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BBenenue

B OCHOBy HacTOSIIEH IIPOTPaMMBI TIONOXEHBI CIENYIOLITAE pPa3Heis!:
CTPYKTypa ¥ (QyHKIUM GENKOB; CTPYKTypa ¥ GHOCHHTE3 HYKIEHHOBBIX KHCIIOT,
CTpyKTypa pubocom M OuocuHTe3 Genxa; reHomuka. IIporpamma paspaboraHa
SKCIIEPTHBIM COBETOM BEICIIeN aTTeCTAIIMOHHOW KOMHCCHU MO OGHOJOTHYECKUM

HayKaM.

1. Crpykrypa n pyHkuun Genxon

buonoruueckue ¢ynkuuu GenkoB W HenTHHOB. DHUUKO-XHMHUYECKHE
CBOWCTBA aMUHOKHCIIOT. MeTozpl onpenenesus comepxanus Oenka. IlepBuynas
CTPyKTypa KaK ypOBeHb opranusanuu 6enka. [lokazaTenscTBa WHANBULY ATEHOCTH
6eska. MUKpOreTeporeHHOCTh GEITKOB.

XHUMHYECKHE METO/IbI MCCIIEI0BAHUS CTPYKTY DI OEIKOB.

Ormperenenne aMUHOKHCIOTHOrO cocraBa Oenka. MeTOIBI ONpe/eeHus
NEePBUYHOU CTPYKTYPHI. DepMeHTaTHUBHEIE METOMBI (parmenTarmm
MOJIMIENTHIHON IenH. XUMHYECKHEe METOIBl CIELU(PUUECKOTO paCIIeTIeHHUs
NENTUIHBIX CBS3eH. Paszenenue NenTHIOB, MOMYYaeMBIX MpPH PACIIEIUICHHN
6enkos. Omnpenenerne N-KOHLEBBIX AMHHOKHCIOT ¥ IIOC/IEN0BATEILHOCTEIL.
Jlokanuzatwst ucynbQuIHEIX cBsseil B Genkax. [lenTumHoe KapTHPOBaHKE.

TumoBsle peakuuu XuMHUYECKOH MOAMGUKALMK (YHKIMOHANBHBIX TPYIIIL.
Xumuieckas MOAM(PUKALYS B U3yUEHUH MOJIEKYJIAPHBIX KOMILUIEKCOB U aKTHBHbIX
LEHTPOB ()EPMEHTOB.

Macc-cnektpomeTpust GENKOB.

KontopmarsmonHbie CBONCTBA MOMUITEIITHALBIX TETIei.

CTpykTypHBIe 0OCOGEHHOCTH TenTUnHOH cBs3u. Crepuyeckue OTpaHUYCHUS U

BTOpHYHAs CTPYKTypa IOJMIENTHIHOW Iend. Ponk BOmOpomHBIX CBsizell B

(hOPMHUPOBaHUU BTOPUYHON CTPYKTYpPBL O-CIIHpANh KaK BaKHEHIIMH SIeMEHT
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BTOPUYHON  CTPYKTYpPHL. ~Ponb  GOKOBEIX  DajMKaloOB AMHHOKHCIOT B
dopmupoBanuu acrimpaneif. B-cTpykTypa: napajuieJIbHOe M aHTHIapalIebHOe
pacronoxenue uened npu (popmupoBaHuu cioeB. IleTnm, WX JOKaaM3alus Ha
IIOBEPXHOCTH  O€NKOB. P-ImmMibKa Kak  SJIeMeHT CTPYKTYpBl  O€JKOB.
Tomonoruyeckue auarpamMMel, UX 3HAYEHME.

@opMUpPOBAHUE MPOCTHIX MOTHBOB H3 3JIEMEHTOB BTOPUYHOH CTPYKTYDBI.
Motus rpedeckoro kmoua, moTuB B-a-B. JomeHsl, ux (opmupoBaHmHe u3
CTPYKTYPHBIX MOTHBOB.

Tperuunas crpykrypa Genka. CTabUIBHOCTS MPOCTPAHCTBEHHOM CTPYKTYPHI.
luppodobroe spo. Popma, KOMIAKTHOCTS U AMHAMEKA MONeKyibl 6enka. Pons
RUCYNb(HUAHBIX CBA3eH B CTAOMIM3AIMM TPETHIHOM CTPYKTYpPbl HEKOTOPBIX
OeJIKOB U IEeNTUIOB.

OCHOBHBIE ~ KIIACCHI ~ CTPYKTYp J[OMEHOB.  Ol-TOMEHHEIE CTPYKTYPBL

Crmpanusanus crmpaiieit; GopMupoBaHUe [OMEHOB
13 HETBIPeX Q-CIIMpaJIeid; TII0OMHOBAsL yIIaKOBKa, CI0XKHBIE CTPYKTYPBI, COepKa-
1I¥e O-CITHPAIIH.

Q/B-moMeHHBIe CTPYKTYPEL YIIaKoBKa MOTHBOB, BKJTFOYAIOIIMX HapalieibHble

B-cTpyxTypsr.  «o/B-6oukm». Pos O/B-MOTHBOB B CTpyKType (hepMEHTOB:
(opmupoBanue rumpodobHOro smpa, (OpMHpOBaHHE aKTHBHBIX LEHTPOB.

PacronioxxeHie O-criupaineil B OTKPBITHIX H30THYTHIX O/ B-crosix. BosmosxHOCTB

TIpEACKasaHus PaCTONIOXKEHHUS aKTUBHBIX LEHTPOB GEePMEHTOB B OUB-CTpyKTypax:

Tuposun-TPHK-cunTerasa,  xapGoxcumnentuuasa, apabHHO30-CBSI3bIBAIOLIHH

Oeok.

Perunon-cesaspiBaromuii  Genmok, Kak [IPEACTABUTENEL  CylepceMelicTBa.
Crpykrypa HelipamMuHHIa3sl u GB. Motus rpeueckoro Kimoua u CTPYKTypa
KPUCTATMHOB. Benku ¢ B-crmpanbHeIME [oMeHaM,

Y3naBanue Genkamu JTHK.



4

ITpokapuotrdeckue cUcTeMbl. Poiib CTPyKTYypHOrO MOTHBA «CIIUPaJBIIOBOPOT-
Cupalib» KaK Ba)KHEHIero sjaeMeHTa B crnenuduyeckom y3nasanuu JITHK-6emok.
A-penpeccop u Cro-6enok. AIIocTepudecKuit KOHTPOJIb CBSI3BIBAHUSI OENKOB C
JAHK. Penpeccop TpuntodaHOBOro onepoda, penpeccop JaKTO3HOIO ONEpOHa,
6enox CAP: ctpykTypa u B3aumosetictaue ¢ JIHK.

Y3naparne JIHK sykapuortnueckumu dakropamu Tpanckpunuud. CTpykTypa
TATA-60xkc-cBs3bIBatoIero Genka, ero pzaumogeiicraue ¢ JIHK, (opmupoBanue
rerepopumepoB. benok p53: cTpykrypa u B3aumoneiictaue ¢ JJHK.

Crnenuduueckue TPaHCKPHUILIMOHHEIE (hakTopbI 9YKapHOT.
TpanckpunmuoHHble (HaKTOPbI, COJAEpIKAIIHe MOTHB IHHKOBHIX MAJbIEB 1-ro
Kiacca: CTpyKTypa, crenupuitocTs B3aumoneiictus ¢ JIHK. Llunk-conepxarue
MOTHUBBI  INIIOKOKOPTHKOMJHBIX ~PELENTOPOB, JAUMEPU3AIMS PELENTOPOB U
ceaspiBanme ¢ JIHK. Petunounn-X-perentopsl. Perientopsl cUpoTEL.

Tpanckpuniponnbie $hakTopsl ¢ GUHYKIEAPHBIMU LMHKOBBIMH KIacTepamu
(GAL4): cIpykrypa u creuubudeckoe y3HaBamume JIHK. Humepuszarus
TPaHCKPHIII[HOHHBIX (DPAKTOPOB C y4acTHEM «JICHIMHOBBIX MOJHMI (CTPYKTYypa
B3aumozeiicTaue ¢ JIHK GCN4, MyoD, Max).

CrpyxTypa 6eskoB, IPHHAMAIOIINX yYacTHe B [Iepe/jaue CUTHANA B KIIETKY.

G-6enkxr, ux crpykrypa u dyuxkumm  (Ga, GB, Gy). Ras-Gerok.
BsammoneiicTBue IUTOKMHOB M IOJNHMIENTUIHBEIX TFOPMOHOB C penenTopamy.
Tuposunkurasuele pernentopsl. SH2-u SH3-momymm, ux CTPYKTypa U PpOJIb.
CrpyxTypa Src-THpO3MHKHHA3EL.

CrpyxkTypa haxTopoB 6eNIKoBOro cuHTE3A.

®axTopsl benKkosoro cunTesa, kak GTP-cesspiBatomue Genku (EF1, EF2, EF3
¥ 71ip.) PyHKIMOHaNbHEIe Nepectpoiiki. CtpykTypa PHK-y3HaoOmero MoTusa,
CrpyxTypa pu60COMHBIX OEIKOB.

Oubpunnsipabie OenKu.

CTpykTypa KosuiareHa, siacTHHA, KepaTHHOB, (BUOPOHEKTHHA, JAMUHUHA U

¢ubpouna menxka.



MMMyHOTIOO Y TUHEL.
Crpykrypa anTHTEN. B3auMomeiicTBUS aHTUT€H-aHTUTEIIO.

ITocTTpancnsnuorHas MoauduKanys GenKos.
Homuposanue octaTkoB  TuposuHa. O6pasoBanue OCTATKOB

YKapOOKCHUTIIFOTAMUHOBOM KHCIIOTH. [ HAPOKCHInpoBane GenKoB. ALETUIMPOBAHNE
1 ADP-pubo3unupoBaaue GeIKOB.

®ocpopunuposanue OGenkoB. IIporewHkuHassl u  npoTerH(OchaTasbl.
CynstaTtupoBaHue TUPO3HWHA.

Orpanvyennslii  mporteonu3  GenkoB.  IIpoTeonwTuyeckass  aKTHBALUA
3UMOreHOB. [IpoTeonuTUYECKHH MPOLECCHHT TIPEINIECTBEHHUKOB OUOIOrNYeCKH
aKTUBHBIX IenTH0B. CrinmaiickHr 6eKoB (HHTEHHB).

I'nukosumupoBanue  OenkoB.  [MKONpOTEMABI M NENTUAOTIHAKAHEL
NraukonporeuHs! ¥ O-TIIHKOIPOTENHE.

Jlumomporennsl.  Jlumomporewmbt ¢ C-KOHIEBBIM  IVIHKOJHITHIIOM.
JIunonporenzsl ¢ N-KoHIeBO#H JumuaHON rpymmnoit. [TpeHunnpoBaHHble GEKH.

Msbuparensuas  merpamammst  GenkoB.  ATP-saBucuMblii  mpoTeonus.

YOUKBUTHH M €ro yyacTue B Moaupukanuu GEIKoB M B IIpolecce Jerpaalium.
IIporeacomel.

Merons! uzydenus 6e0K-0eIKOBEIX B3aUMOICHCTBHIA.

®aroBelf JUCIUIEd NEeONTHOOB. LIOHMCK OGelKoB [IAPTHEPOB C IIOMOIIBIO
JMPOXIKEBOM JABYXTUOPUAHOM CUCTEMBL.

Wuxenepus 6eKoB.

lomydenne  MyTaHTHBIX ~ GeIKOB  MeTOHaMH  CaT-CHEnU(HUIecKOro

Mytarenesa. [lonyuenue cnuteix 6enkos. Cuntes 6enkoB de novo.

2. CrpykTypa n GHOCHHTE3 HYKJIEHHOBBIX KHCJIOT

Crpyxrypa JJHK.
OKCIIepUMEHTEI, JOKA3bIBAIOIIHE reHetndeckyro ¢ynkmuo JIHK. I'ubGkocts

mBoiiHoM crmpanu JIHK. ®usndeckue mnapameTpsl KOH(GOPMAIMOHHBIX (hopm
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HHK. Hexanonwmueckue dopmsr JTHK. IMTaper Xyrcruna. Tpumiekcsl. Brnusaue

HYKIICOTH/IHOH IOCIIe/I0BATENBHOCTH Ha cTpykTypy JHK. Crepxcrmpanuzanus
AHK. Tlomsatne o mapamerpax CBEpXCIUpPaNU30BaHHON Mosekynsl JIHK.
Konpopmanmonnsile  mepexomsr B CBEPXCIIMPAIIM30BaHHOM  MoOJIeKyIe.
Tonousomepassr u Torouszomepsr JTHK. Ture Tonousomepas. Perynsanus yposHs
aAKTUBHOCTH TOIIOU30MeEpa3 B KIIETKE.

Penmuxanus JJHK.

Tounocts  Bocmpoussesenus  JTHK. [lomumepaspl, ydyacTByromme B
PEeIMKALMH, UX (PepMEHTATHBHAS aKTUBHOCTH. Buka PEIIUKauu, COOBITHS Ha
OTCTarolelt HUTH. DPepMEeHTHl B PEIIMKAIMOHHON BUIIKe. JHK-nonumepasa 111
KuIeyHot manouku. IToHsTHe o mponeccuBHOCTH nonumepas. Pons gumeproii
CIPYKTypbl B Koopaunamuu cuHTesa JIHK Ha KOMIUIEMEHTapHBIX HUTSIX.
Oco6ennoctu JTHK-monmumMepas 3yKapuor. Perynsuuns nEunuanum pervmkamyy y
E. coli. Ctpykrypa yuactka crapra perumkanuu (origin). CTpyKTypHBIE epexob!
HAHK B paifone crapra perumkanuu. Ilomstue o perukarope. Pois
MCTHIMPOBAHUA B PEryJSAUMM pemiuKanvd. TepMUHALMS —peIUTHKALHH Y
Oaxrepuii.

OcobeHnocTH pery sy pemTrKaIny [Ia3MuIL.

Perumukonsl y sykapuor, ux wusMeHumBaocTh. IIoHSTHE O CTallMOHAPHEIX
«peITMKaTUBHBIX (habpukaxy». Ori y mpoxokeid, ux CTPYKTYPHO-(YHKIMOHAIBHAS
OopraHu3alus.

MouekynsipHbIe MeXaHU3MEI, CBSI3BIBAIONIUE KIETOYHbIN LUK U PETLTUKAIIHAIO
JAHK. ITUKIMHBL ¥ TPOTEeNHKHHASEL. IIpOTOOHKOTEHEI, y4acTBYIOIME B PEryIALnn
KICTOTHOTO IMKNIA. Pacrincanue penmkanum yqacTkoB XpOMOCOMBI B KIT€TOYHOM
LUKIIE.

Jlokanbhas ammmndukauust ygactkos JIHK B pasBUTHU. Bo3moxkuble
MCXaHU3MBI  JIOKQTBPHOU aMIUTUGUKAIMH. AMIUIHKOH. Ilpencrasnenne 06

SBOJIOLMH T'€HHBIX CEMEHCTB. PeIIJII/IKaHHH II0 THUIIY «KaTSIIEerocs KoJibla

(barosas JTHK).
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IIpoGnema pemnukanuu JTHHEWHOrO HE3aAMKHYTOTO (bparMenTa JTHK.
Tenmomepsr. Tenomepasa, OCOGEHHOCTH CTPYKTYPHOM —OpraHM3al{du (PHK-
KOMIIOHEHT). Teopusi cTapeHHs B CBS3M C AMHAMUKON CTPYKTYpHI TEIOMEpBL.
HekaHoHWYecKre CTPYKTYpEl B paiioHE TETOMEpHBIX IIOCIIEN0BATENBHOCTE.
OcobenHoctu  ctpykrypHOM opranmmsamum JIHK B paifone LIEHTPOMEPBEI.
HckyccTBeHHasI XpOMOCOMa Y 3YKApHOT.

Perunkatusnoe mermimaposanre [JHK. Monudukanus S5-METHIUTO3HHEA U
MyTaluH. MeTunassl y 9yKapuorT. 5-a3aluTHAMH KaK HHIMOUTOP METHIIMPOBAHUSI.
VIMOPUHTHHT T€HOB M ero GHOJIOrHYecKre IIOCTeNCTBUS. J[0Ka3aTenbeTBa poiu
METHIIMPOBAHUS B PA3BUTUH TTO3BOHOYHBIX.

Penapanus JIHK.

Ilpamast pemapanys TUMMHOBBIX IHMEPOB M METHIMPOBAHHOTO TI'yaHWHA.
['nuKosmnassl. Y palunrinkosuaassl. DKCUM3HOHHAS —perapariis, (epMeHTHI.
MexaHn3M [PeuMyIIeCTBEHHOM penapalyy TpaHCKPUGHPYEMBIX [€HOB.

bonesnu, oOyciosnennsle nepekTamu penaparud. MexXaHW3M penapaiin
HECIIAPCHHBIX ~ HyKIeOTHHOB.  Pome  merwnmpoBanus.  SOS-pemapamus.
Ilpencrasinenus 06 ommOKax peruMKanuy, 06YCIOBIEHHBIX CKOJNIBKEHAEM HATEH
MpU  perumKanuu. MexanusMm 00pa3soBaHHs KOPOTKHX IOBTOPOB. MUKpO- u
MHUHHCATEIIUTEL.  KopoTkue TaHneMHble ITOBTOPBL «DKCNAHCHS TPUILIETHBIX
TIOBTOPOB» U JUHAMUYECKUAE MyTaLHH.

PexomOunanus.

Ilonsitre 06 o61mel (roMooruyHoit) 1 canTcrnenupuIeckoil peKOMOUHAIIN.
Paznuune  MONeKyNspHBIX MeXaHW3MOB o6Imeld u caiitcenudryeckoi
peKOMOWHAIUH.

Mozeinb pexoMOUHAIMH, IPEAIIONAralolas IBYHUTEBOM PasphIB U penapaiuio
paspeiBa. Poiib pekoMOMHALMK B IOCTpPEILTHKATHBHOMN penaparuy. CTpyKTypsl
Xomnuaess B MoOMeNn pekomOuHaImu. Murpanus BeTBH, TeTEPOLYILIEKCHI,
paspemenne cTpykTyp Xosnuzes (GpepMeHTsr).

I'eHHas KOHBEpPCHs, ACHMMETPHYHOCTH T'eHHOM KOHBepCcHH. I[IpomyKTeI

PeKOMOMHAIMOHHOIO ~ aKTa,  COIPOBOXIAIOIMIEroCS  OGMEHOM (haHramu.
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HoctMeitoTryeckas cerperamus y APOXOKeH KaK JIOKa3aTeIbCTBO TeTepoyILIeKca
IIPU PEKOMOMHAIHMN.

OHsuMonorus pexombunamuu y E.coli. RecBCD-kommiexe. Benox RecA.
llpecunanruyeckuii  Quramenr, IapamMeTpel €ro MOJEKYJISIPHOH CTPYKTYpBI.
O6men HuTSME 1Tpu cuHarice. Oco6eHHOCTH MHUIPALU BETBH.

JIByHUTEBbIE Pa3PBIBbI i IeHHAs KOHBEPCHSL. JIokyc cnapuBanus y mposxokeii,
PEryILLHs SKCTpeccuy. PasMHOXKeHIe HHTPOHOB 1 reHHas KOHBEPCHS.

Caiit cnemmbudeckas pexomGuuamms. THIIb! XPOMOCOMHBIX TMEPECTPOEK,
OCYLICCTBIIIEMBIX IIPU CaUT-CHEeNUUIECKON pekoMOUHAIMY. MonexynspHsii
MEXaHU3M JCHCTBUs «peKoMOuHasy. Ponb caifT-crienuduueckoit peKOMOMHAITUH B
SKCIIpeCCUM IeHOB y (haroB. MHuTerpanus dara nsmGaa. Pexom6unasza Cre tara
P1. LoxP-caiitsl. Caiir-cenuduyeckas pekoMOUHAIHS ABYHUTEBOU TLIA3MU/BI
JPONOKEH.

PexoMOunanus y BEICIIUX 3yKapHOT.

Ocobennocti pexoMOHHAIUH MPHOOPA3OBAHKUH TEHOB UMMYHOTIOGYIHHOB 1
penentopoB T-knerok. CurHamsl pexoMOGHHAIWH. Monekynspusie MexXaHU3MBI
«IPOrpaMMHUPOBAHHBIX OLIUOOK» NP CIMSHUM BapHaGelbHBIX U KOHCTAHTHBIX
Y4acTKOB reHa. MaTpuiHble U HEMATPHYHBIE MEXAHU3MBI JOCTPOMKHY CLUIMBaeMBIX
¢dparmenTOB.

[TozBHKHBIE 5IEMEHTBI TEHOMA TIPO- M 3YKAPHOT. IS-nocnenoBarensHOCTH, UX
CTPyKTypa. IS-mocnenoBaTeNnbHOCTH Kak KOMITOHEHT F-dakropa 6akrepui,
OMpPE/CITIOIEro  CrIOCOOHOCTh  Nepe/ladll  TeHETHYECKOTo —MaTepHana pu
KOHBIOTaIIHH.

Tpancnosonsr 6axrepuii (Tn3, TnS, Tn9, Tnl10). MexaHu3Mbl TpaHCIO3HIHH.
PesonbBaza, GyHkimu pesonssassl. Pons CBEPXCIHPAIIA3ALAN IIPH TPAHCIIO3HIIUH,
Perynsmus tpancnosunuu Tnl0.

Tpancnosonsr  sykapuotr. J[ByXKOMIIOHEHTHas cHCTeMa TPaHCIIO30HOB.
IonHbiil (akTUBHBIA) U JeeKTHBIH TpaHCO30HbL Bimsuue TPAHCIIO30HOB Ha
aKTUBHOCTDb I'CHOB y PACTCHMM ¥ IIPOCTPAHCTBEHHBIN PUCYHOK SKCIIPECCHU TeHOB.

Hpe,I[CTaBJIeHPIe O I'OPHU30HTAJIBHOM IIEPEHOCE TPaHCIIO30HOB.
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Hcnonb3oBanue TOMONOTHYHON U caiT-crenudideckoii pEeKOMOUHAIUK B
M3y4EHHH I'€HOB 9YKapuOT. MeTo/1 KHOKayTa» reHoB.

Tpanckpuniys y npokapuor.

OcobeHHOCTH  CTPYKTYpHI PHK-nonmumepasel.  o-pakrop.  Cragum
TPaHCKPHUIIIMOHHOTO NUKTA. Permkanus u Tparckpumimst. CBepXCHIUpaIn3alis
u TpaHcKpunuus. Curma 54. «DykapuOTHYECKHME 53JEMEHTHD) B pEryJIsLuI
TPAHCKpUIIMY. TepMUHanuUs TpaHCKpUnuu. [ToJsapHble MyTaIyu.

HeratvBHas M IIO3UTHBHAS  perymsaus Tpanckpunuuu. CAP-6emnoxk.
Perymsauus Tpamkpunuuu B passutmm tdara A. [Mpunuunsr y3uaBanms JIHK
PerynaTOpHEIMHU OernkaMu. ATTEHIOALHs TPAHCKPHUITIIHH.

Tpanckpumnmms y aykapuor.

IIpomorop y sykapuor. BasanbHas TpaHCKpPHIILISL. ®aKTophl TPAaHCKPHUITIHUH.
ITonsTHE O IMC-IEHUCTBYIOIHUX SlIeMEHTaX. Tpanc-akTvBanust TpaHCKPHUIIUH.
OHXaHCephl U caiteHcepsl. «Momyiuy mocienoBaTelbHOCTEMH JAHK, y3HnaBaemsie
cnenuduieckuMu  Oenmkamuro  Ponb  «o6paTHOW reHeTHKH» B pa3sBUTUU
NPEICTaBICHNH O PEryJISMU TPAHCKPHIILIUY Y 3yKAPUOT.

benkoBble foMeHBl, y3Haomue crienupUIecKie MOCIeI0BaTebHOCTH JIHK.
I'omMeonoMer M TeHBI-ceneKTOphl. «JIeHuMHOBasS MOJHHSY U JUMepHU3aLus
(axTopoB TpaHCKpHIIKK. «[[HHKOBbIE MATBIBD.

SlnepHble peLenTopsl TOPMOHOB, MX THIEI M OCOOEHHOCTH y3HaBanus JIHK.
Perenropei-cupotsl. PetunoeBast KucioTa. DIeMeHTb KOHCEpPBAaTU3Ma B CUCTEMAX
PETYJISIUH TPAHCKPHUIIIHH.

BHelHWe CHUTHAbBI, aKTHUBHPYIOLIUE TPaHCKpUIILMIO reHoB. Cucrema
nposesienrs curuanoB. CemelcTBa mpoTooHKOoreHOB Jun M Fos kak (haxTopos
TPAHCKPUIIIMH. AJIBTEPHATHUBEI IIPY BBIGOPE ITyTH Pa3BHTHUS — maddeperposka/
nposudepanus. Caiitel AP1 u CRE B IIPOMOTOpAX.

TpaHCKpUMIMOHHBIE (AKTOPhl B PA3sBUTUH MHOTOKIETOUHBIX OpraHU3MOB.

Ioustne o Mopdorenax, mpuMepsL. ITpocTpaHCTBEHHO  OrpaHHYEHHBIE

MopdoreHeTHYECKHE TPaIHEHTEL.
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XpomaTuH.

CrpykTypHast opraHmsamus HykieocoM. Hykneocoms! u TPaHCKPHUIILHSL.
Mopudukauus THCTOHOB H JUHAMHYECKAs CTPYKTypa xpomaruHa. COopka
HyKJIeOCOM, €€ OTallbl, HYKJIEOIUIa3MHH. 3aKOHOMEPHOCTh PAaCHONOKEHUS
HYKJIEOCOM OTHOCHTEJILHO TIPOMOTOPOB U y9acTKOB Havalla peruiuKanyy ((pei3mar
Hykneocom). IlpencraBnenne o «epeMOJeNMPOBAHAMY XPOMATHHA. AKTHBHOE
nepemMozienupoBanue.  Merunmuposanue/nemermmposanue  JIHK, cBsasp ¢
MOIU(DHUKaLKeii THCTOHOB ¥ M3MEHEHUEeM aKTUBHOCTH I'eHOB.

OcoGeHHOCTH CTPYKTYpEI XpOMAaTWHA TIOJNOBBIX XPOMOCOM B CBS3H C
KOMIIEHCAIMEeH Pasiinuii YiClIa FeHOB X-XPOMOCOMEI Y Pa3HBIX IIOJIOB.

IIpencraBnenne o meTeNbHOM OpraHM3alMM XPOMOCOM. SIepHBIHA MaTpHKC.
JIOKyC-KOHTPONUpPYIOIHE ~ PAHOHBI M HMHCYJIATOPBI». Buytpusnepnas
ApXUTEKTypa XpOMOCOM. SIBICHHE TPAHCBEKIHUH.

ITponeccunr PHK.

Onpenenenne mporeccutra. MHTPOHBI,  CIUIAHCHHT. Knaccuduxkarus
MHTPOHOB. HMHTpOHBI rpynmbl 1. OCOGEHHOCTH CTPYKTYPHI M MeXaHU3MBEI
CrtakicuHra. PUOO3UMBI, MX CHemu(pHIHOCTb. BO3MONKHOCTH NpHMEHEHHs IS
«Hokayra» PHK. MHTpoHs!I rpymis! 2, Mexauusm cruiaifcunra. MHTpOHSL rpyni 1
¥ 2 y pasHBIX OPTaHHU3MOB (3BOJIFOIMOHHEIE CBS3H).

Crnnaiicunr npe-MPHK B siape. Poib Maibix anepusix PHK u 6enkoBbix
¢axTopos. Cruiaiicocoma. MouuKarus KOHIEBBIX obmacteit MPHK — K3IIUPOBaHHE,
10JIMa/ICHUTTUPOBAHHE.

OcoGennoctu mponeccunra TPHK u pPHK y Oakrepuit. Ocobennoctu
nponeccunra pPHK B sapeimke. PHKasa P kax pu6o3um.

Tpanc-cruraiicunr. Ero pacmpoctpaHenue. AnbTepHATHBHbIIH CIUIAMCHHT,
NpUMEpEl.  BHONOrWYeCKME  IOCNEACTBHMS — aNbTePHATHBHOIO  CIIAMCHHTA.
OHXaHCepbl M caillieHcephbl cruladicuara. SR-Genku, ocoGeHHOCTH CTPYKTYPHI,
pOJIb B aib-

TEPHATUBHOM CILIaliCHHTE.

Penaxtuposanne PHK. Monekynsprsie Mexauusmpl, THITEL penaKTUPOBaHU
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(mpumepsr).
Herpananus anomansasix MPHK,
ObpatHas TpaHCKpUNIHS.
Ponb  00paTHOM TpaHCKPHILMM B JBONIOLHH M HM3MEHYMBOCTH TIE€HOMA.
Perporpancnio3onsl, ux Tumbl. PeTpoTpaHCIO30HEL, coAepXKaliue JIIUHHBIE
KOHLEBbIE IOBTOPbL. Ty-amemeHT gpoxokeil. IlceBmoreHsl. Bo3MOXKHbBIE

HCTOYHUKH 00paTHOM TPaHCKPUIITA3EL.

3. CrpykTypa puGocom u GuocunTe3 Gestka

Crpykrypa u dyrkuuu PHK.

Mup PHK. OcHOBHBIE THIIEI M OCHOBHEIE (DYHKIIMH KIE€TOYHBIX H BUPYCHBIX
PHK. OO6mme mnpHHUMIIBEI BTOPUYHOI ctpyktypsl PHK. TI'mmoresa o
IIPOMCXOXKAECHNH KU3HH depe3 PHK.

I'eneTnyeckuii ko u ero cBoiicTBa. PacmmdpoBka TeHETHYECKOro Ko/J1a.
OTKIIOHEHHS OT YHUBEPCATBHOCTH FEeHETHUYECKOTO KOIA.

TPHK, ee dynximu. Bropuunas u TpeTHdHas crpykrypa TPHK. Ctpykrypa
aHTuKonoHoBoH mnewid TPHK. Amwmnuoarmn-tPHK-cuHTeTas’sr — asa Kiacca.
Cynpeccopusie TPHK.

Crpyktypa pubocom.

Mopdomorus u cocTaB 3yKapHOTHYECKHX W IPOKaPUOTUYECKUX PHOOCOM.
Ipunnumnsr ctpykrypst pubocomusix PHK. fomensr. KoMmakTHoe CBOpa4YMBaHUE.
Pubocomubre Genky: HOMEHKITATYpa, pasHoobpasue, NPHHIUILI CTPOSHUS WU
JoKanu3anus B pubocome. OCHOBHbIE HKCIIEPUMEHTAIBHBIE TIOIXOIBI K U3Y4YECHHUFO
Tonorpaduu puOOCOMHBIX GETKOB.

Huccormanust, passopadnBasue u paz6opka puGoCoM.

DyHKIMOHATBHbIE aKTHBHOCTH U (DYHKIHOHAIBHbIE AKTHBHOCTH pubocom.

Tpancnsmus.

IlocnenosarenbHOCTS COGBITHI TIpU cHHTE3e Genka. TpancnsauuoOHHBIN UKL

Cramun tpancisinum. ITonupuGocomsl. CKOpOCTE TpaHCISALHH, TPAH3UTHOE BPEMSL.
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Vnunpanus TpaHcnsauuua — ob6mue npuHimnel.  IlpokapuoTnueckuit wu
OYyKapUOTHYECKUH THUM TpaHCHsuur. OcoGEHHOCTH HHHUIMAIIUU TPaHCISILUHA Y
npokapuoT. MHunmartopHsle KomgoHs!, nrEnHaTopHas TPHK, GerkoBsie (axTops
TPaHCIAINH, pubOCcoMO-cBs3bIBaommi yaacTok MPHK. HesaBucumas HHULAALAS
1 TPaHCIAIHMOHHOC  CONPSIKEHWE TP  TPAHCISANUM  TPOKAPUOTHYECKUX
nouIucTpoHHBIX MPHK.

OcobenHocti sykapuoruyeckoit MPHK u VHUIWALMKA TPAHCISIIHUKA Y
OyKapuoT. MexaHW3MBI CKAaHHPOBaHMS U BHYTpeHHeN wWHuMImanmu. Kor-
CBASBIBAIOIIUN UM XCNUKA3HBIl KOMIUIEKCH IIPH HHHUIMALUE TPaHCIALUA Yy
3YKapHoT.

OJNOHTalys TPAHCISLKHA. DIOHTAHOHHBIH UKL, DaxTOphI ITOHrAUH.

Cragus  cBsspiBanus  amuHoammn-tPHK B SJIOHTAlIMOHHOM  I[HUKJIE.
CrepeoxumMusi KOZOH-aHTHKOIOHOBOTO B3auMoencTBUs. PakTop snorHranuu EF-
Tu, ero crpykrypa u  B3aumomeHcTBHSL HcnpaBnenne  ommbox
(«penaKTHpOBaHWE») IPU CBSI3BIBAHUH amuHoaumn-TPHK. Bxman ckopocreit
peakuuu u GTP. I'mnoresa Kpuka o HEOMHO3HAYHOM COOTBETCTBHM IIpA KOJIOH-
QHTHKOJIOHOBOM CITAPHBAHUU
(Wobble-runoresa).

OG6pa3zoBanue NENTHIHOM CBSI3H: XUMHUYECKHE peakiuu,
MeNTHMITPAHC(EePasHBIN HEHTp, CTEPEOXUMHS TPAHCIIEITH AL,

Jloxroe komupoanue. DakTOpEL, CTUMYJIUPYIOIIHE JIOKHOE KOAUPOBaHHE.
MexanusM  pelicTBuS AMWHOITIMKO3UIHBIX  QHTUOMOTHUKOB W  MEXaHWU3M
YCTOMYHUBOCTH K HHM.

Cranusg TPaHCJIOKAIH 3JIOHTAIlHOHHOTO IHKJIA. OcHOBHBIE
OKCTICPUMCHTANIBHBIE TECTBl HA TPAHCIOKALMIO. MONeKyNsIpHBI MeXaHU3M.
@akrop snonranmuu EF-G, ero CTPYKTypa M €ro B3auMopeuctBus. Konuemus
[ICPEXOMHOr0  COCTOSIHMS IPU KaTalu3e CTafuil OIOHTAIHOHHOTO IMKIIA
axropamu snonrauu. Pons rugpomsa GTP,

Mexanusm koaupoBaHus ceneHonucTensa —2 1-i aMUHOKHCIJIOTHI B Oekax.
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OIIOHrallMOHHBIE TOKCHHBI, MEXaHH3M WX HeHcTBHA. MeXaHW3M JeCTBHS
TETPAUMKIIMHA U YCTOWYMBOCTH K TETPALMKIIMHY.

TepMuHamus TpaHCIAIUH. Texyuects cron-komonos. TPHK, oTBercTBeHHbIE
32 TeKy4eCTh, UX aHTHUKOOHBEL.

CxonbxeHue W NPBDKKM DPUGOCOMBI MHpPH TPAHCISIMH. CJBHT paMKH
CUMTBIBAHUS TPU TPAHCIALUKM — JBa MeXaHu3Ma. TpaHCIALMOHHBIE May3bl, UX
MEXaHU3M U (DyHKIIMOHAIBLHOE 3HAYEHUE.

PerHuMaIms y IpokapHoT U 3yKapuoT.

Perynsmus tpancisnuu.

OCHOBHBI€ TIPUHIIUIIBI PETYIISIAM TPAHCIISLIIN.

Juckpuvusanus MPHK y mpokapuoT u oykapuoT B IHpOIECCe MHULIMAIHH
TPpaHCIALMU. Moy nsLus TUCKPUMHUHALMH Y 5YKAPHOT.

Tpancnsumonnas penpeccust y mIpOKapHOT. IIpumep aBTOperyIupyemMoro
cunresa TpeoHUN-TPHK-cunTerassr. Peryismus tpancusuuu MPHK pu6ocoMubix
6enkoB y mpokapuoT. Peryisiuus cunresa daxropa TepMuHauyuu RF-2 y 6akrepwii.

PHK ¢ara MS2 u perysinus sKcrpeccuu ee MUCTPOHOB.

ToranpHas perynauus cunTesa Genka y syKapuoT depes dochopunuposanne
(akropa nHuManuu elF-2.

ToranpHas peryinsnus cunTesa Genka y syKapuoT uepes dochopunuposanue
(axropa uannmarmu elF-4 u csaspiBaromero ero 6enxa 4E-BP.

Perynsuust TpaHCIAIMM y 95yKapuOT KOPOTKHMH OTKDBITHIMH pamMKaMu
CUMTBIBAHMS B JIMIAEPHOMN MTOCIIEI0OBATEILHOCTH.

TpancnanuoHHas pempeccust y 3yKapHOT. IIpumep perymsuuu cunTE3a
(epputnna. JlBa MexaHM3Ma TPaHCISIMOHHOM penpeccun: UHrHOUpOBaHHE
CBA3BIBAHHUS MHUIMATOPHOTO KOMIUIEKCA ¥ MHTHOMPOBAaHIE CKAaHUPOBAHNS.

Perynsmyst cCKopocTH 3J10HraLuH.

3’-KOHIIEBbIE YCUJIUTENM HHULMALMH TPAHCIAIME Y SYKAPUOT ¥ BO3IMOYKHBIH

MEXaHMU3M UX IeHCTBHUSI.
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MackupoBanue MPHK B 3apOABIIICBBIX KIIE€TKaX. MackupoBanue wu
AeMackuposatne MPHK B smGpuoHamsHOM pasButuu u IpU  KIIETOYHOM
nuddepernuposke. [IpuMep TUIOKCHreHA3EI KPaCHBIX KPOBSIHBIX KJIETOK.

HMupopmocomsr 1 ocHoBrO# Gemox MPHIL Bosmosras byHKUIHOHANEHAS
pomb ocHoBHOTO Genka MPHII. Jlpyrue MPHK-cBsisbiBaome 6emin MPHIL

Cexpenust 6e1K0B y 11po- 1 3ykapHoT.
Tpancnamms u  Tpammokarus CEeKPETUPYeMBIX OenkoB uepe3 MeMmOpaHny.

CHrHanbHas rUIoTe3a ceKpelwn 6enkoB. OCoOBEeHHOCTH CTPYKTYPBI CUTHAIBHBIX

MENTHJIOB.

®@opMHpOBaHHUE IIPOCTPAHCTBEHHON CTPYKTYpPBI OEJIKOB.
Mexanusmel, obecriednBaromye npaBuIbLHOE CBOpaYMBAHUE MOJUTIEIITUIHBIX

nernen. [llaneponsr.

4. 'enomuka

Onpenenenne remomuku. Ilpexcrasmenms o METOZaxX HCCIeOBaHuUlA,
TIPUBENIIMX K BOSHUKHOBEHHIO TIeHOMHMKH. MojenbHbIe OpPraHU3MEI,
HCIOJNIb3yCeMBIC Ul M3YYEHHS CTPYKTYPhl M (DYHKIHM TeHOMOB. CpaBrurenbuas
renoMuka. CpaBHEHHE HYKICOTHIAHBIX [IOCIENOBATENLHOCTEH Kak CPEICTBO
U3y4eHUs QyHKIUM reHoB.

KaprtupoBanue renos u remomos.

IlpencraBnenne o pasnmuuHbBIX BHpax KapT reHoMa. DU3HYECKHE KaAPTHI
reHoMOB. KapTel pectpukTHEIX (parmentos. BuGnuoTrexn I'€HOB, NPHUHIMIIEI WX
CO3/MaHus, NpPeNCTaBUTeNbHOCTh, METOIBl CKPHHUHTA, BekTopsl, ucmonezyemsie
ATt cosanust Oubnuorek. KapTel reHoMoB Kak HAbOPBI yIIOPSAIOYEHHBIX KIIOHOB.
Konturu kmonos. STS (sequenced tag sites) KaK MHCTPYMEHT COCTABIICHHUS
usHYecKrX KapT reHoMOoB. IpuHnun nonumepasHoit nemHoi peaxmuu (ITLIP).

I'enetnueckoe kapruposane. [Tonumopdusm remomos. [onumopdusm nmuu

PeCTPUKTHBIX  (parmMertoB  (IIJP®). Muuu- wu MHKPOCATEJIITUTHL
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Momonykneoruanbiii monmumopdusm (Single Nucleotide Polymorphism, SNP).

BBICOKO, cpemHe H pelKOTOBTOPSIONIHECS] MOCIEN0BATENFHOCTH. | arlIOTHIIEL
HacnemoBaHue TamioTHIIOB W pexkoMOuHanuu. EAWHULBI TeHETUYECKOro
paccTostHus. [lonmuMOpGU3M reHOMOB KaK OCHOBA TeHOMHOM NAKTHIIOCKOIIHA.
MornexyIisipHO-TeHeTHYECKHE OCHOBBI MICHTH(HKALMHA JTHIHOCTH. Mounexynsipro-
remeruyeckue  Mapkepel  (MI'M),  ompenenenwe, UH(POPMATUBHOCTD,
HCIIOJIB30BAHMEe AN TIOCTPOEHHS TeHETHYEeCKOH KapThl. FIHTerprpoBaHHbIe KapThI
reHoMoB. HcrosnbzoBanne MI'M i KapTHPOBAHHUS T'EHOB, OTBETCTBEHHBIX 3a
PasBUTHE HACJIE/ICTBEHHBIX 3a00seBanuil. [T03UIMOHHOE KApTUPOBAHUE TEHOB.

IloHsiTme ©  XPOMOCOMHEIX  abeppaLsx. Tpancnokaruu. Jlenenun.
[urorenernyeckast uaeHTHBUKAIAS aGepparuii.

Brinenenre pparmenToB remoma. I'eHomHBIe GubIMOTEKH. TTOMCK KIOHOB B
TeHOMHO# 6mbiroTexe. IIpuHIun nporynku no remomy. ITouck TeHa B GOINBIION
obnactu remoma. Co3jgaHue U aHANM3 OGHOIMOTEK k/IHK. Vnopsmouennsie
6ubnuorexu kJIHK. Brrauraroras rubpu/IM3aIys Kak METOJ| CPaBHEHMUS T€HOMOB.

OcoGeHHOCTH CTPYKTYPBI TEHOMOB BBICIIHX 3YKAPHOT.

YHUKaNbHBIE U TOBTOPSIOIIMECS HyKISOTUIHBIE MOCIEN0BATEIbHOCTH. [eHbI
xoaupyromue PHK (pPHK, TPHK, maible spepHble 1 HATOMIA3MATHYECKHE PHK).
I'enbl, kogupyronme Genku. MybTHIEHHBIE ceMeiicTBa. Tannemusie moBTOpEI.
Mexannu3mbl 06pa30BaHusl U SBOTIOLUK TAHIEMHBIX OBTOPOB. IloBTOpSsromuecs
IIOCJICIOBATEIBHOCTH, paccesiHHble 110 reHoMmy. SINE u LINE »snemenTsr.
OHJIOTEHHbIE PETPOBUPYCHBIE IEMEHTEL LlenTpomepHsie MOBTOpPEI. TenoMepHbIe
IIOBTOPEI.

I'eHoMBI Opramenn (MHTOXOHIpHI, xynopomiactoB). [Ipoucxoxnenue JTHK
OpraHeJiI.

Hcrounnku monmumopdusmMa reHoMOoB.

Myranyu. Ipuuunsl mytanui. Tums nospexnaenuii JTHK. Anypunusanus.
HesamuHupoBanre 5-MeTHN UTO3MHA. CHCTEMBI 3alUTHI TEHOMA OT MyTaLlUH.

Cxema xnerouHoro uwmkna. IIUKIHH-3aBHCHMBIE KHHA3bL | eHEI CYTpeccopbl



16
omyxonei. I'en Genka p53, ponb B pemapaluy ¥ amnomnrose. WuaxtuBanus p53 B
OITyXOJIEBBIX KJIETKAX.
MoHoreHHble  HacleNCTBeHHble  3a0onmeBaHus. BpoxaeHHBIe nedexTsr
MerabonmsMa. IIpumepsl  MOHOTEHHBIX — 3a60NEeBAHMIL. DeHuKETOHY pHS.
MyxoBuciunos. Melmeunas muctpodus JlroieHa.

Hzyuenne ¢pynknmii reHoma.
IlpencraBinenve o (yHKUUOHANLHOM TIeHOMEKe. AHAIN3 GUOXHMUYECKIX

¢ynkuuit mMeromamu GMOMH(DOPMATHKH — TOMOJIOTHS CTPYKTYp/aHajorust
(hyHKIHIA.

KionupoBanue u skcmpeccust reHoB B I€TEPOJIOTUYHBIX CHCTEMAX.
Kommnemenramuss myranuit, PHK UHTep(hEepPeHIsT KaKk METOJ[ I0IaBJICHHS
SKCIIPECCHUHU T'€HOB.

I'eneTnyeckas MHXKEHEPHs KaK MHCTPYMEHT U3yYeHHs TeHOB ¥ FeHOMOB.

Cosnanue TpaHCreHHBIX >XHBOTHBIX. BBeeHue TPaHCTEHOB B IIPOHYKIIEYC.
Honj!terHe OMOPHOHANBHBIX CTBOJIOBBIX KIETOK. ITONydYeHHE TOMO3HIOTHBIX
TPAaHCT€HHBIX MBIMICH C IOMOIUBIO 3MOPUOHANBHBEIX CTBOJOBBIX KIIETOK.
HIpUHIMIIBL CeNEKITMH COMATHYeCKUX KITeTOK. JIOMUHAHTHAS CEJIeKIIMSL.

Wcnone3oBaHue peTpoBHpYCOB  yist TpaHcreHos3a. JKW3HEHHBIH LUK
peTpoBupyca. IIpHHIMIBI KOHCTPYHPOBAHKS PETPOBUPYCHBIX BEKTOPOB.

OKCIIPECCHSI T€HOB B TPAHCTEHHBIX >KMBOTHBIX. PerysstopHsie s1eMeHTH,
HEOOXOMMMBIE Il SKCIIPECCHH. OHXaHCepbl ¥  TPOMOTOPBI,  CaifThl
TIOIMaICHUIIMPOBAHUA, MHTPOHBL. OQ(EKT IONOXKEHHs M TOAXONLI K ero
TIPEONONEHHIO. DIEMEHTH MPUKPEILIEHHS K SIEPHOMY MaTpukcy. MHCynsTopsl.
Jloxyc-

KoHTponupyronme obnactu (LCR). TTogxons! k usyuyenuto (aKTOPOB, BIHAIOLIMX
Ha SKCIPECCHUIO Yy KePOJHBIX M'eHOB. I eHbI-peroprepsl.

[TpuHIHIE] HallpaBJIEeHHON MoaubuKaumn reHoMa. [IpuHLHIIEL

HETATHBHOIIO3UTUBHOH CENeKIUU [JIs 0TOOPa JIMHKH C HAIPaBIEHHO BCTPOECHHBIM

I'€HOM. HﬂHpaBJIeHHI:Ie HGPECTpOﬁKH rcHoMa C HCHOOJIb30BAaHHEM CHUCTEMBI

peKoMOUHA3EI
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Cre u caiitoB LoxP. «HokxayT» renos.

Knonuposanme sxuBoTHBIX. Ileperoc ANCP COMATHYECKHX KIIETOK B
Oe3bsiziepHbIe AMIEKIETKH C TIOCITEAYIOLIM KIIOHUPOBAHUEM JXHUBOTHBIX.
I'eHeTraecKast HEKeHepHs pacTEHuI.

MojteKkynspHEIe OCHOBBI TeHOTEpaIuHy. BupycHble BeKTOpBI U HEBUPYCHBIE

METO/bI IIEPEHOCA I'€HOB.

IIprknasHble acmeKThI TFeHEeTHYecKO umkeHepr. OcCHOBBEI 6e30MacHOCTH

pabotsl ¢ pexombuHanTHEIME JTHK.
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