[[eHeTHKa BHYTPIIIHbOYTPOOHOTO
PO3BUTKY



[Is1aH:

UMHHUKW TPaHCKPUMLLT Ta paHHIN PO3BUTOK
OpraHoreHes

AnonTos

3arasibHi 3aKOHOMIPHOCTI perynsyji
OHTOreHesy




[lepiog BHYTPILLHBOYTPOOHOIO PO3BUTKY MHOANHU TPAAMLINHO NOAINSAThL Ha
Bl dpasu:

1. ®a3a po3BUTKY eMOpiIoHY abo embpioHanbHa dpa3a (nepLui BICIM TUXHIB)

2. ®aza pos3BUTKYy nnody abo dasa eranbHOro abo niaueHTapHOro
PO3BUTKY (MOYNHAKYM 3 AEB'ATOrO TUXHSA).

[lig yac embpioHanbHOI a3 PO3BUTKY 3akfagartbcd Qopma  Ta
PYAVMEHTN OINbLUOCTI OpraHiB i came B LEeW 4Yac TeHeTUYHi aHomarlii
BUABNATLCA HaMbInbLUe, Tak CaMo | BNJIMB MyTareHiB B LieW Yac, TakoX Mae
HaWTIpLLI HACNIAKK ON9 PO3BUTKY.






PO3BUTOK BM3HAYAETLCH IEPAPXIED TPAHCKPUMLIMHUX YUMHHKKIB (TYH). BOHW
YTBOPKOKTb CKJIAZIHY Ta PO3ranlyXeHy Mepexy B3aemoil Mix coboto. IesHi TH
IHILKOKOTL OAHY CTaito crievujani3auli, Wo BUKAMKAE aKTMBaLitO IHWKMX TY, Lo
PEerynorTbs HACTYMNHY CTaAito, Ta, B CBOK Yepry, BUMUKAKOTbL 1Y nepLuol ctall
Ta aKTMBYKOTb HACTYMHI, 4K 32 MPUHLUMNOM 3BOPOTHOrO 3BA3KYy CKIaAHUM
YMHOM BTPYYaArOTLCS B MO, SKi BXXe BiAOYIUCH.




OyHOAMEHTANbHAM  aCMEeKTOM PaHHLOrO0 PO3BUTKY €  AndepeHLitoBaHHS
eMOpIOHY B3AO0OBX MNepefHb03adHbol  OcCi. Y  Apo30diin  TONIOBHUMM
nepeaHbO3aHIMN panoHaMy € rpyaHUA BiAAIN (TOPaKC) Ta YepeBHUM BIAAIT
(abgomeH). Y noguHM Ta IHLWKMX CCaBUiB — L& Pi3Hi BIAAINM TONIOBHOMO Ta
CMUHHOIO MO3KY. Y BCIX BaratokniTMHHMX OpraHiaMiB NoYmMHaroun 3 Meays i Jo
JOANHU OCHOBHI OCODNIMBOCTI OCbOBOI AMMEPEHLIiaLLi PeryntoTbCa TPYMor
reHis, Lo Mae Ha3By HOX. binkn HOX — Le YMHHUKN TpaHCKpUMLii, 3aranbHUM
B iX OyJOBI € HASABHICTb TOMEOAOMEHY, AKUM BWU3HAYAETLCSA CNELMIUHICTb X
npuegHaHHa o [IHK. ToMmeoaoMeH-BMICHI TeHU BM3HAYatOTbCA 3a HAABHICTHO
XxapaktepHoi nocnigosHocti  OHK  goBxuHoto 183  nM.H., WO KoAye
KOHCepBaTUBHY AINAHKY OINKy OOBXMHOK 671 a.0. (romeogomeH). [oMeoboKe —
Lue nentua, AKuMn BIAIrpae Ki4oBY POSb B PEerynguii eKCnpecii reHiB 4yepes
BMCOKY CMNOPIAHEHICTb 3 NeBHMMM NocnigoBHoCTaMKn AHK.




[eHn HOX Bnepwe 6y BIOKPUTI Yy APO30MINIK, BOHU  BUABUIIUCH
BIAMNOBIAANBHUMM 32 TOMEO3NC — MNEPETBOPEHHA OAHOr0 OpraHy Ha IHLLUMN,
HanpwuKnian, NepeTBopeHHd aHTeH Y nanu. Y BCIX BUBYEHUX A0 HUHI OPraHi3miB
reHn HOX ob’'eHaHHI B KnacTepw.

Y nognHn € 4otmpun Takux knactepu (A, B, C 1a D), KoxeH 3 H1UX MicTuTb 13
reHis. LI knactepu pos3talloBaHi Ha xpomocomax 2, 7, 12 1a 17. BcepeauHi
Knactepa  CMNOCTepIiratTbCa  3HAYHI Baplaulii B aMIHOKUCIIOTHUX
MOCIIAOBHOCTAX, $AKI KOAYHTbCH PISHMMU rOMeoJOoMeHaMmn abo npuiernmMmm
AINaHKaMy, NpoTte MocnigoBHOCTI napanoris (reHis, WO 3ainMaroTb OOHE M Te
caMe TMOJIOKEHHSA B KOXHOMY Kractepi) Ayxe cxoxi. Tak, Hanpwuknag, A10
oinbLl cxoxum Ha B10, C10 ta D10, HixX Ha A9 un A11. Lle cBigumTtb Npo Te,
IO Mapaniorm BUKOHYHKOTb OYXEe CXOXi, ane He OOO0B'93KOBO LLO iAEHTUYHI

doyHKLI.




LlikaBoto ocobnmeicTio reHiB HOX € Te, WO BOHW eKCMNPECYHThCA Came B TOM
NOPSAAKY K BOHM PO3TALLOBaHI B reHOoMi. TOOTO, reH 1 eKCnpecyrTbCs B THX,
LLIO OOPMYIOTLCA NEPLUMMM CTPYKTYpax, a reH 13 — y cammx nisHix. [laTepH
ekcripecii HOX HeuiTkKnK, HasgBHI 3HAYHI MEepexpecTtd MK MNpUnernmmm
AiNgHKaMn Tina, i, 40 TOro X, B OCTaHHIX panoHax reHn HOX Oinblu aKTUBHI,
HIX B MepeaHix.

LLlogo noanHWU MOoKM 1IAEHTUAIKOBAHO NULLE AedKl 3 MyTauii B LUMX reHax.
Mytauii B reHi HOXD13 mMoxe BUKIMKATX  CUHMNONIAAKTUNIKD (KON
3POCTaOThCA Oiflbll HIX Atk nanbuiB). [eH HOXA13 BUKNMKAE CUHOPOM
KiCTb-CTOMA-reHitanii  (aHoManbHO BENWKI  Mnasbli, HEBENWYKI CTynHI Ta
NOABOEHI XIHOUI CTaTEBI OPraHun).




Taka HeBesiMKka KinbKiCTb BUABNEHUX MyTaLiM MOACHKETLCA TUM, LLO Oyab-dKa
MyTaLis, gKka CYTTEBO BMMBAE Ha PyHKLUIKO TYH Byae netanbHOI, i, CKOpIiLL 3a BCe,
XIHKa HaBiTb Le W He Oyae 3HatM Mpo CBOK BariTHICTb. TibKM MyTauii 3
MOMIPHWMM BMJIMBOM Ha PO3BUTOK AOCTYMHI AN1d BUBYEHHSA. binkn HOX BaxnuBi He
NIMLLIE Ha paHHIX eTanax PO3BUTKY, ane M Ha OinblLl Mi3HIX CTafigax PO3BUTKY
OKPEMUX OPraHiB Ta TKaHWH. Tomy MyTauii, WO 3adinatoTb Li npouecy OibLL
OOCTYMHI angd BmBYeHHd. Tak, myTtauii reHiB HOXAT10 1a HOXAT1 3adinatotb
PELENTUBHICTb MATKU, LLO € BXe OYHKLIIED 3PINIOro opraHiamy.

[eHn HOX T1a ix Oinkn ifII0CTPYHOTh Taki 0akTW LLIOAO eKCMPeCii reHiB B MPOLECI
PO3BUTKY, AK KOMMJIEKCHICTb Ta B3AEMOZIHO.
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B3aemoaiga reHiB 1a iX NPoAyKTIB AOCUTb CKnaaHa. [1punycTtumo, Lo € NeBHUI
reH XYZ akui koaye Oinok XYZ, O MOXEe 3B'A3yBaTUCb 3 PErynATOPHUMM
nocnigosHocTaMmn 10-20 iHWKWX reHiB Ta BMWKatn abo Bumukatm ix. [lpore,
HacnpasAl uer reH XYZ B PIi3HUX YaCcTUHAxX eMOPIOHY MOXe TpaHCKPUOyBaTUCh
3 PI3HOK LLUBWAKICTHO, |, 32 PAXYHOK alibTEPHATMBHOIO CrNAaUCUHIY, BIH MOXE
NPOAYKYBaTK  Kilbka anbTepHatMBHUX  pi3HOBMAIB  OiNKy, TOOTO OyTU
BIAMOBIAANTbHMM 32 POPMYBaHHS LLiNOI POAMHKM DINKIB. Binku, Lo NpoayKyrTHCS
reHoM XYZ, Mamxe 3aBXan B3aEMOAII0Tb 3 KifibKOMa iHWKMK TY ang Toro, wob
Ui TY BM3HAYUNIUCD, UM aKTUBOBAHUW TEH Ha 9KMIA BOHW HaLeHl. BHacngok
TaKnX B3aEMOZIN 3aranbHUN eqpeKT MNPOAYKTIB reHy XYZ MOXe BapioBatn vy
LLIMPOKMX MexaxX. Hapasi nognHa e He 3HAE CKISIbKM TeHIB € MILLUeHHIO A4
KOXXHOTO KOHKPEeTHOro Oiniky 3 poamHu HOX, He 3Ha€e CKinbkn e iHwmnx T4
B3aEMOAIIOTL 3i crieyndpidHmumn binkamm HOX Ta He 3HaeMO HIYOoro npo
MOJTIEKY TN, FKI BMSIMBAKOTb HA TPAHCKpUMLo reHis HOX.




I[HWoK rpynoto TYH, gki BNAMBAKTb Ha PaHHIN PO3BUTOK Ta AiTb 4K
perynaropu opraHoreHesy e binkn PAX. BoHn HeobxigHi Ang NiaATpUMKK
NOPINOTEHTHOCTI NOMYNAUIA CTOBOYPHUX KAITUH, TODTO Ha MIATPUMKY 1X
30AaTHOCTI ANMEPEHLIIOBATUCLE B HU3KY Cchneujani3aoBaHnX TUMIB KIITUH.
binkm  PAX, ckopill 3a BCe, 3BA3yHTbCA 3  eHXaHCEepHUMU
nocnigosHoctaMmmn  [HK, MOOANMIKYHOUN TaKUM YUHOM  TPAHCKPUMLINHY
aKTVBHICTb TEHIB LLO PO3TalLOBaHi HWMXKYe. BuaHavanbHOK OCODNMBICTHO
Oinkie PAX € HaaBHICTb MAPHOro AOMEHY, WO CKNagaetbcd 3 128
AMIHOKUCOTHUX 3annLLKIB, 9Kl YTBOPKOKOTL ABa PErioHy 3B'd3yBaHHA 3 [1HK.
Y TOOMHM ICHYEe AeBaTb reHie PAX MyTauii B 9KMX MNPU3BOAATL A0
OEeJOEKTIB PO3BUTKY.
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[eHn PAX1 1a PAX9 ekcnpecytoTbCs Mig Yac po3BUTKY xpebTa, 3a4aTKiB KIiHLIBOK Ta
TUMYCY, i€ BOHW BUSBNAKOTb MAaTEPHWN EKCIPECIi LLIO NepekprBatoTbCa. Y MULLIEN MyTaLll
PAX1 BUKNMKaOTb OCbLOBI AedeKkTn ckenety, a MyTauil B PAX9 MOXyTb BUKINKATK
BIACYTHICTb TUMYCY Ta MapaLlUTOBMAHMX 3an03, Ta, TaKOX BUKMKAKOTb PISHOMAHITHI
nedoekTn ckenety. Y noanHn myTtauil B PAX9 BUKNMKAOTb ONIFOAOHTIKO — HE 34aTHICTb
PO3BUHYTW LLICTb Ta OifbLLE MOCTINHKX 3yDIB.

[eH PAX3 eKcrnpecyeTbCsd Ha PaHHIX CTadidX PO3BUTKY Y CCaBLIB B A0pP3alibHIn
HEepPBOBIN TPYOLL., @ came, Y PErioHi, L0 NPOAYKYE MIrpYHU KITITUHW HEPBOBOIO rPebHs.
BoHn npunmaloTb ydaCTb B PO3BUTKY PIZHUX OpraHie, B TOMY 4KCHI cepud,
NepUPEPUYHNX Ta YEPEBHUX HEPBOBUX FAHMIB, MENAHOLUWUTIB Ta LUBAHHOBUX KIIITUH.
[ledoekT YepeBHMX raHrmniiB, B CBOK Yepry, BUKNIMKAOTb NOPYLLUEHHSA ckopoyveHHsa LLKT.

MyTauii reHa PAX BUKNMKAKOTb Y NIIOAMHK TAKOX OA4HY 3 doopm cuHapomMy Baapaebypra.
OyHKUIA reHa PAX6 € npoBigHOK B PO3BUTKY O4Yer Ta 30py. Y JHOANHM
reTepo3nUroTHICTL 3a MyTauieto PAXG BUKNUKAE cepen IHLKX AedEKTIB aHipiaito
(BIACYTHICTb pandyXKn) Ta KaTapakTy.
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OyHKUii BiNKiB PAX KOMMNEKCHI. BOHM eKCnpecyTbCa Ha AEKINbKOX CTaidx
PO3BUTKY, B3aEMOAIOTL 3 IHWMMKM TYH Ta MarTb TKAHWHHY CMNeundIYHICTb 33
PaxXyHOK anbTePHATMBHOIO Cr1anCUHTY.

| HOX-, i PAX-0inikn 3B'93ytotbca 3 [NHK | akTVBYHOTb TPAHCKPUMLIKD iHLLNX
reHiB. BBaXa€eTtbCs, L0 BOHWU AiH0Tb 9K NepemuKadi, Lo 3aryCckaroTb Nporpamm
TKAHWUHHO-CMELUMIYHOrO PO3BUTKY.
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[letTanbHO BMBYEHUM MNPOLEC OpraHoreHesdy LwmronodibHol 3ano3n. OpHieto 3
HaVPO3MOBCIOAXEHILLMX Ba € BPOAXEHNW MNOTUPEO3, LLO 3YCTPIYAETLCA 3 HACTOTOH)
1 Ha 3000-4000 HoBoHapogxeHux. [MpuumnHoo 85% BCiX BUMNaAKiB € TUPEOiaHNM
ANCreHe3 — dBuULLE 3a 4Koro LwmronodibHa 3ano3a abo Habarato MeHla 3a
PO3MIpamMu BiZL HOPMUK, abo PO3TaLLoBaHa Yy IHLLIOMY MicLi. B npoLleci eMbpioHanbHOro
PO3BUTKY YTBOPEHHS LLIMTOMOAIOHOI 321031 MOYMHAETHCS 9K eHAO0AEPMANbHUA BUPICT
Ha 3a4HIM NOBEpPXHI rMOTKN. Llen BUPICT MIrpye Ha nepenHto CTIHKY Tpaxel NpoTarom
nepLunx BOCbMW TWIKHIB BaritHOCTI. [licnd UbOro Aesakl KIITUHWU  NOYMHAOTh
andpepeHLitoBatMcad B TUPEOIOHI  QOMIKYNSAPHI  KMITUHKM B AKKMX 3rogom  byae
BMPODAATUCH TUPEOIAHNM TOPMOH. [na uporo HeobxigHi opraHocneuumIyHi reHu,
BKJIFOYAKOUN  TEeHM  TUPEeOrnobyniHy, TUPeoigHOi nepokcuaasn Ta  pelenrtopa
TUPEOTPONIHY. [TpOTATOM  KINIbKOX HACTYMHUX TWPKHIB BiAOYBAETLCA EKCTEHCKBHA
npoidpepadid TUPeoigHNX ONIKYNAPHUX KNITUH. Y PO3BUTKY Ta AudoepeHLuiadlii
LLIMTOMOAIOHOI 32103 NOPSA 3 AEAKUMU IHLLUUMW BaXXJIMBMMK BDiflkamy 3HAYHY POJb
Biairpatotb Taki TH, ak TTF1, TTF2 1a PAXS.




IHLLMM MPUKNaZ0oM Mamxke AOCHIAXEeHOro opraHoreHe3y € PO3BUTOK KIHLIBOK.
KiHUiBKM ~ MarTb  TpM  OCI  CUMETpii  (OCI  HanpgaMKy  POCTY):
NpOKCUManbHOAMCTANbHY (Bi4 LEHTpY A0 KpaiB), MNepeaHbo3afHio Ta
[0P30BEHTPanbHY. [Nd KOXHOI OCI ICHYHOTb CReLUUMIYHI KIKYO0BI FTeHU, ane Mix
LMK HabopaMm reHiB CNoCTEPIraeTbCs B3aEMOAIS Ta MEPEKPUTTA QOYHKLLIN.

[1nga npokcnmManbHOAMCTaNbHOI OCI BaASIMBY POSb BIAIrPAOTh Kiflbka YMHHUKIB
pocTy hibobnacTie Ta ix peuentopu. MyTauii B LMX reHax MOXYTb 3YMOBUTU
CUHAAKTUIIIIO (3pOCTaHHA ABOX abo OifbLue CyCigHIX nasbLiB KiCTi abo CTomnm),
bpaxmaakTUito (KOPOTKOMaNICTb), 3POLLEHHA ab0 BUKPUBIIEHHSA OOBIUX KiCTOK
Ta IHLLe.




OAHIe0 3 HaVBIAOMILLMX aHOManIK NPOKCUMOANCTAlNbHOIO PO3BUTKY KIHLIBOK €
axoHZponnasia (KapanKoBICTb). 3a Hel BiANoBiAaribHa MyTaLid reHa TPeTboro
peLenTopy 4mHHMKa pocty didbpobnacTtie (FGFR3). ®aktnyHo BCi MyTaLlii
LUbOro reHa 3avinaroTb OAMH €AMHUIA CalT Ta € 3aMIHOK apriHiHy Ha TiUnH B
nonoxeHHi 380, dknin BXOOWTb Yy CKNag TpaHCMEeMOpaHHOro AOMEHY LbOro
Oinka. Ha piBHI HYKNIEOTUAHOI NOCIAOBHOCTI Make BCI L 3MIHM BIAOYBaKOTLCH
y nonoxeHHi 1138. Lle nonoxeHHsa BUABNAETbCA «rapsayord TOYKOHY», TOOTO
HanBINbLL MyTabenbHUM MONOXEeHHAM. HYacToTa MyTaLuin B HbOMY OINbLL HIXK Y
1000 pa3iB nepesuLLye 3BMYAWHY YaCTOTY BUHUKHEHHA MyTaLi Yy TE€HOMI.
UoMy Tak BiAbyBaeThCA | 4OCI 3aragKka A BYEHNX.




Hacnigkn ocb L€l 3aMiHK apriHiHy Ha MiUnMH Y nonoxeHH 380 Tex He ayxe
3p03yMiNi. Ha goaaTtok BUABNAETLCS, LLIO caMa rno cobi MyTaLis B Ui AINAHOYL
reHy FGFR3 He BUKNMKae axoHAPONNasito. IHWMN BUCOKOMYTADENBHNIW CaWnT Y
NonoXeHHi 250 BUKNnKae nogasy cuHapomMy MroHKe, a MyTauii Ha IHLWKX canTax
CMPUYNHAIOTL  f1eTalNlbHy  KapSIMKOBICTb  HOBOHAPOAXEHUX.  Pi3HuUK B
doeHoTrNax, WO BUHUKAKTb BHACIAOK MyTaLi B PI3HUX camnTax 0A4HOro I Toro
XX TeHa MOXHa MOACHUTN B3aEMOAIEI NPOAYKTIB LIbOro reHa 3 PISHUMK IHLLIMM
Dinkamu.







Bennke TeopetnyHe Ta NpakTUYHe 3HAYEHHA Mae BUBYEHHHA anontosdy —
NPOrpPamMoBaHO 3arnbensito KMiTuH, Wo 0byMOBEHa TEHETUYHOK MPOrPaMOL0
camorybcrtea. MoxHa 3pobuTy MPUMYLLEHHS, WO Taka nporpaMa BerbMu
KOHCEPBATMBHA Ta VHIBepcalbHa N1 BCbOro XMBOro. 3aBAsdky aronTtosy
BiAOYBAETLCH PErYNALISA KiNbKOCTI KNITUH B OpraHax ta BUAANEHHSA 3anBUX Ta
MOTEHLIMHO  Hebe3neyHmx KAiTMH.  AMOMTO3 4aCTO  CYMPOBOAXYETLCH
nocTyrnosum po3atuennenHam [NHK Ha Bce ApiOHiWi wMaTtodkn. [lpukniagom
reHy anonTto3y € reH rpr y Apo3ominu, Ak 34aTHUA akyMynoBaTh BHYTPILLIHI
Ta 30BHILLHI CUTHANM A1 CBOET eKCMNPECIT Ta BUKITMKATW 3arnbenb KIiTUHM.




Ekcripeciga reHa bcl2 y noamHn, HaBmaku, ONOKye nporpamy arnontosy Vy
KNITMHAX NyxXnnH. B HOPMI KIITUHWU PEECTPYHOTh MOPYLLUEHHS EKCMPECIi reHis,
LLIO KOHTPOJIFOKOTL NOAIN, I, B TAKUX KMITUHAX, BMUKAETLCSA MPOoLEeC anontosy. B
LUMX BMMaZKax aronto3 BWUCTYNae Yy SKOCTI 3aXWUCTy OpraHiaMmy Bif KJITUH 3
[EHETUYHVMKW  MOPYLLUEHHAMM. OfgHak, npu OedKUX  3axXBOPHOBAHHSAX
(Hanpuknag, HENPOAEreHepaTMBHNX), HaBMaKW, BiAOYBAETbLCA IHTEHCUQDIKALILS
npoLueci anontody y 3BUYANHUX HOPMarbHUX KITWUHAX. |[HKOMM MexaHI3mMu
anonTo3dy BMUKAKTLCA LLE Mif Yac BHYTPILLHLOYTPOOHOIO PO3BUTKY.

Ycnixi reHoOMIKM A03BONAK0TL BCI YITKILLE IAEHTUMIKYBATU TEHU, AKI BMMBAKTh
Ha TPUWBAmMICTb XUTTA. 3a yHAAMeHTanbHl gochnigxeHHa anonto3dy C.
bpeHHep, [x. CantoH Tta P. Xopsuy otpumanun y 2002 poui HobeneBCbky
MPEMIO.







MonekyngapHO-TeHETUYHI MEXaHI3MI PEerynsLlii OHToreHe3y rnoAidHi y OpraHiamis
PI3HOrO (PINIOrEHETUYHOIO PIBHA Ta 3aCHOBYHOTLCA Ha yHAAMEHTasbHNX
npouecax aktmpauili 1a penpecii. CTapToBUM CUrHaNOM bHaratbox Mpouecis
CNyrye noauuinHa IHgopMaLia auuekniTMHKU. Y npouecax AetepmiHaull Ta
angoepeHLialli Ko4YoBMM UYMHHWMKOM € AudoepeHLinoBaHa eKCrpecia reHis.
Eykapiotn wMatoTb ©aratopiBHEBY CUCTEMY eKCMpecii reHiB. [eHn, Lo
BIAMNOBIAAOTL 32 PO3BUTOK (POPMYIOTh IEPAPXIYHY CUCTEMY. AKTMBALIA OOHWNX
[EHIB MNPUBOAWTL [0 BUMMKHEHHSA IHLUWX, a Perynduid exkcrnpecii Moxy
3IMCHIOBATUCA Ha KINTbKOX PIBHAX.




Taknn NaHLIOXOK MOXe By T YBIMKHEHUI NIULLIE-HO OAHUM TEHOM, SKNW aKTUBYE
Kackaz NocnigoBHUX (DOPMOYTBOPKOKUKMX MPOLIECIB. [eHNn, L0 aKTUBYHOTb TaKnM
Kackaz y OIonorii poO3BUTKY OTPUMAaM Ha3BYy reHiB-rocrof, a CTPYKTYPHI reHu
HAMHMXKYOrO PIBHA — reHiB-padiB. MK HUMK PO3TALLIOBYHOTLCA BaratounCIEHH
PErYNATOPHI reH A0 AKUX HaNeXaTb, Y TOMY UACHI, | FOMEO3UCHI. ICHYIOTb reHu,
LLIO KOHTPOJIHOKTE TOMEO3UCHI TEHU, | TeHU, AKI B CBOKD Yepry 3HaxXo4dTbcs nifg
X KOHTponem. [udbepeHuianbHa eKkcrnpecia 3abe3neydyyetbCd B3aEMOAIEHD
Daratbox PEerynsaTopHMX reHis.

CxemMaTn4yHO Ta y3arasibHeHO Le BUrMg4a€e npubnim3Ho Tak:

rEHN MaTEePUHCBKOro eqeKkTy - reHN-rocroja - CUCTeEMa PErynaTopHUX reHiB -
reHn-pabun (CTPYKTYPHI).




MonekynapHoO-reHeTUYHI MexaHI3MU OHTOreHe3y Ay»Xe CKNnadHl Ta He 30BCIM
3po3ymini. OgHak, BXe He BUKIIMKAE CYMHIBIB, TOM G0AKT, LLIO J0OPMOYTBOPHOKOUI
npouecm OOYyMOBMIEHI CNELUUdIYHOK, UYITKO BU3HAYEHOHK), MOCIIAOBHICTHO

eKcnpecii PI3HOMAHITHUX IEPaAPXIYHO PO3TALLUOBAHWUX B CUCTEMI TEHIB, LLO
KOHTPOJSTHOHTh PO3BUTOK.
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