUMITOMIB 3aXBOPIOBaHHS Yy KOHKpeTHOI mtoguHu. Kpim Toro, y
TPETHUHU MaiieHTiB MyTauii y redni CHD7 B3arani He 11eHTU(]IKYIOTbCS, 1110 CBITYHUTD
PO MOXJIMBE 3aJIy4CHHS I1HIIUX XPOMOCOMHHMX PETiOHIB Ta T'€HIB-KaHIUJIATIB Yy
€TIO0JIOTIIO JJAHOTO 3aXBOPIOBAHHS.

Cungpom Koxkeiina B. Cunnpom Kokeitna (Cockayne syndrome; CS) me
PIAKICHE ayTOCOMHO-PEIIECUBHE 3aXBOPIOBAHHS, SIKE XapaKTEPU3Y€ETHCSA 3aTPUMKOIO
pOCTy B MEpIIl POKU KHUTTSA, MPOrPECYIOUOI0 HEBPOJOTIYHOK JUCHYHKIIEIO Ta
PI3HMMHU CHMIITOMaMHM, CXOKHMH Ha MEepeaYacHe CTapiHHA, 30KpeMa BTPATOO CIIyXY,
PETHUHAJILHOIO JIETEHEPAI€l0 Ta MPoOIeMaMy IIKIPH.

Cunapom Kokeiina momiastiors Ha aBi reHeruuni rpymu, A (CSA, OMIM
#216400) ta B (CSB, OMIM #133540). binpmicTs XBOPUX HECYTh MyTallii y reHi
CSB. Kpim Ttoro, denorun CS MOXKyTh CHpUYMHSATH MyTallii y reHax Xeroderma
pigmentosum (XPB, XPD Ta XPG).

binku CSA ta CSB 6epyTh yuyacTh y MeXaHI3Max €KCLUM3IMHOI pemnaparii
HykieoTuaiB. 3o0kpema, Outok CSB 3amydenuil y moB’s3aHi 3 TPaHCKPHUIILIEIO
nporiecu penapariii. bitok CSB (takoxx Bimomwuii sik group 6 excision repair cross-
complementing protein; ERCC6) nanexurs mgo rpynu SWI2/SNF2- like-dependent
ATPases, ski oropratots JIHK Ta Ait0Th ik peMoaynaTopu xpoMatuny. MyTariii, ski
BUKJIMKalOTh cuHApoM KokeliHa B, 37e011b110r0 BiIOYyBalOTHCSA 1032 €K30HOM 5,
smiHiOl0YM AT®da3ny abo C-kiHlLEBY AUISHKH, IO MPU3BOJUTH A0 MPOTYKYBAHHS
nopyuieHoro Ouika. ['0JIOBHOIO OCOOJUBICTIO KJIITHH, OTPUMAHUX BIiJ XBOPUX Ha
cuaapoMm KoxkeliHa, € TinepuyTiauBicTh 10 Y@ ONpPOMIHEHHS Ta HE3/aTHICTh
cuntezyBatu PHK na HopmanbHOoMy piBHI micia Y@ onpomineHHs. [licnst BmiuBy
Y® AT®a3nuii Ta C-KiHIIEBUNA JOMEHU € OCHOBHUMHU CTa0OLI13aTOpaMU 3B’ sI3yBaHHS

CSB 3 xpomaTtuHOM B TpaHCKpUIIMHHX caiTax mnomkomkenoi JIHK, mpore y
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HOpMaJIbHOMY (Di310JIOTIYHOMY CTaHI Taka B3aeMofis 1HTIOyeThcsi N-KiHIIEBHM
nomeHoM camoro CSB musixom koHdopmariiiaux 3miH. IlikaBo, 1mo o0co0JuBOCTI
MOPYILICHHS PEryJIsAllii I'eHiB y KITHHAX HYyJboBUX MyTaHTIB CSB momiOHi 10 Takux
micast oOpoOKM emireHeTUYHUMHU YUHHHKaMu, TakuMu sk 1Hridbitopu HDACS Tta
neMetwioroui areHtu. bineine Ttoro, CSB He dopmye komiuiekcu 3 hepMeHTaMu-
MomudikaTopamu TicToHIB, sk iHmn Oinku rpymu SWI2/SNF2 ATPas-like, Bonu
TI0Th 0e3MocepeTHhO Ha XPOMATHH.

MobGinsHuit  enement piggyBac  transposable element 3 (PGBD3),
IHTETPOBaHUI y MEX1 5 eK30Hy, MPU3BOJUTH /10 YTBOPEHHS BKOPOYEHOTO OlIKa
(CSB-PGBD3), sikuii excrpecyeTbcsi y XBopux Ha cuHapoM KokeitHa B Ta moxke
CIPUATH NATOTeHE3y 3aXBOPIOBAHHS IIJISTXOM III€ HEBIJOMHUX MEXaHI3MiB.

Hedpextn SNF5 Ta onkosoriuni 3axoproBanHs. SWI/SNF e oaniero 3
HaWOLIBII JOCHIDKEHUX POJUH XPOMATHH-PEMOJCIIOIOUNX KOMIUIEKCIB, SKI €
HAJ3BUYAITHO KOHCEPBAaTUBHHUMHU Y PI3HMX TaKCOHAxX BiJ JAPLKIKIB JO JIIOJUHU.
Bincyrnicte SNF5 (INI1), skuit B HOpMI NPUCYTHIN y BCIX BapiaHTax KOMILJICKCIB
SWI/SNF, HecymicHa 3 BukuBaHHS KIiTHHU. [lopyiieHHs (yHKIil mboro Oinka y
pe3ynbTaTi MyTalii reHa, SKUA MHOro KOJye, CHpUs€ OHKOI€He3y, 1 TOMYy BIH
BBAXKAETHCS OJIHUM 13 T€HIB-CYNpEcopiB MyxJMH. Ha xkaib, MOJEKyIsIpHI MEXaH13MH,
3a paxyHoOk skux BTpata SNF5 mpu3BoauTh A0 paky O CHUX Mip 3aJUIIAIOTHCS
HE3 ICOBAHUMH.

Myrauii, saxi iHakTuBytoTb SNF5, Oynu Bhepine omucaHi y BHUIAIKY
3MOSIKICHUX PaONOIAHMX MYyXJIMH, OJHOTO 3 HAMOUIbII arpecHUBHUX BUIIB PaKy y
nitei. Kpim Toro, myranTHi cnagkoBi aneni SNFS5 MoxyTh OyTH OPUYHHOIO
CiIMEHHMX BHITaJKiB 3aXBOPIOBaHHs, sike oTpuMajo Ha3By “rhabdoid predisposition
syndrome”. Cneuudiyni mytaiii y reni SNF5 3a3Buuaii He CyNpOBOIKYIOTHCS
MOPYUIEHHSIMU B KapioTuii. Taka reHoMHa CTaOlIbHICTh Y KIITUHAX MYXJIUH, YV IKUX
nopymenuit ren SNF5, MoXimuMBO, BKa3dye Ha T€, IO OCHOBHOI MNPUYMHOIO

KaHIIEPOTeHe3y Yy I[bOMY BHUIIQJKy € 3MIHa TPAHCKPUIIII T'eHIB €MmireHeTHYHOT

OPUPOH.
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VY Drosophila Brpara ganoro reny y koHtekcrti kommiekcy Brahma (SWI/SNF)
NPU3BONTEL J10 mopyiieHb enoHramnii PHK-nomimepasu, perymsiii crutaiicuHry Ta
JOCTYITHOCTI XpOMAaTUHY, JI€ PO3TAIIOBYIOTHCSA T'€HHU, AKI PETYIIOI0THCS TOPMOHOM
€KIU30HOM, 110 CBLAYUTH Mpo BB SNFS Ha HU3KY CUTHAJIBHUX IUIAXIB. Y MUIIEH
roMo3urotHi genenii SNf5 npusBoAsATL A0 eMOpiOHANBHOI CMEPTHOCTI, XOda
reTepO3UTOTH XapaKTEpU3YIOTbC HOPMAIBHUM (DEHOTHUIIOM, alieé y PaHHbOMY
MOCTHATaJIbHOMY TEpioAl Yy HHUX 1ACHTU(DIKYIOTb PpO3BUTOK MyXJHH. Y
eMOpioHambHUX (iOpoOmacTax Mumied iHaktuBaiis SnfS5 Beme g0 3ynmuHKH
KIITHHHOTO IUKIy Ta armonTo3y. YMoBHHU caiieHcuHr SnfS Tta p53 mpuckoproe
dbopMyBaHHS TYyXJWH, 110 CBIAYUTH MNP0 pojb pPS3 sAK NOCEpeTHUKA OHKO-
cymnpecopHoi akTuBHOCTI SNfS. V cBiTIII 1aHOTO BIAKPHUTTS, aHTHPAKOBAa aKTHBHICTD
SNF5 moxe OyTu omocepenkoBaHa HOTo PoOJUTIO Yy Peryssiii KITHHHOTO HuKiTy. Ha
MIJITBEP/PKCHHS TaKOi TIMOTE3W MOXKHA HABECTH JaHl IIOJO0 OINOCEePEIKOBAHOCTI
¢yskuii SNF5S iHmmMu OiKaMu-peryasTopaMu KIITUHHOTO LUKy (TakuMmu sk P21
ta Aurora Kinase A). OCKiIbKH KIITHHH JIHIT 3JI0SKICHOT pa0aoigHOi MyXJIMHU €
BHCOKO 1HBa3UBHUMH, 1HTIOyBaHHS iX Mirpaiii € BUpPIIIAJLHUM Yy 3aXUCHIM poJi
SNF5 mpotu paky. Biacytricte SNF5 moB’si3ana 3 mie 0THUM CUTHAIBHUM IILISTXOM
Hedgehog, sikuii Takok akTUBYETHCS TIiJ1 YaC OHKOTCHE3Y.

Hedextu reny SNF5 ineHTH(IKyIOTbCS 1 B IHIIMX THHAX 37OSIKICHUX ITyXJIHH.
Hakonuueni HachOroiHi JaHi CBiAYaTh, 110 1€ BiAOYBA€TbCA LUISIXOM MOPYIICHHS

peryJsiii KIITHHHOTO IUKITY.
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PO31J1 5. PETPOTPAMYBAHHSA 'EHOMY Y EMBPIOT'EHE3I

PenporpamyBaHHsi emireHeTMYHUX MITOK BIJOYBA€TbCSI B 3apOIKOBUX
TKAaHWHAaX TBApUH Ta POCIMH Ta BKJIIOYaE B ceO€ CyTTEBE PEMOCIIOBAHHS
TpaHCKpuMIlii, Moaudikalii riCTOHIB Ta BUKOPUCTAHHS PI3HUX BapiaHTIB TICTOHIB, a
takox metwmoBanHs JIHK. Ile pemporpamyBanHsS Mae rioOaibHI HACHIIKUA IS
PO3BUTKY OpraHi3MiB, BAHUKHEHHS 3aXBOPIOBaHb, TPAHCT€HEPAIIIHOI eMireHeTHYHO1
CIAIKOBOCTI Ta CTapiHHs. Y CcaBIiB 1JeHTU(IKOBAHO JABI OCHOBHI XBWJIi
penporpamMyBaHHSl €MIT€HOMY: TIepiia XBWISI BiAOYBa€ThCs TICIS 3alUliTHEHHS Ha
cTajli paHHBOTO eMOpioreHesy, a Apyra HacTyIa€ B MEPBUHHUX CTATEBUX KIITHHAX,
AK1 € eMOpIOHaJbHUMH TOINEpeHUKAMH CIIepMaTo30iliB abo sifexniTuH. B 060x
BUIIAJIKaX, EMIr€HETHYHE penporpaMyBaHHsS BKJIIOYA€ TIJI00ATbHE 3HSITTS MITOK
metumoBanHs JIHK 3 moganbiimM MacitaOHUM peMETHITFOBAHHSIM.

3a ocTaHHI KUJIbKa POKIB OyJI0 MPOBENIEHO EKCIIEPUMEHTH, SIK1 JO3BOJIMIN HU3III
JabopaTtopii CTBOPUTH TMEPIIUN MOBHOTCHOMHUN TPOQiab METUIIIOBAHHS PaHHIX
eMOIOHAJIbHUX KJITHH Ta TOHOIIUTIB 3 BHCOKOI PO3IIBHOIO 3/IaTHICTIO, SIKUI
CIIOCTEPITaEThCS Yy BUPIMIATBHI MOMEHTH TIpOIleCy pernporpamyBaHHsa. KpiMm Toro,
poJib (hakTOpiB, AKI BIAITPalOTh KIOYOBY poiib y neMeruitoBanHl JJHK Ha pannix
eMOpIOHAJILHUX CTaJisfiX Ta y TOHOLIUTAX, Oyjia BUBYEHA Y HU3LI JOCIIIKEHb, IO

JI03BOJIMJIO KpaIlle 3pO3YMITH I1i IPOIIECH.

JluHaMika penporpaMmyBaHHsI TEHOMY

Junamixa penpoepamyeanns memunrosanns J[HK embpionie ua cmadii
panHbo2O embpiocene3y. 3aranbHi piBHI MeTwmoBaHHs JIHK cyTTreBo pi3HSThCA Y
YOJIOBIYMX Ta XIHOYMX raMmerax. Bonu ckiamarors 40% B sinexmaituaax ta 90% B
cnepmi Ha MOMEHT 3arutigHeHHs. OO0'€eMHylOYUCh NpU 3aIUTAHEHHI, OaThbKIBCBHKI
enireHoMu poOJIsATh PI3HUNA BHECOK Yy emireHoM emoOpiona. Crenudiune s
CIEpMaTO30i/liB  METWJIIOBAaHHS B  OCHOBHOMY OOMEXY€TbCS ~ MIXKT€HHUMHU
MOCTIAOBHOCTSIMA Ta TOBTOpaMH 3 BIJHOCHO ciabko wmetunboBanumMu CpG

octpiBusiMu. Ha npotusary upomy, JIHK oonuty meTuiboBaHa nepeBakHO y Mexax
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IIAX OCTPIBIIIB, [0 MPU3BOJNUTH JI0 BIIMIHHOCTEH Y METUJIIOBaHTHI Ounbiie HixK 1300
CGIs MK 00ITUTOM Ta CIIEPMATO30iIOM.

binbiie aecstd pokiB TOMy OyJIO MPOJEMOHCTPOBAHO, IO INICIS YTBOPECHHS
3UTOTH METWJIbHI MITKH, SIKI MOXOJATh 3 CIEPMaTO30iliB, MPOTATOM HACTYITHUX
MOUTIB IPOOJICHHS BUJAISIOTHCS AKTUBHO (32 ydacTi pepMeHTIB), a 3 AUICKIITHH -
nacuBHO. Taka XBWJIS 3UTOTHYHOTO JIEMETUIIIOBAHHS HE CTOCYETHCS YCIX PEriOHIB
0aTbKIBCHKOIO FeHOMA B piBHIN Mipi. MacuBHA BTpaTa METHIIOBAaHHS B1IOYBA€THCS Y
MEXKax €JEMEHTIB, sIKi MOBTOPIOIOTHCS, OJHAK OyJ0 IOKa3aHo, IO Ied Mpolec
HEPIBHOMIPHUH, SIK y MEXaxX PI3HUX TUIIIB €JIEMEHTIB, TaK 1 JIJIsl OCTIAOBHOCTEMH, 110
HaJieXKaTh JI0 OJIHIE] POAMHU MOOUIBHUX TCHETHYHUX €JIEMEHTIB. Taki BiJIMIHHOCTI
MOKYTh CBIIYUTH MPO AU(PEPEHLINHY aKTHBAIII0 TPAHCKPHUIIII] Y paHHIX eMOpPIOHIB
3a 30epekeHHs pernpecii MOTeHLIHHO HeOe3MeYHOi aKTUBHOCTI PETPOTPAHCIIO30HIB.
[HII1 TUISHKYA MalOTh OYEBHJIHY HEOOXITHICTh y MIATPUMII METHIIFOBAHHS B YMOBaXx
rJ1I00aMbHOTO JIEMETWIIIOBAHHS — Taki, SIK PerioHM KOHTPOJII0 iMIPHHTIHra
(imprinting control regions, ICRS), ki KpHTHYHI IS MATPUMAaHHS OaTbKiBCHKOIO
IMIIPUHTUHTY, KM MyCUTh OyTH 30€epexeHud SK B yMOBax AakTMBHOIO, TaK 1
MACUBHOTO JIEMETHIIIOBAHHSL.

JlocniKeHHs METHITIOBaHHS T1IOMETHIILOBAHUX PETIOHIB MPOJEMOHCTPYBAJIO,
mo ICRS — He eauHi OUISHKW, SKI HE MIAraroTh aeMerwmoBanHio JIHK B
panabomy emOpioHi. binbmiicte CGls, axi moxoaaTe Bia ooruty, Ta yactuHa CGlIs,
aki1 Bxoaunu jo cknany JHK cnepmaro3oiny, 30epiratoTbesi OUTbII METUIILOBAHUMU,
HDK MOKHa OyJO O4iKyBaTH B YMOBax IioOanbHOro aemerwiatoBaHHA. Kpim Toro,
MI'E, Taki sk NOTEHIIITHO aKTUBHI PETPOTpaHCo30HU renomy muieit (IAPs), sxi €
BUCOKO METWUJBLOBAHMMHU B CIIEpMaTo30igax Ta SHIEKIITHHAX, Maibke He
JEMETUITIOIOTHCS] Ha CTafll paHHIX eMOpioHiB. OCKUIBKH MPOIEC TEMETUIIOBAaHHS HE
€ TOTaJbHUM, 1€ CBIT4YHTH, M0 MeTwtoBaHHS JIHK ramer € Bkpail BakiauBUM is
BCTAHOBJICHHS I[I€1 €MIT€HETHYHOI MITKM Ha eMOpiOHanbHUX cTanmisx. Hacrtymre
PEMETIIIOBaHHS B1I0YBAa€ThCSl Y MOMEHT TMIEpEX01y Bij OyacTouucTa J0 enibiacra, a
yactka MetuiiobBaHux CpG nocsarae 6au3bko 70% Ha craaii E6.5. MetwntoBanHs

de novo B emibactax BiOyBa€eThCS B MPOMOTOPAX CIEHU(pIYHUX T€HIB, TAKUX SK Ti,

180



mo OepyTh y4acTh B TaMeTOreHe3l Ta B remaromoesi. JIis AUISTHOK, sSKi MMOBHUHHI
30eperti OaThKiBChbKO-crenudiune MeTwioBaHHs, Hanpukiaang I[CRS, 3axuct

HEMETHILOBAHUX aJIeiIiB Bi,[[ XBHJII 0 NOVO METHITIOBaHHS Mae BAXKJIIMBY POJIb.

Hunamixa penpoecpamyeanns memunoganns /JHK y nonepeonuxax cmamegux
knimun. Ha cramii emibnacTy 3akiagaloThCs MONEPeIHHMKH CTATeBHUX KJITHH
(primordial germ cells, PGCs), ski, sk BBaXarmTh, YCHAIKOBYIOTh NaTTEPH
MetwnoBanHs JIHK, chopmoBanuii B iloro kimitiHax. Huszka HemaBHIX OCTIKEHb
cBiquuth, mo aemetwioBanHs JIHK B PGCs BinOyBaeThCcsi B ABa eTanM: Mepiini
30iraerhes 3 ¢azoro mirparii Ha ctaaii E8.5, a apyruii 3 eranoMm (GopMyBaHHS TOHAJ
Ha ctaaii E10.5 mporsrom po3Butky PGCs. HdemerumoBanna JJHK mix uvac dasu
Mirpanii HOCUTh TJ00anbHUI XapakTep. B Toil ke yac € AUIAHKH, K1 TPOXOISThH
yepes ek mpoliec MoBLIbHIIMIE. SK 1 Ha cTajli paHHIX eMOPIOHIB, 11€ CTOCYETHCS caMe
ICRs 1 CGIs mpomoTOpiB TeHIB 3apOJKOBUX KIITHH Ta Meio3y, a Takox CGlIs,
acoliiioBaHMX 3 HEAKTUBHOI X-XpOMOCOMOIO; METUJIIOBaHHS B WX AUISHKAaX
MOBHICTIO BTpadaeTrhcsi Ha craaii E11.5, tomi sk nemerwmoBanHs JIHK B PGCs
3arajioM 3aBepiryeTbest Ha ctaaii E13.5.

Hesxi mimsaku JIHK B3arami He mignsraroTe aemetuintoBanHio B PGCs,
nepeBaxHo 1ie crocyerbes [APs. [Hi moBToproBani enemenTH, a came MI'E, Taki sk
LINE1 Ta npeacraBuuku rpynu SINE miansraroTe peMeTWIIOBAHHIO; L CUTYallis
CBITYUTH MPO CKIAAHY JAMHAMIKY LBOTO MPOLECY CTOCOBHO PETPOTPAHCIIO30HIB Y
suroti. Beranosneno ninsHku JIHK, ski ynukators gemerumioBanHsa B PGCs i
BBQ)XAETHCSA, 110 ICHYE MO3UTUBHA KOPEJAIISl MIXK IIUM SIBUIIEM Ta JUCTAHIUIEI BiJ
Takux nociaigoBHocTel 10 IAP. B Toii e yac BU3HAUEHO-HEBEIMKY KIIbKICTh (KUIbKa
corenb) CGIs, He nos's3anux 3 [APs, ki He MANATaIOTh MEPENpPOrpaMyBaHHIO Ta
MOXYTh, TAKUM YUHOM, POOWUTHU CBIA BHECOK Yy TpaHCTeHEpallliiHy emireHeTHYHY
CHaJKOBICTb.

Bignosnenus metumoBanHs y yonoBiunx PGCs BinOyBaeTbes Ha cranii E16.5,
nocsiraroun  07u3bko 50% T1100aNbHOTO PIBHS METHIIIOBAHHSA, B TOM 4ac, [K Y

xiHouux PGCs rimomerunvoBanuii cran JHK migrpumyerscsa Big E13.5 mo E16.5
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ctanii emOpiorenesy. 40% wmeTmmoBaHHs (€ NOVO B KIHOYMX CTAaTEBHX KJIITHHAX
BiIOyBaeThbcsl Ha cTaall go3piBatounx ooruTiB. Ockinbku JIHK cnepmartosoinis
XapaKTepU3y€e€ThCsl BUCOKUM PIBHEM IIl€i €MIr€HETUYHOI MITKH, TO B YOJOBIUHX

PGCs noBuHHO MaTH Miciie nmoaajibiie de NOVO METWITIOBAHHHS.

MexaHi3Mu penporpaMyBaHHS T€HOMY

I'nobanvne oememuntoganns. SIK BxKe BKa3yBajoCs paHille, TEMETHIIOBAaHHS
JIHK mosxe BimOyBaTHCS aKTHBHUM YW TACHBHUM NUISIXOM, a00 B pe3yibTaTl ix
koMOinamii. [loctymoBa BTpara wmerwmoBanHs Ha JIHK pannix emOpioHiB €
pEe3yJbTaTOM I[aCHUBHOTO MEXaHI3MY 3HIDKEHHS KOHIEHTpaiii moJjiekya Dnmtl i
Np95 (taxox Bimommii sk UHRF1; Ubiquitin-like, containing PHD and RING finger
domains 1) B sopax xiituH. B el mporec 3arydeHuil TakoX 1 aKTUBHHIA MEXaHi3M
JCMETHIIIOBAHHS 3a y4acTi KOMILUIEKCy enoHraiiii Tpanckpumiiii (Elongator complex)
Ta OiIKiB ekcim3iitHoi pemapariii ocHoB (base excision repair, BER), ame ix TouHa
posb e HeBimoMa. OcTtaHHI poOOTH TMPOAEMOHCTPYBaIM, 1m0 Oiok Tet3 Takox
Bi/Iirpae BUpIIIAIbHY POJIb B aKTUBHOMY JEMETHJIIOBaHHI, Ookuciowun SmC 10
5hmC, 5FC ta 5caC B 3uroti. BonHouac 111 OKucieH1 MOX1IHI MOXYTh OyTH BTpaueHi
NACMBHO TMPOTSATOM  HACTYNMHUX KIITHHHUX TOAUIB oxHoyacHO 3 5mC
MaTEepUHCHKOTO0 TeHOMY, ab0o OyTH CcyOCTpaTtoM Jyisi TOAAbInoi (epMEeHTATHBHOL
aKTUBHOCTI (Hampukiajg, (epMeHTIB eKCUU3IHHOI penapalii) 3 YTBOPEHHSAM
HeMmoudikoBaHoro 1UTO3MHY. IlocTae 3amuTaHHA, JJI YOTO MOTPIOHO AaKTHUBHE
JIEMETUJIIOBAHHSI HA PaHHIX €Tamax eMOploTreHe3y, SIKIO y IMOJAlIbIIIOMy BOHO BCE
OJIHO TAaCHBHO BiJI0YBA€THCS MPOTATOM JIpoOJieHHs. MOKIIUBO, AEsAKl MOCTII0BHOCTI
MOTPEOYIOTh PAHHBOIO JIEMETUJIIOBAHHS B 3UIOTI JUI aKTHBAIlll TPaHCKPHUITIIT
IIeBHUX T'eHiB; a MOoxauBo, mo ShmC, 5FC 1 5caC € emireHeTMYHMH CHTHAJIaMH 3
HEB1JIOMOIO J10C1 (DYHKITIEIO HA €Talll PpaHHBOI'O0 €MOPIOHAIIBHOTO PO3BUTKY. Y Oyib-
SKOMY BHIIQJIKy HAChOTOJIHI TOYHO BCTAHOBJICHO, III0 Y TMPOIIECAaX JEMETUITIOBAHHS
JIIOTH SIK aKTMBHI, TaK 1 MaCUBHI MEXaHI3MHU.

[TacuBHe nemeTHIIIOBaHHA 3a0e3neuye riaodanbHe nemeruitoBaHHs 1 B PGCs:

3MEHILIEHHS PIBHIB METHIIOBaHHS IMO3UTUBHO KOPENIO€ 31 30UIbLIEHHSM 4YHCIa
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KIITUH, Tpu oMy TeH NP95 TpaHCKpUMIIAHO TpUTHIYYEThCs, a Ou1ok Dnmtl
ycyBaeTbess 3 Bwiku perutikamii. Kpim toro, PGCs 3 E9.5 xapakrepusyroThcs
HasIBHICTIO BEJIMKO1 KiIJTbKOCTI MeTUIIbOBaHUX CG CalTIB TIJILKM HA OJTHOMY JIAHITIOTY
JIHK, siKi BUHUKAIOTh, KOJIH MOPYIIYETHCS MIATPUMYIOUE METHIIFOBAHHS.

AKTHBHI curHanbHi numsixu gemerwtroBanas JIHK, Bxmrowaroun  Aid
(Activation induced deaminase; neaminye 5mC 3 yTBOpeHHSM THUMiHY) Ta 1dg
(thymine-DNA-glycosylase; Bupizae TumiH, neamiHoBanmii 3 SmC), ki €
KOMIIOHEHTaMHU MUISAXY €KCIU31MHOT penapaliii, cipusitoTh aemeTuiatoBanHo B PGCs,
K 1 y 3UTOTHYHOMY JeMeTwitoBaHHI. KpiM Toro, mokasaHo, HI0 OKHCIIOBajbHE
BugaieHHs SmC  BigOyBaeTbcs 3a ydacti OunkiB Tetl Ta Tet2. MoximBo, 110
rnobansHe (pepmeHTatuBHe BuAaneHHa SmC BigOyBaeTbCs 1 Ha OUIBII paHHIX
cragisix (E7.5-E8.5). byno BucioBneHO mpuIyIieHHs, M0 OKUCHE BuAaeHHsS SmC
MOXe OyTH HE TJIOOATbHUM, a JIOKyc-crnenudiuaum sBuiieM. [Ipu TakoMy crieHapii
rJI00abHE CTHUPAHHSI METHJIFOBAHHS JIJII OCHOBHOT Macu reHoMa BiI0yBaTUMETHCS HA
noyatky PGCs (E8.5-E10.5) B ocHOBHOMY 3a paxyHOK ITaCUBHOI'O MexaHi3my. Perra
METUJIBHUX TPyN B MOCTIAOBHOCTAX, SKI OylM MI3HO JAEMETHIbOBaHI B IMpoIeci
po3Butky PGC, takux sk ICRS, y momanpmiomy Bupamserbcss Ha cramii E10.5
3aBJSIKA OKMCHIN akTUBHOCTI OUKiB Tet. OnucaHi BUIE MPOIECH TPOJEMOHCTPOBAHI
B eKCIIEpUMEHTaxX sK IN Vivo, Tak i In vitro. KpiM Toro, MideHHS aHTUTLIAMH
JIEeMOHCTpye, 10 BiAcyTHICTh Tetl Ta Tet2 we BrumBae Ha TIOOATBHE
nemetunmioBanHs B PGCs, omgHak y JeSKMX HallaJKiB HOKAyTHUX MHUIICH
CHIOCTEpIraloThcs ACPEeKTH IMIPUHTHHTY, BKAa3ylOud Ha Te€, L0 OKHUCIIOBAJIbHUN
HUISIX HEOOXITHUM 1 octaTouHoro aemeTwiatoBaHHs y PGC. Ilpore 3’sicyBaHHsS

KOHKPETHUX MEXaH13MIB I[bOTO MPOIIECy MOTPeOy€e MOAANBIINX JOCIIIKECHb.

3axucm 60 Oememunr08aHHA mMa  NIOMPUMAHHA  JIOKYC-CReYu@iuHo2o
memunrosanns. PenporpamyBanus metumoBands JIHK — e penomen, npuramannamii
r€HOMY 3arajoMm, OJIHaK, Jeski MHOoro MOCHIAOBHOCTI BKa3aHOMY IMpOIECY He
mpararote. IAPS ckiamaroTe Kiiac HOCIIJOBHOCTEH, K1, MOKJIWBO, € HaHOUIBII

3aXHUIIEHUMH BiJl IEMETUIIIOBAHHSI B 3UTOTI, HA CTail paHHBOTO eMOpiony Ta B PGCs.
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Toit ¢akr, mo [APs 30epiratorh maTepHU METIIIOBAHHS HA BCIX BKa3aHUX CTafisX,
nependayae HasBHICTh yHIBEpCaJIbHOTO MexaHizmy 3axucty. B IAPs He
croctpiratotbcsi ShmC, a miATpUMaHHS METWIIOBaHHS B iX MeXaxX HoTpelye
aktuBHOCTI Dnmtl Ta Np95, Xoya MOXYTh BHUKOPHUCTOBYBATHCS 1 HEKaHOHIYHI
MEXaHI13MH.

B 3uroti marepunckuii ¢pakrop Stella (Bimommii Takox sk Dpp3a abo Pgc7)
Ma€e BaXJMBE 3HA4YCHHS s 3axucTy SmMC MaTEepUHCHKOTO TEHOMY 3arajioM Ta
JacTHHU 0aTbKiBChKOro renomy B ainsHkax ICRs. Stella inrioye 3B's3yBanns Tet3 3
eruinboBanoo JIHK, tem cammMm 3amoOiraroum okuciieHHIO SmC. MeTHIIIOBaHHS
IMOPUHTOBAHUX MUISHOK TaKOX MIATPUMYETHCS MPOTATOM HACTYIHOTO TACHBHOTO
JIEMETUIIIOBAHHS Ha CTaJlli paHHIX eMOpIOHIB. Y 1IbOMY BHITAJIKy OyJI0 TTOKa3aHO, IO
Zfp57 (Zinc Finger Protein 57) ta KAP1 (KRAB (Kruppel-associated box)-
associated protein 1 takox Bimomuii sik Trim28) 3amydarots Oiaku poguar DNMT o
ICRs, TuM camMuM TATPUMYIOYM METHIIOBAHHS B IIMX MICISIX MPOTSATOM TIPOIECY
MaCHBHOTO JIEMETHIIIOBAHHS.

ICRs ta CGI mpomoTopiB TeHiB rameroreHe3a (tak camo, sik CGIs Ha X-
XpoMocomi) 30epiraloTb BHUCOKHI pIBEHb METHUJIIOBAHHS 32 IACUBHOIO
nemetuwinoBanHs J[IHK B PGCs npubmmzno no cramii E11.5, micns doro 1 IissHKA
T TAF0THCS MTOBHOMY JIEMETWIIOBAHHIO. Crocrepiraerbes YIOBITHHEHE
JIEMETUITIOBAHHS CaMe THX JUISHOK, SIKMM MPUTAMaHHA 3aTPUMKa JEMETHUITIOBAHHS Ha
cTajii paHHIX eMOpPiIOHIB, IO JI03BOJISIE MMPUITYCTUTH, 10 Z{pS57 TakoXK € yJaCHUKOM
poro nporecy y PGCs. Kpim Toro, ¢akrop Stella Takox inentudixosannii y PGCs,

ajie loro (hyHKIlis MOKKM HE BCTAHOBJICHA.

Hememuntoeanusa 6 meodcax imnpuHmosanux nocnioognocmeti. HasBHi mani
CBilUaTh, 10 penporpamyBanHs MetumoBanHs JIHK wa cragii  paHHBOrO
emoOpiorenesy ta B PGCs B OCHOBHOMY BIZOYBa€ThCsl 3a PAaxXyHOK MacCHUBHOTO
IeMeTWIIoBaHHI. B Tol ke dYac JesKl HOCHIJOBHOCTI B TE€HOMI, SIKI
XapaKTepU3yIOThCS  HASBHICTIO  JIOBITOCTPOKOBUX  (DYHKI[IOHAJBHUX  MapKepiB

MeTHIIOBaHH, Taki sk ICRs Ta mpoMOTOpH MEBHUX T€HIB JIIHIA 3apOAKOBOIO LUISIXY,
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M1UIATal0Th HEKAHOHIYHOMY MEXaHi3My MiITPUMKH METHIIIOBaHHS (3a yuactio Zfp57
ta KAPl Ta, MOXIMBO, I1HIIUX KOMIIOHEHTIB), SKWUW 3aJIIOETHCS Y BHUIAIKY
HEJIOCTaTHBOI €(h)eKTUBHOCTI KaHOHIYHOTO NIIAXY 3a ydacTi NP95. Ile o3Hauae, 1m0 B
MeXaxX LUX MOCHIIOBHOCTEH MOKE MpAIlOBaTH 1HIIMM MEXaHi3M JIEMETHIIIOBaHHS,
BIZIMIHHHUHA B1JI ITACUBHOTO.

ICRs pemermmiorotbest B PGCs ua cramii E10.5 came B Toit uac , koau ICRS
nocsaraioTe crany ShmC. I mpoMoTOpH TreHiB 3apOJKOBHX JIiHIN MalOTh aHAJIOTIYHY
KIHETUKY JEMETUJIIOBAHHS HUISIXOM TiIpoKcuitoBaHHS SmC, 1m0 TPU3BOJUTH [0
nopymenHss perymsmii mux reHiB B Tetl KO PGCs, Bkadyrounm Ha poJib
TIPOKCUITIOBAHHSA [IMX MapkepiB B ix poOoTi. MoxiuBo, ShmC He BHi3HAIOThCS
MAaIIMHEPIEI0 HEKAHOHIYHOTO HUIAXY MIATPUMKUA METWJIIOBAHHS , B PE3yJIbTaTi YOTro
ICRs 1 mpoMoTOpH TeHIB 3apOJKOBUX JiHIM CTalOTh YYyTJIMBUMH JO HacHUBHOTO
neMmetwitoBaHHs Ha craaii E10.5. ®aktuuno, Z{p57 oOyMoBitoe 3B'si3yBaHHA 3
MOCJIJJOBHICTIO-MIIIEHHIO, SIKIIO BOHA METWUJIbOBAaHA, 3a0€3Meuy0Yd MOTEHIINHUIMA
MEXaHi3M MepEeMHUKaHHS.

[TapagokcasibHO, 1110 MEBHI MapKepu METUIIOBaHHS 30€pIraloThCs 3a Mirparlii
PGCs, He nuBnsunch Ha Te, moO BOHU Oynyth ctepti B PGCs rowaza. Llinkom
MOXJIMBO, IO 1€ MapajJoKC MPOCTO € HACHIJIKOM HEKaHOHIYHOTO MEXaHi3My
MIATPUMAHHS ~ METWIIOBaHHS, SKOMY Il JUISIHKKA MAJIATaloTh. MOXJIHBO, BOHH
MaroTh Micie ckpizb B PGCs, ESCs Ta xinitTuHax paHHIX eMOpIOHIB JJ1s1 3a0€3MeUYeHHS
HaqiiHoro MetwnoBanHsa. B PGCs, ne ngaHi mapkepu TMOBUHHI OyTH 3HATI, IieH
MeXxaHi3M mochabmoerbess  Bim  cramii E10.5, mpusBoasum 10  OCTaTOYHOTO

IEMETUIIOBaHHA uX mmociaigoBHocteil B PGCs ronasn.

3arajoM, KapTHHA pENporpaMmyBaHHs TE€HOMY, sika (OPMYETbCS y CBITII
OCTaHHIX JIaHMX, € CKJIaJHOI0. ICHYIOTh pi3HI MeXaHI3MHU SK HIATPUMKH
METHJIIOBaHHS, TaK 1 JEMETUIIOBAHHS B MEBHUX MOCIIJOBHOCTX. [leMeTHItOBaHHS
MOX€ B1IOyBaTHCSl 3a paXyHOK SIK aKTHBHHMX, TaK 1 IMACHUBHHUX IPOIECIB, Yepe3
(GyHKIL10HATBHY HaJAMIPHICTB, SIKa OTHOYACHO 3a0e3neuye HaAliiHe JeMEeTUITIOBAHHS.

Pi3Hi MexaHI3MM JEMETHIIFOBaHHS TIOB'SI3aHI MK COOOIO Ta HaB3a€M 1HTETPOBaHI
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3aBISKH PETyJslii CUTHANBPHUX LUIIXIB B 3apOAKOBIM JiHII Ta Ha CTajali paHHIX
eMOpiOHiB.

[IoBHOr€HOMHE €NireHeTUYHE peNnporpaMyBaHHS B  3apOJKOBIA  JIHIT
crenudiyHe I CCaBLiB, OCKUIBKH J0Ka31B 1CHYBaHHS TaKOI0 MEXaHI3My y 1HIIMX
XpebeTHuX, Oe3xpeOeTHUX ab0 HACIHHEBUX POCIMH HeMae. MOKIMBO, BIJIHOCHO
i3HE BIITIJICHHST KJITHH 3apOJKOBUX JIHINA ccaBmiB (MICIsS BCTAaHOBJICHHS
eMIreHeTUYHUX MITOK) BUMara€e MamTabHOTO penporpaMyBaHHs JIJIsl €MIr€HEeTUYHOTO
MIJITPUMAHHS  CTaHy IUTIOPUIIOTEHTHOCTI 1 YHUKHEHHS TpaHCTEHEpalliiHOo1
eMIreHEeTUYHOI CMAJKOBOCTI. [CTOTHUM pe3ynbTaTOM pEnporpaMmyBaHHs € CTHUPaHHS
iMnpuHTiB B PGCs, 1 B IbOMY KOHTEKCT1 CJIiJ] BII3HAYMTH, 110 HACIHHEB1 POCIMHHU
MaloTh IMIOPUHTHUHT, aj€ L€ B MepUIy Yepry 0OMEeXYeThCS €HI0CTIEPMOM (POCITHHUMA
€KBIBAJICHT IUIAIICHTH), 1 JOCIATAETHCS 32 PAXyHOK JEMETHIIIOBAHHS IMIPUHTOBAHUX
JOKYCIB B Iil TkaHuHI. OTXxe, HEMae HEOOXIMHOCTI BHUAAJICHHS IMIPUHTHHTY 1

I100aJBHOTO ACMCTUIIFOBAHHS B 3apOJIKOBUX KJIITHHAX POCJIINH.
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PO3/1J1 6. EHITEHETUYHI MEXAHI3MU CTATEBOI JETEPMIHAIIII I
I'OHAJIOT'EHE3Y

[cHye Ba OCHOBHI MEXaHI3MH BH3HAUCHHsI CTATi: reHOTHIiYHE (genotypic sex
determination; GSD), mpu sKkoMy cTaTh BH3HAYa€ThCSd HA OCHOBI TCHETHYHHUX
BiIMiHHOCTEH, 1 “cepemoBumHe” (environmental sex determination; ESD), ne
BIJICYTHSI T€HETUYHA CKJIQJIOBa Yy BIJIMIHHOCTSX MIX CaMIIMHM 1 CaMKaMH, a CTaTh
BU3HAYAETHCS BXKE TMICHS 3alUTiTHEHHS BHACTIJOK BIUIMBY TIEBHUX YHHHHKIB
OTOYCHHsS. 3 1HIIOro OoKy, audepeHmiamisgz cTATi € MPOLECOM IEPETBOPECHHS
HenudepeHIliioBaHNX TONIEPEAHUKIB TOHAJ IHAMBIAYYMIB Ha S€YHUKH abo
CIM’SIHUKH, aJie Il Mpolec CTOCYEThCS 1 IHIIMX acleKTiB audepeHiiiaiii, B ToMy
qucyi, GopMyBaHHS CTATeBUX MPOTOKIB 1 MEHITANM, a TaKOXX BTOPUHHUX CTaTEBUX
o3Hak. Takum 4MHOM, eMOpiOHANbHI TOHAU € YHIKaJbHUMHU OpraHaMu, 3JaTHUMU
JaBaTh To4aTok pizHMM (eHotunam. CoMaTU4HI KIITHHU TOHAA MiAAaloThCs Ail
aHTaroHiCTUYHUX curHaiiB. denorurn, skuil GOpPMYeETHCS y KOHKPETHOI OCOOMHH,
BU3HAUYAETHCS LMUIIXOM (popMyBaHHA ab0O CIM’SIHHMKIB, a00 S€YHHKIB, 1 OJHOYACHUM
MPUTHIYEHHSM aJIbTEPHATUBHOTO BHOOPY 31 3MIHOKO 3T1IHO 0OpaHOi jeTepMiHaIlii
ekcrpecii 6aratbox reHiB. Came y TakoMy KOHTEKCTI PO3BUTKY, J€ OaraTo TeHiB
MOBHMHHI OyTH akTHBOBaHI a00 MPHUTHIYEHI y >KOPCTKUX MPOCTOPOBHX 1 YACOBUX
paMKax, eMIreHEeTHYHI MEXaHI3MH peryJjsuii eKkcrpecii TeHiB HaOyBaloTh
BUPIIIATHHOTO 3HAYCHHS.

Y naHomy po3aUi HaBEJIEHO JaHlI CTOCOBHO EMIT€HETUYHUX MEXaHI3MIiB,
MOB'SI3aHUX 3 BU3HAYEHHSIM CTaTl Ta CTaTEBOK JU(EpeHIlialli€l0 MEPEeBaAXKHO Y

XpeOeTHUX, 3 3aTy4eHHIM JIesaKoi iHpopMallii moa0 6e3XxpeOeTHUX Ta POCIIHH.

Memunmosannsa JIHK. Y pocnuH enireHeTHYHI MEXaHI3MH BU3HAYEHHS CTarTi
BIIEpIIIEC OMTMCAHO Yy KYKYpya3u Zea mays ssp. mays. IIpote, HACKUJIbKHU MOIIUPEH] TakKi
MEXaHI3MHU y BU3HAYCHHI CTaTl y POCIIMH, 3aJIUIIA€ThCs HeBitoMuM. Y auai Cucumis
melo KOHTPONL PO3BUTKY 4YOJOBIUMX, JKIHOYMX 1 TepMappOTUTHHX KBITOK
3MIMCHIOETHCS 32 PAXyHOK B3aeMojii TeHa ¢epMeHTa OiocuHTedy etmieHy CmACS-7

(Cucumis  melo  1l-aminocyclopropane-1-carboxylic  acid  synthase) Ta
187



Tpanckpumnuiinoro ¢akropa CmMWIP1. Excmpecis rema CmACS-7 penpecye
PO3BUTOK THYMHOK Ha JKIHOUIX KBiTKaX, Toal Ak ekcrnpecis CmMWIP1 npuzBoauth 10
BIJICYTHOCTI Y KBITKax IUIOAOJUCTHUKIB. B JHIAX, K1 HECYTh TUIbKU >KIHOYI KBITKH,
nepexiJ BiJ YOJOBIYMX /0 >KIHOYMX KBITOK € Pe3yJbTaTOM EMIr€HETUYHHX 3MIH Y
npomotopi CmMWIPL, BukirkaHux BcTaBkoro TpaHcmo3oHy Gyno-hAT. Taka BcTaBka
TPAHCIO30HY NPHU3BOAUTH a0  iHimiamii Ta marpumanus JIHK-merumoBanHs
npomotopy CmWIP1 Ta pempecii reHa, mo B CBOIO 4epry OOYMOBIIOE PO3BUTOK
KIHOYUX KBITOK.

Topenik (Gorelick) 3i cmiBaBTOpaMy MPHUITYCTHUIIH, IO JBOJAOMHICTH POCIHH
Ta cTareBi XPOMOCOMHM BHHHUKIM BIHEpIIC Y AUIUVIOINHUX TrepMadpoauTiB, SsIKi
MICTHJIM TIapU ayTOCOM, B SIKMX OJ[Ha XpoMocoma OyJia OLIbII METHJIbOBaHA 3a I1HIITY
Ha JUISHII KOHTPOJIIO CTaTi. Y TaKkOMy BUIAJAKYy METHUJIIOBAHHS MOTJIO CyNpecyBaTH
TPAHCKPUIIIIIO, B TOMY YHUCJ1 1 JIOKYCIB, SIKI MPUUMaIN y4acTh Y MPOJYKIII raMer,
TOOTO MEpeTBOPIOBATIM repMadpoauTiB Ha caMmiiB Ta camok. [lomiGHy rimoTe3y
tTakok BUcyBae €Ba Somonka (2004). 3 ii Touku 30py, Buau 3 ESD moTpeOyroTh
rOMOMOP(HOCTI CTaTEeBUX XPOMOCOM 1 HaBITh HE3HAYHI Bapiallli OTOUYCHHS MOXYTh
3MIHIOBAaTH XapaKTEpPUCTUKU METWIIOBAHHS Yy JIOKycax, SKiI BIANOBIJAIOTH 3a
CTAHOBJICHHSI CTaTi, BU3HAYalOYM TAaKUM YMHOM ii y KOHKpeTHOi ocoOuHu. JloOpe
B1JIOMO, 1110 HABKOJIMIITHE CEPEJOBHINE MOXKE BIUIMBATH Ha 3MIHY €KCIpecii TeHiB i,
TaKUM YUHOM, Ha ¢eHoTumn. Y Bumaaky ESD 3miHu oHOTO 3 mapameTpiB OTOYCHHS
miJ yac MEeBHUX KPUTHYHUX (Pa3 y paHHbOMY PO3BUTKY BH3HAYaIOTh CTaTh BCHOTO
noToMcTBa. Tak, TeMIepaTypHo-3ajie;kHe BH3HadeHHsi crati (temperature-
dependent sex determination; TSD) e omuieto 3 ¢opm ESD, mnpu sxomy
CHIBBIAHOIIEHHS CTaTe€i 3CYBA€ThCSA Y BIANOBIAL HAa 3MIHY TE€MIIEpaTypu OTOYEHHS,
0 XapakTepHO I JeAKuX pubd 1 penTwiiil. Y xpeOeTHUX (32 BUKIIOUYCHHSIM
ccaBiiB) apomaraza (Cypl9al) € KIIOYOBHUM CTEPOiJOreHHUM (EpMEHTOM, SKUU
BIIMOBIZIa€ 3a TIEPETBOPEHHS AaHAPOTEHIB B E©CTPOTCHH, IO HEOOXITHO IpH
mudepeHmianli  s€yHUKiB. Y puO 1 penTwiid TeMIeparypHO 1HAYKOBaHa

MAacKyJTiHi3aIlis TICHO MOoB's13aHa 3 pemnpeciero reny cyploal.
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Y  €BpOmeNchKOro MOPCHKOTO OKYHSI TeHeTH4Hl (aktopu Ta (HaKTopu
HABKOJIMIIIHBOTO CEPEJIOBHUINA, B JIAHOMY BHUIAJKYy - TEeMIleparypa, B PIBHIA Mipi
OepyTh yuacTh B BUZHAUEHHI CTaTl OCOOMHU. Y IILOTO BUAY TEMIEPATYPOUYTIUBUM
nepioj criocTepiraeThCsi Ha JIMYMHKOBIHN cTaaii 3a0Bro 10 popMyBaHHs roHaa. bymo
MOKa3aHo, III0 MOJIOAI caMIll XapaKTepU3YIOThCS 30UIBIICHUM Yy JBa pa3u PiBHEM
metumoBands JIHK B mpomotopi cypl9al mopiBasiHO 3 camkamu. BrumB BUCOKOI
TEMIEpPATypH, AKUI MpUIIaJae HA TEMIEPATypOUyTJIMBUM TEpio, MiABUILYE PiBEHb
METHWJIIOBaHHS I[LOTO MIPOMOTOpA Y FT€HETUYHUX CaMOK, 1HAYKYIOUH MacKyJIiHI3aIlilo,
IO CBIJYUTH TAaKOX PO 3BOPOTHIN 3B'SI30K MK PIBHAMU METHIIOBaHHS 1 CTyIIEHEM
excnpecii cypl9al. Pizui CpGs B mexax mpoMoropa Cypl9al xapaktepu3yroTbCs
PI3HUM CTYIIEHEM YYTIUBOCTI 10 TemnepaTypH. [liaBuiieHuil piBeHb METHIIIOBAHHS
npomoTtopa cypl9al OyB inentudikoBanuii B roHaAaX, ajie HE B MO3KY, 110 CBITYUTH
npo TKaHWHOcHeNUIYHUA ePeKT 3MIHM TemmepaTypu. Taki TemmnepaTypHi eheKkTH
TaKOXK OMNUCaHl 1 JuIsi CcTareBO HeAudepeHuiioBaHnx pud. Takum YKUHOM,
METWJIIOBaHHS TTpoMoTopy Cypl9al mpus3BOAUTE 10 3HWIKEHHS PIBHS €CKIIpecii reHy
cypl9al y wmackymniHI30BaHMX BHACHIIJIOK BIUIMBY IMEBHOI TeMmIepaTypu i dac
TEMMePaTypouyTanBoro mepiony pud. JlocmimkenHs in Vitro mnokasamu, mIo
1HyKOBaHE TEMIIEpAaTypHUM BIJIMBOM METWJIIOBaHHS TpomoTtopy cypl9al sumxkye
edextuBHICTh 3B s3yBanHa SF-1 (Splicing factor 1; konxye OuTOK, SIKWi 3aJTydeHUN y
dopmyBanHs crutaicocomn) i Foxl2 (Forkhead box protein L2) i, BigmoBimnoO, iX
3IaTHICTh CTUMYJIFOBATH TPAHCKPHUIII[IFO. Y TOMY K JOCIIKEHH1 0yJIO MOKa3aHo, 1110
CpG-ocTpiBii nudepeHIiitHO METHIIIOIOTHCS Y BIIMOBIAL HA TEMIIEPATYPHU BILTUB
Ha JUISHKAX, MPWIErJIuX A0 CalTy 3B'S3yBaHHSA €BOJIIOIINHO KOHCEPBATHBHOIO
tpaHckpummiiaoro ¢akropy SOX (Sex determining region Y-box). Moxna
MPUITYCTUTH, 1110 METHJIIOBAHHS IPOMOTOpA TeHa apoMaTasu € CKJIAJ0BOIO YaCTHHOIO
MOJIEKYJIIDHOTO ~ MEXaHi3My, SKUW TIOB’SI3y€  TEeMMEpPAaTypHUH  UYMHHUK 1
CHIBBIJHOIIEHHS CTaTell y XpeOeTHUX 3 TEMIEPATypHO-3AIECKHUM THUIIOM
BU3HAUYEHHs cTari. PenTuiii Tako XapakTepusyroThcs [SD TUmoM BU3HAUYCHHS
CTaTi, OJHAK Yy HHUX TEMIIEPATypOUyTJIMBUM TMepioji 30iraerbcsi 3 MEPiOIOM

CTAaHOBJICHHS CTaTi, a OT)KE, MEXaHI3M, XapaKTEPHUH ISl MOPCHKOTO OKYHSI, CKOPIIIe
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3a Bce He Mae wmicrd. lle cBimuuth mpo Te, mo Tun 1SD He3anmexHO BUHUKAB
JEKUIbKa pa3 MpOTATOM €BOJIIOIIII.

Y BuAiB, y SKHX CIIOCTEPITAEThCA MOCJiIOBHUI repMapoauTu3mM, B
mpolecax BU3HAYEHHS CTaTl MPUCYTHI SK BHYTPILIHI, TaK 1 30BHIIIHI CHUTHAJH.
Yopuumit Mmopcekuii okyHb (Acanthopagrus schlegeli) 3 poxunu Sparidae, sikuii €
JIMXOTaMHOIO pHOOIO-TepMaPpoAUTOM (CIIOYATKy IIi pubM € caMIsiMu, a MOTIM -
caMKaMH), € TIMPOKO 3aCTOCOBAHUM MOJCIBHUM 00’ €KTOM JJii BUBUCHHS TEHIB 1
EHJOKPMHHMX MEXaHI3MIB cTaTeBUX IepexoaiB. (OcoOMHM JaHOTO  BHUIY
XapaKTEepPU3yIOThCSl HE3BUUYaWHUM JKUTTEBUM LIMKIIOM, IPOTSATOM SIKOTO CTaTh CaMIIiB
BU3HAYAETHCS TMPOTATOM IOBEHIJIBHOTO IME€PIOJly PO3BUTKY, a y BIlll 3-X pOKIB
BiJI0YBA€THCS 3MIHA CTaTl Ha MPOTUJICKHY. Y JAHUX OPraHi3MiB BIPOJOBXK MEPIIUX
JBOX PENpPOAYKTHBHMX IIMKIIB TKaHWHA SEYHUKIB B TOHAAaX 3aJMIIAETHCS
HEaKTUBHOK 1 OOLMTH HE TMPOXOAATh IEPBUHHY CTaall0 pO3BUTKY. Takuid
HEAaKTUBHUU CTaH TKAHUH S€YHHUKIB HE MOKe OyTH 3MIHEHHI HaBITh JOJaBaHHIM IO
pamiony ectpamiony-17b (E2), ane micms XipypriyHoro BHIAJICHHS TKaHHUH
CIM’SIHUKIB BIJOYBAa€ThCsl X akTUBAIliS, IO CBIAYUTH PO POJIb CIM SHUKIB Y
1HT10yBaHH1 PO3BUTKY TKAaHUH sf€4HUKIB. Ha pi3HUX CTaaisiX pO3BUTKY S€YHHUKIB HE
CIIOCTEpITa€eThCsl pi3HUL B 3arasibHoMy piBHI MetwmoBaHHs JJHK. Onnak piBeHb
METHJIIOBaHHS MPOMOTOpY reHa Cypl9al e BUIMM B HEAKTUBHUX OOIMTAX, HIXK B
aKTUBHUX, IO JO3BOJISIE TPHUITYCTUTH, MO ekcmpecis Cypl9al koHTpostoeThes
ENIreHeTUYHUMHM ~ MEXaHI3MaMH, 30KpeMa, TPAHCKPUIILIMHUMHU aKTHBAaTOpaMU
cypl9al Ginkamu SF-1 i FoxI2. Ha Biaminy Bix 1iporo, mpomotop rena dmrtl, sxwii
npuiiMae yyacTh B AuQepeHiialii ciM SHUKIB Ta BU3HAYEHHI CTaTi, y TOMY YHCI1 B
OpPUPOAHINA 3MiHI CTaTi OCOOMH, HE JEMOHCTPYE BIAMIHHOCTEH B pIBHIX
metumoBanHs JIHK Ha Oyap-skux cTamisix po3BUTKY CIM SHHKIB. TakuM UYHUHOM,
3MiHM pIBHS METWUJIIOBaHHA MpoMoTopy Cypl9al e BaxnmMBHMH HE TUTBKH IS
BHU3HAUAEHHS CTaTl y TEpPMOYYTIMBUX BHJIB, @ 1 B MpOLECi 3MIHM CTaTi y
repMappoaUTHUX BUIIB.

3minu B ekcrpecii DNMT moxyTh OyTu 0e3mocepeHbO 3allydeHl y mpolecu

BM3HAYEHHS CTaTl Ta TOHAIOreHe3. B crareBMX KIIITMHAX SICYHHUKIB Ta CIM SIHUKIB
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mutreit Jla Can (La Salle) 3 cmiBaBT. mopiBHIOBaNM CTYIiHB €KCIPECii TPHOX THITIB
DNMT3 no, mijg gac 1 micias crateBoi audepeHiiaiii, B TOMy YHCIl 1 B MOMEHT
penporpamyBanHs naTepHiB MeTwtroBanHs JJHK, ski MaioTe micie y momnepeaHukax
3apOAKOBUX KIITHH eMOpIOHAIBHMX TOHAJ. B mocTHaTanmpHIN >KiHOYINA JiHIT B
MOMEHT HaOyrTss marepHiB wmetwmoBanas JIHK DNMT3a 1 DNMT3I
KOEKCIIPECYIOThCA, OJHAK OCTaHHIN MPHUCYTHIN y OLibII BHCOKIM KOHIEHTparii. Y
HOBOHapokeHnx cammiB piBHI ekcrpecii DNMT1 1 DNMT3b nmocsrarors
MaKCHMyMYy OJHOYACHO, BIAMOBIJAI0YM 3a MIATPUMKY HaTepHiB meTuiatoBanHsa JJHK
npodiepyrodnx CepMaTOTrOHIiB.

BaxnuBicTh emireHeTMYHHUX IMPOIECIiB B CTATEBUX KIITHHAX HE BUKIHUKAE
CYMHIBY, OJTHaK iX poJib B MONEPETHUKAX COMAaTUYHUX KIITHH, MOXKIIUBO, € II€ O1IbIII
BAXJIMBOIO TOMY, I[0 CaM€ COMATH4YHI KJIITHUHU BiIITPalOTh BUPIMIAIbHY POJb Y
CTAHOBJICHH]1 CTaTl KOHKPETHOI OCcOOMHHU. ['eHM, sIKi BIJANOBIAAIOTH 3a PETYJISIIIIO
MPOIIECIB BHU3HAYCHHS Ta CTAHOBJICHHS CTaTl EKCIPECYIOThCSI B OCHOBHOMY B
MOTIePETHUKAX COMATHMYHUX KIITUH. ['€H BH3HAYeHHs CTaTi Cy4yaCHHX CCaBIiB Sry
(Sex-determining Region Y) iHilif0€ pO3BUTOK MOIMEPEIHUKIB COMATUYHUX KIITHH B
kimituHd CepToni, a He TPaHylbO3W Ta EKCIPECYEThCSl TUIBKM B TMEBHIN TpyIi
COMaTUYHUX KMTHH ToHaa Ha 10,5-12,5 noOy micns 3armumiaHeHHsa y muiiei. Takum
YHHOM, MPOCTOPOBA Ta YacoOBa PETYJSLis reHy Sry Mae BUpIIIATbHE 3HAYEHHS IS
dbopmyBaHHS TOHAA. Y eMOpioHIB uepe3 8,5 mi0 micis 3aruliiHeHHS TeH SIY 1me He
EKCIPECY€EThCS, a HOro MPOMOTOPHUI PETiOH TinmepMeTuiIboBaHu, Ha 11,5 100y 1
IUISHKA T'eHa CTa€ TiIOMETHILOBAHOIO, aji¢ TUILKH B TKaHWHAX ToHaj. Lle mo3Boise
IOPUITYCTUTH, 10 SIY KOHTPOJIOETHCS CMIr€HETHYHO, MOXIIMBO, 3a YdYacTi
MmetwmoBanHs  JIHK. Sk Bigomo, TINMOMETWIIOBAaHHS IMPOMOTOPIB  TEHIB
CYIIPOBOJUKYETHCS X TPAHCKPUIIINHOIO aKTUBHICTIO, TOMY CUTYyallisi 3 TeHOM SIY €

IIJIKOM OY1KYBaHOIO.

Moougpixayii cicmonis. Ik 3a3Hayanaoch BHINE, HYJIEOCOMU SIBISIOTH COOOIO
(yHKITIOHATBHI OJMHMII XPOMATHHY 1 CKJIQJAlOThCS 3 TICTOHOBHUX OKTaMepiB Ta

OpUMMAIOTh Y4acTh Yy PEryJdlii TPaHCKPUMIT 32 paxyHOK MOCTTPaHCIALIHHUX
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KOBaJICHTHUX MOAMQIKaLid X aMIHOKMCIOTHUX 3aiuiikiB. HaiiOiiabpin BUBYECHUMH
Moau(iKalisIMA TICTOHIB € alleTWJIyBaHHS, METWIIOBaHHS Ta (pochopriiroBaHHS.
H3K4me3 acormiiioBano 3 TpaHCKpHIiiHOW akTuBHICTIO, a H3K9me cmnpasmuse
npotwiexkuuit edpekr. € pokasu, mo H3K9me3 wmoxe Takox pekpyTyBatu 1
aktuByBaTh DNMTSs. AnieTuitoBaHHs T1CTOHIB KOPEJIOE 3 aKTUBHOIO TPAHCKPHUIIIIIEIO
reHiB. buiblIicTh €H3KMIB, K1 OEpyTh y4acThb B pEMOJIETIOBaHHI XpOMAaTHHY, YyTJIUBI
710 3MiH (haKTOpiB BHYTPIIIHBOTO CEPEIOBHUINA 1 METaOONIYHMX CHUTHAIIB, TOMY
MPaIIOIOTh SIK CEHCOPH, 5Kl 3a0€31eUyI0Th 3MIHM €KCIPECii TeHiB.

Ponp nmx mexaHi3MmiB y AeTepMiHAIlli CTaTi BHUSBJICHA, 30KpeMa, Y YepBELiB
(Coccidae; ncepmomuTiBku). Y 06araTb0X BHIIB IUX KOMax OaThbKIBCbKI XPOMOCOMH
niaaaThes (akyIbTaTUBHIM TeTepoxpomarizaiii y eMOpiOHIB CaMiliB 1 Mi3HIIIE
eMIMIHYIOTBCS 3 1X 3apOJKOBOI JIHII MMiJ Yac crepMarorenesy. TakuMm 4MHOM, caMili
3a JIONOMOTrOI0 CIEpPMIiB TEpelaloTh BUKIIOYHO MATEPUHCHKI Xpomocomu. Ll
HE3BUYAIHA IIUTOJIOTIYHA BUI03MIHA HA3WBAETHCS JICKAHOITHOIO CUCTEMOIO. Y TaKUX
BUJIB CTaTh HAIAJKIB BU3HAYAETHCA 3aJIEKHO BIJl TOrO, YA 1HAKTUBYIOTHCS
0aTBKIBCHKI XPOMOCOMM B IHUTOILIA3Mi SHLA Michs 3aruiigHeHHs. Hampuxnan, y
OopomHHcTOro 4epBems Planococcus Citri 3 Takor CHCTEMOIO TaMeTH, sKi
YTBOPIOIOTHCA IMiJI Yac MEHo3y, Xoda 1 MarTh OJHAKOBUN T€HOM, BIJPI3HIIOTHCS
piBasimu H3K9me 1 HP1, ogni 3 HMX 3HAaYHO CWJIBHINIE MapKyrOThCS obOoma
aHTUTUIAMU JI0 BKa3aHUX OLIKIB, HK IHII, JEMOHCTPYIOUM B3a€MO3B'SI30K MIX
IMIIPUHTUHTOM 1 JIETEPMIHAIIEIO CTATI.

HaBenenuil npukian UmoCcTpye, sIK crelu(iyHa emireHeTnyHa "MiTka" MOoXe
OyTH TOB’si3aHa 3 TIEBHOKO CTaTTIO. Y MPEJACTABHUKIB OaraThbOX TaKCOHIB BiJI KOMax
1o ccaBmiB cnenudiunuii 6inok, PHD Finger Protein 7 (PHF7), exciipecyeTbes nuiie
B 3aponkoBiii JiHii cammiB. 'em Phf7 BaximBuil s TiATPUMKH 3apOIKOBUX
CTOBOYpOBHX KIITHH Yy caMmIiB IutofoBux Mmyx. Ekcmpecis Phf7 ingykye
criepMaToreHe3 B 3apOJKOBUX KJIITHHAX 3 XpomocomMamMu XX. bimeme Toro,
moacekuii PHF7 BigHoBmoe myrantauii Phf7 ¢enorun y apozodinu. LikaBo, mo i
OlIKU SK y Apo3odinm, Tak 1 y JOAUHM 3B's3y10Th MITKy H3K4me2. Buxonsuu 3

BUIIEBUKIIAJCHOT0, MoOkHa mnpunyctutd, mo PHF7 nie sax koHcepBaTuBHMIA
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enireHeTHyHni "AemmdpyBanbHUK", KU aKTHBY€E CTaTeBY MpOTpamy 3apOAKOBOI
JIHIT caMIIiB.

Mopaudikamiss H3K9me, saxa Moxe OyTH 3BOPOTHOIO, €  MITKOIO
reTepoxXpoMaTUHy 1 TmpurHideHHs TpaHckpuniii. [IpogemoncTpoBano, 110
MeTutoBaHHs 1 qeMmetwitoBands H3K9 (3a ske Bianmosimae metuntpancdepaza G9a)
MOE PETyJIOBaTH EKCIIPECit0 TEeHIB JeTepMiHaIlli CTaTi 3apOAKOBUX KIITHH Ta
roHajiorenesy. byio noka3zaHo, mo (GY9a-mediumMTHI 3apOAKOBI  KIITHHU
JEMOHCTPYIOTh MOPYIICHHS] CHHXPOHHOCTI KOH oTaIlii XpoMOcOM B mpoda3zi Merno3y.
Mowuo- 1 nu-metumoBanast H3K9 (H3K9mel i1 2) B G9a-gedinuTHUX 3apOJKOBUX
KITITUHAX 1CTOTHO 3HIDKEHO, a TEHHU, SKI PerymolThes 3a gomomoror (G9a,
HAJEKCIPECYIOThCS MPOTATroM Meno3y. KpiMm Toro, mpoaeMOHCTpOBaHO, 1[0 MOHO- 1
mu-metwnroBanHs H3K9 auHamivyHe 1 pi3HUTHCA Y PEICTaBHUKIB PI3HUX CTATEH i
yac npodaszu Menosy.

Y 2005 0yB inmeHTu(IKOBAaHUNW KPUTHYHUN saepHUN (DakTOp B emOpioreHesi
MHUIIN, SKUH KoayeTbcs reHom Jumonji (Jmj), mo  Bigirpae BakKIMBY pOJib Y
dhopMyBaHHI CEPIIEBO-CYIMHHOI CUCTEMH, HEPBOBOI TPYOKH, IMEUIHKHA 1 T€MaToIoe3i.
3romom, Oyino mpoaeMoHcTpoBaHo, mo H3K9me2 / I1-cmeuudiuna nemeTuiiasa
JHDM2A (JmjC-domain-containing histone demethylase 2A, Takoxx Bimoma sK
JMJID1A) Ge3mocepeHbO 3B’SI3YyEThCSI Ta KOHTPOJIOE EKCIpecito TeHiB transition
nuclear protein 1 (Tnpl) i protamine 1 (Prml), mpoayktu skux 3a0e3NEUyIOTH
YIAKOBKY 1 KOHJACHCAIlII0 XpOMAaTHHY criepmiiB. binbiie Toro, Muii 3 AedimeHci 3a
JHDM2A nemoHcTpyBanu neeKTH MOCT-MEHOTHYHOI KOHJIEHCAIll XpPOMATHHY.
Otxe, JHDM2A BaxiuBuii i1 HOpMaJIbHOTO MPOXOKEHHS criepMmaTorenesy. Kpim
toro, JHDM2A Takox peryitoe reHu MeTadoJii3my, sKi MOB'A3yI0Th 3 TOMEOCTa30M
eHeprii, OCKIJIbKU Je(PEeKTHI 32 HUM OpPraHi3MH JEMOHCTPYIOTh OXUPIHHS Ta 1HIII
MeTa0oI1YH1 TOPYIIESHHS.

[cHyroTp 1 1HII JOKa3W 3B'SI3Ky MDK MOAU(QIKalisIMH TICTOHIB Ta
nerepMiHaiiero crari. Tak, Oyno mokazaHo, mo XY Mwumr, aepiuuTHl 3a
nemeruinazoro JHDM2A, dacto neMOHCTPYIOTH peBEpCio CTaTi 1 1HOAI MOBHY il

3MiHy 3 (popmyBaHHAM TUIIAHUX caMOK. AHami3 ekcrnpecii PHK Ta 6inka mporo reny
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CBIMUUThH, MmO BTpara aemerwmoBanHs H3K9 Beme 10 CHIIBHOTO TPUTHIYCHHS
ekcmpecii Sry mija yac eMOpioreHesy. 3okpemMa, GepMEeHT HAKOIMUUYETHCS B JIOKYC1 Sry
nukoro tumy XY OINMOTEHIIaTbHUX COMATHYHUX KIITHH 1 BeJe JI0 I1CTOTHOTO
301nbIneHHss AemetwatoBanHd H3K9 1 no 3umxenns tpumerwnioBanHs H3K4 B
HboMy. Ili dakTth € nepmMH JI0Ka3aMH KPUTHYHOI PO METHIIOBaHHS 1
JE€METUIIIOBAHHS TICTOHIB y JIE€TEpMiHAlLlii CTaTl CCABIIIB.

Poms GinkiB tpymu Polycomb (PcG; penpecopiB) i Trithorax (TrxG;
aKTUBATOPIB) BioMa y MIATPHUMII BIAMOBIIHUX MPOQUIIB €KCHpecii TeHIB Mij Yac
PO3BUTKY; MEHIIIE BIJOMO PO iX y4acTh B JCTEPMIHAII] CTaTi 1 TaMeToreHesi. biok
Chromobox homolog 2 (CBX2, Takox Bimomuii sik M33) € romosniorom Polycomb y
mutiei. byno mokasano, 1110 MoJOBHHA MUIIEH, MyTaHTHUX 3a TeHOM CBX2, rune 1o
MOYaTKy BUTOJIOBYBaHHS, a Ti, SIKI BUXKWJIU, IEMOHCTPYIOTH T1MOIUIACTUYHICTh TOHA/
1, BIIMOBIAHO, MEPETBOPEHHS CaMIliB B CaMOK. ¥ TOMO3UIOTHHUX MYTAHTIB 3a IIMM
reHoM (hOpMyBaHHS TEHITAILHOTO TpebeHs 3aTpuMano K y XX, Tak 1 XY 0coOuH.
Hedbextn pocTy TOHaA 3'SABISIOTHCA NPUOJM3HO Ha eTami  ekchpecii  Sry,
miaTBeppKyroun, mo Aehinut CBX2 Bukiaukae 3MiHy CTaTi 3a paXyHOK BIUIMBIB Ha
KOMITOHEHTH CUTHAJIBHOTO NUIsAXy Sry. OmHaK, KOHKPETHI MOJICKYJIIPHI MEXaHI3MH
perymsuii ronanorenesy Oimkom CBX2 3anumarotecsi HeBiiomMuMu. B Toil ke yac
TPAHCKPUIITOMHHM 1 IMyHOTICTOXIMIYHUN aHaTI3U 3aCBIIYWIN, IO €KCIpECisl I'eHiB,
SK1 KOJYIOTh TPAHCKPUIIIIHHI ()aKTOPH, BAXJIHMBI JJIsl PO3BUTKY TOHAJI, BKIIOYAIOYU
Sry, Sox9, Lhx9, Ad4BP/SF-1, Dax-1, Gata4, Arxm i Dmrtl, nopyiieHa B HOKQyTHUX
3a CBX2 ronamax. CxpemryBaHHs HokayTHuUX 3a CBX2 mumeit 3 mumamu 3
HaJieKcpeciero Sry abo S0X9 ycyBae mepeTBOPEHHS CaMIliB B CaMOK, X04a CIM'sSTHUKH
3aMIaTbes rinomnactuyHumu. lle Bkazye na te, mo CBX2 Oepe yuacth B
nudepeHIliioBaHH1 CIM'SSHUKIB Yepe3 PeryJiflliio eKcrhpecii rena Sry, aie crarh i

PO3Mip rOHAJ 3aJIEXKUTh BiJl IHITUX CUTHAIBHUX KaCKaJIiB.

Hexooyioui PHK. Slk Bxe 3a3Havanocs, Hekonyroui PHK (non-coding RNAS;
ncRNAS) € ¢dyHKIIOHATRHUMH MOJIEKYJaMU, SIKi HE TPAHCIIOIOTHCS B OUIKH 1

3alTydeHl B JIesIKI CKJIAJIHI eMireHeTHYH1 MexaHi3mMu. Buiie BkasyBanocs, mo NCRNAS
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KJIacU(IKYIOThCS BIAMOBIIHO O iX HYKJICOTHIIHOI JOBXKWHHU, CTPYKTYpH 1 (PYHKITII.
Haiikpame oxapakrepuzoBanuMu ncRNAs 3 emireHeTHYHOi TOYKH 30pYy € JIOBI1
nexoayroui PHK (long ncRNAS; INcCRNAS), siki MaioTh y cBoeMy ckiaji Oibiie 200
ocHoB, 1 MikpoPHK (microRNAS; miRNAS; 19-25 ocuoB). IncRNAs, Taki sk roX i
XIST (X-inactive specific transcript), 6epyTh y4acThb B MeXaHi3Max KOMIICHCALII]
no3u y D. melanogaster i M. musculus. OcuaoBHoto QyHKIietro miRNAs € ToHka
peryJiLis TpaHCILIi 3a paxXyHOK perpecii un nerpazgarii nesuux MPHK. Kpim toro,
ncRNAS perynwoTh TpPaHCKPHIIIKD TE€HIB 3a paXyHOK Oe3mocepeaHboro
PEKPYTYBaHHS KOMIUJICKCIB CAMJICHCUHTY Y TIEBHI JIOKYCH.

VYuacte ncRNAs y aerepmiHaliii crati IpoJeMOHCTPOBAaHO Ha pOCiIuHAX. Y
KyKypyA3u (Zea mays) 4osioBidl Ta >KIHOYI KBITKUA TPYMYIOTbCA Y BOJIOTH 1 MOYATOK
BiMoOBiIHO. JleTepmiHallisi ctati BiOYBAEThCS 3a JOTMOMOTOI abopTallli KIHOUUX
IUIOJOJUCTKIB Y BOJIOTI 1 4YOJOBIYMX THYMHOK y mouaTkax. ['ed indeterminate
spikeletl (idsl) e wieHoM pOAMHM KBITKOBUX T'OMEO3WCHUX TPAHCKPUIIIHHUX
daxTopiB APETALA2, sixi HeoOXiH1 Il AeTepMiHaIlll MEpUCTEMHU KoJyiocka. byro
BcTaHOBIIEHO, 1110 MIRNA 172 (miR-172), sika koxyetbes tasselseed4 (ts4), BvBae
Ha (axktopu APETALAZ2, a myrtauii tS4 npu3BOAATH 10 PO3BUTKY IUIOAOIMCTHUKA Y
BOJIOTI TIIJI Yac po3railyXeHHsS wmepucteMu. Ili pe3yabratd BKa3zylOTh, IO
JeTepMiHaIlisl CTaTi Ta BHU3HAYEHHSA JOJI MEPUCTEMH BIJIOYBA€ThCA 3aBJISKH
AKTUBHOCTI OJJHAKOBUX CUTHAJIBHUX IISXIB.

VY xomax BB miRNAS Ha roHajoreHes A0CiKYBaId Ha TBOKPUIIUX, TAKUX
sk Drosophila, i xomapax Aedes aegypti, OCHOBHHX IE€PEHOCHHKAX TPOIIYHOT
nuxomanku (Dengue fever), skum nputamMaHHU MepPeICTMYHUIT THI PO3BUTKY
SIECYHMKIB, 32 SKOTO OOIUMTU Ta TPOMOIMTH MaloTh CHUIbHE MNOXO/MKeHHs. L1
MeXaHI3MH TaKOoK JOCHIDKyBalid Ha Buuax, Takux sk Blattella germanica
(Dictyoptera, Blattellidae), sxum npuTamMaHHui  HAWOUIBII  MPUMITUBHHM
NAHOICTUYHMI THN PO3BUTKY SIEYHMKIB, 32 SKOTO OOTOHIT TPaHCHOPMYIOTHCS B
OOIMTU. B ocTaHHIX BiJICYTHICTH aKTHMBHOCTI KiitouoBoro ¢epmenty Dicer-1 (Dcrl),
HeoOXximHoro s cuHTte3y mMiRNA, nmpu3BoauTh 10 CTEPWIBHOCTI CaMOK,  SIK1

JIEMOHCTPYIOTh TNIMOOKI TOPYIIEHHS PO3BHTKY ooiuTiB. Y Aedes imeHTudikoBaHa
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MIR-275 1 mpoaeMOHCTPOBaHO, 10 BOHA HEOOXiIHA JUIsl TPOIYKIIil sientb. bepyun 10
yBaru poiab mMiIRNAs B 0ararbox acmekTax pemnpojaykiii komax, Il (akTu
MIJITBEP/KYIOTh, 110 TMOBUHHI icHyBatH 1HII miRNAs, moB'si3aHi 3 BjacHe
JETEPMIHAITIEIO CTATI.

Y armantuunoro mantyca Hippoglossus hippoglossus HerogaBHO Oyi10
nociipkeHo natepH miRNA B opranax penpoAyKTHBHOI oci (TOJOBHHUH MO30K 1
TOHAJM) Ta BCTAHOBJICHO, 1110 J€SIKI 3 HUX BUSIBJIAIOTH OOMEXEHY CTATTIO €KCIIPECIIO.
Kpim Toro, nmokasano, 1o piBH1 Aesskux miRNAS 3MiHIOIOTbCS MICs MacKyJiHI3aril
mij J1i€10 aHAPOTeHIB abo 1HTIOITOPY apoMaTasd, BKa3yloud TUM CaMHM, IO ACsKI 3
[IUX MOJIEKYJ KOHTPOIIOIOTHCS TOPMOHAJIbBHUMH CUTHAJIaMHU.

JlerepMmiHalisi cTaTi y MNTaXxiB B OCHOBHOMY BHBYajiacsi Ha KypKax, SKHUM
nputamanHa ZZ (camii): ZW (caMKH) XpOMOCOMHA CHCT€Ma BU3HAYCHHS CTAaTi.
Camiii MarTh TOJABIMHY 103y Z-34€IUICHUMX T'EHIB TMOPIBHAHO 3 CaMKaMH, 1, Ha
OPOTUBAry CCaBIsIM, HE MAalOTh MEXaHI3My KOMIIeHcalli 7o3u. Xo4a HEBeJMKa
KUTBKICTh Z-34eIlJIEHUX T€HIB KOMIIEHCYETHCS 32 PaXyHOK MOCUJICHOT akThBalii y ZW
caMok. HenromaBHi HOCTIKEHHS TOKa3aiM, 0 TMOCWJICHHS aKTUBHOCTI MOXKe OyTH
obymoBiieno JjoBroro ncRNA, nHasBanoro male-hypermethylated (MHM), sika
CUHTE3YEThCS He3abapoMm MICis 3allliJHEHHS Ha €QuHIA Z XpOMOCOMI camokK. Y
camiiB MHM TpaHCKpUIIIIIHO CaliIEeHCYEThCS METHIIIOBAaHHIM. BiIMIHHOCTI Takoro
METUJTIOBAHHS HACTIIPKY BHPAXKEHI Y PI3HUX CTATeH, 1110 BUBHAUYCHHS CTATI CaMe HUM
1 oOMexyerbcs. binbme Ttoro, y mnokyci MHM  cnocrepiraetbcsi 30aradeHHs
aneTwiboBaHUM ricToHOM H4 mo mizuny 16, momudikarii, XapakTepHOi s
eyxpomatuHy camok. IlikaBo, mo ms crenudiyHa rictoHoBa MoAudikallis HasBHA
TaKOXK y310BX Bciei X xpomocomu camiiie Drosophila melanogaster, uepes siky i
peayi3yeTbCsl J1030Ba KOMIIEHcaliss y 1boro Buay. Anam3 ekcrpecii MHM
MIPOICMOHCTPYBAB ii POJIb B eMOPIOHATLHOMY PO3BUTKY Kypdart. ['iOpuau3aris in situ
niaTBepawia, mo MHM nokyc ekcnpecyeThesl TUTBKH y CaMOK, TPUYOMY TTEPEBAKHO
B ronagax. Exromiuna ekcnpecis MHM Bene no rineptpodii TkaHWH, 0COOJIMBO
rOHaJ, $KI OpPU IOMY BTPAYAIOTh XApPAKTEPHY I NTaxXiB aCUMETPII0 JI1BO-

paBOCTOPOHHBOTO PO3BUTKY. [likaBo, mo PHK MHM nakonuuyeThcsi Ha Z
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XpOMOCOMI caMoK ayxke 0im3bko a0 okycy DMRT1 (Doublesex and mab-3 related
transcription factor 1), sxuii HeoOXimHMI IS JeTEepMIiHALIl CTaTi caMIliB. Y caMIIiB
HemnpaBwibHa ekcripeciss MHM nopymye excnpecito DMRT1 B ronamax, Bka3yrouu
Ha Te, 110, KpIM y4yacTi B J030Biii komrmeHcalii, MHM Moxe BimirpaBatu poiib y
nudepeniiaiii ToHaa y Kypyar. SKIo HaBeleH1 JaHi OyayTh MIATBEPKEH1, TO 1€
CTaHE MPEKPACHUM MPHUKIAIO0M OaraTopiBHEBOi €MIF€HETHYHOI peryiislii, 3a sKoi
metumoBanHs JJHK, moaudikaris rictoniB 1 ncRNAs AitoTk pazom.

Piznunst B excrpecii NCRNAS y pi3HuX cTtateli HE OOMEXYEThCS JOBTHMMH
ncRNAs i moxe crocyBatucs MIRNAs, takux sk miR-363, xowa ii ponap B
JIeTepMIHaIlli CTaTl BCe IIle HE BCTaHOBJIeHA. byno mokaszaHo, 110 piBeHb eKcIpecii
MIRNA202* (miR-202*) Bummii y cammiB. DemiHizallis S€b MPU3BOAUTH 0
3MEHIIeHHs! KoHIeHTpalii MiR-202* no piBHIB, XapaKTepHHUX IS CAMOK, 1 KOPEIIOE
31 3HMKEHHIM ekcrpecii reHiB cim’ssHHUKIB DMRT1 1 SOX9, a Takox 3 MOCHJICHHSIM
aKTUBHOCTI acolliiioBanux 3 sieunukamu reHiB FOXL2 1 CYP19A. 3 inmoro Ooky,
MAaCKYJIIHI30BaH1 TOHAJU CaMOK JIEMOHCTPYIOTh MiJBHUIIEHY ekcrpecito miR-202%*,
sKa CYNPOBOJKYEThCS 3HIKEHHSM akTuBHOCTI FOXL2 1 CYP19A 1 mocuieHHsIM
tpanckpumnuii DMRT1 1 SOXO.

OnHak, peasibHa cutyarlis 3 pojutto MikpoPHK y Bu3HaunHH1 cTaTTi MOXKE OyTH
OB KOMIUIEKCHOIO, HI’K OMUCAHO BHINE. Tak, B TOHaJaX CaMIliB 1 CAaMOK JOPOCIHX
mumedt igeHTudikoano 10852 1 11744 xmoniB Mamux Hekoayrounx PHK
BIIMOBITHO, skl BKJItodasu 6630 (159 renip) 1 10192 (154 reniB) Bimomux miRNAs. 3
HuX 55 miRNAs ekcnpecyBanucs Ha BUCOKOMY PiBHI BHKJIIOUHO ab0O MEpPEeBakKHO B
CIM'SITHUKaX 1 SI€YHUKAX JOPOCIUX MHUILIEH, Takok Oyno omucaHo ABI miRNAs,
TpaHCKpUIILIA IKuX BigOyBanacs Ha X Xpomocomi camiliB. OaHak (yHKIIOHaJIbHA
poiib X miRNAs noku HeBiioma. AHami3 21 10pocioi TKAaHWHU MUIII TTOKa3aB, 110
miR-202 e Tecric- i oBapio-crenudiynoro. [Tokazana pizHa excrpecis 1 inmmx PHK,
Britoyaroun IncRNAs 1 miRNAS, y ronagax pizHHX cTateid MUl Mif 4ac paHHbOI
mudepeniiaii, ogHak poib Takux ncRNAs mig vac aerepMiHalii cTaTi MOKH

HEBIJIOMA.
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PO31J1 7. IHAKTUBALIA X-XPOMOCOMMU

VY monelr crateBuii AMMOp@i3M TMOB’s3aHUN 13 MPHUCYTHICTIO ABOX X-
XpPOMOCOM y KIHOK Ta XY-XpOMOCOM Yy 4YOJIOBIKIB. X-Xpomocoma Buay Homo
sapiens mictute 155 000 mu Ta 1250 Bimomux TeHiB. Y-XpoMoOcoMa B TpU pas3d
MEHIIIa 1 Ma€ HAMHIKYY LIUIBHICTh T€HIB Yy MOPIBHSIHHI 3 IHIIUMHU XPOMOCOMaMH
JOAUHU. Y CCaBIIB Y-XpoMOcOoMa IIBUIKO €BOJIOIIIOHYE Yy TMOpPIBHSAHHI 3 X-
xpomocomor. He3HauHuit BMICT TEHIB Ta BeJIMKa KUIBKICTb €JEMEHTIB, IO
MOBTOPIOIOTHCS, CBIAYMTH TPO IIBUIAKY BTPaTy aKTHUBHMX TEHIB 1 HAKOMMYCHHS
NOBTOPIB y Y-xpoMmocoMmi. BBaxkaeThcs, 110 111 MpoIecH Mpu3Beiu 10 HopMyBaHHS
HoBoro reHa (SRY), sxuii nerepmiHye pO3BUTOK YOJIOBIYOi CTaTi, Ta TCHIB
CriepMaToreHe3y, 10 CYIPOBO/KYBAJIOCS MPUTHIYEHHSM pEKOMOIHAIl, sKe
3a0e3neymio IeMJIeHHs [HUX TeHiB. BiAcyTHICTH pekoMOiHalii 3 X-XpoMOCOMOIO
CIIpUsiJia HAKOMTMYEHHIO MyTalliil 3aBsSKHU Apeiidy reHiB Ta Hee(eKTUBHOCTI BIIOODY.
Ile mpu3Beso 10 He3BUYAMHOI CUTYallli, 3a AKO1 AUISTHKHA TomoJiorii X 1 Y XpoMocoMm
OOMEXYIOTbCS JIBOMAa HAQJA3BHYAMHO MajlMMH OO0JIaCTSIMH, TaK 3BAHUMHU IICEB/O-
ayrocomuumMu perionamm 1 i 2 (pseudo-autosomal region; PAR1 i PAR2),
po3TamoBaHUMH Ha KIHOAX X 1 Y XpomocoM. KBazi-remMi3urotHicte reHiB X-
XPOMOCOMH Y YOJIOBIKIB pOOWTH OCTAHHIX OUIBII COPUHHATIMBUMH JO MyTarliil miei
xpomocoMu. g cuTyarlis TPU3BOAUTH, MOMIJIMBO, 10 30UIBIIEHOI YOJOBIUO1
CMEPTHOCTI y MIOPIBHSAHHI 3 )KIHKaMHU.

CrareBuii quMopdi3M XapaKTEpPU3YEThCS BIAMIHHOCTSIMHU Y KUIBKOCTI KOIIii
reHiB X-XpOMOCOMHM y OCOOMH pI3HUX cTaTedl. Y caMIiliB KUIbKICTh KoMk X-
34YEIUICHUX TeHIB 3MEHIIICHA B JIBa pa3u MOPIBHSIHO 3 ayTOCOMHUMH. Y CaMOK CCaBLIIB
omHa 3 X-XpOMOCOM iHAKTHUBYEThCS. Y MHIIEH II€ KOMIIGHCYEThCS 3a PaxXyHOK
nigBumeHast excnpecii X-3ueruieHnx reHiB (y 1.4-1.6 pa3) mpoTsarom paHHBOTO
eMOpioTreHe3y sIK y camIliB, Tak 1 y camok. Lle migBuieHHs € e OUIbIIUM Ha O1IbIIT
MI3HIX CTAAISX PO3BUTKY, IO JO3BOJIIE BUPIBHIOBATH PIBHI €KCIIpecCii Ie€HIB €IUHOT
X-XpoMOCOMH Ta ayTOCOM B KIITHHaxX camiliB. MexaHi3M Takoi peryisnii Ha

MOJIEKYJIIPHOMY pIBHI 1€ He omnucaHuil. [IOpiBHSHHSA TPUIUIOIAHUX KIITHH, SKI
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HECyTh OJIHYy a00 NIB1 akTHMBHI X-Xpomocomu (Xa), mokasaB, 10 TUTPKHA YacTHUHA X-
3YETUICHUX T€HIB PETYIIOETHCS BKa3aHUM IIIJITXOM.

[Ile omuH acmekT crareBoro AUMOp(i3My IMOJISATaE B KUIBKOCTI CTAaTeBUX
XpOMOCOM CaMIIiB Ta caMoK. Pi3H1 BUAu OpraHi3amMiB BUKOPUCTOBYIOTh Pi3HI CTpaTerii
JUISL TIOZI0JIAHHS TAaKUX BIIMIHHOCTEH. Y TUIOJIOBUX MYX PIBEHb €KCHPECii T€HIB OJHIET
X-XpOMOCOMHM y CaMI[iB JOPIBHIOE TaKOMY JBOX X-XpOMOCOM Yy CaMOK. Y
repMadpoauTHIX XX HEMAaToJ CHOCTEPIraeThCsl MOJOBUHHUN pPiBEHb ekcrpecii X-
3YCIUICHUX TEHIB. Y CCaBIliB OJIHA 3 JIBOX X-XpPOMOCOM BHUIIQJIKOBO 1HAKTUBYETHCS Ha
paHHIX eTamax emOpiorene3dy. Ils BumankoBa iHakTuBarlisi X-xpomocomu (IXX)
MPU3BOAUTL JI0 TEMIBUTOTHOCTI TE€HIB CTaTE€BOi XPOMOCOMH Ta 30aJaHCOBAHOTO
MO3aiM3My Ha pIiBHI oOpraHizmMy. Maibbke B MOJIOBUHI KIITHUH 1HAaKTUBYETHCA
MaTepUHChbKa X-XpoMOcOMa, a B IHIIMX - OaTbKiBChKa. UepemaxoBi CaMKH KOTIB
(reTepo3uroTHi 3a TEHOM, SKWW BIAMOBIZA€E 3a KOJIp IIEPCTI) € MPHUKIAIOM
(eHOTUIIOBOTO MPOSIBY TAKOTO SIBUIIA: KIITUHHU, B SIKUX IHAKTUBOBaHAa X XPOMOCOMA,
sIKa Hece ajenb PyHoro Kombopy mrepeti (X°), eKCIpecyoTh albTepHATHBHIIL anelb,
4OpHOTo KOJIbopy mepcti (X°), Toxi K KITHHY, B SKHX iHAKTUBOBAHUH anenb X,
XapaKTEPU3yIOThCS HASBHICTIO PYIOT0 3a0apBJICHHSI, IO B PE3yibTaTi MPU3BOJUTH
70 YOPHO-PYIOTO «YepernaxoBoro» 3adapBiieHHs mepcTi. Kpim Toro, s Aeskux
IUTAlIEHTapHUX CCABIIB (HAMPHUKJIaA, KOPOBH, MHUIII) TAKOXK XapaKTEpHA 1HAKTUBALliS
0aTbKIBCHKOI X-XPOMOCOMH B 1103a€MOpPI1OHAIbHUX TKAaHHHAX.

Jlns iHakTUBaIli oAHIET 3 X-XpOMOCOM MOTPEOYeThCs sKach audepeHiriais B
MeXax JBOX TOMOJIOTIB B oHOMY 1 Tomy camomy sipi. [Ipomec IXX ckmanernes 3
TPhOX €TamiB: 1HIIAIl, eJIoHTalli Ta MIATPUMKH I1HAKTUBOBAHOTO cTaHy. Jlis
1HimaIii noTpeOyThCsl TpaHC-(aKTOpH, sIKI BIAMOBIAAIOTH 3a OIIHKY KUIBKOCTI X-
XpOMOCOM B KJITHHI, 3a0€3MEUYECHHSI aKTUBHOCTI TUIbKH X-XPOMOCOMHU Ta PIILICHHS,
sgkoi came. IIpomec mepexomy 3 aKTMBHOIO B HEAKTUBHUK CTaH HOCATAETHCS 34
PaxyHOK IOCJIIOBHUX €MIreHeTUYHUX Moaudikailiif, a caMe HAKOMUYCHHS BETUKUX
Hekoayrounx PHK Xist, 3amiHa MITOK aKTHBHOTO XPOMATHHY Ha PEIPECHBHI,
BKJIIIOUaroun penpecopui komiuiekcu Polycomb (PRCs), dhopmyBanus crenudiuHux

BapiaHTIB TiCTOHIB Ta MeTuUIOBaHHS CPG-0CTpiBIiB B MPOMOTOPHUX AUISHKAX T'€HIB.
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Bci mi mpouecu 3a6e3medyoTh cTablIbHY MIATPUMKY HEAKTUBHOTO CTaHy MPOTATOM

HACTYITHUX MITOTUYHHUX TOALTIB.

InakTuBania X-xpoMocoMu Ta MeH/AeJIIBCbKe YCNAIKyBaHHS

l'inomeza npuckopenoi eeoatoyii  X-xpomocomu. X-XpoOMOCOMaA JFOAUHU
MICTUTh 0arato TeHiB, MyTallli B SKHUX MPU3BOIATH JO PO3YMOBOI BIJCTaJOCTI Ta
NOpYIIEHHAM penpoaykTuBHOI (yHKuii. L{i gakTu cBiguaTh Ha KOPUCTH TaK 3BaHOI
rifnore3n MpuckopeHoi eBoonii X-xpomocomu (faster-X hypothesis), sika mossirae B
TOMY, 110 CTaTE€Bl XPOMOCOMHM €BOJIIOIIIOHYIOTh IIBU/IIIE, HK ayTOCOMH, 3 TPUYNHH
TFEMI3UTOTHOTO CTaTyCy 3YEIJICHHUX 31 CTaTTIO TeHIB y CaMIIiB, III0 MPHU3BOJUTH JI0
BHCOKOTO TUCKY T0OOPY Ha MEBHY TPYyIMy I'eHIB.

[{ixaBo, 1O A0 TaKkWX TEHIB BIMHOCATHCA 1 Ti, IO OEpyTh y4acTh Yy
GbyHKIIIOHYBaHHI MO3KY, a Ilei eekT HabaraTo O1IbII BUPAKEHUN Y JTIOJIUHH, HIK Y
rpusyHiB. lle nano npuBig OPUIYCTUTH, L0 HOPOTATOM OCTAaHHIX JEKUIBKOX
MUIBMOHIB POKIB €BOJIOLII TOMIiHIJT CaMKH BHOHUPAIOTh PO3YMHUX CaMIIB JIJIsi
CIIapIOBaHHS, MOXJIMBO, TOMY, IO Taki camili Kpalll ToJyBaJlbHUKaMH, YUM 1
MOSICHIOETHCSI THCTEHCUBHUM PO3BUTOK MO3KY Vy JIIOAWMHHU. [imore3a MMBHAKOI
eBOJTIONIT X-XpOMOCOM TaKOX TMOSCHIOE BEJUKY KUIBKICTh T€HIB X-XpOMOCOMH, SIKi
EKCIIPECYIOThCA B SI€UKaX; a caMe B CIIEPMATOTOHISX, ajieé HE Ha Mi3HIX CTaaisx
criepMaToreHe3y, 10, MOXKJIIMBO, MOSICHIOETHCS HEOOXITHICTIO 1X CAWJICHCUHTY Mij
yac Meno3y. HakonuyeHHsl pelieCMBHUX MYTalliil TakKUX I'eHIB caMe B X-XpOMOCOMI
MOKE TOSICHIOBATHCS THM, IO IIBUJKA €BOJIOIIS OCTaHHIX 3a0e3medye CaMIlsiM
O1IbIN yCHINIHE BiATBOpEeHHS. HaBiTh SKIO Taki MyTallii MIKiJIUBI JJIsI CAMOK, TO iX
e(eKT TMpOSIBISETHCS JUIIE B TOMO3UIOTHOMY cTaHi. Ha 1mpomy erami BOHHM
MiANagal0Th 17 CWIBHHN BIUIMB J000pYy, IO MPHU3BOAUTH 10 OOMEXKEHHS IX

EKCIpeCii JIUIIE T€UKAMH.

Mo3saiunicms camok 3a excnpeci€lo 3uenjieHux 3i cmammio 2eHig. AyTOCOMHI
MOHOCOMIi Yy JIIOJIe HECYMICHI 3 JKHUTTSM, ajieé KBa3IMOHOCOMHHUM cTaTyc X-

XpPOMOCOMH Yy YOJIOBIKIB HE Mae (PEHOTHUIIOBUX HACHIIKIB. AHeymuioimii 3a X-
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XpOMOCOMOIO, caMe Takl sk cuHapom TepHepa (X0 KiHKM) Ta CHHIPOM
Knaitngensrepa (XXY 4YONOBIKHM), KUTTE3MATHI Ta XapaKTEPHU3YIOThCS BIJTHOCHO
HE3HAYHUMU KIIHIYHUMH TposiBaMU. [IpHYuMHOI0 1BOTO € MpoIec 1HAKTUBAIll X-
xpomocomu. Y X0 xiHok IXX wne BigOyBaerbcs, a XXVY 4YOJIOBIKIB BOHA
BiIOyBaeTbes. BincyTtHicth npyroi komii PAR-perioHiB Moxke OyTH NPUYUHOIO
CUMITOMIB cuHApoMy TepHepa.

XKinku € 36amancoBaHUMH MoO3aikamu, y akuX B 50 % KIIITHH €KCIPECYIOThCS
reHu X XpoMOCOMH, OTpUMaHoi Bij Matepi, a B 50 % - Bij 6aThka, 10 CBITYUTH PO
BUITAJIKOBUX XapakTep iHakTuBarli [XX B kimiTHHax embiacTy paHHBOTO eMOpioHa
XKIHOK. BincmiakyBatu mnporec GopMyBaHHS MO3aillU3My JIO3BOJISIOTH MYyTallii B
3ueruieHoMy 31 ctarTio reni NEMO, netanbHOro y 4onioBikiB. I'eTepo3uroTHum 3a
UM TE€HOM >KIHKaM IMpUTaMaHHA TINEpHirMeHTallsl MIKipH, sSKa MPOSBISETHCS
XapakTepHUMU missMaMu. CTyMiHb i popMa IUX UM CYTTEBO BAPIlOE. IX KiBKICTh i
dbopMa € pe3ynbTaToM HUBIXY MIrpaiii KJIITHH-MONEPETHUKIB, B AKUX 1HAKTUBY€ETHCS

X XpoMocoMma, 110 Hece ajesb JUKOTro THITY.

Hacnioku xnimunnoeo mo3zaiyuzmy. Kmtuaaui Mo3aiu3M X-34ETUICHUX T'eHIB
Hajae O10JIOTIYHY TepeBary skiHkaMm. Ha BigMiHy BiJ reTepo3uror 3a ayTOCOMHO-
PELECUBHUMH MYTalLliIMH, Y SKUX aJeJli TUKOTO TUITy Ta MYTaHTHI €KCIPECYIOTHCS B
OJHI¥ 1 Tif camiil KIiTHHI (32 BUHATKOM T€HIB, SIKi €KCHPECYIOThCS MOHOAIEILHO),
KJIITUHA MO3AiKiB 32 3YCIJIEHUMHU 31 CTATTIO MYTAaIliIMU MOXYTh KOMIIEHCYBaTH
MyTaHTHUN (enoturn. CaMKu, TeTEPO3UTOTHI 32 3YEIJICHUMU 31 CTAaTTIO MYTallisiMHU,
AK TIpaBUJo, € Oe3CMMNTOMHUMHU HocisMu. OmnucaHO JBa TUIOM KOMIICHCAII:
HaWOUTbIIl 3arajJibHUM € eJIMIHAIllg KJITHH, ajieé 3yCTpiuaeTbcsl 1 MeTadosiyHa
koornepartis. [Ipukmamom meprmoro e cubapom Jlema-Hixana (Lesch-Nyhan), 3a
SIKOTO KJIITHHH KPOBI, IKi €KCIPECYIOTh MYTaHTHUU alieib, THHYTh. TaKUM YHHOM,
0COOMHA, TeTEPO3UTOTHA 32 MYTAaHTHUM ajeyieM, (PaKTUIHO BiATBOPIOE HOPMAJIbLHUN
dbenoTun. Y piAKICHUX BUIAJKAX, TAKUX SIK JEUKOAUCTPOQIS HATHUPHUKIB, MOXKYTh
CIOCTEpIraTUCs 1 3BOPOTHI e€(eKTH. 30KpeMa, MyTaHTHI KJIITUHU Yy KIHOK 32 TaKOIro

3aXBOPIOBAHHS XapaKTEPU3YIOThCS MPOIiepaTUBHOIO TMEPEBarow, MmO 3 YacoM
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OPU3BOAUTH A0 3O01TbIIEHHS MOMYJSIil camMe MYTaHTHMX KJITHH y MOpPIBHSHHI 3
HOPMaJIbHUMH, YCKJIQJHIOIOUU XBOPOOY 3 BIKOM.

KnmituHHl momymsimii  TakoX MOXKYTh OYTH 3ajlydeHI B MeETaOoJIuHYy
KOOTIepaIlifo, MOXJINBO, UISIXOM OOMIHY MOJEKyJaMU MK KIITHHaMHU. Y BUOAAKY
xBopoOu @Padpi (Fabry) xmiTuHHM, sSKi HECyThb ajieii JHUKOrO THIY, CEKPETYIOTh
BAXJIMBI J130COMHI (EPMEHTH, IO MOXYTb BHUKOPHUCTOBYBAaTHCS CYCILAHIMH
KJIITUHUMAa 3 TMOPYIIEHHM MeTa0O0Ji3MOM IHUIAXOM EHAOLUTO3Y, THM CaMHM
ocIabJII0I0UN KIIHIYHY KapTUHY MyTallii. 3pigka MUKKIITUHHI B3a€EMOJIT MOXKYTh
MPU3BOJUTH 1 JO HETaTUBHUX HACHIJKIB, IO XapaKTEpPHO JUIsl YeperHo-
dbpoHTOHa3aNMBbHOI AucIuIasii (craniofrontonasal syndrome). YonoBiku 3 MyTalli€lo B
reri ephrin-B, skuii BimmoBigae 3a PO3BUTOK 3aXBOPIOBAHHS, CTPaXTAIOTh HOTO
MOMIpHOIO (OPMOIO, B TOM Yac K y KIHOK MOXE CIIOCTEPIraTUCs SIK JIUIEBHMA
auMopdi3M, Tak 1 epeayacHe 3IUTTS IesIKUX KicTok. Llel dheHoTun o0yMOBIIOEThCS
6e3nocepeHIMU KOHTakTamu creuupiuaux edpin-Bl+ ta eppin-Bl— xmitun, mo
MPU3BOJIUTE 10 (POpMYBaHHS JOJATKOBI MEXI, sIKa 3amodirae mepeMilleHHo OUIKIB
BIJl OAHIET KJIITUHU JI0 1HILIOI 1, BIANOBIIHO, OPYIIY€E€ HOpMasibHe (YHKIIOHYBAaHHS

CUTHAJILHUX IIISXIB.

Acumempuuna  inakmugayis ~ X-xpomocomu.  CeNekiis  KJIITHUH, fKa
CIIOCTEpITaeThCs 3a JerKoaucTpodii HagHUPHUKIB Ta cuHAapoMy Jlema-Hixena,
OPU3BOAUTH 10 MOPYILIEHHS CIIBBIJHOLIECHS KIITHH, B SIKUX 1HAaKTUBYEThCA a00
OaThKiBChbKa, ab0 MaTepuHChKa X-XpoOMOCOMa Y BIAMOBIAHUX TKaHWHAX. Llei
(eHOMEH, SKHH Ha3WBAETHCS AaCHMETPHMYHA iHakTuBalis X-xpomocomu (X-
Inactivation skewing), € 1o0CuTh 3arajdbHUM SIBUIIEM, OCKUIbKH Oinst 10% BiACOTKIB
KIHOK XapaKTEPHU3YIOThCA IMATEPHOM I1HAKTHBAIlI OJAHOTO 3 OAThKIBCHKHUX aJIeliB,
SKUA HE MOKE TMOSICHIOBATHCS BUITQJKOBUMHM TMpoliecamMu. Y KpalHIX BHUMaAKax J0
90% KIITUH XapaKTEPHU3YIOThCA EKCIPECi€er0 OAHOro 1 Toro »x anens. [lomiOnHwmit
XapakTepX-XpOMOCOMHOI 1HAKTUBALIIT MOK€ B1I0YBaTUCS 32 PaXyHOK HEBHUMAJKOBOL
1HaKTHBALli MiJ Yac paHHbOro eMmOpiloreHe3y abo Mi3HINIE 32 PAXYHOK CeleKIIi

KIITAH Ha craaii Onmactommctu. Ha mouatky mnpomecy XXI, komu emOpioH
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CKJIQIa€ThCS TUTBKU 3 JIEKUIBKOX KIITHUH, B CHJIy BUIIQJKOBUX MPHUUYMH OLIbIIICThH
KJIITUH MOXYTh 1HAKTUBYBATH OJIHY 13 OaTBbKIBCHKUX XpoMocoM. [IpukiagamMu Takoro
SBUIIA € ayTOIMyHHI 3aXBOPIOBAaHHS, Takl SIK CKJEpoJiepMa, ayTOIMYyHHI pO3Jaau
IIMTOBU/IHOI 3aJI03M Ta CUCTEMHUH CKJIEPO3, 32 SKUX Y JKIHOK IMOBIPHICTb PO3BHUTKY
BI/IMOBITHUX CUMIITOMIB B 2-8 pa3iB OuIbliie, HIXK Y YOJIOBIKIB. 3a I[UX 3aXBOPIOBaHb
acumetpuuHa XXI Maiixe 3aBKIM CIIOCTEPIra€ThCs B JCHAPUTHUX KIIITUHAX TUMYCY,
Akl OepyTh y4acTb y MOHIYKYy Ta enimiHamii T-xmituH. SIkOM Takoro sBUIa He
CIIOCTEPIrasioch, TO pi3HI X-XPOMOCOMHM 1HAKTUBYBAINCh OH BHMAIKOBO, IO
IpU3BOANUIIO OU 10 (POPMYBaHHS JBOX PIBHOBEIUKHUX IPYH KIITHH. Y TUMYCI XBOPUX,
olHaK, (OPMYIOTbCS OUIbIIA 1 MEHINA TMOMYJAii BIAMOBIIHUX KIITUH. Take
MOPYIIEHHSI MOXE 3aJeKaTh BiJ TOTO, IO 3aKJIajgKa JCHIPUTHUX KIITHH TUMYcCa
BiIOYBAa€ThCS B HEBEIMKIM TPyIi KIITUH OJACTOUUCTUH. MOXXHA MPHUIYCTUTH, IIO
TIOTETUYHI T€HH, K1 BIAMOBIIAIOTH 3a Il MPOIECH, 3UCeIIeHI 3 X-XpOMOCOMOIO, a
OTXe, KIITUHU TUMYyCy OyIyTh €NIMIHYBaTh B Mepuly 4epry Ti T-KIITHHH, SKI
IPOAYKYIOTHCS MEHILIOIO MOMYJIAIIEI0 KIITUH, B K1 1HAKTMBOBaHA X-XpOMOCOMa 3
MIEBHUM aJIEeJIEM.

JocnimkenHss GpeHoTunoBoi MIHIMBOCTI paHHboi XXI cepen MOHO3ZUTOTHUX
OJIM3HIOKIB KIHOYOI cCTaTli ToKaszano, 1o acuMerpuyHa XXI MOpu3BOIUTH 0
(dbopMyBaHHSI 3YETJIEHOTO 31 CTATTIO 3aXBOPIOBAHHS TUIBKH Yy OJHIET 3 cCecTep: y
XBOpOi crocTepiranacs acUMETpUYHA 1HAKTHUBAlllsl XPOMOCOMHM, sSKa Hece alieib
JIUKOTO THUIY, Y 310pOBOi - X XpOMOCOMHU 3 MyTaHTHUM aiienieM. [Ipukiiagamu Takux
3aXBOPIOBaHb € CHHAPOM JaMKOi X XPOMOCOMH, JAIbTOHI3M, M’S30Ba IUCTPO(is
Hromena (Duchenne muscular dystrophy), cunapom Xantepa (Hunter’s syndrome),
remodimis B, cuampom Ailikapai (Aicardi’s syndrome), 3axsoproBanHs ®aoOpi
(Fabry’s diseases).

['inoTeTHYHy TEHETUYHY OOYMOBJICHICTH KOHTPOJIIO acuMmeTpudyHoi XXI He
JIOBEJICHO B CHJIy BUCOKOi MIHJIHMBOCTI I[bOTO SIBHILA B PI3HUX TKaHMHAX 1 B PI3HOMY
Billl. Y OUIBIIOCTI BUIAJKIB CHAIKyBaHHA acuMeTpuuHOi XXI He BCTaHOBJICHO.
Onnak, onucadHo oAuH BUMaaok acumeTpudyHoi XXI B poauHi 3 reModimiero A, ne y

KIHOK 3aBXJM 1HaKTUBYBaJach X XpPOMOCOMa 3 ajejeM reModimii JUKOTO THUITY.
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[TopymmenHst y mbOMy BUIIAAKY, HMOBIPHO, TOBUHHO OOYMOBITIOBATHUCH JTOJaTKOBUMH
T€HEeTUYHUMH JICTEpMiHAHTAMH, SIK1 HajiaBaau O mpoJiipepaTuBHY niepeBary KJiiTHHaAM
3 aKTUBHUMHM MYTaHTHUMH ajedsiMU. AyTOCOMHI TPaHCKPUIIiHHI (paKTOpH, TaKl K
CTCF a6o YY1, sxi 3maTHi A0 ajeib-crienu(iuHOro 3B’SI3yBaHHS 3 JESIKUMU
KIIOYOBUMH peryiaropaMu  XXI, MOXyTh BIUIMBAaTH Ha BHUIIAIKOBICTh IIHOTO
nporecy. BBaxkaerbes, mo Tpu ayrocoMHi Jiokycw, Xiafl, 2 Ta 3 (X-inactivation
autosomal factors) BmmmBarore Ha XXI y mumieit, aie timeku oxuH (X-controlling-

element, Xce) 3HaXOIUTHCS B X-XPOMOCOMI.

InakTuBania X-xpoMocoMu - Mojie/b IJ100aJbHOI peryJasuii ekcrpecii
reHiB

Inaxkmusayin X-xpomocomu 6 embpiozcene3i ma camemozenesi. lnaktusaiiito X-
XpPOMOCOMH 3 HaWOUIBIIOW BIPOTIMHICTIO MOXHA TMOSCHUTH EHITeHETHYHUM
penporpamyBaHHsM. [Ipomecu XXI TicHO mMOB’si3aHi 3  MOBHOT€HOMHHUM
penporpaMyBaHHSIM Ta BIJOYBAIOTHCA TPOTATOM PAHHBOTO eMOpioreHesy i
rameTtorenesy. Y mumed nepma xBuiasd XXI mpoxoauTs Ha cTafii 4-8 KIITHUHHOTO
eMOpioHy 1 BIUIMBaE€ TIIbKM Ha OaTbKiBCbKY X-xpomocomy (paternal X
chromosome, Xp), ToMy Iieii TpolleC HA3WBAIOTh IHAKTHUBALIEI0 32 PaXyHOK
iMnpuHTHHrY Ha BigMiHY Bia BumagkoBoi XXI. IlikaBo, mo mijJ 4ac mpouecy
1HaKTUBAIlll HE BCl 3UEIUICHI 31 CTaTTIO T'€HU CAJICHCYIOIOThCS OJJHOYACHO, YacTHHA
TeHIB TEPEeCTaloTh €KCIPEeCyBaTHUCS HA CTalli YOTUPHOX KIITHH, a 1HII Ha CTamii
MopyJu. [Topsiok BUKIIFOUEHHS HE 3aJIC)KUTD BiJl ITOJIOKEHHS T€HIB Ha X-XpOMOCOMI,
aje, MOXJIMBO, 3aJICKUTh BiJ] MPOCTOPOBOI OpraHizaiii XpOMOCOMHOI TEPUTOPIi
iHakTHBOBaHOi X-xpoMocomu. [IpocTopoBa opranizauisa sigpa Moxe 3ade3nedyBaTu
HaOJMKEHHSI JBOX TEHIB, PO3TAlllOBAaHUX Oy/ab-/Ie B I'€HOMi, 3a0e3Meuyloud THUM
caMUM 1X OJIHOYACHY iHakTuBaIlito. Ha MomeHT nudepenmiamii mozaemMOpioHaIbHOT
TpodekTonepmu (extra-embryonic trophectoderm; TE) Ta kiiTuH BHYTPIIIHBOT Macu
(inner cell mass; ICM) imnpunTOoBaHa X-XpoMocoMa OaThbka aKTHBYETHCS, THM
camuM 3a0e3nedyroun BuUMaakoBy XXI, sika Mae miciie Ha cTaaii emibiaacta mi3HbOT
0JIaCTOLIMCTH, W10 HEOOXIAHO JJIsI KOPEKTHOro po3BUTKY emOpioHa. Y TE

MIATPUMYETHCA 1HAaKTUBOBaHUI CTaH 0aThKIBCHKO1 X-XpoMOCOMH.
204



[To3zaemOpioHasibHa TepBUHHA eHTonepma (extra-embryonic primitive endoderm;
PrE), sixa popmyetncs 3 ICM, Takok XxapakTepu3yeThCss HCAKTUBHOIO 0aThbKiBCHKOIO
X-XpOMOCOMOIO, fIKa Ma€ TIeBHI OCOOJMBOCTI XPOMAaTHHOBOI CTPYKTYpH.
3anuimaeTbes HE3PO3YMIIMM, Yu iHaKTHBaMis X-xpoMmocomu y PrE BinOyBaetbes de
NOVO, 4YM KIITHHU 3 TakKow XpoMocoMorw MirpywoTh 3 ICM, 3a paxyHok skoi
dopmyetbes PrE.

Y monmuHuM nmoci He 3°sicoBaHi TouHI TepMmiHM XXI mig wac paHHBOTO
eMOpioreresy. TuM He MeHII, AOCTIIKeHHsS naTtepHiB XXI y mozaeMOpioHaIbHUX
TKaHWHAX TIOKA3aJiv, 1[0 B HUX 1HAKTUBAIIIs MTPOXOANTHh BUIMAIKOBO. He BuKIOUeHa 1
O1BIN paHHS 1HAKTHBALSI Xp Ha CTajAll MOpyJH abo paHilie, aje BOHA BBAKAETHCS
MaJOMMOBIPHOIO, OCKIJIbKK OlanenpHa ekcrpecis reny XIST, skuil € KIIOYOBUM Y
XXI, y noauHU TIMOTETHYHO BiAOYBAa€ThCSA TiJ Yac aKTUBAIll 3UTOTUYHUX TEHIB
(zygotic gene activation; ZGA) npubiu3Ho Ha cramii 4-8 KIITHH, B TOW Yac K Y
MuIl - Ha cramii 1-2 KIITuH.

3miHa natepHy XXI mpoTaroMm ooreHesy € HEOOXITHOI JJIsl 1HIIiaIii HOBOTO
nukny XXI B HactynmHoMy nokosiHHI. [Toa10H0 10 peakTuBallii iMIpUHTOBaHOI Xp Y
ICM, peakrtuBarmis Xi (inactive X) mig 4ac ooreHe3y CYHNpPOBOUKYETHCS TOMISIMH
perporpaMmyBaHHsI F'eHOMa, sKi, MOXKJIMBO, 1 3a0e3meuyroTh ek npouec. Ha BigMiHy
BiJl I[bOTO YOJIOBIYMI TaMETOreHE3 XapakTepusyeTbcs crneundiunum tunoMm XXI,
KU HAa3WMBAETHCS «MEHOTHYHA iHAKTHBANisl cTaTeBHX XpoMmocom» (Meiotic sex
chromosome inactivation MSCI) ta nonsirae B 3aHypeHHi cTateBuX X 1 Y XpOMOCOM
B craTeBi Be3ukyin (3a BHKIIOYCHHIM PARs), nae o0uaBi XpomMocoMmH
caiinencyrotbes. Takum uynHoM, MSCI € npukinagoM Oibl 3araJbHOIO0 MEXaHi3MY,
KWW BIIOMUIA T1J] Ha3BOIO MEHOTHYHMI CAJIEHCUHT ACHHANITHYHOTO0 XPOMATHHY
(meiotic silencing of unsynapsed chromatin; MSUC). Mexanism MSUC 3a6e3neuye
BIJICYTHICTh PEKOMOIHAIlll M)XK HErOMOJIOTIYHUMHU JIJITHKAMU CTaTEBUX XPOMOCOM
IPOTATOM MEWO3y 3a paxyHOK TrerepoxpoMarm3aiilii Iux paitHoiB. OCKIIbKH
reTepOXpPOMATHHOBHUM CTaH 3amolirae pekomOiHaIlli, el MEXaHI3M € 3aXUCTOM

IPOTU AHEYIUIOII1i B HU3I[l TOKOJIHb.
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Monexynapuuii  koumpons  iniyiayii  eunaokosoi XXI. Tmimiamis XXI
KOHTPOJIOETHCA IUISHKOIO X XpPOMOCOMH, KA HAa3UBAETHCS HEHTP iHAKTHBALilT X—
xpomocomu ( X-inactivation center; XIC). Ls ainsaka mictuts red XIST. ITig gac
mudepenuianii kmituH TeH XIST X-xpomocomu, sika Oyne 1HaAKTUBYBaTHCH,
3a0e3neuye cuHTe3 BelMMKUX Hekoayrounx PHK, sdki HakonmuuyroThCs Ha Iill ke
XpOMOCOMi, (POPMYIOUN PENPECHBHI KOMITAPTMEHTHU siyipa. MoJIeKysipHI MeXaH13MH
IIOTO TPOIIECY OMUCaHI Ha MUIMHUX Monelsix 3 BukopuctanasM ECK camok. ECK
caMOK BHWHHUKaroTh B momyisamii kmituH ICM Ha cramli paHHbOi OJacTOLMCTH 1
npoxoaaTh Bci eramu BumankoBoi XXI B ymoBax imimiamii in vitro. s momens
nepeadayae, 1Mo rojJOBHUM peryisropoMm Xist € ren TSiX. TSIX TpaHCKpHOyeTbes 3
AHTU3MICTOBHOTO JaHIora Xist i € omHUM 3 mHC-peryisTopiB ekcmpecii Xist B
HenudepenuiioBannx ECK. Ha nowarky mudepenmiarii TSiX He QyHKIIOHYE Ha X-
XpoMocoMi, sika OyJie iHakTHBOBaHa, 1o3Bosroun cuate3 PHK na Xist. Tsix-3anexHa
perymsimist Tpanckpuniiii Xist 3abe3nedyerbes MOTUMIKAIIIMU XPOMATHHY Y JIOKYCI
OCTaHHBOTO. BijcyTHICTh TpaHCcKpumiii TSIX Ha ofHiil 3 X-XpomocoMm 3abe3neuye
dbopmyBaHHsS MITOK eyxpomaTuHy, Takux sk H3K4me2, H3K4me3 ta H3K9, B
obuacti mpomoTtopa Xist, peKpyTyroud THM CaMHM MaliuHepito Tpanckpumniii. YY1 i
CTCF € naiikpalmMu KaHAWJaTaMu Ha POJIb TPAHCKPUMIIIHHUX (DAKTOPIB PeryJasiii
Xist/TsiX, siki pery;ioTh MOHOAJEIBHY €KCIIPECII0 TeHIB IHIIUX JIOKYCIB, OCKLIBKH
3[1aTHI 3B’I3yBaTUCh 3 mpoMoTopamu Xist i TSiX B ES kmituaax. Okpim TSIX iCHYIOTb i
IHIN TEHOMHI €JIEMEHTH B MEKax MHIIUHOro XiC , sKi 3allydeHi Yy PperyJsiiiio
excrpecii Xist. Y moauan ren TSIX abo BiacyTHiil abo ioro Bepcisi BKOpOYCHA,
OCKIJTbKM BOHa He mnepekpuBaerbest 3 XIST. Lle oOymoBIt0o€e MOXIHMBICTE POOOTH
THIIMX MOJIEKYJISIPHUX MEXaH13MiB, siKi 1Hili00Th XCl y qtoaunu.

Oco0nMMBO BOXXIIMBUM € MUTAaHHS B3aeMO3B’s13kiB Mixk [XX Ta mudepeniiariero
kaiTiH. HemogaBHO Oyi0 TpOAEMOHCTPOBAaHO, MO (aKTOPH IUTFOPUTIOTEHTHOCTI
Nanog, Oct3/4, and Sox2 3B’s3yr0Thcs 3 TepIuM iHTpoHOM XiSt, 3amo0iraroun Horo
ekcnpecii B Henaudepenuiiopanux mummHux ECK, Tomi sk iHmn daxtopu, Rexl,
KIf4, Ta c-Myc, akTtuByr0Th ekcnpecito mpomoTopa TSiX. BincyTHICTh 1ux ¢akTopiB

Ha MoYaTKy audepeHiiiamii cynpoBomKyeThes akTrBaiieto Xist. Ileii ¢akt cBiTuuTh
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npo 3B’s30k pemnpecii XCI 1 BUXIAHOTO CTaHy IUTIOPUIOTEHTHOCTI, TOOTO, 1CHYE
NpSMHA 3B 30K MDK MOJICKYJISIPHUMU MEXaHi3MaMH, BIAMOBIJAIbHUMH 34
nepenporpamyBanHs reHomy B ICM Ta peakTuBaiiiero Xi IMiJ 9ac OOT€HE3y Ha IUX
ke eramax. Jlani mozao ekcnpecii (akTopiB B COMAaTUYHHUX KIIITUHAX, SIKAa IPU3BOAUTD
70 BUHHMKHCHHS iHAYKOBAHMX ILTIOPHIIOTEHTHHX cToBOypoBux kJituH (induced
pluripotent stem; iPS) i momo 3mutTs remonoernynux ta ECK, ki miaTBepIKyOTh
IIO T1MO0Te3y, OyJIM OTpUMaH1 B €KCIIEPUMEHTAX 10 MEPEHECEHHI0 COMaTUYHUX SJIEP B
eHyKJIelioBaH1 oouTH. JlaHi, OTpuMaHi y BCIX [IUX €KCIIEPUMEHTAax, CBIYaTh Mpo Te,
0 MpU MEPexoll N0 IUTIOPUIIOTEHTHOTO CTaTyCy BiOYBa€ThCS MOBHOTEHOMHE
penporpaMyBaHHS.

Ille onHi€o 3aragkor € 34aTHICT, ES KINTHH OIHIOBAaTH KUIBKICTH X-
XpOMOCOM 1 BM3HAUaTH, KA caMe 3 HUX MOBUHHA 1HAKTUBYBAaTHUCh. Bimomo, 110 nBi
X-XpOMOCOMH TIy’)K€ ONM3BKO 3HAXOAAThCS B SAApI Ha TMOYATKY IIPOIECY
audepeHuioBands. B i moaii 3amydeHi 1Bl cnenudivyHi IUISTHKA B Mexax Xic, a
came Xpr, po3TamoBaHui y Mexax reHy Xpct, ta perion Tsix—Xite. Jlunamika
KOHTAKTIB PI3HUX AUITHOK ITUX XPOMOCOM B SIpl KOHTPOJIOEThCS obOoma X
XxpoMocomamu. B pe3ynbTari Takoro KOHTPOJIS ajiesi OAHOTrO i TOTrO K T'eHy MOXKYTh
OyTH TO-pi3HOMY E€KCIIPECOBaHI, 1110 1 BU3HAYAE XPOMOCOMY, sika Oyjie 1HaKTHBOBaHa.
e oqun daxTop, KUl MOTEHUIHHO MOXXE MIPUMMATH y4acTh B OLIHIN KUTBKOCTI X-
xpomocoM - 11ie U3-yOikBiTHH-TIITa3a, sika € MPOAYKTOM 3YEIUIEHOTO 31 CTAaTTIO T'eHa
Rnfl2 (Ring Finger Protein 12). Ile#i depment inimiamitoe XCI m1030-3a1e:KHAM
nuisixoM. Y BHIaiky Hazaekcrpecii reHy Rnfl2 y cammiB inakTuByeThest omHa X
XpOMOCOMa, a y CaMOK - 0OujBi. TakuM YHWHOM, y CaMIIIB 3BHUYANHOT KUIBKOCTI
npoAykTy reHa Rnfl2, sxuii cuHTe3yeThes Ha OHINH X-XpOMOCOMI, HEOCTATHBO IS
3amycky XXI, Tomi SK mojBiiHA KUTBKICTh IIHOTO OUTKA B KIIITHHAX CAMOK JOCTATHS
JUTSl THAKTUBAIIIT OJTHIET 3 X-XPOMOCOM.

Binpmiicte 3 BUINIEONMMCAHUX TOMIM CTOCYIOTHCS MHUIIEH, a X OCOOJMBOCTI Y

JIIOJIMHYU TTOTPEOYIOTh MOJANIBIINUX JOCIIIKEHb.
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Howupennsi  cuenany inaxmueayii  63006dc X-xpomocomu. YHIKallbHA
BiactuBicth PHK Xist mossrae B ii 31aTHOCTI MOKpuBaTH Xi, CTBOPIOIOYH THM CAMUM
penpecuBHUN SIACPHUM KOMMApTMEHT, SKUM [O3BOJISIE B OpraHi3Mi JIIOJUHU
caitiencyBatu 75-85% reHiB X-XpOMOCOMHU B 3aJIEKHOCTI BiJ TKaHWHU; Y MHUIIEH
iHaKTUBY€eTbCS 97% reHiB. OJHOYACHO 1I€ O3HAyYa€, M0 MYCSITh ICHYBAaTH YMHHUKH,
ki 00MexyroTh MoxuMBHH 38’5130k PHK Xist 3 Xa abo ayrocomamu.

B excriepuMenTax, MpUCBIYCHUX aHANI3y TpaHcloKamii X:A, Oyja0 BUSBIEHO,
10 OCOOJIMBOCTI MOIIMPEHHS 1HAKTHBaIli X XPOMOCOMH 3ajiekaTh Bl KOHTEKCTY
MOCIIIJIOBHOCTI, B MEXax fKOi BOHa BiIOYyBa€ThCs, Ta 30aradyeHOCTI OCTaHHbOI Ha
MI'E 3 noBrumu KiHIleBUMH TOBTOpamu, a came Ha L1. I[louaTkoBe HakOomMMYeHHS
PHK Xist na Xi mounmHaeTbcs B AUISHIN, pO3TamioBaHid Bumie rena  Xist Ta
30araueHii ricronamu 3 Monugikamismu H3K27me3 1 H3K9me2, tum camum
dbopmyroun TOUKy, 3 Akoi mouynHaeTbcs XXI. PenpecoBani L1 enementu OepyTh
y4dacTh y GopMyBaHHI crielu()IyHOTO reTepOXpPOMAaTHHOBOTO KOMIAPTMEHTY MiJ] yac
nepmoi ¢azu XXI, a aktuBHI L1 chopusioTh NMOMIMPEHHIO CUTHAIY pempecii Ha
JinstHKY, CTidKl 10 XXI. 3B 30K MK «TrapsidMMU TOYKAMHW» METHJIFOBaHHS TICTOHIB
Ta mocaimoBHOCTAMH L1 3anmmaerses me He BuBYeHHMM. [ mocaaku Ha Xi PHK
Xist moBuHHa MaTH crnenudiuHy TPETHHHY CTPYKTYpy, SKa BU3HAYAETHCS i
HYKJICOTHIHOIO TIOCIIOBHICTIO. Y TaKy B3a€MOJII0 3aJIy4eHI TaKOX OLIKU sIAEPHOTO
matpukca hnRNPU, SP120 ta SAF-A, mo BpemTi-pemT i 3a0e3reuye mpuKpIiruIeHHS

X1 10 HLOTO.

Catinencune 2enie X xpomocomu. 3B’s3yBanns PHK Xist 3 xpomocomoro
HPU3BOAMTD JI0 HAKOIMYCHHS pernpecopHoro komiiekcy Polycomb 2 (PRC2) na Xi 3
noganbiuM  (GOPMYBaHHSIM MITOK HeakTUBHOro xpomatuHy H3K27/me3. 3a
caillleHCHHT BiAmoBigae ogHa crnermdiuna aiasaka PHK Xist, ska sBise coboro
KOHCEpPBAaTHUBHHI MOBTOP (IMOBTOP A) Ta po3TamoByeThes Ha 5 kinmi Xist. [ToTop A
dopmye crnenudiuyHy IBOBUMIPHY CTPYKTYpY, SKa 37aTHA 3B A3yBaTHCS 3 OLIKOM
Suz12 Tta iHmmMuU kommnoHeHTamMu PRC2. Takum uumHOM, iHIIALS CAMJIEHCUHTY

nounHaeTbes 10 pekpyryBanHs PRC2 Xi. Bimomo, mo pi3Hi reHH X-XpOMOCOMH
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MaloTh PI3HY KIHETHKY CaWJIEHCHHTY, L0 BKa3y€ Ha ICHyBaHHS JOJAaTKOBOi T'€HO-
crienu(p19HOT PETyIIALii [ILOTO MPOIIECY.

IToBTOp A Takox mpuiiMae y4acThb y MPOCTOPOBIM opranizaiii Xi B sapi.
Tounuii MexaHi3M MUX MPoIeciB IIe HeBigoMmuil. OHAK BBAXKAETHCSA, IO JTUISTHKA
KOMITAaKTHOT'O XpoMmaTuHy 3 moaudikaiisMu rictoniB H3K27me3 Tta/abo xoMIuiekc
O6inka Satbl 3 AT-OoratuMu TMOCHIOBHOCTSIMH  MOXYTb OyTH 3alydeHi Yy
dbopMyBaHHS SIECPHOTO KOMIIAPTMEHTY Xi. SmepHmii po3noain Oinka Satbl mo3sosse
IPUITYCTUTH HOTO POJIb Y BU3HA4YeHHI Micilb 3Bs3yBanHs PHK Xist 3 Xi. [Tomanbiia
ctalumizalis 1 MIATPUMAHHS HEaKTUBHOTO CTaHy MOTpedye 3aaydeHHs BapiaHTa

ricrona macroH2A Tta/a6o metumoBanus CpG-ocTpiBIliB.

InakTuBanisa X-XxpoMoCOMH Ta JiarHOCTHKA i JTiKyBaHHS 3aXBOPIOBAHb

Acumempuunicmo  inakmusayii X-xpomocomu 8 AKOCMI OiA2HOCMUYHO2O
incmpymenmy. JKIHKHA, TETEPO3UTOTHI 3a MYyTalliIMA TEHIB X-XpOMOCOMH, Y
NepeBaXKHIM OUIBIIOCTI BUMAAKIB XapaKTEPHU3YIOThCs HOpMaiabHUM (peHoTHroM. lle
SABUIIIE OOYMOBIIIOETHCS IEPEBAKHUM BHKUBAHHSAM KIIITHUH, B IKUX 1HAKTUBYETHCS X-
XpOMOCOMa 3 MYTAaHTHUM ajyiejieM. TakuM YHHOM, acHMETpUYHA IHAKTUBAIlisS X-
XpPOMOCOMI MOK€ OyTH 3acTOCOBaHa I OLIIHKM HasBHOCTI mojiMopdizmy B X-
xpomocomi. Xoua ananiz PHK Tta/abo OiunkiB m03BOjsie 6e3M0CEPEAHBbO OIIHUTH
aKTUBHICTh X-XpOMOCOMH, aHati3 cnenudpiunoro MmetuwmoBanus J{HK, nos’s3anoro 3
X1, BUKOPUCTOBYEThCSI JOCUTh 4acTo, ockiabku JIHK nerme Buminsatu, 30epirata i
anamizyBatu. [lomynsipaum metomoMm ominku acuMetpli XXI € aHami3 METUITIOBaHHS
JIHK y BucokononimMoppuux tpunykieoruaax CAG Ha 5’ KiHII TreHa, SIKMH KOAye
anaporeHHuit perentop (androgen receptor; AR). OCKUIBKY 11SI aCUMETPIS HE 3aBX U
MPOSIBISIETBCS Y BCIX TKaHWHAX OJHAKOBO, BAXUIMBO 3aJly4aTH JI0 aHaTI3y
MaKCUMQJIbHO MOXJIMBY KUIBKICTh THMIB KIITHH. 3a3BUYail 1€ JICUKOIIUTH
nepudepiiHoi KpoBi, a a TaKOX KIITUHU OyKaJbHOTO emiTelito Ta M’s3iB. I Bce Xk
HEOOXIAHO BIAMITUTH, IO II€H TecT, SKUH O0a3yeThCd Ha KUIBKICHIM OIIHII

MCTWJIFTOBAHHA €IVMHOI'O I'CHY, MOXKC 6YTI/I HE 3aBXXJH1 TOYHUM.
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[Mpubnuzno 17% cimeitHux mnap, ski OaxarOTh MaTu JiT€H, HE MOXYTb
peainizyBaTu OaThKIBCTBO uepe3 mnepioauyHi BUKHAHI. CyTTeBa 4acTUHA MUX IMOJIN
reHEeTUYHO OOyMoBJIeHa. MyTailii B reHax X-XpoOMOCOMH, SIKi BIJIOBIIAIOTH 3a
(dbopMyBaHHS TUIALIEHTH, MOXYTh OYTH OJIHIEIO 3 MPUYMUH BUKHUIHIB. [Ipo 11e cBiqUuThH
T€, 1110 UMOBIPHICTh Mepeaayi JICTAIPHUX 03HAK, 3UCINICHUX 31 CTATTIO, BiJ MaTepl J10
cuHiB ckiagae 25% 3amicte 50%. Taki marepi XapaKTepU3yHOThCS MiABUILICHUM
PU3UKOM crHOHTaHHOro abopty (mo 40% mpHu KOXHIM BariTHOCTi) 3a 3BUYANHOTO
pusuky cepen HaceneHHs 15-20%. Taka nudpa puU3UKy CHOHTAHHOTO aboOpTy
po3paxoByeThes 3a dopmyroro [0.25x1]+[0.75x0.20]=0.4. Y KiHOK, SIKI € HOCISIMH
I'€HIB, 10 BIAMOBIAAIOTh 3a PO3BUTOK JIETAIbHUX 3UYCIUICHHX 31 CTATTIO O3HAK,
CIIOCTEpIraeThCsl NMEpeBa’kHA 1HAKTHUBalis Tiel X-XpOMOCOMH, SIKa HECEe MYTaHTHI
aneni. Taki eexTr MOXxHa 11eHTU(IKYBATH 32 JOMTOMOIOI0 OMTUCAHOTO BUIIE TECTY.

B minomy Bu3HaYeHHS HasBHOCTI acuMeTpudHO1 X XI Moke OyTH BUKOPUCTAHO
st ineHTudikamii HociiicTBa MyTalid X-XpoOMOCOMH Yy JKIHKM Ha OCHOBI ii
poaoBoay. Takuit METOJT 103BOJISIE BUSIBIATH MyTallii B 5% reHoMy B paMKax OJHOTO
tecty. OHaK HEOOX1HO 3a3HAYUTH, 10 acuMeTpuuHa XXI MOCHIIKYEThCS TUIBKU
B OJHINA OIONOTIYHINA TKAaHWHI, a B IHIIMX CHTYyallis MOXE Jemo pi3Hutuca. Ha
ChOTOJIHI 1€ TECT BHUKOPUCTOBYEThCA ISl 1eHTHdIKAII 34YerieHnx 3 X
XpoOMOCOMOI0 (opM IMyHOAEPIIUTIB 1 PepMEHTATUBHUX NEPEKTIB, 3a AKUX PaHHS
J1arHOCTUKA BKpal Ba)KJIMBa JUIsl YHUKHEHHS BIATMOBIIHUX CHUMIITOMIB, HAPUKIIA],
MopyIIeHHs (DYHKIIOHYBaHHS JI130COM , IIO CIHOCTEpIraerbcsi 3a xBopodbu PDabdpi
(Fabry’s disease) Ta cunmpomy Xanrtepa (Hunter’s syndrome). Ockiibku po3HOIiT
IHAaKTHBOBaHUX X-XpPOMOCOM Ma€ KIOHAJIBHY TPHUPOAY, TaKHH TECT MOJKHA
BUKOPUCTOBYBAaTU I 1AeHTU]IKAIll MOXO/KEHHS MeTacTa3 MpH JOCHIKEHHI
TKaHUH TyXJuH. Tak, igeHTndHicTh npoduniB XXI y myXiaumHax pi3HHX OpraHiB
CBIIYUTh TPO BHCOKY IMOBIPHICTh BUHUKHEHHS TaKWX MNYXJUH BHACIIJOK OJIHIET
tpanchopmariii. | HaBmaku, ko npodini XXI BiAPI3HAIOTHCS, TO MyXJIUHA MAIOTh
pi3He MOXO/KeHHs. Taki pe3ysbTaTh Ba)KJIMBO BPaxOBYBAaTH MPHU BUOOpP1 cTpaTeriii

JKYBaHHS.
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Knimunna mpancnianmayin sk memoo Kopekyii mymayiu, J10OKALI306AHUX HA
X-xpomocomi. OIHUM 13 TEPCHEKTUBHUX TEPANECBTUYHUX ITIJAXOIB € 3aMIIICHHS
MEeBHUX KIITHH y Tali€eHTa. 3aCTOCYBaHHSA MOMIOHOI KIITUHHOI Tepamii J03BOJIsE
MIHIMI3YyBaTH pPHU3UK ayTOIMYHHOTO BIATOprHeHHs. Jloci 3amillleHHs KJITHH
BUKOPHUCTOBYBAJIM IPH JIIKyBaHHI CUCTEMHHUX IMYHHUX J1€(PEKTIB, OCKIIBKA MOXKJIMBO
310paT Ta BUPOCTUTHU F€MOIIOETHYHI CTOBOYpPOBI KIITUHHU J10pOciiol JoauHu. XXI B
HEJO03pLINX TeMOMOCTUYHUX KIITHHAX-TOMEepeHUKaX Taka cama, fK 1 y 1HIIUX
TKaHWHAX MAaIll€HTa, 10 € MePeAyMOBOIO /I YCIIIIHOI Nepecagku UX KIITUH. €
CBIJTUEHHS HOpMaJi3alii (PeHOTHIIa 32 BUKOPUCTAHHS Teparii KJIITHHHOTO 3aMIIICHHS.

HemonaBHo Oylio  MpOJEMOHCTPOBAHO  MOXJIMBICTH — PEIPOrpaMyBaHHS
COMAaTUYHUX KIITUH B IUIIOPUIIOTEHTHI. Takui mepexin mnoTpedye Mii TUIbKU
YOTUPHOX KIIOYOBUX (DAKTOPIB Y COMATUYHUX KIITHHAX JIOJUHU. [HIyKOBaHi
mwopunoTeHTHi  KimituHU  (induced pluripotent stems; IPS) xapakTepusyrorbes
outpmrictio o3Hak ECK 1 3matHi GopmyBatu Oyab-sKy AudepeHiiiioBaHy TKaHUHY.
CborosiHi B KOHTPOJbOBAHUX YMOBaX 3aBISKH 3aCTOCYBAHHIO TaKOl TEXHOJOTIi
BIQJIOCS OTpPUMAaTH KIITHHH Cepls, KpPOBI Ta HEpBOBOi cucrteMu. bymo
IPOJIEMOHCTPOBAHO, IO Yy MUlIeH ae-mudepeHitiamisi COMAaTUYHUX KIITHH
CYHPOBOJIKYETHCS PEAKTUBAIIIEI 1HAKTUBOBaHOI X-xpomocomu B iPS. VYV mroauHu
IPS, sxi oTpuMmyroTh 3 Mo3alunHux QiOpodOnactiB (3 Xi Oatbka abo wmarepi), €
KJIOHAMH, 110 pOOUTHh MOKIUBUM Bi0ip IPS imoauHu 3 iHaKTHBAI€l0 X-XPOMOCOMH,
dka Hece MyTauilo. HactynmHum kpokom € gudepeHmiamis TakuX KITHH 3
IMIUTAaHTAIlI€I0 TalieHTaM. Takl TEXHOJIOTil BUIAIOTHCSA BKpaM IMEPCIICKTHUBHUMU 1,
MO>KJIMBO, TO3BOJISITh B MAaOYTHHOMY 3/1MCHIOBATH Teparnito 0araThb0X NeHETUYHUX

3aXBOPIOBaHb.

llepcnexmusu  3acmocyeanHs ~— memoody  inakmusayii — X-xpomocomu.
Teopetnuno, MoxiMBe BUKOpUCTaHHS MexaHizMy XXI s caiimeHcuHry GaraTtbox
reHiB oJlHO4acHO. byno mokazano, mo iHcepuis XIC droauHu B ayToCcOMY MMIII
BUCTYNA€ SIK LHUC-PENPECcOp T€HIB Ha BEJIMKUX BIICTaHAX. MOXIHMBO, IO TaKHi

MEXaHI3M MOKHAa BUKOPUCTOBYBATH JUISI BUKJIIOYEHHS aKTHBHOCTI OY/b-IKHX
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AUISTHOK T€HOMY 3 BUKOPUCTAHHSIM 1HCYJISITOPIB JUIsi OOMEXEHHS MOIIMPEHHS I[HOTO
curHany. Takuii migxig OyB OM BKpail KOpHUCHUM MPH BUMAAKaX MO3aiuHOI TPHUCOMIT
Ta/ab0 NEesKUX TUIAaX aHOMAJIBbHUX T€HOMHUX aMmrutidikaiii/mymiikamii. Kpim toro,
3a JOTIOMOT'OI0 IIhOTO METOY MOKHA aHaJII3yBaTH 3JaTHICTh CHHTETUYHUX MOJIEKYIT

ynepemKyBaTu a0o, HaBnaku, iHAyKyBaTu XXI.
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PO3/I1LJ1 8. TEHOMHUI IMIOPUHTHUHT

3a3Buyail reHu 000X OaThKiB Yy pIiBHIA Mipi OepyTh ydacTb y PO3BHUTKY
eMOpioHa. AJle 3 LOTO MpaBWiIa € BUKIIOYCHHs, a caMe, TeHOMHHUIl iIMIIPMHTHHT,
eMIreHeTUYHUM MeXaHI3M OIMCAaHMK Yy CCaBIliB, 3a SKOro II€BHA Tpyla TI'eHIB
MposBIIsie AU(EPEHIIIHY aKTUBHICTH aJleNiB, B 3aJI€KHOCTI Bl TOrO, MAaTEPUHCHKOMY
yu OaThbKIBCBKOMY T€HOMY BOHHU Hajexanaud. HeekBiIBaJIGHTHICTh OaThbKIBCHKUX
r€HOMIB y Mullei Oyna mnpojeMoHCTpoBaHa Maike 30 pOKIB TOMY 3aBISKH
CTBOPEHHIO €MOpPIOHIB, sIKI MICTUJIM TUTBKH MAaTEPUHCHKUI a00 TITbKH OaThKiBCHKHIMA
murIoigHuM reHoM. OKpeMi eKCIIEpUMEHTH, B SIKMX TpaHCJIOKallii OyJiu BUKOPHUCTaH1
JUI CTBOPEHHS MHUIIEH 3 0IHO0AaThKIBCAKUM YCIaIKYBaHHSAM IIEBHUX XPOMOCOM (200
CErMEHTIB XPOMOCOM), 1eHTU(]IKYBaly TEBHI JUISHKH, JJIS SKUX JBOOATHKIBChKE
CHaJKyBaHHS Ma€ BaXJIMBE 3HAYCHHS JUIsI HOPMAaJbHOTO PO3BHUTKY Ta
KUTTE31aTHOCTI. ByJl0 BCTaHOBJIEHO, IO MPUTHIYEHHS EKCIIpecii OJHOro ayeis 3
napyu BiAOYyBa€TbCcs 3a paxyHOK IMNIPHHTHHrY (aHri Imprinting, Bix imprint —
3ajMmaT ciij, GikcyBaT, 3anmam'sToByBatu). Y MOJaibIIOMy BusBHIN moHan 100
TeHIB Y MHUIIEH 1 JIIOAWHU Ta 1HIIMX CCaBUIB, JUIA SIKUX XapaKTepHUN IMIPUTHTUHT.
MoxHa nepeadaunTH, 1o 1 KUIBKICTh HE ocTaTo4yHa. baraTto IMIpUHTOBaHUX T'€HIB
BIJIIFPalOTh BAXKJIMBY POJIb Yy POCTI Ta PO3BUTKY OpPraHi3Mmy, TOJI SIK 1HIII MAarOTh
(heHoTUNoB1 ePEeKTH TUIBKU B TOCTHATAILHOMY TE€p10i, 0COOJIMBO Ti, SIK1 OB’ s13aHi 3
MOBEIIHKOIO.

binpuricte  IMIOPUHTOBAaHMX TEHIB  PO3TALIOBYIOTHCSI B XPOMOCOMHHX
KJIacTepax, sKi MoJi0HO opraHizoBaHl y MHUILEH 1 y JroauHU. [IpoTe IMIIPUHTOBAHI
reHH MOXYTh PO3TAlIOBYBATHUCh 1 MMO03a KiacTepamMu. BaxiuBy poiib y mpolieci
reHOMHOro IMNnpuHTHHTY Bijairpae metwnoBanHsa JIHK. Koxen 3 16 Bimomux
KJIACTEPIB T€HIB, SIK1 MIJISTal0Th IMIOPUHTHHTY, PETYIIOETHCS O0COOJUBOIO J1ISTHKOIO
(imprinting control region - ICR), oxHielo 3 HAWBWKIMBIIIMX PETYIATOPHHUX
MOCJTIIOBHICTEH, sIka METHJIbOBaHA JIMIIIE B OJJHOMY 3 0aThbKIBCHKHX aJIeNiB. 3aJIe’KHO
Binm koHkpetHoro ICR, me mermmoBanns JIHK BcTraHOBIIOETHCS i 9ac OOTEHE3Y
abo mig vac cnepmartoreHedy. OCKUIbKMA ayielbHE METHIIIOBAHHS BiOYBAa€THCS B

3apoJKOBiK JmiHII, i audepeHuiitno MeTmiaboBani minsuku (differentially
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methylated regions - DMRs) gacto Ha3zuBatorh DMRSs 3apoakosoi inii (germline -
gDMRs). Po3ymiHHS T€HOMHOTO IMOPUHTUHTY BaXXJIMBE JJI1 BUBUCHHS MEXaHI3MIB,
SK1 BIJIMOBIAAIOTH 3a MPOAYKYBaHHsS raMeT 1 HiATPUMKY MeTuiatoBaHHS B gDMRs
micis 3amnigHeHHs. Koy i mpouecu nmopymyoThes, HallpUKiIal, PU 3aCTOCYBaHHI
PENpPOIYKTUBHUX TEXHOJIOTIH, 1€ MOXKE MPHU3BECTH [0 CKJIAJHUX 3aXBOPIOBAHb Yy
JIIOJTWHU.

EnireneTnani 0co6JIMBOCTI IMIPUHTOBAHUX T€HIB TIOYAJIH 3’ ICOBYBATH BiIpasy
K michas ix Biakputta. s ginsgaku imnpuaToBanoro rexa 1gf2r (Insulin-like growth
factor 2 receptor) xapakrepue metwtoBanHs JHK mumre B mMaTepuHChKOMY ajeni
IPOTATOM yYChOT'O PO3BUTKY. 3roJIoM OyJI0 MOKa3aHo, 110 LIeW eJIEMEHT BIIINOBIIAE 3a
MOHOaJeNbHy ekcrpecito 1gf2r Ta KoHTpoOIJIIOE METHIIIOBaHHS MOTO IMPOMOTOpA,
OJTHOYACHO IMIIPUHTYIOUM T€HH B ITUC TOJIOXKEHHI, sIKI BIIMOBIAIOTH 3a €KCIIPECIIO
Hekonyrouoi nuisHKd. [lomiOHi  ¢dakTu BKa3ylTh Ha Te, IO IMIPUHTHUHT
KOHTPOJIIOEThCS NUISIXOM BcTaHoBieHHsT MeTwmoBanHs JIHK 3aponkosoi minii. Lls
OCOOJIMBICTh XapakTepHa sK JUIsI TEeHHMX KJIAcTepiB, TaK 1 [JIs1 OKPEMHUX
iMnpuHToBaHuX reHiB. bimok DNMT3A B komrmuiekci 3 DNMT3L Bijirpae BaxiuBy
pOJIb Y BCTAaHOBJICHHI MOHOAajelbHOTO MeTwuitoBaHHsS B JDMRS oorutiB muiei.
Anani3z nocnijoBHocter gDMRSs 3acBimuuB, 0 Uil HUX XapakTepHI TaHJAEMHI
NMOBTOPH, a pelTa OcoOJIMBOCTEH € 1HAMBITyaJbHUMHU. ONHCAaHO HHU3KY IIHC-
PETyJIATOPHUX TOCHIJIOBHOCTEH Ta TpaHC-AII0YMX (AKTOpPIB B MaTEPUHCHKUX
3apOJIKOBUX JIHIAX MHUIIEH Ta JIOJUHM, TOJAl SK CTOCOBHO OaThbKIBCBKHX Taka

iHbopMalliss oOMexeHa.

Bcmanoesnenns mamepuncokux i bamovkigcokux mapkepie memuniosanns JJHK.
[TonepeAHUKU 3apOJKOBUX KIITHH, 3 SIKHX B MOJAJIbIIOMY (OPMYIOTHCS CTaTeBl
KJIITUHHU, BIJOKPEMJIIOIOTECS B €mMi0jacTi, pPaHHROMY IMOCT-IMIUIAHTAI[IHHOMY
eMOpiOHi, 10 BM3HAYEHHS CTaTi. ['amMeToreHe3 y caMOK Ta CaMliB i€ pi3HUMHU
nusixamu, (QopMyroud KIIITUHH, SKI XapaKTepU3YHOThCS B TOMY YHCI PI3HUMH
enireHoMamu. Tak Mmoka3aHo, 0 y MUIIIeH METHIIOIThCS 16 maTtepuHchbkux gDMRS,

TO1 SIK OATHKIBCHKUX JIUIIIE TPH.
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3 MOMEHTY iX BIJOKPEMJICHHS, K HEBEJMKOI KITHHHOI momymsmii (e7.25
eMOpioHaILHUN JIeHb y Muili), nepBuHHI ctaTeBl kimiTuHU (PGCs) mponidepyroTs i
MITPYIOTh y TEHITAIbHUN OYyropok, SKUH € TOIMEpPeJHUKOM CTAaTeBUX oOpraHiB. Sk
TUIBKM 11 KIITAHU JOCSTIM TeHiTalbHOro Oyropka (Ha cramii ell.5), BoHH
HiJJIraloTh 1HTeHCUBHOMY naemeTuntoBanHio JIHK. Bracmigox mux mporeciB Ha
MOYaTKy TraMEeTOreHe3y T'€HOM 3apOJKOBUX KIITUH TOBHICTIO JEMETUIIIOETHCS,
Bmroyaroun MIE. JlemMetumtoBaHHs BiIOYyBA€eThCS 1 B MekaX OaThKIBCHKUX aJieiib-
crienudpiyHux MeTuiboBaHUX DMRs.

KnituHu 3aponkoBOro mnuisixy eMOpiOHIB CaMOK BCTYMHAarOTh B MEpIIl eTanu
Melo3y Ha ctafii e13.5, a jmami 3anummaroTbest B auruioTeHi npodaszu 1. B Ttakomy
CTaHl TIEPBUHHI OOIMTH TMepeOyBalOTh 0 MOMEHTY HapoJKeHHS caMmku. Oppasy
Micasl HApOJXKEHHS BOHU I1HKOPIOPYIOTHCA B NMPUMOpPIiaibHi (OJIKYIH, 1 MICH
akTuBalii (oikyay BXoAsaTh B ¢aszy 3poctanHs. Ha craaii BropuHHOro ¢oimikyna
BiOyBaeThcst MmeTritoBanHs JJHK B mexax gDMRs. MeTmntoBaHHS - 11e TUHAMIYHHMA
IpoI1iec, IMOBIPHO 3aJICKHUH BiJl po3Mipy oo1uTy. [ToyaTok 1 KiHeTUKa METUIIFOBAaHHS
B Mexax pidHUX gDMRs cnenugiuHa, 1 BCTAHOBJIEHHS B HHUX IMIPUHTUHTY
MIPOXOJNTH 3 PI3HOIO MIBUJIKICTIO MPOTITOM POCTY 00IMUTA. BakJIMBO BiA3HAYMTH, 1110
metumtoBanHs gDMR  (sxk 1 CpG-ocTpiBuiB, T€HIB Ta MOCIIAOBHOCTEH, SKi
MOBTOPIOIOTHCA) BIAOYBA€ThCSI B KIITHHAX, fIKI He AUIAThCA. Lle poOuTh oouur
0COOJIMBO MIKAaBOK CHCTEMOIO I TOCHIIKEHHS METHIIOBAaHHS € NOVO, OCKIIBKH
BOHO BiJI0yBaeThCs 0€3 BIANOBIIHUX BIUIMBIB, SIKI MPUCYTHI 3a mojauly KiaiTuH. Lle
TaKOX TOSICHIOE BUCOKI PiBHI MeTWIOBaHHS mo3a CpG-AMHYKIEOTHIaMHU, OCKUTBKH
BOHO He miaATpuMyeTrbcss B mporeci pemnmikamii  JHK  (miarpumyrouda
metuntpanchepaza DNMTI1 3abe3neuye TuUbku «cuMmeTpuuHe» MetwnoBanHs JIHK
B kKoHTekcTi CpG muHyKI€OTHAIB Ticis perutikarii). Kpim Toro, MeTuiatoBaHHS Ha
ctaaii QopMyBaHHA TaMeT MiHIMI3ye MyTallMHUA TMpolec, CHPUYUHEHHUH
ne3zaminyBaHHsIM SmC.

MetunroBanHs 0€ NOVO B YOJIOBIYMX CTATEBUX KIIITUHAX MA€ CBOT OCOOJIMBOCTI.
B mocnigmoBHocTssx gDMRS  MeTuiOBaHHS  IHILIIOETHCS B TOHOIUTAX, K1

3HaxoAAThCs B (a3t mitozy Gl Ta 3akiHUyeThCs O TOYAaTKy Meio3y. Bowo
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MOYMHAETHCS HA cTaailli ¢opmyBaHHS (eTalbHUX S€YOK 1 3aBEpPUIYETHCS [0
HApOJDKCHHS. Big MOMEHTy moyaTKy METHIOBaHHS (e Novo 1o GopMyBaHHS
03p1701  crepMu  BiIOyBaeThcsl Oarato payHAIB KITHHHUX TOAUTIB, 4YUM 1
MOSICHIOEThCSI TI€BHA 3MiHA BUXIIHUX MATEPHIB METWIIOBAaHHS Ta HAKOIMWYCHHS
MyTaIlli BHACIIJIOK jAe3aminyBaHHs. [IutanHs nomatkoBoro merwmoBanHs JIHK y
mexxax gDMRs 3anumaetsest BIAKpUTUM, OCKUTBKH MyTallii y rerax Dnmt3a, Dnmt3b
ta DNmt3L npu3BoasaTh 10 cepito3HUX e(PEKTIB CriepMaTOTeHE3Y.

MoxnuBo, BiaMiHHOCTI B MeTwioBaHH1 JIHK B 3apojkoBUX KITITHHAX caMIIiB
Ta CaMOK TMOSICHIOIOTHCSI OCOOJIMBOCTSIMU FaMeTOreHe3y, 110 1 POopMy€e MAaTEPUHCHKI 1
0aThKIBChKI XapakTepucThku TmnociigoBHocTer gDMRs. Marepunceki gDMRs
MICTATh TOCJIIOBHOCTI, 1OA10H1 TakuM y CpG-oCTpiBIsIX; BOHM TaKOX MOB'A3aHi 3
TOYKAMU CTapTy TpaHCKpuIlii. Ane Ha BimMiHy Bi CpG-0CTpiBIIIB 111 TOCIIITOBHOCTI
MEPEeBAXXHO PO3TAIIOBYIOTHCS Y BHYTPINIHBOICHHUX JAUIIHKAX. IlociaigoBHOCTI
Oaratbox matepuHcbkux gDMRs Mictare TanmemHui moBtopu. [Ipumyckaerses, 110
KOHTEKCT IIMX TIOCITIIOBHOCTSH Ba)JIMBUH JJIsI  METHJIIOBaHHS (€ NOVO, mpote
MEPEeKOHJIMBUX JIOKa31iB I[bOr0 HE ICHye. HasiBHI naHi 3 NPUBOAY CTEPUUYHUX
ocoOnmMBOCTEe TeTpamepHoro komiuiekcy OinkiB DNMT3A ta DNMT3L, sxi
3a0e3Meuyr0Th HOTO MepeBaKHE 3B’ SI3yBAHHS 3 MOCIIJOBHOCTSAMH, /1€ TUHYKICOTUIH
CpG 3ycrpivyatotbesi KokHI 8-10 mH. Xoya Taka MEpPIOAWYHICTb Y MATEPUHCHKHUX
gDMRs Oyma moka3zaHa JnuIle B OJHOMY JOCHIPKEHHI, BBAXAETHCH, IO 1€ IX
3araipHa puca. He auBnsumch Ha Te, mo martepuHcbki gDMRS MoXyTh MiCTHTH
nocraTHb0 CG-30araueHuX [JOMEHIB Yy BHUIVISAAlI TaHAEMHUX MOBTOPIB, BOHHU
CKJIQJAI0Th JIMILIE HEBEIMKY YACTUHY L1€l MOCHII0BHOCTI, B Akii B¢l Cp(Gs 3a3HAIOTH
METUJIIOBAaHHS HE3QJIeKHO BIJl Miclsd iX po3TtamryBaHHs. Ha BiaMmiHy Bif
marepuHchkux gDMRs, Bci Tpu nmocmimkenux OathkiBchkux gDMRs (H19 DMD,
DIk1-Gtl2 IG-DMR Ta Rasgrfl DMR) sBnstors coboro Mmixkrenni CG-30aradeHi
€JIEMEHTH.

3aranom BBaXKa€ThCH, 110 IMIPUHTUHT nocaigoBHocTed gDMRs BiOyBaeThes
HUIAXOM  1X MeTwitoBaHHs. OJHaK METUIIIOBaHHA MaTepuHCbkux gDMR B oonurax

BapTO PO3MISAAATH SK CTOXACTHYHHI IIPOIEC, TOJI SIK 3aXUCT BiJI METHIIOBAaHHS THX
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caMHX €JIEMEHTIB B CIIEPMATOr€HE3l MYCHTb MaTH «aKTUBHY» ckiagoBy. Lle
MOSICHIOETBCS TUM, 110 MaTepuHChbKi gDMRS MeTHIIbOBaHI B OOIMTAX TOTAILHO, TOJI
SK B CIIEPMATO30iaX BOHU BHUXIJHO HEMETWJIbOBaHI MOAiOHO 10 Oinbinocti CpG-
ocTpiBliB 3arajioM. KpiM TOro, moBHOI€HOMHE CEKBEHYBaHHS 3 1JE€HTH(IKALI€I0
METUJIbOBAHUX MITOK TI0Ka3zano, 1mo Ouibiiicth CpG-OCTpiBIIB B OOIMTax Ta
CIepMaTo30ilax Ha BIAMIHHICTH BiJ BimoMux gDMRS iHIIKMX KIIITUH € MOBHICTIO
MeTmiboBaHl. bimpmiicts mux CpG-oCcTpoBiB, OJHAK, BTPayalOTh 3HAUHY YaCTUHY
METWJIIOBaHHS Tiepe], IMIUIaHTali€r0 eMOpioHy. TakuM 4YHWHOM, BHIIIEONKCaH1
MexaHi3Mu IMOpUHTUHTY gDMRS BapTo po3risgaTd B KOHTEKCTI 3arajbHUX
MPOIECIB METHJIFOBAaHHS B OOIIMTax Ta CIEPMIisX, 5Kl BIJOYBAIOTHCS MPOTITOM

MepeaIMIUIAHTAIIITHOTO TIEPIOoAYy.

Bcmanoenenns imnpunmuney ma opeanizayia xpomamuny. Ha cnenudiunictsb
BCTAQHOBJICHHSI METHIIOBaHHSI y Mexkax gDMR B KIITHMHax 3apOAKOBOTO MUIAXY
MOXXYTh BIUIMBaTH Mojudikamii ricroniB. ExcrepuMenTd INn Vitro mokaszanu, Mo
MeTwitoBaHHS Ji3uHy 4 rictony H3 (H3K4) moxe ynepemKkyBaTh METHIFOBaHHS
IUTO3MHY, OCKUTEKHU BOHO OJokye 3B’si3yBaHHs DNMT3L 3 N-kinuewm ricrona H3, 1,
TaKUM YHMHOM, YHEMOXJUBIIOE (popmyBaHHs komiuiekcy DNMT3A-DNMT3L 3
JIHK. B Tto#i xe uvac 3B’si3yBanHss DNMT3A 3 xopoBum rictonom H3 ynepemxkye
metumoBanHs H3K4. B emOpioHanbHUX CTOBOYpOBUX KIIITMHAX Ta 1HIIMX THIAX
eMOpioHAIBLHUX KJIITUH B XpOMAaTHHI B MicIsX po3tanryBaHHs CpG-oCTpiBIIiB Ji3uH 4
ricrony H3 nu- 1 pumernnpoBanuii. Taka KoHOIrypallisi XpOMaTUHY € XapaKTepHOIO
JUIsl aKTUBHMX IMPOMOTOPIB, BOHA 3arobirae HemnpaBuibHOMY MeTmmoBanHiO JIHK.
IToni6H1 MexaH13Mu MOXYTh nisTH B gDMRs 3apoakoBux kiituH, ne JJHK mycuts
OyTH 3axuIlieHa BiJ METUITFOBAHHS.

Bci marepunceki gDMRSs sBasitoTs co6or0 CpG-0ocTpiBIIi, 5K TEPEKPUBAIOTHCS
3 MPOMOTOPOM Ta MOBHICTIO 3axuiieHi Big metmwmoBanHsa JIHK B wonoBiumx crateBux
KIiTHHaX. byno mokaszano, 1o aeski matepuHcbki gDMRs 30araueni Ha H3K4me3 y
000X anensix, a iX MPOMOTOPH aKTHBHI Yy YOJOBIYMX CTATEBUX KIITHHAX IJIOAY Mif

yac BCTAHOBJICHHS IMIOpUHTUHTA. Take mokanpHe 30arauenHs Ha H3K4me3

217



30epira€ThCsi A0 TMOCTHATAJIBHUX CTadii CIEpMaTOTeHe3y, NPUHANMHI B JIESIKUX
maTepuHchbkux gDMRs, 1o, MOXIMBO, 1 3a0e3neuye 3aXHUCT BiJi BCTAHOBJIECHHS
metumoBanHsa JJHK. ¥V mumeii 1 % renoMy criepMaTto30iAiB 3B’ s3aHUM 3 TiCTOHAMU,
y Jojel BiANOBITHUN noka3HUK ckiagae 10 %. IMnpuHTOBaHI JOKYCH € AUISHKaMH
reHomMy, sKki  30epiraloTb HYKJIEOCOMHY OpTraHizaimilo B 3puUlli  crepmi.
[Tpumyckaetscsi, mo came marepuHchbki gDMRs XapakTepusyroTbcs HasBHICTIO
metumoBanHss H3K4 B cmepmaro3oigax, i Takuii CTaH XPOMATHHY MiITPUMYETHCS
micIs 3aIUliIHEHHs, Jomomararoum 3amodirru de novo mermmoBanHioo JHK nHa
paHHIX CTaisIX eMOpioreHesy.

MetumoBandss H3K4 Bimirpae BaxJMBy posb B crieliuidyHOMY METHIIFOBaHHI
JIHK B xinounx crateBux kimituHax. H3K4-cmemmdiuna nemermnaza LSD2 (Takox
Bimoma sk Lysine (K)-specific demethylase 1B; KDMI1B) ekcnpecyerbes Ha
BUCOKOMY PiBHI B OOIMTax, SKi POCTYTh, caMe€ TOJl, KOJHU BIIOYBA€ETHCS
MmetmmoBanHs JIHK. Skmo 3a0esneumtyn HakommueHHs MiTok H3K4me2/3 B
OOLIUTAaX, TO IMIPUHTHUHT JesIKuX MatepuHChbkuX gDMRs He BiOyBa€eThCs.

[Hmm mMoaudikaiiii riCTOHIB MOXYTh CIPHUSTH BCTAHOBJICHHIO METHJIFOBAHHS
JIHK B gDMRs B crareBux kiituHax. ¥ N. crassa H3K9me3 cnpsmoBye de novo
metumoBanHs JIHK, monpapnaa, y ccaBlliB Takux JaHUX 1€ HE OTPUMAaHO. Y TOM Yac
AK B COMAaTHYHMX KJIITHHAX MeTwiboBaHl anenmi gDMRs 30arauenHi Ha MITKH
H3K9me3, B yonoBiUMX CTaTeBUX KJIITUHAX TaKi penpecuBHI MOAU]IKaIi BHACTIIOK
IMIpUHTHHTY y OaThkiBCbkUX gDMRS He cnocrtepiratothes. Kpim Toro, rictoHoBa
mitka H3K20me3 He € curmaaom mis BctaHoBieHHs MertwaoBanHs JIHK B
YOJIOBIUMX  CTAaTeBUX  KIITHUHAX, npuHaiiMHl 11 gDMRs.  Cumerpuune
mumetmioBanHs H4R3me BaxiuBe aisa pobotu Metwirpancdepasu DNMT3A B
rI00IHOBUX TeHax Yy mnonepenHukax eputpouutiB. Pombp miTku H4R3me2s B
metuioBanH1 JIHK 3apoikoBUX KIIITUH 3aIMIIAETHCS HE 3’ ICOBAaHO. 30Kpema, 0yiio
nokaszano, mo Moaudikamii H4R3me2s xapakrepHi A BCiX NpoaHai30BaHUX
gDMRs (kK IMIOPUHTOBAHMX, TaK 1 HEIMIPUHTOBAHMX) B YOJIOBIYMX CTAaTEBUX
kiitnHax miogy. Xouya H2A/H4R3me2s moxe cnpusiti 3amydyeHHro DNMT3A B

YOJIOBIUMX CTATEBUX KJIITHHAX, MPOTE I MITKU HE JO3BOJSIOTH PO3PIZHUTH, SKi
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gDMRs noBuHHI OyTH METWJIBOBAHI, a sIKI Hi. MOXIIUBO, 1110 HAHOUIBII BaXKJIMBUM
st metumoBands JIHK € tpumernmoBanns H3K36.

Baxkko npumycTuTH, 10 IMOPUHTHHT CKEPOBYETHCS JHIIE MOAMQIKAIISIMU
rictoHiB. [loBUHHA iCHyBaTU TMOAis, SKa € CHTHajIOM JJisi (OpPMYyBaHHS TaKuX
Moaudikaiii. Y coMaTUYHUX KIITUHAX MOoAMdIKaIlli TICTOHIB Ay»e MOIIUPEHI 1 HE €
JoKyc-cnenupiyHuMHu. Xoda Moaudikaiii TICTOHIB, O€3CyMHIBHO, MNPHUIMAIOTh
y4acTh B Tiporieci iMnpuHTUHTY, MeTwioBanHs JIHK moBuHHO MaTtm momaTkoBi
Jokyc-crienndiuyHi  curHaiu abo OcOOJMBOCTI oOpraHizalii XpoMaTUHY st

MIPOXOJIKEHHS IILOTO MPOIIECY.

Ponv mpanckpunyii 6 imnpunmuney. OCKITBKA MEXaHi3M CHEIH(IIHOTO
meTtmmoBanHs gDMR HaBpsia un noB’si3anuit 3 nocaigosHocTio X JTHK, ocobnuso y
MatepuHChbkuX gDMRS, MOXIMBO, IO IIeH MpOoIeC MOXKE 3ajekaTH BiA MOMAIH, sKi
BiIOYBaIOThCSI HAa PIBHI TPAHCKPUIIIi Ta BU3Ha4YaroTh Mexi MerwitoBaHHs J[HK.
[cHyIOTH He3amepeyHi JI0Ka3u poJii TPAHCKPHIIIL B IIUX Ipoliecax, NpUHANMHI Npu
MeTwIIoBaHH1 MatepuHCchkux gDMRSs. [lo-niepiie, sik BizHayaaocs BUIIE, OUIBIIICTh
matepuHChkX gDMRs € CpG-ocTpiBIsiMU, TOKaTi30BaHUMH B MEKax TeHiB. [HKomm
BOHHU PO3TaIlIOBYIOTHCSl 11032 KAHOHIYHOKO CTPYKTYporo TreHa. Bimomo, mio 6arato
reHIB TpaHCKpUOyroThcs 3 anbTepHaTuBHUX 1SS, a gDMRs po3Mimrytorbes
BCEpENMHI TPAaHCKPUIIINHUX CaiTiB, akTUBHMX mnpoTsrom MetwitoBanHs J(HK.
Onucana BIacTUBICTh xapakTepHa st 6u1biocTi CpG-0CTpIBIIB, K1 METHUITIOIOTHCS
B oonuTax. BayTrpimuborenni CpG-0CTpiBIl YaCTO METHIIIOIOTHCS 1 B COMaTHUYHUX
KJIITUHAX, 110 JO3BOJISIE€ MPUITYCTUTH, 1[0 MeXaH13M MeTuiItoBaHHa gDMR B oonurax
€ 3arajJbHUM NPUHIMIIOM METUJIIOBAHHS MOCHiAOBHOCTI TeHy. Ilo-apyre, iCHYIOTbH
iMrpuHTOBaH1 TeHi, skl MicTaTh CG-30araueni gDMRSs, sKi € KoOmisiMU 1HIIUX
IUITHOK TeHOMY (pEeTpOTpaHCHO30BaH1 MOCHIIOBHOCTI), SIKi 3[aTHI pernpecyBaTH
omuH 3 aneniB. ['en paruHoOmacromu moguau RB1(Retinoblastoma 1) wmictuth
iHTpoHHuit CpG-ocTpiBellb, SIKMH 3amyckae BkazaHui Buine MexanizMm. lleit CpG-
OCTpIBEIlb XapaKTepU3yeTbcd MaTepuHChbKUM MeTwmoBaHHaM J[HK Ta BuHuk y

pe3ynbTaTi  perpoTpaHcmo3uiii 3 autHKM 9 xpomocomu.  OmHak
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PETPOTPAHCTIO3UITIHHI IEPEMIIIIEHHS 3 TOTO K JIOKYCY B 1HII T€HHI TOCIIJOBHOCTI HE
npu3BoasITh 10 (opmyBaHHs HoBuXx DMRs. Ilo-Tpere, icHyOTh naHi, 110 HasBHI
MOCTIIOBHOCTI € BiAMiHHUMH Bil gDMRSs, ski BigirpatoTh pojib B METHIFOBaHHI
JHK. 3okpema, mpu cuHIpOoMi AHTelbMaHa 1IEHTH(PIKOBAHO BEJIUKY KUIBKICTh
mikponenemin B mosumii 30kb Bume DMR remy SNRPN (Small nuclear
ribonucleoprotein-associated protein N), mo cBiqUuTH PO ydYacTh IIi€l AUISHKH B
IMOpUHTUHTY paifony 15ql11-13. Xoua MonekynsipHa (yHKIIS LBOTO T€HETUYHOTO
eJIEMEHTA 3aJIMIIAETHCI HEBU3HAUCHOIO, BIJOMO, 10 BIAITOBIJIHA IOCJIJIOBHICTH I'eHa
SNRPN y Mumieit Takok Ma€ aJbTE€pPHATHBHI MPOMOTOPH, AKTHUBHI Yy OOILIMTaX.
[cHYIOIOTh 1 1HII NPUKIAIXA ydacTi MO3areHHUX MOCIIJIOBHOCTEH, SKI BIAITPAIOTh
pOJib B IMIOPUHTUHTY TUX ud iHImMX reHiB (Hampukiaa jgokycu GNAS, NESPS5,
STX16 Ta in.).

Bce Buiieckaszane 103BOJIsi€ BBAXKATH, IO Je(DEKTH METHIIIOBAHHS IPU NEBHUX
CHUHIPOMAaX MOXYTb OyTH CIIPUYMHEH] MOPYIIEHHSIM MTPOMOTOPHHUX 200 €HXaHCEPHHUX
TUISTHOK, BaXXJIUBUX JJISI MIPOLIECY TPAHCKPHUMINI. 3riAHO 3 CYYaCHUMH YSBIICHHSIMHU
1010 MPUPOAM ILOTO TMpolecy, MarepuHcbki gDMRs sBiasioTe coboro CpG-
OCTpIBIIl, acCOLIHOBaHI 3 CalJICHCOBAHUMHU MPOMOTOPAMH, JIOKAJII30BaHUMHU B MexkKax
AKTUBHUX TPAHCKPHUILIMHUX OAMHUILG. L[ Mozaenb He BUKIIIOYAE TOTO, IO ICHYIOTh
IHII PeryJATOPHI €JIEMEHTH IIbOr0 MPOIECY, OCKUIBKH TPAHCKPHUIILIS HE 3aBXKIU
NPU3BOAUTH JO METHIIIOBaHHS BHYTPilIHbOreHHUX gDMRS.

Tpanckpumniiiino-3anexxunii  MexadisMm MeTwioBanHs gDMRs T1a  CpG-
OCTPIBIIIB  MIATBEP/KYETHCSI  HEIABHIMH  MMOBHOTCHOMHHMMH  JTOCJIIKEHHSIMU
METUJIIOBaHHS B oonuTax wmumieil. [IpoaeMoHCTpoBaHO, M0 HA MOYATKY POCTY
ooluTiB ayxke Mano CpG-OCTpIBIIIB METHJIHOBAHI, a y 3pUIMX-00IUTaX 1X KIJIBKICTh
csarae 7%. MertumoBanusi CpG-octpiBuiB, sik 1 gDMRs, 3abe3neuyerbes Oinkamu
DNMT3A 1 DNMT3L. Anaji3 nociigoBHOCTEN HE BUSIBUB OCOOJMBUX JUISTHOK, SIK1 O
Bu3Hauanu, kit CpG-ocTpiBenp Oyne METHWIbOBaHUM, a skuil Hi. B To# ke uac,
BeJIMKa yacTuHa MeTuiiboBaHUX CpG-OCTpIBIIIB PO3TALIOBYETHCS B MEXaX TI'EHIB,
0COOJIMBO THX, SIKI TPAHCKPUOYIOTHCA 3 aIbTEPHATUBHUX IIPOMOTOPIB y OOIMTAX, SIKI

pocTyTh. Takoxk MpOIEMOHCTPOBAHO, III0 BUCOKI PIBHI METHIIIOBaHHS XapaKTEpHI JJIs
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TEeHHUX [OCIIJOBHOCTEH, SKI aKTUBHO TPAHCKPUOYIOTbCA. TakuM YHUHOM,
metuwiatoBanHs gDMRs Ta BHyTpimHbOoreHHUX CpG-OCTpIBUIB € YaCTHHOIO
3arajJpbHOTO TMPOILIECY METUIIIOBaHHSI TE€HIB, sIK€ BiJAOYBA€ThCA MPOTATOM POCTY
ooruta. Takum ymHOM, MatepuHcbki gDMRs He € cami mo cobi mpeamMeToM
METHUJIIOBAHHS, HATOMICTh MYCUTh ICHYBaTH MEXaHI3M, SIKUM yIEpeIKye B X Mexax
BCcTaHOBJIEHHs1 MeTwmoBaHHs. bineuricts CpG-octpiBuiB He meTmwiaboBaHi B JIHK
CIepMaTo30iMiB. Ik BKa3yBajoCh BHILE, IPOMOTOPH I'€HIB, aCOLIHOBAHUX 3 JESTKUMU
MatepuHChbkuMU gDMRS, akTHBHI Y YOJIOBIYMX CTaTEBUX KIITHHAX IJIOAY Ta Mij 4ac
METHITIOBaHHS de NOVO xapaKTepHu3yIThCS TiCTOHOBOK MiTkoro H3K4me3, mro
3axumiae ix Biag MetwmoBaHHs JIHK y mexkax 1iei mocmimoBHocti. Ha mpotuBary
poMy, 0atbkiBchbki gDMRS, ki po3TamIoBYIOThCS B MIKT€HHOMY MPOCTOpl Ta HE
TPaHCKpUOYIOTHCSI B OOIIMTax, B3araji HE BHUCTYNAlOTh B SKOCTI CyOTpary
METUITyBaHHS.

OCKUTBKYM TPaHCKPUIIIS BiJirpac BaXJIHMBY POJb B METHIIOBaHHI de NOVo
gDMRs B oonuTax, siki pO3BUBAIOTHCS, BAHUKAE MUTAHHS MPO 1CHYBAaHHS MOAIOHOIO
MEXaHI3My B 3apOJIKOBUX TKAaHMHAX CaMI[IB. Xoua MaTepH METUJIIOBAHHS ONUCAHUN
B 3pUIMX CIIEpPMATO30iMaxX MHUIIEH 1 JIFOJUHU, TMOBHOTCHOMHI CHKBEHCH KJIITHH-
HOIEPEIHUKIB CrIepMaTOIMTIB (Prospermatogonia) BicyTHi, 110 HE JI03BOJISIE CYAUTH
mpo 3B'si30k MmertmwmoBaHHA JIHK 3 akTHBHUMU TpaHCKPUNIIHHUMU OJUHHIISIMHU.
Ananiz OatbkiBcbkux (DMRS B audepeHuiiHO MeTHIbOBAHOMY /JAOMeEHi
(differentially methylated domain; DMD) y renmi H19 i y audepenmiitno
meTtmiboBanomy perioHi DIK1-Gtl2 (nani renn po3mimeHni Ha XpoMocoMi 12 Muriei
Ta XapaKTepU3yIThCA PELHUNPOKHUM IMIOPUHTHUHIOM) Y YOJOBIYMX CTAaTEBUX
KJIITHHAX eMOpIOHIB OCTaHHIX €TalliB PO3BUTKY IIPOJICMOHCTPYBAB HAasBHICTh
nociigoBaocteit DMRS B Tpanckpunrax. Lle cBiguuTh Ipo iCHYBaHHS 3aJIEKHOTO Bij
TpaHcKpuIii MmexaHizmy metwinoBanHa JIHK, aHanoriuHoro onucaHoMy B OOLIMTAX,
0 pPOCTYTh. Y JaHUW mporec MOXyTh OyTu 3amydeni Hekoxywooui PHK,
TpanckpuboBani 3 DMR, ane ¢akTiB, sk 6 11e epeadadeHHs MiATBEPIKYBaIH, 10CI

HC BHUABJICHO.
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36’30k mpanckpunyii ma moougixayiti eicmonie npu memunrosanni JDMR.
Ha merumoBanns gDMR moxyTh BriuBaTH Moaudikailii TiCTOHIB, SKI XapaKTepH1
JUIS TpaHCKpuMIiiHO-akTuBHUX NuIsHOK JIHK, Tomy mo Taki monudikarii 3aaTHI
pekpyryBaTi MeTtmiaTpancdepaznuii komrmieke DNMT3A/DNMT3L, uytnuBwii 10
Moaudikamiii N-kinusg rictoHy H3. 3B’s3yBaHHS JaHOTO KOMILIEKCY I1HTIOY€ThCS
metmwmoBanHsaM H3K4, a nomen PWWP (Bix Pro-Trp-Trp-Pro) mermnrpancdepasu
DNMT3A wmae cniopinuenicts 10 H3K36me3. Monudikaris ricrony H3 xapakrepHa
JUISl aKTUBHUX TPAHCKPHUIIIIIMHUX OJUHMIL, a TICTOHOBa MeTuaTpaHcdepaza SETD2,
sKa BIJMOBIAE 3a 110 Moaudikailiro, moBsizana 3 Ser2-gpocpopuaboBaHO0 (HOPMOIO
PHK-nonimepasu I, BiamoBimanbHOI 3a eJOHTaIii0 TpaHCKpumiii. Jlemerunasa
H3K4me2/3 KDM5B (takox Bimoma sik PLU-1/JARID1B) 3any4aeTscsi Ha TeHHY
nocnigoBHicTh H3K36me3 y emOpioHambHUX CTOBOYpOBUX KIITHHAX, MOKJIIMBO
yepe3 B3aemofito 3 Oimkom xpomaruny MRG15 (MORF4-related gene on
chromosome 15).

V momgnan  nemernnaza H3K4mel/2 acomiiioBaHa 3 MOCIIIOBHOCTSIMM I'€HIB,
K1 €KCIpPeCylThCcsl B KiiTHHaX Hela, Ta BXoauTh 70 KOMIUIEKCY, KM BKJIIOYAE
Ser2-pochopunroBany PHK-momimepasy ta H3K36 wmeruntpanchepasy NSD3
(Nuclear SET domain-containing protein 3). Takum 4uWHOM, MpoOILECH, IOB’s3aHi 3
TPAHCKPHUIILIEI0, MOXKYTh (POPMYBaTH TICTOHOBI Mou(iKaIlii, sIKi € IEPeTyMOBOIO 10
B3aeMo/Iii meBHOI mociigoBHOCTI 3 KomrmiekcoM DNMT3A/D