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Beenenue

Hacrosimas nporpamMma oTpakaeT COBpEMEHHOE COCTOSIHUE OTPaCiv OHOJIOrUH,
M3y4aromei 3aKoHOMECPHOCTH W MEXaHW3MBI OHTOICHCTHYCCKHX MPOUCCCOB HA
BCCX YPOBHAX OpraHHU3alliH KHBOTO — OT MOJICKY/IAPHOIO A0 3BOTIOUHOHHOTO.
Ona BKIOYaeT B ceOi OCHOBHBIC pasjiciibl, 3HAHHE KOTOPBLIX HEOOXOIUMO
BBICOKOKBAJTU(DUIIMPOBAHHOMY CIIELIAAIUACTY.

1. [IpeameT H HeTOPHS SMOPHOJIOTHH H OHOJIOTHH Pa3BHTHA

IIpeomem Imbpuonozuu, ee Mecto B CHUCTeMe OMONOIMYECKHX HAYK.
OMOpHOJIOrMs Kak Hayka O Ipoueccax #  IPUYMHHBIX — MeXaHM3Max
WHJIMBH/Ty AILHOTO Pa3BUTHA.

Juddepentmanys KIeTOK, TKaHeH 1 3apoJIbIlla B 11eJIOM - [IeHTpallbHas npodiema
ouonorun paszsutus. OmnucatenbHas, HBONIOUMOHHAS M OKCIIEPUMEHTATLHAS
IMOPHOJIOTHSL.

dyHaaMcHTAIbHBIC —COCTABJIAIONIME MPOLCCcCa HHAMUBHIYAIBHOTO  PA3sBHTHSL:
KJIETOYHAS PeNpOAyKIMs, KieTounas anddepenunanns U MopporeHes.

Kpatkuii 0630p ucmopuu smépuonozuu: so3zpennus 'nnmokpara u ApucTtorens.
ImGpronorus XVII — XVIII Be. Teopnn pasBuTHs: NpeQOpMU3M, STIUTCHES,
smUreHerTmueckie Teopum  pasuths. PaGorsr K.®. Bombda. Passutie
ombpuonornu B XIX B., 3Hadenue pabor K. bopa, BiuAHME NapBHHH3MA Ha
>Mbpuosioruo. CpaBHHTEbHO- DBONIOLUOHHOE HANpaBIeHUE. Hctopuueckue
KOPHH OKCIIEPHMEHTANbHOH SMOpPHOTIOTHH, €€ OCHOBOINOJIOKHUKH (B Py, .T.
Ineman, JILIT. ®wunaros, HK. Konsuo, HW.M. I[lmanbrayses, M.M.
3aBaioBckuii). CTaHoBJIEHHE YBOITFOLIHOHHON 3MOPHOJIOTHH, HCCTIeI0BAHHS
A.O.Kosanesckoro u W.M.Meunukosa. buorenernueckuil 3axkon Miroiuiepa-
['exkens.

Teopus MPOUCXOKIAEHH MHOTOKJICTOYHBIX JKUBOTHBIX. Teopus
¢ummbprorenesos A.H.CepeprioBa. Teopus 3apoibILICBOH TIa3MbI ABrycTa
Beiicmana. Kay3anpHo- aHAIMTHYECKHIT METOJ, €T0 CHIIbHBIC U CITA0BIC CTOPOHBI.

buonozun paseumus — HOBBIH 3Tall B YUYCHHUH 0 3aKOHOMEPHOCTAX OHTOI'€HE34,



BO3HHKLIMII HAa OCHOBE CHHTe3a JIOCTHXKEHHH HMOpHOJIOIMH, LMTOJIOTHH,
retetnkn, onoxumun. Pons H.K.Komnbmoa B cTanoBIeHHM OMOJIOTHH Pa3BUTHS
KaK HayKH.

CoBpeMeHHOoe TIOHHMaHKe TpeMeTa i OCHOBHBIX ITPOOIeM OHOMOIHH Pa3BUTHS
(pean3aLys IeHETUHYCCKOH HH(POPMALIHHU B Pa3BUTHH; KIETOYHBIC OCHOBBI
nuddepeHIMPOBKH, MopdoreHesa, pocta W pereHepaluH; (HU3HONOTHUECKHE
MEXaHM3Mbl Ppa3BUTHs; BIMsAHME (AKTOPOB BHELIHEH CpPEINbl HA pPa3BHTHE);
SBOJIIOLIMOHHAs Oronorus pasputus — EvoDevo — Kak cUHTe3 OHOJIOrHU Pa3sBUTHS
1 ugeit ssosonud. OCHOBHbIE KOHIIENTyalbHble MNOHATHA OUOJOrMM pa3sBUTHS:
nubdepeHianbHas  aKTHBHOCTL T[€HOB M M30MpaTesibHbIE  B3aMMO/ICHCTBHSA
K1eToK. Pollb poIeccoB pa3BUTHS B 9BOJIIOIMH; TOMEO3UCHBIE FeHBl U 3BOMIOLNS
MEXaHU3MOB CErMEHTALUH Yy SKMBOTHBIX., MoJieKyssipHas OMOJIOrMsl W TeHeTHKa
passuTHsi. Perynsims akTHBHOCTH I'eHOB B OHToreHese. OOuiue npejcTaBieHus 00
IBOJIIOLIMH TEHOMOB H OT/IEJTBHBIX ICHOB MHOTOKJIETOYHBIX.

OpTONOrHYHOCTE U MAPaTOTHYHOCTE ICHOB.

VIcrmonb30BaHue JOCTHKECHHH SMOPHOIOrMH U OMOJTOTHH PAa3BUTHA B MCUIHHC H
CETbCKOM XO3SHCTBE.

2. MeTo/bl SMOPHOJIOTrHH H OHOJIOIHH PAa3BUTHS

OCHOBHbIE MeHt0doa0zudecKue noOXo0l B YMOPHONOrHN U OHOJNOTUH PA3BUTHUS:
«yTpaTa (yHKUEW», «mnpuobOpeTenune QyHkuuu». OcHognsie Memoobl  UX
peanu3aLMy: U3MEHeHHe HOPMalbHbIX CBA3CH MEKIY HacTAMM Pa3BUBAIOLLETOCH
3apoblllia. YJaleHde dvacTell 3apofblila, 3a4aTKOB TKaHEH MIIM OTAC/bHbIX
KJIeTOK, TPAHCIUIAHTALMsl, SKCIUIAHTalus, AUccolHanus-pearrperauus. MeTosibl
MapKHUPOBKH KJIETOK.

KynbTuBupoBaHHe SMOPHOHANBHBIX CTBONIOBBIX KJIE€TOK. MeTo/ibl KaueCTBEHHOTO
A KOJMYECTBEHHOI'O aHajiM3a DKCIPECCUH TIE€HOB B TKaHAX JHWBOTHBIX W B
KyJBTHBUPYEMBIX KIeTKax. KadecTBeHHbIH aHain3 SKCIPECCHH TeHOB MCTOILOM
MoNMMepasHoil  HeNMHOM peakuuu ¢  BH3yalusaluedl  aMIUIMQUIMPOBAHHBIX
¢parmentos  kAHK Metomom osrektpodopesa B  arapose. Omnpenenenue

9KCIIPECCHH T€HOB METOAOM KOJIMYCCTBCHHOH MOJMMEPA3HOH LETHOH peaknuu



(I1LIP B peanbHOM BpeMeHH). MeToabl HalpaBjIeHHOTO MOJAABICHHA JKCIIPECCHH
FeHOB B KYJIBTUBHUPYEMBIX KIETKAaX C IIOMOLIbI0 MajbIX JIRYXTIEMOYEYHBIX
nateppepupyrommx PHK (small interfering RNA - siRNA). . [lpunuouno
pcnoab30BaHus SIRNA n1g u3yduenust pojiy OTAEMBHEIX TEHOB B peali3alin
(GH3H0T0rHUCCKUX QYHKIHUH KIETOK.

KoMiibroTopHbie MeTo bl (in silico moae/IHpoBaHHe Pa3BUTHSI).

OcHoebl CBETOBOM U JIEKTPOHHON MUKPOCKORUU.

Hmmynouumoxumusi. OcHoBHOW mnpuHUMN MeToja. lloHsaTue »smuTona HIM
AHTUIEHHOM JeTepMHMHAHTBl y aHTureHa. Meron MOpAMOM M HeMpsAMOii
UMMYHOIIUTOXUMUH.

Kyasmypa Kiemok u mkanei. Tunbl KJIETOYHBIX KYJIbTYp: TICpBHYHBIC,
BTOpMYHBIE,  TIEPEBUBHbIE,  MMMOPTAJIM30BaHHbIE,  TPaHCHOPMHPOBAHHBIE
(omyxoJieBbie).

CycrieH31OHHbIe U CyOCTpaT-3aBUCHMBIC KyJIbTYDBI.

Tpancgexyun - TpolLiecc BBEICHNs HYKICHHOBON KUC/IOTBI B KIICTKH YEI0BCKA U
KUBOTHBIX HEBHPYCHBIM MeTo0M. [ cHeTHYECKHIT MaTepHall, HCIOMb3YeMBbIH Ui
TpaHC(HEKIHH.

Imuueckan oueHKa Kax o0s3aTebHBIN JTall TIAaHUPOBAHHS SKCIICPUMEHTOB.

3. l'ameTtorenes

®OpMHUPOBAHHE NEPEUYHBIX NOI06BIX K1emOK (TOHOIMTOB) Y Pa3IMHBIX FPYII
JKHBOTHBIX (yOKH, KHIIEYHOTMONOCTHBIC, KPYINble 4epBH, PpakoodpasHele,
[1I03BOHOYHBIE).

Murpauuy roHOLUMTOB B ronapy. Crparerus penpoiyKUHH: BHELIHHE W
BHYTpEHHHE  MCTOUHMKH  OJHEPTHM,  HeoOXoaumbie A obecrieveHHs
IMOPHUOHAJIBHOTO PA3BUTHSL.

BUOM3MEeHEHHe SIEPHOrO alliapara raMeT, CBA3aHHOe C pelyKlUueH HHcnia
XpOMOCOM M pekombuHanuei. Meiios. KpoccuHrosep.

Oozenes, €0 OCHOBHBIE TIEPHOJIBI: PA3MHOXKEHHE, POCT, CO3PEBAHHIE ANIEKIETOK.

CpaBHUTEILHO-MOP(OIOTHIECKHE 0COOCHHOCTH ANLL (TIOJAPHOCTD, CHMMETPHS,



orlasmMaTuyeckas Jokaiausauus, siuesbie oOosouku). (OCOOEHHOCTH JiesieHHH
CO3peBaHMs ANLEKIETKH. AlCUUTANbHbIH, M30JICLIUTAJIbHBIH, TeJOJeUTAILILIA U
LHEHTPOJICIATANLHEIA THIIbI L. MeXaHn3Mbl (OPMUPOBAHUS 3pEOH COCOOHOM
K OIUIOAOTBOPEHUIO sHIEKTeTKH. BcrmoMoraTelIbHbIC KIETKH OOTeHe3a M HX
dynkunn, Bkmouas cuuTes pPHK, nPHK, nexentkosbix OeskoB. Tpancnopt
BeuiecTs U3 TpodouuToB. CTPyKTypa M (DYHKLUHH XPOMOCOM THIIA J1aMIIOBBIX
metok. Cnocobpl uHTencubuxanms 3anacanua pPHK:  (ammuduxais
prubOCOMHOTO reHa, TpaHCOCOoMbl). [IpeBuTeNI0reHe3 H BUTEIITIOTEHES, €T0
0COOEHHOCTH Y TO3BOHOYHBIX, HACEKOMBIX U aHHenuA. ['eHbl, y4acTBylOIHe B
peryasuuu ooreHese. Tpu rpyliiibl reHOB MAaTEPHHCKOTO JCHCTBHUA («TICPEJHUEY,
«3a7IHUe», «TepPMHHAIIbHBIE)» I'eHbl). Perynsiuus apixaHus npu ooreHese.
Cnepmamozenes. Tlepuoansanus cliepMarorenesa, JIMTEIBHOCTh €r0 CTajlui y
pa3HbIX KUBOTHBIX. CTBOJIOBblE KIETKH CMEPMATOrOHHAILHOIO KOMMAPTMEHTA.
CriepMaTOroHu.

[lepBHYHbIC U BTOpHHHBIE criepMaToLHThl. CriepMuoreHes. 3HaueHHe CMEHBI THIIA
Oenka.

LIMTONOTHYECKHE XapaKTepHCTHKH crepMues. Pasnoobpasue ¢opm criepmuen
(THMAYHBIE W AaTHIHYecKue crepMun). QPYHKUHH BIOMOTATCIBHBIX KIIETOK
cemennuka: knetku Cepronu, kietku Jlefinura. I'emaro-TecTUKyIAPHBIH dapbep.
Paznuung B Meilo3e MYKCKMX W JKEHCKHX MMOJIOBBIX KJIETOK MJICKOMHTAIOLIMX.
MexaHU3Mbl BOCCTAHOBJICHHA CIICPMATOreHe3a.

4. Onjiog0TBOpPEHHE

BuoJsiornueckas Cyu{Hocms npoyecca omio10TBOPEHHS. Mopdpozennt v TpajiueHT
ux KoHrenrpauun. OcobeHHocTH (OPMHUPOBAHUS oCell noaApHocmU U obueco
NAGHA CTPOEHVS B DAHHEM DPa3BUTHH DasHbIX KHBOTHBIX. D). melanogaster Kax
MOJIeNb [UIsi M3YUeHNs OOIJIa3MaTHIECKOH TMONSPHOCTH U (OPMHPOBAHHS oceii B
paHHEeM Pa3BUTHH.

[locaenoBaTeNnbHble CHIAOUK ONA0O0OMEOPEHUA: TIPUBIICUCHUC W AKTHUBALNA
CrepMMs, BUAOCTICLH(UYECKOE CBA3bIBAHAC C OOLMTOM M CJIMAHMC TaMet,

AKTUBALIAA ANLA).



JIMCTAHTHEIE W KOHTAKTHBIE B3aUMOJIeHcTBUS ramMeT. PaKTopsl akmueauuu
CcHepMamo3ou00g: WOHHBINM 0anaHC, OCMOISPHOCTL, AKTUBUPYIOIIHE CTEPMUH
MenTHABl  (CTepakT, pe3akT). Kanawyumayusa CcrepMUeB MIIEKOTHTAIOIIUX.
AKpocomuasn peaxkyus

CIIEPMHEB Y pasHbIX JKMBOTHBIX. Ponb Honnoro Oananca, G- Oenka w
¢pocomnasst C B axkpocomHo#l peakuuu. Ponb zona pellucida siiua B
«3agKOpUBAaHMM» CIepMaro3onaa miexkonuraroliux. CnusHue MuasMaTHIeCKHX
MeMOpaH rameT. AKTHUBalMs OOLUTA.

Jlenonapu3anus siiina U ObICTPBLH 010K nosucnepmuu. DakTopbl MeNTEHHOTO
61oka nojucrepmuu. YcioBus Bo3oOHoBneHus cubTesa JIHK wu crumynsaunn
0eKOBOI0 CHHTE3a.

dopmMHpoBaHKie MYKCKOTro IpoHykieyca. Qonaasmamuyeckas cezpezauus B
pa3sHBIX THNAx siull, ee poib. McKyccTBeHHbIH W eCTECTBEHHbIH HAPMEHOZEHEs.
PaGotsr b.JI. Acrayposa u B.A. CtpyHnukoBa. Ponb yumockeiema B mpoueccax
MOJSIPH3AIlMH OOLIUTA, KOPTHKATBHOI poTaluu, IpodIeHus.

5. ipoosienne u O1acTyia.

O6uwaa xapaxmepucniuka npouecca IpobIeHus, ero OHONOTHYeCKUe GbyHKIMU
(CTaHOBJICHHE MHOTOKJICTOYHOCTH, HOPMAIH3ALHA SIEPHO-LUTOMIA3MATHICCKOTO
oTHolleHust). PakTopbl, OMpeeNsolle NPOCTPAHCTBEHHYIO —OpTraHM3alluio
nenenuii gpo6nenus. THIbl APOOIEHHS, HX 3aBUCHMOCTD OT KOJIMYECTBA JKEITKA B
kinerke. Ilpapuna Caxca [ TeprBura. Cmpoenue Oaachiyiibl y NUBOTHBIX C
pa3HbIM TUMOM JAPOOIEHH .

Mexanusmel  Guactynsumn.  OcoOeHHOCTH — OeteHuit  OpobieHua W

JECHHXPOHHU3alUA.

TunoTesbl © MexaHH3MaxX OPHUEHTAllMM BepeTeH jaeseHwi japobsenus. Purmuka
KITeTOYHbIX Jienenuii B nepuoa apotienns. Cunres JIHK, PHK u 6enkoB B riepnoj
panHUx craguii dMOpuorenesa. IlepuoauvHocTs ¢yHKIMH AOpa B paHHEM
pasutHU. Ponb Mmamepuncko2o 2enoma B DPAasBUTHH W BKJIOHCHHH TEHOB

3apozpiiia. Bo3HUKHOBeHHE Pa3HOKAYECTBEHHOCTH ONacTOMEPOB y Pa3HBIX TPy



#HMBOTHBIX. OIBITHI 10 TiepecajkaM M JIe3aKTHBALlMKM sijlep HA Pa3HbIX CTalusX
pasBuTHs. Bo3HHKHOBeHHE pasHo- U OAHOAHLEBBIX Ou3Henos. Mx ponk B
M3ydeHHH TeHETHKH dvenoBeka. [IpoGmembl  KIOHHpOBAHHS — KHBOTHBIX.
HerApoTpaHCMHUTTEPBI KaK PETyJIATOPBI paHHEr0 dMOpHOreHesa.

6. l'acrpyasiuns 1 popmMHpoBaHHEe OCHOBHBIX 3aKJIAIOK.

O0b1as xapaKTepucTHKa MPOLECCOB, onpedeenue zacmpy/auuu. Ilpencrapnenue
0 TracTpy/SLHH Kak O MoOphozeHemuuyeckKux nepeMemenusx Kienok |
KJIETOYHBIX [IACTOB, B pe3yibTaTe KOTOPBIX (hopMUpPYyeTCs OOLIMI MIaH CTPOEHHUSI
3apofpllla M MPOMCXOAUT MPOCTPAHCTBeHHOe 00ocoOiende 3ayaTkoB. THIIBI
Mopgpozenemuueckux OeudiceHuil (IelaMMHAlUS, HMMMUrpauus, 3nuboius,
MHBAIMHALIHS B UX COUYETaHHs )U UX MEXAHU3MBI.

KapThl  mpe3yMIITMBHBIX ~ 3a4aTKOB ~ HAa  CTaJWd  paHHeH  racTpyJbl.
Lleno6nactuueckuii, —mponud)epalloHHbll W HTEpOLENbHbIH  CIOcoObI
00pa3oBaHUA ME30EPMBI.

Mopozenemuueckue nona, poib ToONgpusaluu B (GOPMHPOBAHWH 3a49aTKOB
OpraHoB.

OMOproHanbHas perymsuus.  3axon [puma. Tlosurmonnas uHpopMaLHs.
FacTpyisuds y JaHUCTHHKA, am@uOuMH, peid, NTHL H MICKONHTAIOMHX.
IMOpUOHANbHAA UHOYKUUA.

VcTOpHsl OTKPBITHS, MOJEKY/PHBIC OCHOBBI, PETHOHAIbHAS CHEUH(pUIHOCTD H
MEXaHH3Mbl, HHIYKTOPbI, peLenTopbl. MHIyKUMsi HeHpalbHBIX —3aKIaloK
XOpAOMe30/eMOil (epBUYHas UHAyKuus mo [lmemany, HHAYKUMS ME30ACPMbI
(IT.HerokyIn), TaHT€HIMAIbHAST HHILYKIHSL.

MonekyJiipHble MEXaHH3Mbl HHIYKIMOHHBIX Mpoueccos. l'ensl ceemenmauuu n
MX POJIb B reTeporeHe3allMy JKMBOTHBIX. | OMEO3MCHbIE TI'CHbI. ["'omeo0oKchl |
rOMeO/I0MEHbI.

Koncepsatusm romMeob0Kc-COAEpKAIMX TICHOB W WX poOjib B 5BOJIOLHH.
PacuseHeHMe XOpHO- Me30[epMajbHOrO 3adyaTka (XOpaa, COMHTEI, OokoBad
[TACTHHKA, ee [apveTalbHblii W BHCUEPATBHBIH JIHCTKH H obpazoBaHue

6MOPUHHOI  NOJIOCHYU  MENd, TPAIUCHTHbLIE COOTHOLICHHA B IpeAcIax



xopaome3oaepMaibHoro 3adarka). OcoOEHHOCTU MPOLECCOB Heupyasayuu npnu
roo0JacTHIECKOM H MepoOIacTHYeCKOM THIIAX pa3BUTHS. AIONTo3 Kak (pakTop
MopdoreHesa.

7. HekoTopble cBeeHHs 00 OpraHoreHesax.

Kapra opraHoB, MpOMCXOISIINX W3 HIpex 3apoobliesslx JAUCMKO6. HepBHbIM
rpebeHb M €ro IpOU3BOJHbIE B pasHBIX oTAenax 3apoiblia. CynepceMencTBo
6enkoB basic Helix- Loop-Helix u ux ponb B nporpammax auddepeHLHpPOBKYU
KJIETOK Pa3IM4YHbIX TUTIOB TKaHei.

DopMuposanue 2071061020 M032d, 2143 U KOHEUHOCMEN NO360HOUHbIX. POTib
IPOM3BOIHBIX opranu3aropa llInemaHa B 00pa3oBaHuK HEPBHOU TPYOKH.
MopdoreneTnueckrie B3aUMOJEHCTBHMSA MEKIY YaCcTSIMH 3a4arTka MpH pasBUTHH
rnaza, KOHEYHOCTel, jKeie3 IulieBapuTebHOTO TpakTa. JleTepMuHauus H
perynaius npy pasBUTHH OpraHoB. Bmopuunvie ymopuonansrsie uHOyKUuUU, NX
MexanusMbl. KOHTakTHBIE M JHUCTAHTHLIE B3aUMOJCHCTBHS KIIETOK. MexaHU3MBI
KJICTOYHON arperaluu. YdyacTHe TPaHCKPHITLHOHHBIX (akTopos cemeiicTBa Pax
(Pax 3,7; Pax 6). I'omMomornyHble MyTH crielHGHKAIMKM HEHpalbHOH TKaHW y
MOBOHOYHBIX U YICHUCTOHOTHX.

Me3o0epma 1 ee TIPOU3BOJIHBIE.

ComumozeHe3 y N0O3BOHOYHBIX.

Obpa3oBaHue CKeJlemHoil MYCKYamypbl. MdakToph! MBIIIIEYHOH
I pepeHUUPOBKH.

MexaHu3Mbl Qopmuposanus nouku (mporedpoc, Me3oHedpoc, Merateppoc).
DMUTeMabHO-ME3eHXUMHBIE  B3aUMOJEHCTBHA.  Y4acTHe  NapaKpUHHBIX
(haKkTOpoB.

Jaknanka U o0pazoBaHue cepoya. THIbI KJIETOK, Y4aCTBYIOIIMX B (POPMHPOBAHHH
MapHbIX CepAeYHbIX TPYOOK.

BKJtaj pa3TuiHBIX 3apOIBIIEBBIX JIHCTKOB M PA3/e]oB ME30[IEPMBI B MOpPozenes
koneunocmu. MopdoreneTHdecKoe 1mojie KOHEUHOCTH. MHIYKIINHA KTOMHIECKHUX
KOHeuHOCTelH. Me3eHXHMHO-3TTUTeTHalbHBIE B3aHMOICHCTBHA KJIETOK. ["'oMonorns

00pa30BaHIA KOHEYHOCTCH Y HACCKOMBIX M 4CJI0BEKA.



ﬂemepmunauu}l nouaa. CTadoBJIEHHE TTOJIA: COOTHOLUEHUE BKJIaJa reHeTH4YeCKUX
(GakTopoB H (aKTOPOB BHEIIHEH CPe/Ibl Y pa3IHIHBIX KHBOTHBIX. | eHeTHUecKne
MEeXaHU3MbI JeTepMHUHAIIMH T10M1a Y 0€CMO3BOHOUIILIX U TO3BOHOYHBIX JKHBOTHBIX.
[TonoBele ~ XpOMOCOMBI,  3Ha4eHHE  MJIOMAHOCTH  YHCIA  XPOMOCOM,
repMadpoauTsM.  Modekyasapuble  MEXaHW3Mbl  JE€TEPMHHALMHK  Toja Yy
MIIEKONUTAIOLIMX. 3acelieHre roHa 1 MepBUYHBIMH MOJOBBIMM KAeTKaMH. OyHKIHA
retoB Sry u Sox9 B dopmupoBanuu ceMeHHUkoB. Knetku Cepronu u Jlenaura.
AntumioiiepoB ropmol (AMH) u tectoctepoH. @yHKIHH T€HOB

Dax1 u Sox9 B popMupoBaHuu suuHUKA. DONNMHKYIAPHBIE KIETKH H KJIETKH TeKH,
posib 3ctporeHa. CTpyKTypa Y-XpOMOCOMBI MJIEKONMTAIOLIUX U €€ 3HadeHHe B
3BOJIIOLIHH ITPHUMATOB.

8. MeTamopdo3 1 pereHepauus.

Memamopgho3 GeCrO3BOHOHHBIX M MO3BOHOYHBIX. PeakTHBalUMsA IIPOLECCOB
pasBUTHA MpH MeTamopdo3e Mo AeHcTBHEM ropMoHoB. Memamopos ampuoui
(Y XBOCTAaTBIX M OECXBOCTBIX). MI3MCHEHHS CTPOCHHUA Tela NpH MeTamopdose. Porb
amonto3a B Meramopdose. I'erepoxponns (HEOTEeHHs, TPOTEHHA, MPAMOE
passutue). Memamopghos nacexkomorx. Ionomerabomnus, remMmumeTaboIus U
ameTtabosmsi. Metamopdo3 y 1po30dHIILL.

Pa3BUTHE B3POCIBIX CTPYKTYDP M3 MMariHalbHbIX AUCKOB. JleTepMHUHALUs KIETOK
MMAarHHAIBHbIX IHCKOB U UX 000co0ieHue oT skroaepMbl Pois Hox-reHoB. Poub
20pmonoe B MetaMopdose: KUpopacTBOPUMOrO HOBEHHIBHOr0 rOpMOHa (JH) u
cTepouaHbIX (OKIM30H M 20-THAPOKCHIKAM3OH). Perynauus MeTamopdo3a
HACEKOMBbIX TOPMOHAMHM. Peryisiius TPaHCKPUIILMH pPEelenTopaMu CTEPOHIAHBIX
FOPMOHOB.

Pezenepayus xak o01ieb1oI0rnuecKoe spieHne. Perenepanus 1 OHTOrCHES.
Cnocobui  perenepanuu  -3nuMopdo3,  MOp(OIIAKCHC,  KOMIEHCATOPHAs
pereHepalrs ¥ percHeparioHHas runeprpous. DNuUMOpdHas percHepanus y
amhuouii.

Perenepaunonnbie TeppUTOpHH. PereHepanmsa KOHEYHOCTH. IMUTCTU3ALUA

(MCXAaHH3M  OTHTEIM3aMH, pONb  PAHEBOTO  SIHJEPMHCA).  ANHKaTbHAA



SKTO/ICPMaJIbHAs LIAouKa M pereHepalnortas Gnacrema. “[losunuonHas namsars”
pereHepaonHod  Omactempl.  OOmue npeacrapiends O MOJEKYJSpHO-
FeHeTHUECKUX MEXAHW3Max pPercHepali y HU3MIMX MO3BOHOYHBIX. PereHeparius
o Ty Mopgoiakcuca y TUIphbl

9. MoJieky/asipHbIe H MOJIEKYJISIPHO-TeHeTHYEeCKHE OCHOBbI YMOPHOHAJILHOTO
Pa3BHTHA.

OcHoBHble 3a7aud 2eHemuku pazeumus. NMoneKyJsipHbIE OCHOBBI JKCIIPECCHH
FeHOB: CTpOeHHe reHa, TpaHckpunuus, mnpoueccudr PHK, Tpancnsauus.
HUndopmauuonnas PHK, nuadpopmocoMsl. 'unoresnl peryisiid HHAUBUYalIbHOIO
pasButus T. Moprana wu P. Tonpammujara. SliepHO-LUTOMIA3MATHYECKHE
OTHOILIEHHs KaK OCHOBA PeryisluM rpoieccoB passutus. Judepenvuanvnan
IKCApeccUa 2eH06 KaK OCHOBA KJIeTOUHOH TU(depeHIMPOBKH. Y POBHU PETyIALNH
nuddepeHImanbHONH 3KCIIPECCHH I'CHOB.

Inuzenemuueckue Qaxmopwr passutii. JHK 6 xode uHOueudyanbnozo
pazeumus.

Cuntes JIHK B xoze ooreHe3a (peLyUTHKAHN, aMILTHQHKaLKsl, peraparus,
marau@ukanus ). Ocobennoctn pernkannn AHK B xoxe OpoGJieHuss U paHHero
pa3BUTHS.

ComaTuueckas monumonmus. Ilpobnema usMeHenus u nepectpoiikn JHK B
OHTOT€He3e.

AmrmauduKanys reHoB B pa3BUTUH. JIMMUHYLIMA XpOMaTHHA.

Cmipykmypa a0pa, XpoMOCOMbI, SIPBILIKH, CTPYKTYpa XpoMaTHHa uHTephazHOro
spa, rerepo - M 3yXPOMAaTHH, MOJIEKY/IspHas CTPYKTypa XpoMariHa H s 1718
HyxkneocomHoe crpoenne xpomaruna ([IHIT) u BbicuIHe ypOBHHU yIIaKOBKH HHI.
Hmnpunmunz. OyHKIMOHANBHBIE PA3IMYHA OTLOBCKUX U MATEPUHCKUX ICHOMOB,
BO3HUKAIOIME B raMeHToreHese (MeTW/IMPOBAHHE, OSKCIIAHCHUS TPUIUICTHBIX
[IOBTOPOB Y MJIEKOMHTAIOIIHX ).

OcHOGHbIE UUMORAA3ZMAMUYECKUe Op2anenbl. SIIepHO-TIA3MCHIOE OTHOICHHE

WU ero M3McHEHHusA B XOIe pa3BUTHSL. 3amacaHue I/IH(l)OpMaHI/IOHHbIX MOJICKYJ B



ooreHese M MX POJib B Peryjlsllid PaHHEro Pa3BHTHsS Yy HACeKOMBbIX, aMpubuil,
pbIO.

Knemounoit uukn, pazer. CHHTE3BI MAKPOMOJICKYJI B Pa3HbIX (a3ax LHKIA.
OcobeHHOCTH KJIETOUHOTO LUKIA B paHHeM 3MmbOpuoreHe3e. KOHTpOIbHBIE TOUKH
peryiiuuy Tpoiu(epaly KIETOK B Ipolecce opraHoreHesa. LIMKIMHBI |
LUMKJIHH-3aBUCHMBIe  (AKTOpbl peryasluud KjIeTO4HOro uukiaa. M3meHeHue
CTPYKTYpbl XpOMOCOM B XoJe pa3BuUTUA: Ny(p¢uHr, oOpazoBaHUe TaMIIOBBIX
IeTOK, MoJAuTeHus, Hepopennukauus carewadtaelx JIHK, ammmuduxanms
pubOCOMHBIX (SLIPBILIKOBBIX) reHOB. MHakTHRaIMs pailoHOB X-XPOMOCOM Y CaMOK
MIIEKOTTMTAOLMX.

10. DieMeHTHI 3BOJKUHOHHOH IMOPHOJIOrHH H OHOJIOTHH Pa3BHTHSI.
Mpeovicmopusn. Kpeatmonnsm: «Enuncreo Ttuna» - XKoddpya Cenr-Hiep,
Puuapn Oysn, «Ycnosus cymectBoBanus»- JKopx Kiosbe, Hapuwss beu,
IBOMOLMOHU3M — Yapiib3

Jlapeun «HacnemoBanue ¢ u3MeHeHMAMN». Ilonsatne dumambprorenesos (A.K.
CeBeplieB) ¥ OCHOBHbIC HX THTIBI. . [ OMEO3MCHBIE B TOMEOOOKCOACPKAILNE I'CHbI -
UX OOIIHOCTB [JIS 3YKApPUOTHBIX KJIETOK W pOJIb B COBPEMEHHOM TMOHHMaHHH
OOIIHOCTH OHTOTEHE30B.

[pencTtaBaenuss O MPOUCXOKICHUM MHOZOKIEMOYHOCHIU. I'emepoxponuu (3.
[exkens, E. Menept), ux poib B 3Bomouuu. I'erepoxpomnas meramepus (ILII.
[1aBjiOB) B MOHUMAHUU MPOUCXOKAECHHA CETMEHTALUH.

Coepemennoe cocmosnue EvoDevo: Ycmexu B CEKBCHHMPOBAHMHM I[C€HOMOB U
OLIEHKA HMCJIa TeHOB Y Pa3HbIX KMBOTHbIX. | eHETHYECKHE OCHOBBI YCIIOKHEHHS
OpraHM3MOB B XOJ€ 3BONIOLMU. [OmMOJOTMYHBIE W TIApAIOTHYHBIC TEHbI.
KoHcepBaTH3M I'€HOB U CHIHAIbHBIX IEMOYEK (IeHbI-CEJEKTOPbI, FOMCO3HCHbIC
FeHbl; CHIHAIMHT ¢ ucnojibzoBanuem Toll — penenrtopos, Shh- , Wnt- 1 BMP-
CUTHAJIMHTHA).

Mexanuzmpl 3auqumsl  KI1emoK W MKAHel JXUBOTHBIX B XOA€ pPa3sBUTHIL
BpoxneHHass © TpuoOpeTeHHas (opMbl HWMMyHHTeTa. Pojb  BPOKICHHOTO

HUMMYHHUTETA B pa3BUTHH JKMBOTHBIX.



3HaueHHe TPUHIIMIOB HEYCTOHYMBOCTH M KPEOJAWYHOCTH PpasBUTHS  JUId
HEKOTOPBIX BOMPOCOB ()eHOIeHETHKH M TCOPHH SBOJIIOLIHH

11. Dkonoruveckasi OHOJIOIHA PA3BHTHS.

OcobeHHOCTH 3aBUCMMOCTH OpTaHHW3Ma OT Cpe/ibl Ha Pa3HbIX 3TalaxX KU3HCHHOTO
LMK/Ia. MeXaHU3Mbl MOPHOHATBHON CMEPTHOCTM Ha pasHbIX (pazax pasBUTHS.
TeparoreHes u ero npuduHbl. KpuTHyeckue nepuosl pasBUTHA LENOIr0 opraHusma
U OTHEIbHBIX OPraHOB. BiusHUEe XMMHYECKUX H DIEKTPOMArHHTHBIX 3arpsi3HEHUH
MPUPOIHOMA Cpebl HA Pa3MHOYKEHHE M Pa3BUTHE SKHBOTHBIX H YEJIOBEKA; METO/bI
ero omeHku. OcTpble ¥ XPOHHYECKHE BO3ACHCTBUsI TEXHOTEHHBIX (DAKTOPOB Ha
oprauusM. Otnanennsie 3¢(QeKTsl, MPOABIAIONIMECH B Ipolieccax pa3BHTHA
(MyTareHHble,  TEpaTOreHHble,  TIOHAJOTOKCHUYECKHE,  IMOPHOTOKCHUYECKHE).
[IpumMeHeHue 3MOPHOHATLHEIX OHOTECTOB ISl ONPEJIENEeHUs Ka4eCTBa MMPHPOJIHOH
M TEXHOTEHHOH cpe/bl. I[IpHHUMIIBI H TEPCHEKTUBbL  3MOPHOIOTHYECKOrO

MOHHMTOPHHTIA.
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