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1. CTpykTypa n pyHKUHH 0€JIKOB

Buonmornveckre GyHKIHUU OSNKOB U MEeNTUAOB. PU3NKO-XUMHUUECKUE CBOMCT-
Ba aMHUHOKMCJIOT. MeTobl ompeneneHus conepxanus Oenka. [leppuynHas CTpyK-
Typa KaK ypoBeHb opraHu3aiuu Genka. Jloka3aTenbcTBa HHANBUAYATLHOCTH Oel-
Ka. MUKpOTreTeporeHHOCTb OEJIKOB.

XUMUYEeCKHEe METOMBI UCCIIEIOBAHUS CTPYKTYPhI OCIIKOB.

OmnpefeneHre aMUHOKHCIOTHOTO cocTaBa Oenka. MeTonbl onpeneaeHus mnep-
BUYHON CTPYKTypbl. DepMEeHTAaTHBHBIE METOABI (PparMEHTALUU IMOJUINEITHIHOM
nernu. XUMHUYECKHe METO/Ibl CTIeln(PUIecKOro paclienjeHusl NeNTUIHbBIX CBI3eH.
Pasnesenne nentuaoB, MojydaeMbIX pH paciueryiennu 6enkoB. Onpenenenue N-
KOHIIEBBIX aMHHOKHCIIOT M TOCenoBaTebHOCTed. Jlokanu3auns AucynbOUIHBIX
cBs3eii B Oenkax. [lenTtugHoe KapTUpOBaHUeE.

TumnoBble peakUUd XUMHUYECKOM MOAUGUKAIMK (DYHKLHUOHAIBHBIX TIPYIIIL.
Xumuyeckas MogupuKalus B U3y4eHUHU MOJIEKYJISIPHBIX KOMIUIEKCOB U aKTHBHBIX
LIEHTPOB (PEpPMEHTOB.

Macc-criekTpoMeTpusi 6€IKOB.

KoHbopmalnnoHHble CBOMCTBA MOJUNIENTHIHBIX IIETeH.

CtpykTypHBIe 0COOEHHOCTH MENTUAHOMN CBsi3U. CTepryecKre OrpaHUYeHUs U
BTOpPHYHAsA CTPYKTypa MOJUIENTUAHON Uenu. Ponb BOmOpOIHBIX cBs3eil B (op-
MUPOBAHMM BTOPUYHOM CTPYKTYpbI. O-CIIMPAJIb KaK Ba>XHEHIIUW 3JE€MEHT BTO-
pPUYHOH CTPYKTYphl. Posib OOKOBBIX paAuKanoB aMHUHOKHUCIOT B (POPMUPOBAHUU OL-

cniupanied. B-cTpyKTypa: napajjielibHOe U aHTUIapaJulesIbHOE PACIIOIOKEHHE Lie-



neii mpu GopmupoBanuu cioes. [leTny, ux nokanu3anus Ha IOBEPXHOCTU OEIKOB.
B-IImuiibKa Kak 3JIeMEHT CTPYKTYphl OenkoB. Tomonormueckue nuarpaMMbl, UX
3HAaYEHHe.

®opmupoBaHUE MPOCTBIX MOTHBOB U3 3JIE€MEHTOB BTOPUYHOU CTPYKTYpHI.
MortuB rpedeckoro kio4a, MotuB B-a-B. JloMmeHsl, ux hopMupoBaHue U3 CTPYK-
TYpPHBIX MOTHBOB.

Tperuunas crpyktypa 6enka. CTabUIBHOCTS MPOCTPAHCTBEHHON CTPYKTYPHI.
['unpodobuoe sapo. @opma, KOMIIAKTHOCTh U AMHAMUKa MOJeKyJbl Oenka. Poib
OUCYITBMUIHBIX CBSA3eH B CTAOMIM3ALMKA TPETUYHOW CTPYKTYpPHI HEKOTOPBIX Oel-
KOB U TETTH/OB.

OcHOBHBIE KJIacChl CTPYKTYP JOMEHOB.

o-IOMeHHbIe CTPYKTyphl. Criupanu3zaius crupaiieii; GopMHUpOBaHHE TOMEHOB
W3 YeTHIpeX Ol-CITHpalel; rI0OHHOBAs YIIAKOBKa, CIOXKHBIE CTPYKTYpBI, COIepKa-
1K€ OL-CITHPaTH.

o/B-IOMeHHBIe CTPYKTYyphl. YIIaKOBKa MOTHBOB, BKJIFOUYAIOIIMX Mapajljielb-
Hble [B-CTpyKTypbl. «o/B-60uku». Poms o/B-MOTHBOB B CTpyKType (hepMEHTOB:
dopmupoBanue runpodobHOro sapa, GOPMUPOBaHKME aKTHBHBIX LEHTPOB. Pacro-
JIOXKEHHE O-CIIUpalell B OTKPBITBIX H30THYTBIX O/f-ciiosix. Bo3MOXHOCTE Mpen-
CKa3aHHUs PacCIONIOKEHHs] aKTUBHBIX LIEHTPOB (EpMEHTOB B O/B-CTPYyKTypax: TH-
posun-TPHK-cuHTeTa3a, kKapbokcunenTuaasa, apabuHO30-CBI3BIBAIOIINNA GEIIOK.

PeTuHOI-CBA3BIBAOIIME O€NOK, KaK MPEACTaBUTENb cynepceMeiictBa. CTpyk-
Typa Helipamuauaassl 1 Gf. MOTUB rpedeckoro Kio4Ya U CTPYKTypa KPHCTAIIHU-
HOB. benku ¢ B-cnupanbHEIME JOMEHAMH.

V3uaBanwue 6enkamu JTHK.

IlpokaproTHyeckue CHCTEMBI. Polb CTpYKTYpHOrO MOTHBA «CIMpPAib-
IIOBOPOT-CIIUPAb» KaK BaXHEWIIEro 3JIEMEHTa B CHenU(HUYECKOM Y3HABaHHUU
HHK-6enok. A-penpeccop u Cro-6enok. AIocTepuueckuii KOHTPOIb CBSI3bIBaHHUS

6enkos ¢ JIHK. Pempeccop TpumToaHOBOTO OMNEpOHa, perpeccop JIaKTO3HOTO

omnepoHa, 6enok CAP: crpykTypa 1 B3auMopetictare ¢ JJHK.



V3uaBanue JIHK sykapuotnueckumu akropamu TpaHckpunuuu. CTpykTypa
TATA-60Kc-cBs3BIBaroIero 6enka, ero Bzaumoaeiicteue ¢ JIHK, ¢popmupoBanue
rerepoauMepoB. bemok p53: ctpykTypa u Baumoneiicteue ¢ JJHK.

Crenuduueckie TPAaHCKPUIIMOHHBIE (aKkTOpbl 3yKapHOT. TpaHCKPHUIILIUOH-
HBle (aKTOPBI, COAepXKallie MOTUB IIMHKOBBIX IalblieB 1-ro Kiacca: CTpyKTypa,
cneruduaHocTs B3auMozencteus ¢ JHK. llunk-conepxaiuyrie MOTHBBI TJIFOKO-
KOPTHKOMIHBIX PELENTOpOB, TUMepU3alus peuentopoB U cesseiBaHue ¢ JJHK.

Petunoua-X-peuentopsl. Penentopsl CUpoTEL.

TpanckpurminoHHble (akTOpbl ¢ OMHYKJIeapHBIMH IIMHKOBBIMH KlacTepaMH
(GAL4): ctpykrypa u cneuuduyeckoe y3HaBanue [HK. /Tumepusanus TpaHc-
KPHUIILMOHHBIX (DaKTOPOB C YYacTHEM <JICHIIMHOBBIX MOJHHI» (CTpyKTypa H
B3aumozeiictere ¢ JJHK GCN4, MyoD, Max).

CrpykTypa 0eNKOB, IPUHUMAIOLINX yYacTHe B [lepejade CUTHala B KIETKY.

G-6enku, nx ctpykrypa u ynkunu (Ga, G, Gy). Ras-6enok. Bzanmonericr-
BHE IIATOKMHOB M TMOJIMIENTHAHBIX TOPMOHOB C pelentopaMu. THUpO3UH-
KrHa3Hble peuentopbl. SH2-u SH3-monynu, ux ctpykrypa U posb. CTpyKTypa
Src-TUPO3UHKUHA3BIL.

Crtpyktypa pakTopoB 6EIKOBOIO CUHTE3A.

®dakTops! 6enkoBoro cunresa, kak GTP-ces3eiBatomume 6enku (EF1, EF2, EF3
u ap.) OynkunoHansHble nepectpoilku. Ctpykrypa PHK-y3Haromero motwuBa.
Ctpyktypa pubOCOMHBIX OEJIKOB.

OubpunnspHslie OENKH.

CrpykTypa KoJsjareHa, 3JlacTHHA, KepaTHHOB, (pHOpPOHEKTHHA, JTaMUHHHA U
¢bubponHa menka.

NMMyHOTTO0YTUHBI.

Crpykrypa antuTen. BzauMopelicTBrs aHTHTeH-aHTUTEIO.

IlocTTpancnsunonHas MoaupuKanus OeKoB.

HonupoBanne  ocrtaTkoB  THpo3uHa. (OOpa3oBaHHE  OCTATKOB Y-
KapOOKCHUITIIOTAMUHOBOM KUCIOTHIL. [ 'uapokcuinrpoBanue GelKoB. AIETHIAPOBA-

Hue u ADP-pubo3unupoBanue 6eJKoB.



®ochopunupoBanue GenkoB. IIpoTemHkuHa3bl U npoTenHpocdaTaspl. Cyinb-
daTrpoBaHUE TUPO3UHA.

OrpanudeHHBIN TpoTeonn3 OenkoB. I[IpoTreonutuyeckass akTUBalUsl 3UMOTe-
HOB. IIpoTeomuTHYEeCKUi MPOLIECCHHI MpPEeIIIECTBEHHUKOB OMOJIOTMYECKH aKTUB-
HbIX TenTuaoB. CritaiicuHr 6eKOB (MHTEUHBI).

['muko3unupoBanne OenkoB. [ JUKONpoTeWabl W MENTUNOIVIMKaHbL. N-
IIUKONPOTeUHBI U O-TIIMKOIMPOTEUHBI.

Jlunonpoteuasl. Jlunonporeuapl ¢ C-KOHUEBBIM TNIMKOIUNUAOM. Jlumompo-
Teu bl ¢ N-KOHIIeBOM TUMUIHOM Ipymmoi. I IpeHumupoBaHHbIe OETKHU.

NzbuparensHas aerpanaius 6enkoB. ATP-3aBucuMelil mpoTteonus. Y OWKBUTHH
¥ ero yyactve B MoAu¢uKanuy OelKkoB U B mpoliecce aerpaganuu. [[poTeacomsr.

Mertoasl u3ydeHus 6e10K-0eTKOBBIX B3aUMOACHCTBUA.

@aroBbeiii gucried nentuoB. [Tonck 6enkoB mapTHEPOB C MOMOIIBIO IPOXK-
YKEBOU IBYXTUOPUIHOU CUCTEMBI.

WnxeHnepusi 6eNKoB.

IlonydyeHre MyTaHTHBIX OEJIKOB METOaMH CaMT-CIEIU(PHUIECKOr0 MyTareHesa.

ITonyuenne cnuthix 6enkoB. CuHTE3 6e1KoB de novo.

2. CTpykTypa H OHOCHHTE3 HYKJIE€HHOBBIX KHCJIOT

Crpykrypa JHK.

DKCIEpUMEHTHI, AOKa3blBarolnue reHetndeckyro ¢yukmuoo JHK. T'mbkocts
aBoiHo# cimpanu JJHK. ®usnyeckune napamerpsl koHhopManuoHusix ¢popm JHK.
Hekanonnueckwe ¢opmel JIHK. Ilapsr Xyrcruma. Tpumnekcel. Bruszue
HyKJICOTUTHOH MocieoBaTebHoCcTH Ha cTpykTypy JAHK. Caepxcrnupanuzanms
HHK. Tlonarue o mapamerpax cBepxcnupanu3oBanHod Monekynsl JJHK. Kon-
(hopManMOHHBIE IEPEXOMBI B CBEPXCIIMPATIN30BaHHON MoJieKyie. TomonsoMepassl 1
tormouzoMepsl JIHK. Tunel Tomomsomepas. Perynsius ypoBHS akTHBHOCTU TO-

IMOU30M€EpPa3 B KIIECTKE.



Permmukanus JJTHK.

Tounocts BocnpousBenenus: JIHK. Ilonumepassl, yyacTByroIye B peIlIMKa-
1M, X (pepMeHTaTUBHAS aKTHBHOCTh. Buika permnkannu, coObITUS Ha OTCTalO-
meii HuTH. @epMeHTH B peruMkannoHHod Buike. JIHK-nonumepasa III kumeu-
HO# mayouku. [ToHsATHE O MpoIlecCCUBHOCTH MonuMepa3. Posib [UMEpHOU CTPYKTY-
pel B koopauHauuu cuHTe3a /JHK Ha xommiemeHTapHbIX HUTSIX. OCOOEHHOCTH
JTHK-mmonumepa3 3ykapuot. Perynsuus wHuimanuu perumkamuu y E. coli.
CrpykTypa y4actka ctapta perukanuu (origin). CtpykrypHble nepexonst JJHK B
palioHe cTapTa peruIhKaluH. ‘HOH}ITI/IG 0 peminkarope. Pons MeTuinpoBaHus B
peryJsiliuy peruiukanui. TepMUHaKs perinKaliuy y 6akTepHid.

Oco0eHHOCTH perysIyy PEMIUKALNH TIa3MU/I.

PemnkoHbl y 3yKapuoT, UX U3MEHYMBAOCTh. [IoHATHE O CTAllMOHAPHBIX «pe-
TUTMKATUBHBIX (pabpukax». Ori y ApoXKeH, uX CTPyKTypHO-(OYHKIHOHAIBHAS Op-
raHu3alusl.

MonekynsipHble MEXaHU3MBI, CBSI3bIBAIOIIUE KJIETOYHBIN ITUKI U PETUIMKAIIUIO
JHK. ITuknuHe! ¥4 DpoTeMHKHHA3BL. IIpOTOOHKOIe€HEI, Y4aCcTBYIOIINE B PETYIISAIHH
KJIETOYHOTO LMKJIa. Pacnycanue permmmKanuy y4acTKOB XPOMOCOMBI B KJIETOYHOM
LIUKJIE.

JlokanpHas ammunpukanus ydactkoB JIHK B passutun. Bo3moxxHble Mexa-
HU3MBI JIOKaIbHON aMIUITMpUKauu. AMIUDIHKOH. [IpencTtaBienne 06 3BOIIOLMH
TeHHBIX ceMeHcTB. Pemmnkanus no tumy «katsmerocs konbha (darosas JJTHK).

IIpobnema pemnukanuy JuHeHHOT0 He3aMKHyTOro (pparmenta JJHK. Temome-
pel. Temomepasa, ocobeHHOCTH CTpyKTypHOH opranmsaimu (PHK-kommoneHT).
Teopus crapenus B CBS3M ¢ JUHAMHUKON CTPYKTYphI TejloMepbl. HekaHoHMYecKue
CTPYKTYpBl B paiiOHE TEJIOMEPHBIX MocienoBaTesbHOcTel. OCOGEHHOCTH CTPYK-
TypHou opranusauuu JIHK B pakione nieHTpoMepsl. MckyccTBeHHass XpoMoOcoMa Y
3yKapHoT.

PennukatuBroe MetunupoBanue JIHK. Monudukanus 5-METHILMTO3UHA U

MyTaluu. MeTunasel y 3yKapuoT. 5-a3alluTUINH KaK HHTHOGUTOP METHIMPOBAHNSI.



VIMOpUHTHHT T€HOB M €ro OHoJoruueckue nocieicTBus. JlokazaTenbcTBa poiH
METHJIMPOBAHUS B Pa3BUTHH T03BOHOYHBIX.

Penaparus JJHK.

[IpsimMas pemapaiysi TAMUHOBBIX AMMEPOB M METUJIMPOBaHHOIO T'yaHUHa. | u-
KO3WJIa3bl. Y palrIrInKo3miIa3el. DKCIM3UOHHAs pernapaius, ¢pepMeHTsl. Mexa-
HHU3M IIPEUMYIIeCTBEHHON pernapaiii TPaHCKPUOUPYEMBIX I'€HOB.

Bone3nu, obycioBieHHbIe AedeKTaMu pernapanud. MexaHu3M pernapainuu He-
CHapeHHBIX HykJeoTua0B. Ponb MetunupoBanus. SOS-pemapanus. [Ipencrasne-
HUS 00 OIIHOKaxX pEIUTMKAITUH, O0YCIOBICHHBIX CKOJbXEHUEM HUTEHN MpU peruin-
Kanuu. MexaHu3M 00pa30BaHUs KOPOTKHUX IMMOBTOPOB. MHUKPO- 1 MUHHUCATEILTUTEI.
KopoTkue TaHIeMHBIE TOBTOPBI. « DKCTIAHCHUSI TPUTUIETHBIX TTOBTOPOBY» U TUHAMH-
YecKHUe MyTalUH.

PexomOunarus.

[TousiTe 06 0o61IeH (TOMOJIOrMYHOM) U calTcrerupUIecKord peKoOMOUHAIUH.
Paznmuurie MoJieKyIIpHBIX MeXaHH3MOB O0Ied U calTcrerupuIecKoi peKoMOu-
HaITAH.

Mopens pexoMOUHaIMK, MpeAroJararpias IByHHTEBOW pa3pblB M perapa-
Y10 pa3pbiBa. Ponb pekoMOMHAIMY B MOCTPEIUTMKATHBHON pemnapamuu. CTpyKTy-
pel Xosnmuaess B MOJeNH peKOMOWHAIW{. Murpairus BETBH, I'e€T€pOAYILIEKCEHI,
paspelienne CTpykTyp Xosnuaes (GpepMeHTsI).

I'eHHas KOHBepcHs, aCUMMETPUYHOCTh T'€HHOW KOHBepcHHU. [IpomyKThI pe-
KOMOMHAIIMOHHOTO aKTa, CONMPOBOXAAoIIerocs oomMenoM dianramu. IToctMmeiio-
THYECKas CErperanys y IPOXOKeH KaK J0Ka3aTelbCTBO IeTepOAYILIEKCA MPH pe-
KOMOHWHAITUH.

On3umonioruss pekombunanmu y E.coli. RecBCD-kommeke. Bemok RecA.
IIpecunanTuyeckuil QpuUIaMeHT, MapaMeTpbl €ro MOJIEKYISIPHO#M CTpyKTypsl. O6-
MEH HHUTSIMHU IpH cuHance. OcOGEHHOCTH MUTPAIK BETBH.

JIByHHTEBBIE pa3phIBbl M I'eHHas KOHBepcus. JIOKyc capuBaHHUS y APONOKEH,

peryisiuus 5KCIIpPECCUH. Pa3smHoxenne HHTPOHOB Y I'€HHAasi KOHBEPCHA.



Caiit cnenuduyeckas pekoMOuHaIus. THUMBI XPOMOCOMHBIX IEPECTPOEK,
OCYIIIECTBIAEMBIX TpH calT-crienupuyeckod pekoMOMHaLMU. MomeKynspHbIA
MEXaHM3M JIEeHCTBUS «pekoMOuHa3». Ponb cailT-crienuduieckoir peKoMOMHALINY B
SKCIPECCHH TeHOB y ¢aroB. Murterpamus ¢dara nsmbaa. Pekom6unasza Cre dara
P1. LoxP-caiitel. CaiiT-cienudryeckass peKOMOWHALMS JBYHHUTEBOM IIa3MUIbI
IPOXKEN.

PexoMOuHaIus y BBICIINX 3YKapHOT.

OcobeHHOCTH peKOMOWHAIIK MPUOOPa30BaHUU T'€HOB UMMYHOIJIOOYJIMHOB U
perienitopoB T-kietok. CUTHaNbI peKOMOMHAIMU. MoseKyJispHble MeXaHU3MBI
«TPOTPaMMHPOBAHHBIX OMIMOOK» MpU CIUSHUM BapuabelbHBIX W KOHCTAaHTHBIX
y4acCTKOB reHa. MaTpuyHble 1 HEMaTpUYHbIE MEXAHU3MBI JOCTPOUKHU CIIIMBAEMBIX
(bparMeHTOB.

[TonBwxHBIE 37IEMEHTHI TeHOMa IIPO- U 3yKapuoT. [S-mocienoBaTeIbHOCTH, UX
cTpykTypa. [S-nocienoBaTenbHOCTH Kak KoMnoHeHT F-dakropa GakTepwuii, onpe-
JIEJISIFOIIET0 CITOCOOHOCTH Mepefadr FeHeTHUEeCKOro MaTepraia Mpyu KOHBIOTal|H.

Tpancnozonsl 6aktepuii (Tn3, TnS, Tn9, Tn10). MexaHnu3Mbl TPaHCIIO3ULIMH.
PezonbBaza, ¢yHKIMU pe3oibBa3bl. Ponlb cBepxchupaiu3anuu MPU TPAHCIO3U-
nuu. Perymsus tpancno3uiuu Tnl0.

TpaHcro30HBI 3yKapHOT. [IByXKOMIIOHEHTHasi CUCTeMa TPaHCIO30HOB. [loJ-
HBIN (aKTUBHBINA) U Ae(eKTHBIN TpaHCIO30HbI. BiHsHUe TpaHCIIO30HOB HA aKTHB-
HOCTb T€HOB Y pPacT€HHUU M TPOCTPAHCTBEHHBIH PHCYHOK OKCIIPECCUHM T'€HOB.
IIpencraBneHue 0 TOPU30HTAIIEHOM NEPEHOCE TPAHCIIO30HOB.

Hcnionb30BaHME TOMOJIOTMYHOM M CalT-crienu(uYecKoil peKOMOWHAIIMKM B
W3Y4YEHUU T'€HOB 3yKapuoT. MeTo1 «HOKayTa)» I'eHOB.

TpaHckpuniys y npoKapuor.

Ocob6ennoctu ctpyktypel PHK-nonumepasbl. o-daktop. CTaguu TpaHCKpPHUII-
IIHOHHOIrO 1uKna. Pemnvkanus u TpaHckpunius. CBepXxcrnupanu3alius U TPaHC-
kpunuusa. Curma 54. «DyKapHOTHYECKHE DIIEMEHTHI» B PETYJSIHMHA TPAHCKPHII-

nuu. TepmuHanus tpanckpunuuu. [lonspHsle MyTauu.



HeratuBHas u mo3uTuBHas perynsmus TpaHckpunmuu. CAP-6emnok. Peryns-
1S TpaHKpHUMUUU B pa3Butud (ara A. Ilpunnuner y3naBanus JJHK perynsarop-
HBIMHU OejTkaMu. ATTeHIoalus TPaHCKPUIILIUU.

TpaHckpunus y 3yKapHor.

[TpomoTop y 3ykapuoT. basanbHas TpaHCKpumnuusi. PakTOpbl TPAHCKPHUIILUH.
IToHsTHE O LKC-AEWCTBYIOMNX dIeMeHTaX. TpaHc-aKTUBAaLKs TPAHCKPUIILUU. JH-
xaHCepbl U caineHceprl. «Moaynn» mnocinenoBatenbHocTed JIHK, y3HaBaemble
cnernupuyeckumu 6enkamuio Posb «oOpaTHON reHETHUKU» B Pa3BUTHH MPEICTaB-
JIEHUH O pPeryJsiiiK TPAHCKPUIILUHU y 3YKapHOT.

benkoBble MOMEHEI, y3Haomue crnenuduueckne nocienosarenbHoctd JJHK.
['oMeoZOMeH U reHbI-CeNeKTOPhI. «JIeWIIMHOBasS MOJIHUS) U JuMepHu3anus (hakTo-
pOB TpaHCKpUNuu. « L INHKOBEIE TaJIBIBIY.

SAnepHble peLlenTopsl TOPMOHOB, UX TUIBI U ocobeHHOcTU y3HaBaHus JIHK.
Penentopsi-cupoThl. PeTrHOEBas kucnoTa. D1eMeHThl KOHCepBaTU3Ma B CUCTEMaXx
PETysLNU TPAaHCKPHUIILHAHN.

BHemnue curnanel, akTUBUPYIOLIME TPAaHCKPUILIMIO reHoB. Cucrema MpoBe-
neHus curdHainoB. CeMmelicTBa NpoToOHKOreHOB Jun u Fos kak ¢hakTopoB TpaHC-
KpUNL¥K. AJIBTEpHATUBEI IIPU BBIOOpE MyTH pa3BUTHS — HUDdepeHInpoBKa/ Mpo-
mudepanus. Caiitel AP1 u CRE B npomoTopax.

TpanckpunuuonHsle (GakTopbl B pPa3sBUTHH MHOTOKJIETOYHBIX OpPraHH3MOB.
Ilonsatue o mopdorenax, npuMmepsl. IlpocTpaHCTBEHHO OorpaHUYeHHBIE MOpPQOTre-
HeTUYeCKUe rpaIueHTHI.

XpOMaTHH.

CrpykrypHas opranusaunusi HykieocoM. HykieocoMsr u TpaHckpumiius. Mo-
nuduKanys TUCTOHOB U JMHAMU4YecKas CTpyKTypa xpomaruHa. COOpKa HyKIIEo-
COM, €€ 3Talkbl, HyKJIeOIIa3MUH. 3aKOHOMEPHOCTh PACIONOXKEHUsT HYKJIEOCOM OT-
HOCHTEJIBHO IPOMOTOPOB M YYacTKOB Haydajla pelukanuy ((hed3uHr HyKIeocoM).
IlpencraBienne 0 «IEePEMOIENTUPOBAHUNY XpPOMAaTHHA. AKTUBHOE TIEPEMO/IETUPO-
BaHue. Metunuposanue/nemerunupoBanne JJHK, cBsa3p ¢ Mogudukanueil rucro-

HOB U H3MCHCHHUECM aKTHBHOCTHU I'€HOB.



Oco6eHHOCTH CTPYKTYphl XpOMaTHHA MOJOBBIX XPOMOCOM B CBSI3U C KOMIICH-
calMel pa3In4uii Yucia reHoB X-XpOMOCOMBI y pa3HbIX ITOJIOB.

IIpencraBnenue O MeTeNbHOM OpraHU3allMM XPOMOCOM. SepHBI MaTpHKC.
JIoKyCc-KOHTpOJIMPYIOIIE PAWOHBI U «MHCYJISATOPEDY. BHyTpUsiiepHass apXUTeKTy-
pa XpoMocoM. SIBlIeHHE TPaHCBEKLINH.

IIpoueccunr PHK.

Onpenenenne npoueccunra. MHTpoHsl, criaiicunr. Kinaccubukanus WHTPO-
HOB. MIHTpoHBI rpynnsl 1. Oco6eHHOCTH CTPYKTYphl M MEXaHHU3MBI CIIIafCHHTA.
Pu6o3umsl, ux cneruduyHOCcTh. BO3MOXHOCTH MprMeHeHH i «HoKayTa» PHK.
WHTpOHEI IpymIsl 2, MEXaHU3M CIUTalicuHra. MiHTpoHs! rpynm 1 u 2 y pasHsIX op-
raHU3MOB (3BOJIIOI[HOHHEIE CBSI3H).

Cnnaticunr npe-MPHK B siape. Ponp mansix simepusix PHK u GenkoBeIX ¢ax-
TopoB. Crakicocoma. MoauduKaiys KoHIeBbIX obnacteit MPHK - ksnupoBaHue,
II0JINaICHUJIMPOBaHHE.

Ocobennoctu mpoueccudra TPHK u pPHK y Gakrepuii. OcobeHHOCTH Ipo-
teccunra pPHK B sapeimke. PHKaza P kak pu6osum.

Tpanc-cnnadicunr. Ero pacmpoctpaHeHue. AJbTepHATHBHBIM CIUIAMCHHT,
npuMepkl. bronorudeckre MmociaencTBUS allbTEPHATMBHOIO CIUIAHMCHHra. JHXaH-
Cepsl U caileHCephl CIUiaichHra. SR-6enku, 0COOEHHOCTH CTPYKTYpHI, POIb B
aJIbTEPHATUBHOM CIUTalCHHTE.

Penaxruposanue PHK. Monexynsaprsie Mexanu3mbl. TUIIBI peJakTHPOBaHUS
(mpumMeps).

Herpaganus anomansHbIXx MPHK.

OO6patHast TpaHCKPHUIIIHS.

Pone o6paTHOV TpaHCKPHIIIMK B 3BONIOLMM M W3MEHYHMBOCTH reHoMa. Per-
POTPaHCIIO30HBI, X THIIBL. PeTpOTpaHCIO30HEI, CoaepKaliie AIUHHBIE KOHIEBBIE
noBTOpEl. Ty-snemeHT napoxoked. IcemoreHsl. Bo3MokHbIE HCTOYHMKH 0GpaT-

HOM TPaHCKPHUITA3EI.
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3. CtpykTrypa pubocom u 6HOCHHTEe3 OeJika

Crpykrypa u ¢pynkuuu PHK.

Mup PHK. OcHoBHBIE THUTIBI U OCHOBHBIE (PYHKIIUU KJIETOYHBIX U BHUPYCHBIX
PHK. O6mue npunnunsl BropudHoit ctpykTypsl PHK. 'umoTte3a o mpoucxoxme-
Huu xu3Hu yepe3 PHK.

['eHeTH4eckuii Kox U ero cBoicrTea. PacmmdpoBka reHetrndeckoro koga. Ot-
KJIOHEHHUSI OT YHHUBEPCAIBHOCTU F€HETUYECKOTO KOa.

TPHK, ee ¢ynkuuu. Bropuunas u tperuunas ctpykrypa TPHK. Ctpykrypa
anTukogoHOoBoM netnu TPHK. Amunoanun-tPHK-cunterassr — aBa kmacca. Cy-
npeccopusie TPHK.

CrpyxTypa pudocom.

Mopdonorust 1 coctaB 3yKapUOTHYECKUX M TMPOKAPHOTHYECKHX PHOOCOM.
ITpuanune! ctpyktypsl pubocomubix PHK. Jlomensl. KomnakTHoe cBOpaurBaHHE.
PubocomHuble Genky: HOMEHKIIAaTypa, pa3HooOpasue, MPUHIIMITEI CTPOEHHMS U JIOKa-
nu3anus B pubocoMe. OCHOBHBIE SKCIIEPUMEHTATBHBIE TTOAXOABI K U3yYEHHIO TO-
norpaduu pubOCOMHBIX OEJIKOB.

Jucconumanys, pa3BopauyrBaHue U pa3dopka pubocoMm.

@DyHKIHMOHATIBHBIE aKTUBHOCTHU U ()yHKIIMOHAJIbHBIE aKTHBHOCTH PUOOCOM.

Tpancnsuus.

IlocnenoBaTenbHOCTE COOBITUI IpU CHHTe3e Oenka. TpPaHCIAIUOHHBIA UK.
Craguu tpancnamuu. [Tonmupubocomel. CKOPOCTh TPaHCISIUAK, TPAH3UTHOE Bpe-
MSL.

WHunuanus TpaHCIsauuu — oOlue NpHHOUNEL. [IpokapHOTHYECKHMH U JyKa-
PUOTHYECKHU THUI TpaHCHANUH. OCOGEHHOCTH MHULIMALUK TPAHCIALMU Y MTPOKa-
puot. MuuinaTopHbie KoAoHbl, nHUIMaTopHas TPHK, GenkoBeie (GakTophl TpaHc-
nauuu, pudbocoMo-cBs3biBaomuii ydactok MPHK. HesaBucumas uHUIManus u
TPAHCIISIIUOHHOE CONPSKEHWE IIPH TPaHCISLHUKA TPOKAPHOTHYECKUX ITOJIUIIUC-

TpoHHbIXx MPHK.

11



Ocob6ennoctu sykapuotnueckoit MPHK n nHMIManvum tpaHcasuuu y syKapu-
oT. MexaHW3Mbl CKaHHPOBaHUSI M BHYTpeHHEN MHULMALMU. K3M-CcBs3bIBAIOIIUHA U
XeJTUKa3HbIM KOMIUIEKCHI TPYU MHULAALUY TPAHCISLUNA Y 3yKapHUOT.

DIoHTaIys TPAHCIALUUNA. DIIOHTAUOHHBIN HUKII. DaKTOPHI 3JIOHTalUY.

Cranus cszpiBanus amuHoami-TPHK B anonranmonsom nukie. Crepeoxu-
MHS KOJIOH-aHTHKOJIOHOBOTO B3amMozelcTBus. Daktop snonranuu EF-Tu, ero
CTpYKTypa W B3ammoneiictBus. Vcnpapinenne ommbok («pefakTUpOBaHUE») MPH
cea3piBannn amuHoanuiI-TPHK. Bxnag ckopocteit peakunu u GTP. I'mnotesa
Kpuka 0 HEOJJHO3HAYHOM COOTBETCTBUU IPU KOAOH-aHTUKOJOHOBOM CIIAPHUBaHUHU
(Wobble-runoresa).

O6pa3oBaHre MENTUAHON CBSI3U: XUMHUYECKHE peaklMd, MeNTUIUNTpaHche-
pa3HBI IIEHTP, CTEPEOXUMHUS TPAHCIIENITHIALIHN.

JloxxHoe komupoBaHue. PakTOpPBl, CTUMYIHPYIOIIUE JIO)KHOE KOAUPOBAHHE.
MexaHu3M JeidCTBUS aMUHOTINKO3HIHBIX aHTUOMOTUKOB U MEXaHU3M YCTONYH-
BOCTHU K HUM.

Cranmus TpaHCJIOKalMU 3JIOHTallMOHHOIO IuKia. OCHOBHBIE SKCIIEPUMEHTAIIb-
Hble TECThl Ha TpaHCIOKamuio. MoNeKyIspHbIii MexaHu3M. DakTop 3JI0HTalUH
EF-G, ero cTpykrypa u ero BammozeicTBus. KoHuenmus nepexomHoro cocTos-
HUS TIPU KaTaJli3e CTaJAWi 3JIOHTAllMOHHOTO IMKIJa (pakTopamu 3ja0Hranuu. Poib
ruaponusa GTP.

MexaHn3M KOTUPOBaHUS celleHONUCTenHa —21- i aMUHOKHUCIIOTHI B OeKax.

DIIOHrallMOHHBIE TOKCUHBI, MEXaHU3M UX NelcTBUs. MexaHu3M AeUCTBUs
TETPAIMKINHA U YCTOMUHNBOCTU K TETPALIUKINHY.

Tepmunanus tpanciasuuu. TexydecTs cron-koaoHoB. TPHK, oTBeTcTBEHHBIE
3a TeKy4eCThb, NX aHTUKOOHBI.

CKoIlb)XeHHEe W TIPBEDKKU pUOOCOMBI IpH TpaHCHsAuu. CIBUT paMKU CUUTHIBA-
HUS TIPHM TPAHCJISIIIUY — IBa MeXaHW3Ma. TpaHCIsLIMOHHBIE Nay3bl, X MEXAaHU3M U
(GyHKIIMOHAIBHOE 3HAYEHHE.

PevHumanus y npokapuoT U 3yKapHoT.

Perynsuus Tpancasnuu.
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OcHOBHBIE PYUHLIMNIBI PETYJISLANA TPAHCISLINH.

JMuckpumrnanyss MPHK y mpokapuoT ¥ 3ykapuoT B Ipoliecce WHHUIIMALUU
TpaHCIAUUU. Mooynsiuust JUCKPUMHUHALIMU Y 3YKapHoT.

TpancnsuroHHas penpeccus y npokapuort. [Ipumep aBToperyinpyeMoro cuH-
te3a TpeoHUWI-TPHK-cunTeTaspl. Perymsauus tpancnsiuu MPHK pubocoMHBIX
6enkoB y npokapuoT. Perymsmus cunrte3za ¢akropa tepmuHanuu RF-2 y Gakre-
pUH.

PHK ¢ara MS2 u perymnsuus 3KCIpeccuu ee IIUCTPOHOB.

ToraneHas perynanus cuHTe3a Genka y 3ykapuoT depe3 ¢GochopruInpoBaHme

¢bakropa nHUIAAINH elF-2.

ToranbHas perynsanus cuHTes3a 6enka y 3yKapuoT depe3 ¢GochopuIupoBaHUe
dakropa naUIKauu elF-4 u csa3bIBaromero ero 6esnka 4E-BP.

Perynauus TpaHCIALMK y 3yKapHOT KOPOTKUMH OTKPBITHIMH paMKaMH CYM-
TBEIBaHMS B JIUAEPHOU MOCIEN0OBATENBHOCTH.

Tpancnaponnas penpeccust y 3ykapuoT. [Ipumep perynsiuuu cuHTe3a (hep-
puthHa. /IBa MexaHuW3Ma TPAHCJSLMOHHOMN pernpeccuu: HHrHOMpPOBaHUE CBA3bLIBA-
HUSl HHUIIMATOPHOI'O KOMIIJIEKCA U MHTUOUPOBaHWe CKaHUPOBAHHS.

Perynsanus ckopocTr 351oHraIum.

3’-KOHIEBBIE YCUIIUTENM MHULUALUY TPAHCISIIUKA Y 9YKapUOT M BO3MOXKHBIHN
MEXaHHU3M UX JeUCTBHUS.

Mackuposanue MPHK B 3apoplieBbix KieTkax. MacKupoOBaHHE U eMacKH-
posanne MPHK B 5MOprOHANBEHOM Pa3BUTHH U NPH KIETOYHOH muddepeHInpoB-
xe. [IpuMep nunokcureHasbl KpacHBIX KPOBSHBIX KIIETOK.

Wudopmocomer 1 ocHoBHO# 6Genok MPHIL. BosmoxHas (yHKIMOHANBHAS
poiib ocHoBHOTO 6enka MPHII. [Ipyrue MPHK-cBsi3piBatomme 6enxu MPHIT.

Cexpenyisi 6€IKOB y PO- U 3YKapHOT.

Tpaxcausitys ¥ TpaHIOKalus CEKPETUPYEMBIX GelkoB Yepe3 MeMOpaHy. Cur-
HaJlbHasl TMII0Te3a CeKperuu OenkoB. OCOOEHHOCTH CTPYKTYPhI CUTHAIBHEIX IIell-

THIIOB.
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®opmupoBaHUE MPOCTPAHCTBEHHOU CTPYKTYpHI OETIKOB.
MexaHu3MBbI, 00ecTieYrBaroOIIKe MPaBUIbHOE CBOPAYUBAHHE MOIUNETITUIHBIX

uenei. [Hlaneponsl.

4. 'enomuka

Onpenenenve reHomuku. [IpencraBnenuss o Merojgax HCCIE€OBaHHWH, MpH-
BEJIINX K BO3HWKHOBEHHMIO T'€HOMHUKH. MoOJENbHbIE OpraHU3MBbl, MCIOJIb3yeMbIe
JUTSI U3y9eHHs] CTPYKTYphl U GyHKIMI reHoMoB. CpaBHUTeNIbHAS TeHoMuKa. CpaB-
HEHUE HYKJIEOTHIHBIX MOCIIENOBATENbHOCTEW KaK CPeACTBO HM3ydeHWs (yHKIIHN
T'€HOB.

KapTupoBaHue reHoB 1 T€eHOMOB.

IIpencraBnenue o pa3IMYHBIX BHJAX KapT reHoma. Ousuyecknue KapThl TeHO-
MOB. KapTsl pecTpUKTHBIX (parMeHTOB. bubnuoTekn reHOB, MPUHITUIBI UX CO3-
JaHus, NPEICTaBUTENbHOCTh, METOJbl CKPUHMHTA. BeKTOpHI, UCTIONB3yeMEIE s
co3ganus O6ubnuorek. KapTel reHOMOB Kak HaOOpPBI YMOPSIOYEHHBIX KJIOHOB.
Konturu knonos. STS (sequenced tag sites) kak HHCTPYMEHT COCTaBIEHHS (HU3H-
YeCKUX KapT reHomoB. IIpuHiun nonumepasnoi nennoi peakuuu (ITLP).

I'eneTnyeckoe kaptupoBanue. Ilonumopdusm remomos. ITonmumopdusM AIHH
pecTpukTHEIX (parmeHToB (ITJP®). MuHU- 1 MEKpocaTeIMTE. MOHOHYKIIEO-
THAHBIA noaumophusMm (Single Nucleotide Polymorphism, SNP). Bricoko, cpesHe
U PENKOIOBTOPSIOIIMECS IocnenoBarenbHocTh. [amnorumnsl. HacnenoBanue ran-
JIOTUIIOB U peKoMOHHaluK. ENUHUIIBI FeHETHYEeCKOro paccTosuus. [lomumopdusm
TeHOMOB KaK OCHOBa T€HOMHOM JaKTHJIOCKOIHH. MoeKyasapHO-T€HETUUECKHUE
OCHOBBI MIECHTM(QHWKAMA IMYHOCTH. MONEeKyIIpHO-TEeHETUYECKHE MapKephl
(MI'M), onpezenenne, HHGOPMATUBHOCTb, HCIIONB30BAHUE IS TIOCTPOEHHUS I'eHe-
THYeCKOM KapTel. IHTerpupoBaHHble KapThl reHoMOB. Mcnosrs3zoBanue MI'M st
KapTHPOBaHHUS T'€HOB, OTBETCTBEHHBIX 3a Pa3BHTHE HACJIEICTBEHHBIX 3a00JieBa-

Hul. [lo3unimonHoe KapTUPOBaHKUE FEHOB.
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ITonsTue o XxpoMocoMHbIX abeppanusax. Tpancnokanuu. Jleneunn. Llutorene-
THYecKas HAeHTHGHUKaLM abeppaluil.

Brigenenue ¢gparmenToB reHoma. ['eHoMHble Oubmmoreku. [lorck KIOHOB B
reHoMHoO# 6ubmnoteke. [IpuHIUIT Tporynku 1mo reHoMy. I[louck reHa B GobIIoN
obnactu renoma. Co3ganne u aHanus 6ubnuorexk k/IHK. Ynopsmodennbie 6u6-
mnoteku k/IHK. Beruntaromas rubpuansaius Kak MeTo]] CpaBHEHHUSI T€HOMOB.

Oco6eHHOCTH CTPYKTYPHI TEHOMOB BBICIINX 3YKApHOT.

VYHUKallbHbIE U MOBTOPSIOIIMECS HYKIE€OTHAHbBIE MOCIIeI0BaTEILHOCTH. | eHbI
xogupyromue PHK (pPHK, TPHK, mansie snepasie u nuromiazmarudeckue PHK).
I'enbl, kogupyromue Oenku. MynbTUTeHHble ceMelcTBa. TaHAEMHBIE MOBTOPHI.
MexaHu3mbl 06pa3oBaHus U ABOJIIOLIMU TaHIEMHBIX TOBTOPOB. [loBTOpSIOIIMECS
IIOCJIEIOBATENBHOCTH, paccesHHble no reHoMmy. SINE wu LINE snemMeHTsI.
DOHIIOTeHHBIE PETPOBUPYCHBIE AJIeMeHThI. L[eHTpoMepHbIe TOBTOPHI. Teno-MepHbIe
MTOBTOPBI.

I'enoMBl opranemn (MUTOXOHApUH, XioporuiactoB). IIpoucxoxaenue JIHK
OpraHe’.

Hcrounnku nonumMopdusmMa reHoMOB.

Myrauun. Ilpuaunel mytanuid. Tunsr nospexnenuit [THK. Anypunuzanus.
Jle3aMMHUpOBaHKWE 5-MeTUN IHUTO3MHA. CHCTEMBI 3allUThl TeHOMa OT MyTallHid.
CxemMa kneTto4Horo nukia. LIUKiIMH-3aBHCHMbIe KHHA3bl, [ €HBI CyIpPeccopsl OImy-
xonel. I'en Genka p53, pons B penapaiuu U anonrtose. MHakTuBanus p53 B omy-
XOJIEBBIX KJIETKAX.

MoHoreHHble HacleACTBEHHBIE 3abojeBaHMs. BpoxaeHHble nedekTsl MeTa-
6omusma. [Ipumeprl MOHOreHHBIX 3a0oeBaHuil. DeHUIKETOHYpHS. MyKOBHUCIH-
n03. Menmeunas quctpodus JlroreHa.

Uzyuenue QyHKImiA reHOMA.

IIpencraBnenre O (YHKIHOHAJIBHONM Te€HOMHKE. AHaIN3 OUOXUMUYECKHX
(yHKuMH MeTOmaMM GHOMH()OPMATHKM — TOMOJIOTHUS CTPYKTYp/aHanorHs (yHK-

UMU.
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KoHMpOBaHHE W DKCIIPECCUs] T€HOB B IeTepOoNOTrHyYHbIX cucTemax. Komre-
MmenTtanusa Mmyranuii. PHK wHTEpdepeHIrs kak METOA NOAABIEHHMS SKCIPECCHU
T'€HOB.

['eHeTHYECKasl HHKEHEPUS KaK MHCTPYMEHT U3y4eHHs! TEHOB U N'€HOMOB.

CosgaHue TpaHCTEHHBIX >KMBOTHBIX. BBeleHHe TpaHCT€HOB B IIPOHYKIIEYC.
[TonyyeHne >MOPHUOHATBHBIX CTBOJOBBIX KIETOK. Ilomy4eHHWe TOMO3UTOTHBIX
TPaHCT€HHBIX MBIIIEH ¢ TOMOIIBIO SMOPHOHAIBHBIX CTBOJIOBBIX KIETOK. [IpuHIIH-
IIb] CEJIEKIIMM COMaTHYECKUX KIeTOK. JJoMMHaHTHAs CeJIeKIus.

Hcrone30BaHre PETPOBUPYCOB Ui TpaHCreHo3a. JKW3HEHHBIM LMK PETPO-
BUpyca. [[pUHIUITE KOHCTPYUPOBaHMSA PETPOBUPYCHBIX BEKTOPOB.

DKCIpeccHsi TeHOB B TPaHCTEHHBIX KHUBOTHBIX. PEryssTOpHBIE 3]IEMEHTHI, He-
06X0aUMBIE Ui SKCIIPECCHH. DHXaHCEPBI ¥ IIPOMOTOPBHI, CAalThI IOIHAAEHUTHUPO-
BAaHUs, MHTPOHBL D(MGEKT MOJOKEHHS U ITOAXObL K €0 MPEOJOIEHUI0. DIEMEH-
TBl NpUKpeIUIeHWs K  saepHoMy  Martpukcy. Mucynmsartopel.  Jlokyc-
xouTpoaupyromue obiaactu (LCR). IToxxoms! k u3yueHnto GpakTopOB, BIUSAFOIINAX
Ha 3KCIPECCHUIO TY>KEPOAHBIX T€HOB. | €HBI-PENOPTEPEI.

[IpuHIMIIBI HaTpaBIeHHOW MoAudukanuu reHoma. IIpuHIMIIEI HETaTHBHO-
[IO3UTHUBHOM CeJIEKIUU I OTOOpa JMHHUM C HalpaBiI€HHO BCTPOECHHBIM IE€HOM.
HanpasieHHBIE TIEPECTPONKH 'eHOMa C MCIIOJIb30BaHUEM CHCTEMBI PEKOMOUHA3BI
Cre u caiitoB LoxP. «HoxayT» reHos.

KronupoBaHue KHBOTHBIX. [lepeHoc siep coMaTU4ecKUX KJIETOK B Oe3bsanep-
HBIE SULIEKIETKH C TOCIEAYIOMUM KIOHUPOBAaHUEM )XKMUBOTHBIX.

I'eneTHYecKas MHXeHepUs paCTEHUH.

MoutekysipHble OCHOBBI T'€HOTEpaluu. BUpycHble BEKTOPBI M HEBUPYCHBIE
METO/IBI IEPEHOCA TCHOB.

IpuKiagHble acTeKThl reHeTudeckoi nHxeHepuu. OCHOBBI 0€30MacHOCTH pa-

60ThI ¢ pekoMOuHaHTHBIMU JIHK.
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