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Brenenue

B OcHOBY HAacTOslled MPOrpaMMbl TOJIOXKEHBI CIEAYIOIIMEe pa3Jelbl: CTPYKTypa H byHKIMH
GelIKOB; CTPYKTYpa M OHOCHMHTe3 HYKJIEMHOBBIX KHCJIOT; CTPYKTypa puOocoM M OHoCcHHTE3 Oerka;

reHoMmuka. IIporpamma paspaGoTaHa SKCIEPTHBIM COBETOM BeICIeH aTTecTalMOHHON KOMUCCHHU
1o OMOJIOrMYECKHM HayKaM.

1. Crpykrypa 1 GpyHKUHH 0€JIKOB

Buonoruyeckue (QyHKIMM OEJIKOB M MenTUIOB. (DHU3MKO-XMMHMYECKHE CBOMCTBA aMHHOKHCIIOT.
Mertomp! onpejenenus KoHleHTpauuu Oenka. Ilepsuunas CTpykTypa Kak ypOBEHb OpraHH3aliy
Genka. XUMHYecKHe U (PU3MUECKME METOIBL UCCIIEIOBAHUS CTPYKTYPhI OSJIKOB.

OnpejeieHe  aMHHOKHCJIOTHOTO — COCTaBa  Oemka. MeToasl — ONpenelieHHs — MepBUYHOU
110CTIeI0BATEIHOCTH Oeiika. (PepMeHTaTHBHBIE METOIB! (parMeHTaluy MOJUNCITUIHON LEMH.
XUMHUECKHE METOIbI CIENN(PHUECKOro paclielIeHls eNTHAHBIX cBs3ed. Pasaenenue NenTUAOB,
MOJIydaeMBIX Mpd paciieryieHun OenkoB. Onpenenenne N-KOHIEBBIX — aMHHOKHCIOT — H
nocnenoBarenbHocTeil.  Jlokammsamms — aucynbQUAOHBIX cBs3eit B Oenkax. llemrmaHoe
KapTHPOBaHHUE.

THIIOBBIE PEAKIIMH XMMHUUYECKON MOAHGHKAIMH QYHKIHOHATBHBIX TPyl XUMHYECKas
MOIMGHUKALMS B H3yYCHUH MOJIEKYJIAPHBIX KOMILIEKCOB ¥ aKTHBHBIX LIEHTPOB (bepMeHTOB.

Macc-criektpomerpus Genkos. Tpuncuaonns. [lentuanenii puarenpuat. OnpeneneHue TIepPBUYHOM
CTPYKTYpBI IENTHI0B MAcC-CIIEKTPOMETPHYECKOH erpananyeii. [IoHATHS 0 IPOTEOMUKE
NEeNTHAOMHKE.

KoHpopMarMoHHbIe CBOKCTBA MOTHIIENTHAHBIX HETeH.

CTpyKTypHble O0COGEHHOCTH mHenTHAHOH cBsi3u. CTepudyeckhe OrpaHMuCHHs M BTOPUUHAs
CTPYKTypa MOJHMIENTHIHOH uemu. Ponk BOJOPOAHBIX ceszeit B GOPMUPOBAHMHM BTOPUYHON
CTPYKTYpbl. O-CTIMpalb KaK BaKHECHIIMH OJICMEHT BTOPMYHOHM CTPYKTYPEL. Ponp  GOKOBBIX
PAIHKATOB AMHHOKHCIOT B (JOPMHDOBAHUM CL-CITHPATCH. B-cTpykTypa: mnapauielibHOE H
AHTHMAPAIUIETLHOE PACIIONOXKeHHE lenei npu GOPMUPOBAHHH CIIOEB. [TeTnu, ux noxanu3anus Ha
MOBEPXHOCTH OENKOB. B-IIMHJIbKA KaK 3JIEMEHT CTPYKTYpBI OenkoB. Tomosorudeckue nuarpamMmal,
HX 3HAUCHHUE.

Tperuunas cTpykTypa Geinka. CTabMIBHOCTD IPOCTPAHCTBEHHOM CTPYKTYPEL. T'unpodobHoe gapo.
dopma, KOMIIAKTHOCTD U IHHAMHUKA MOJICKY b 6enka. Pons aucynbpuaHBIX CBS3EH B
CTAGU/IM3ALMY TPETHYHOM CTPYKTYPhI HEKOTOPbIX OEIKOB H MENTH/IOB.

OCHOBHBIE KJIaCChl CTPYKTYP JOMEHOB.

o -TOMEeHHbIe CTPYKTyphl. Cridpanusanus crnupatedi; (opMupoBaHHE IOMEHOB M3 HETBIPEX O-
crupaeil; TIoGMHOBAs YIIAKOBKA, CII0XKHBIE CTPYKTYPbI, COACPIKALIUNE QL-CITHPAIIH.

o /P -mOMEHHBIE CTPYKTYpbl. YTIaKOBKa MOTHBOB, BKIIOYAIOMMX Mapajlie/IbHBIC B-cTpyKTYpBI.
«o /B -60ukmy. Poib oL /B -MOTHBOB B CTPYKTYpPe PEpPMEHTOB! dopmuposanue ruapopobHOro sapa,
(opMupoBaHKE AKTHBHBIX IIEHTPOB. PacmonoxeHue o-CIEpaneit B OTKPBITBIX M30THYTBIX /(-
105X, BO3MOKHOCTb IIPEJCKA3aHMs PACTIONOKCHMS AKTHBHBIX LEHTPOB (EPMEHTOB B o/P-
crpykrypax: Tupo3un-TPHK-cunTerasa, kapOoKcunenTnaasa, apabK1HO30-CBA3BIBAIOILMHI OeIOK.

PeTUHOII-CBS3bIBAIOIIME GEJIOK, KaK MpelcTaBuTeNb cynepcemeiicTa. CTpyKTypa HeHpaMHHHIA3bI



u GB . MoTHB IpedyecKoro Kiroya M CTPYKTypa KpHUCTAIHHOB. benku ¢ P-crupanbHBEIMU
JOMEHaMH.

V3uapanue 6enxavu JJHK.

[poxapuoTHyecKHe CHCTEMBL Ponb CTPYKTYyPHOTO MOTHBA «CHMPAJIb-TIOBOPOT-CIIHpAEL? Kak
BayKHelIIero anementa B crenduueckom y3Hasanuu JIHK-Genok. A-pempeccop H Cro-06eok.
Asutocreprueckrii KOHTpOJIb cBs3biBanus Genxos ¢ JIHK. Pempeccop TpUNTO(HAHOBOIO OIEPOHA,
pETpeccop JIaKTo3HOro onepona, 6enok CAP: cTpykTypa u szanmoeiicteue ¢ JIHK.

Vamapanume JHK sykapuorudeckumy (akropamu TpaHckpunuun. CTpyKTypa TATA-Gokc-
CBA3BIBAIOIIErO Oeka, ero B3ammoneiictaue ¢ JIHK, dopmupoBanue rerepoauMepos. bemok B
cTpykTypa 1 B3aumoneiicraue ¢ JIHK.

Creunguyeckne TPAHCKPUIIIMOHHBIE (HaKTOpbl  3YKapHOT. TpaHcKkpunuoHHbIe  (GaKTOpbI,
cojepaliie MOTHB  LHHKOBBIX  IAalbLEB l-ro knacca: CTPYKTypa, chneuupuuHOCTb
p3aumoneiicteust ¢ JJHK. [luHK-comepKamipe MOTHBBI IJIFOKOKOPTHKOUIHBIX —PCLEITOPOB,
JMMepH3aIis penentopos u ceaspBanue ¢ JIHK. Petunonna-X-peuentopsl. Penentopbl CHPOTEL

TpaHCKPUIIMOHHEIE (paKTOPE! ¢ OHHYKICapHbIMH IUHKOBBIMU KIIACTCpamMu (GAL4): cTpyKTyp2a U
crenudrueckoe ysuaanme JIHK. Jlumepusanus TpaHCKPUMUHOHHBIX (aKkTopoB € y4acTHEM
«TeHIITHOBBIX MOIHHHY» (cTpyKTypa 1 B3aumoeicteue ¢ JIHK GCN4, MyoD, Max).

CTpykTypa 6enKoB, IPHHAMAIOIIMX YYaCTHe B Iepe/iaye CUrHana B KICTKy.

G-6es1kn, ux crpykrypa u dynkuun (Go , GB , Gy ). Ras-0enok. B3aumoelicTBue IMTOKMHOB X
OJUNENTHAHBIX TOPMOHOB ¢ pelenTopaMu. THPO3HH-KMHA3HBIE PELCIITOPEL. SH2-u SH3-monynu,
UX CTPYKTypa H poib. CTpyKTypa Src-THPO3HHKHHA3L.

CrpykTypa hakTopoB OEJIKOBOTO CHHTE3A.

@akTopbl 0EIKOBOr0 CHHTE3a, Kak GTP-cesspiBatomme  Oenxu  (EF1, EF2, EF3 u 1p.)
dyHKIMOHATBHEIE MepecTpoiiku. CTpyKTypa PHK-y3natomero motuBa. CTpyKTypa pHOOCOMHBIX
OeIKOoB.

TTocTTpaHCSUMOHHAS MOAM(pUKAIHs OETKOB.

VoaupoBanue 0CTaTKOB THpo3uHa. OOpa3zoBaHHe OCTATKOB ¥-KapOOKCHITTFOTAMHHOBON KHCJIOTHI.
T'unpokcunupoBanue 6eIKOB. ALICTHINPOBAHUC 1 ADP-puGo3uupopanue OeKoB.

docpopunupoBanre Oenko. [IpoTeMHKHHA3BI U npotennpocaraspl.  CynbparnpoBaHue
THPO3HHA.

OrpaHiyeHHbIA IPOTE0IN3 OenKoB. [TpoTeonuTHYECKAs aKTHBAIUA 3UMOTEHOB.
[IpoTeONMTHYECK I TPOLECCHHT  NPEIIECTBEHHUKOB GUOJOrMYECKM AaKTHBHBIX IMENTH/IOB.
Crinaiicur GenKoB (MHTEHHBI).

[nukoswinpopanue Oenkos. [MKOMpOTEMAbl W IENTANOTIAKAHBI. N-rnukonporenssl u O-
[JIMKOTIPOTEHHBI.

Jlunonpotensl. Jlunonporenbl ¢ C-KOHLUEBBIM IIHKOJTHIUIOM. JIunonpoTen sl ¢ N-KOHIEBOH
JUMAHOM rpynmoit. [IpeHnInpoBaHHbIe OSTIKH.



W36uparenbnas gerpafauus OenkoB. ATP-3aBUCHMBIH IIPOTEOJIH3. YOUKBHTHH U €ro y4actue B
MoauduKanuu GelKOoB U B Npolecce Aerpanamuy. IIporeacomel.

Umkenepust OIKOB.

ITonyueHue MyTaHTHBIX O€JKOB MeTojaMH caiT-crenmpuyeckoro wmyrarenesa. [lomyuenme
ciuThix OenkoB. Cunres Genkos de novo.

2. CTpykTypa H GHOCHHTE3 HYK/JIEHHOBBIX KHCJIOT
Crpykrypa JJHK.

JKCIIePHMEHTHI, JoKasbiBatolye resernueckyio ¢ynknuo JIHK. 'mOkocth NBOHHOM CHHpaHA
JTHK. dusuueckue napamerpsl kKoHpopmaunonusix gopm JTHK. Hexanonmueckue dpopmsr JTHK.
[lapsr Xyrctuna. Tpurmekcel.  G-KBaipyriekcel. [-moTuBbl — Brmsuue HYKJICOTHIHOM
nociegoBatensaoctd Ha cTpyktypy JHK. Cepxcmmpamusauus JHK. Ilonstne o mapameTpax
CBEPXCIHMPAIU30BAHHON MOJIEKYJIbI JIHK. KonpopmauuoHHBIE IEPEX OBl B
CBepXCIUPATN30BaHHOM MoneKyne. Tormonsomepassl U TONMOU30MEPHI JJHK. Tune! Toronzomepas.
PeryJisiiiist ypOBHSI aKTHBHOCTH TOIIOH30MEpPa3 B KJIETKE.

Pennuxkanus [JHK.

Tounocts Bocnpoussenenus JHK. Ilomumepassl, y4yacTBylOIME B pEIJIMKallnd, HX
epMeHTATHBHAS AKTMBHOCTh. BH/IKA PEIUTHKALMH, COOBITHS HA OTCTaloLiei HUTH. DEepMEHTH B
perumnkanuonHoi Bunke. JIHK-nonumepasa I11 kumeyrod ranouxy. [oHATHE 0 MPOLECCHBHOCTH
nosnuMepas. Ponmb QuMepHOl CTPYKTYpbl B Koopaunaumuu cuHtesa JIHK Ha KOMMIEMEHTapHBIX
nutsx. Ocobennoctn JHK-monuMepas 3ykapuoT. Perymsuus uHuImanuy perymkamua y E. coli.
CtpyKTypa y4acTka crapra pemukanuu (origin). CTpyKTypHBIE IIEPEXObI JIHK B patione crapra
perukanud. [loHATHE O pemmukatope. Poib METHIMPOBAaHMA B pPEry/AlUHH PEIUTHKALHH.
TepMuHaUUs PeILUIMKaKMK y OaKkTepuil.

OcoOCHHOCTH PEryJISILHK PETUTHKAIUH TUIa3MHUI.
PerUIMKOHBI y 3YKapHOT, WX WH3MeHuuBaocThb. [loHATHE O CTAlMOHAPHBIX «PETIHKATHBHBIX
dabpukaxy. Ori y IpoXkiKei, UX CTPYKTYpHO-(QyHKIMOHATIBHAA OPraHH3alHsl.

MoJteKyIApHBIE MEXAHU3MBI, CBSI3BIBAIOIINE KJICTOYHBIM LMK H PEIUIMKALHAIO JJHK. [IMKIMHBI H
IIPOTEMHKHHA3EL. [IPOTOOHKOTEHBI, Y4AaCTBYIOIIME B PETYIAUNA KICTOYHOTO LHKIA. Pacnucanue
pEIUIMKAIMU YYaCTKOB XPOMOCOMBI B KJIIETOYHOM LHUKIIC.

Jlokanbhas ammnudukanus yuactkoB JHK B paseutvn. Bo3MOXHBIC MEXaHM3MBEI JTOKaJIBHOHI
amruuKammu. AMIUIMKOH. [IpeicTaBienne 00 3BOJIOLMH TEHHBIX cemeiicTB. Penmkanus 1o
THny «Karsmerocs Konbua (barosas JJHK).

IIpo6aemMa perUiKaluy JTHHEHHOrO HE3aMKHYTOro (parMeHTa JHK. Tenomepsl. Tenomepasa,
ocobenHocTH CcTpyKTypHoii opraxusanuy (PHK-koMIoHeHT). Teopusi crapeHHs B CBs3d C
JMHAMUKOH CTPYKTYpbl TeloMmepbl. HEKaHOHWYECKHEe CTPYKTYpPBl B paiiOHE TEIOMCPHBIX
nocnenoparenbaocTeit. OcobeHHOCTH CTpyKTypHOW opranusanuu JIHK B paloHE LEHTPOMEPBI.
MckyccTBeHHAS XpOMOCOMa Y 9YKapHOT.

PennukarusHoe Metuauposanue JJHK. Monndukamus S-METHIIMTO3WHA U MyTallHH. Metunassl y
JYKapHOT. 5-a3allUTHIMH KaK HMHIHOUTOP METHIHPOBAHHS. VIMOpUHTHHT TE€HOB H €ro
6uoorHyecKue nocieacTus. JlokasareIsCTBa PO METHIIMPOBAHUS B Pa3BUTHH MO3BOHOIHBIX.



Pemapauus JTHK.

[psiMas penapanys THMHHOBBIX IHMEPOB M METHIMPOBAHHOTO TyaHMHA. [ JIMKO3MIIa3bL.
Y panunriadKo3uiasbl. DKCHM3UOHHAS pernapanus, (epMeHTH. MexaHu3M IpeHMYIIECTBEHHOH
pernapauuy TpaHCKpUOUPyEeMBIX I'€HOB.

bonesnu, oOycioBIeHHblE nedeKTaMH pernapanvd. MexaHu3M penapanid  HECHapeHHBIX
HYKIeoTHI0B. Pone MeTunuposanus. SOS-penapauus. [IpeacraBnenus o6 omubkax peruiMKalyH,
00YCIIOBIEHHBIX CKOJBKEHHEM HHTei mpu peruiMkanuud. MexaHusM o0pa3oBaHus KOPOTKHX
MOBTOPOB. MHKpO- U MUuHMcaTeIUIUTEl. KOPOTKHE TaHIeMHBIE TOBTOPBI. « DKCIAHCHS TPHIIETHBIX
[IOBTOPOB» U JUHAMHYECKHE MYyTalUH.

PexomOunamnus.

[Toastne 06 oOmel (romoioruuHoil) u cairtcnenuduyeckoil pexomOunanuu. Pasnuune
MOJIEKYJIIPHBIX MEXaHH3MOB OOIIeH 1 calTcrnenupryecKo peKoMOHHALMH.

Mojienb peKOMOMHAITMY, MpeIoNaraommas ABYHATEBOM paspblB M penapanuio paspbisa. Poib
peKoMOMHAIMM B [OCTPEIUIMKATHBHOM pemapanuu. CrpykTypel XOUTHAes B MOJCIH
peKoMOMHAIMK. MHUTpalMs BETBH, TIEeTEPOIYINIEKCH, pa3pelleHHe CTPYKTyp Xosuidjes
(bepmeHTHI).

[eHHas KOHBEPCHS, aCHMMETPUYHOCTH T€HHON KOHBEPCHH. [1poayKThl peKOMOMHALMOHHOIO aKTa,
conpopoxkaaromerocs oomenoM ¢nanramu. [locTmeiioTnueckas cerperauus y HPOXOKeH Kak
JIOKA3aTeNbCTBO reTepoayIieKca IPYU PEKOMOHHALIHMH.

Susumosorus pexkombunammu y E.coli. RecBCD-kommieke. Benok RecA. Ilpecunantuyeckui

(bumaMeHT, TmapamMeTpel €ro MOJEKYJIApHOH CTpYKTypel. OOMeH HHUTAMH IIpd  CHHAICE.
OcobeHHOCTH MUTPALIAK BETBH.

JIBYyHHTEBbIC pa3pbiBbl W TreHHas KoHBepcHs. Jlokyc crmapuBaHms y [IPOXOKEH, peryisuus
sKcpeccuu. Pa3MHOKeHNE HHTPOHOB M F'eHHAsi KOHBEPCHSL.

Caiit cnenuuyeckas pekoMOHHANMSA. THIIBI XPOMOCOMHBIX IEPECTPOCK, OCYIIECTBIAEMBIX MPH
caifT-crerbuyeckoit pekoMOuHaIMK. MoneKy/IsspHbIi MeXaHu3M JeHCTBUA «peKomOuHas». Porb
caifT-crrentnduyeckolf peKOMOMHAIMK B SKCIIPECCHU TeHoB y (aros. MuTerpanus dara namba.
PexomGunasza Cre dara P1. LoxP-caiitel. CaiiT-crieunpuyeckas pexoMOMHAUHMS IBYHHTEBOH
IUTa3MHUIB] APOACKEH.

PexoMOHHAIHMSA Y BBICIIUX JYKAPHOT.

OCOGEHHOCTH PEeKOMOMHALMU PHOGPA3OBAHUH T'€HOB MMMYHOTJOOYIMHOB M peuentopoB T-
ki1eTok. CurHansl pekoMOuHanmu. MoeKy/IsSpHbIe MEXaHH3Mbl «IIPOrpaMMHPOBaHHBIX oLIUO0K»
MpU CIMSHHM BapuabeNbHbIX M KOHCTAHTHBIX YYacTKOB reHa. MarpudHble M HEMATPHYHBIC
MeXaHHM3MBI JJOCTPOMKH CIINBAEMBIX (PparMeHTOB.

TTOMBIKHEIE DIEMEHTHl F€HOMA IPO- M JYKAapHOT. [S-mocienoBaTe bHOCTH, HX CTPyKTypa. IS-
[I0C/IeI0BATENBHOCTH KaK KOMIIOHEHT F-(hakTopa OakTepuii, OIpPEEISIOMEro CrocobHOCTh
nepejiauy reHeTHYeCKOTo MaTepralia IpH KOHBIOTalHHU.



Tpancrnosonsl Gakrepmit (Tn3, Tn5, Tn9, Tnl0). Mexanusmpl TpaHcnosuuun. PesonbBasa,

(GyHKIMH pe30/bBa3kl. POsb CBEPXCIUPANU3ALUM TIPH TPAHCIIO3ULMH. Perysuus TpaHCIO3HIHHA
Tn10.

Tpancno3oubl 3yKapuoT. JIByXKOMIIOHEHTHAs CHCTeMa TPAHCNO30HOB. IloHBIA (aKTHBHBIHA) H
neeKTHBIM TPaHCIO30HBl. BIMAHHE TPAHCIO30HOB HAa AaKTHBHOCTb TE€HOB Yy PpAacTeHHH H

HpOCTp&HCTBCHHBIﬁ PHUCYHOK DKCIPECCHH I'€HOB. Hpe,[[C-TaBJ'[BHHS O TOPH30HTAJIBHOM TIEPEHOCE
TPAaHCIIO30HOB.

Wcnonp3oBaHne TOMOJIOTHYHOW U calT-cnenuduyeckoif pekoMOMHAIMM B HM3YYEHHH TICHOB
3yKapuoT. MeTo «HOKayTa» I'€HOB.

TpaHckpunuus y IpoKapHor.

Ocobennoctu cTpykTypel PHK-momumepassl. 6 -dakrop. Craaud TPaHCKPHIIIIMOHHOIO IHKIA.
Penmkamus ®  TpaHckpunuus. Ceepxcnmpamusamus ©u  TpaHckpunuua.  Curma 54

«DYKApHOTHYECKUAE IJIEMEHTB» B PETYISLUH TPaHCKPHNIMH. TepMUHAIMs TPaHCKPHUIILHA.
[lonsspHBIE MyTaLHH.

HeratuBHas W mosutuBHas peryisuus TpaHckpurnuuu. CAP-Oenox. Perymsuus TpaHKpUIIUH B

paseutun (Qara A. Ilpunuunsr ys3sHaBauus JHK perynaropubivu  Oenkamu. ATTEHIOALMS
TPaHCKPHIIITHH.

Tpanckpunums y 3yKapuor.

I[IpomoTop y aykapuot. BasanpHas Tpanckpumius. QakTopbl TpaHcKpunuuu. lIoHATHE O IHC-
JEHCTBYIOIIMX JJEMEHTax. [paHC-aKTHBALMA TPAHCKPHILMH. OHXaHCEpPbl M CaH/ICHCEPBI.
«Momgymn» mocnenosatenbHocteidt  JIHK, y3naBaembie cnenupuueckumu Oenxamu. Pomb
«0OpaTHOM TeHeTHKU» B PA3BHTHH MPEACTABICHUH O PETYJISLMH TPAHCKPUIILIUH Y IYKApHOT.

BeJikoBble JOMEHSI, y3Haomme cnenuduyeckne nocienosareabHocT JJHK. ['oMeoioMeH 1 reHbl-
cenekTophl. «JleHuMHOBasE MOJHMSA» H IHMEpH3alus (HaKTOPOB TPAHCKPHUIILIHH. «luHKOBEIE
[TaJIbIBIY.

SlepHble PeLenTOpbl FOPMOHOB, UX TUIBI M 0coGeHHoCTH y3HaBanus JIHK. PerenTopsl-CHpOTHL
PeruHoeBasi KMCIOTA. DJIeMEHThI KOHCEPBATU3Ma B CHCTEMAaxX PETyIALMHA TPAHCKPHUIILIKY.

BHelIHHE CHIHAIbI, AKTHBHPYIOIUIME TPAHCKPANIMIO reHoB. CHCTeMa IPOBEACHHS CHTHAJIOB.
CemeiicTBa MpoTOOHKOreHoB Jun i Fos kak (HakTopoB TPaHCKPUIIUKHA. AJIbTEPHATHBEI IIPH BBIOOpE
nyTH passuths — nuddepenuuponka/ mpomudepanus. Caiitel AP1 u CRE B npomoTOpax.

TpaHCKPUIIMOHHBIE (DAKTOPhl B DPa3BUTHH MHOTOKJETOYHBIX —opranusmoB. Ilomatue o
MoporeHax, mpuMepsl. [[pOCTPAHCTBEHHO OTPaHHYEHHBIE MOP(QOreHeTHIECKUE rPAIUEHTEL.

XpOMaTHH.

CrpykTypHas opranusauus HykieocoM. Hykieocomsl u Tpanckpumnuus. Moauukaus rucTOHOB
M JUHAMHuYecKas CTpyKTypa xpomaruHa. COOpka HYyKI€OocOM, €€ ITalbl, HYKJICOIIasMHH.
3aKOHOMEPHOCTh PACIIOJIOKEHHUST HYKJIEOCOM OTHOCHTEIBHO NPOMOTOPOB M yYacTKOB Ha4aja
pernkaunu  (edisunr Hykneocom). IlpeacraBneHue 0 «IepeMOJCTHPOBAHMMY) XpOMAaTHHA.
AKTHBHOE  mepeMmojenupoBaHue. MerunupoBanue/ieMerunuposanne  JIHK,  cBisp  ¢©
MoaudHKanuei TiCTOHOB U U3MEHEHHEM aKTHBHOCTH I'€HOB.



OcoGeHHOCTH CTPYKTYPBl XPOMATHHA IOJIOBBIX XPOMOCOM B CBS3M C KOMIICHCAUMeil pa3iniui
YKcIa reHoB X-XpOMOCOMBI Y Pa3HBIX MOJIOB.

I[IpencTaBneHHe O METENbHOM OpraHusamuu  XpoMocoM. Slnepubif  martpukc.  Jlokyc-
KOHTPOJIUPYIOLIKE PAHOHBI U KMHCYJIATOPBI». BHyTpHsnepHas apXUTEKTypa XpoOMOcoM. SBieHue

TPAHCBEKIIMH.

[Tpoueccuur PHK.

Onpeenenne npoueccunra. UHTpoHsl, crutaiicudr. Kiraccudukarus uHTpoHOB. MHTPOHbI ITPYNIIbL
1. OcoBGEeHHOCTH CTPYKTYpbl M MEXaHH3MbI CIulaiicuHra. PHOO3MMBI, HX CHEUH(PUYHOCTD.
Bo3MOKHOCTH IpuMeHeHus Ui «Hokayta» PHK. MHTpOHBI Ipynmel 2, MEXaHW3M CIUIAACHHTA.
WuTtponsl rpymm 1 1 2 y pa3HbIX OPraHA3MOB (9BOIOLUOHHBIE CBS3H).

Crunaitcnar npe-MPHK B snpe. Ponb maneix sepubix PHK u 6enxoBex daktopos. CruraiicocoMa.
moardukams KoHeBbIxX odnacte MPHK — KannpoBaHue, 1oJiInaeHuIMpOBaHue.

Ocobennocru nponeccunra TPHK u pPHK y Gakrepuit. OcoGennoctu npoueccunra pPHK B
sapsike. PHKaza P xak pubo3um.

Tpauc-cnimaiicunr.  Ero  pacmpocTpaHeHHe.  AJIbT€DHATHBHBIA  CIUTAHCHHT, — NPUMEPBL
BHONOTHYECKHEe TIOCTEACTBUSl aJbTEPHATUBHOTO CIUIAMCHHra. OJHXAHCEPHl M CaHJICHCEpHI
crutaiicunra. SR-6enku, 0cOOEHHOCTH CTPYKTYPBL, POJb B albTEPHATHBHOM CILTAHCHHTE.
Penaxkruposanue PHK. Monexy apHble MeXaHM3Mbl. THIIbI peIaKTHPOBAHHS (mpUMepBI).

Jerpanamus anomansHeIx MPHK.

OO0parHas TpaHCKPHITLIHS.

Ponb oGpaTHON TPAHCKPHUIILMK B OBOJIONMH M H3MEHUMBOCTH TeHOMA. PeTpOTPaHCIO30HBI, HX
TUIBL PeTPOTPAHCIIO30Hb], COAEPIKALMe IIMHHBIE KOHLEBBIE TNOBTOPBL Ty-dIeMeHT IpOsOKeH.
[ceBnoreHsl. Bo3MOKHBIE HCTOYHHKY 00paTHON TPAHCKPHITA3EL

3. CTpykrypa pudocom B Onocunres feska
Crpykrypa u ¢pynkunn PHK.

Mup PHK. OcHOBHBIE THIIBI M OCHOBHbIE (YHKUMM KIETOUHBIX H BHPYCHBIX PHK. O6ume
IIPUHIKILI BTOpUYHOR cTpykTypbl PHK. ['HIoTe3a 0 IPOMCX0XKACHIH XKU3HH HCPE3 PHIK.

[eHeTHueCKHii KOJ M ero cBoiicTBa. PacimmdpoBka reHerudeckoro kozia. OTKIOHEHHS OT
YHHBEPCATbHOCTH T€HETHIECKOr0 KOJa.

TPHK, ee dyukuuu. Bropuunas u tperuynas ctpykrypa TPHK. Ctpykrypa aHTHKOJOHOBOM IETJIH
TPHK. Amunoaunin-tPHK-cuaTeTassl — n8a kinacca. Cynpeccopubie TPHK.

Crpykrypa puboCoM.

Mopdonorust # cOCTaB 3yKapuOTHYSCKHX M MPOKAPHOTHICCKUX pubocoM. IIpHHLMITEL CTPYKTYPbI
pudocomubix PHK. Jlomensl. KoMnakTHOe CBOpauMBaHHMC. PubocomHbie O€IKH: HOMEHKIATYpa,



pa3zHooGpasue, IIPHHIUIIEI CTPOCHHS H JOKATU3aLUs B pudocome. OCHOBHbIE SKCIIEPHMEHTAIBHBIC
TIOJIXO/1bI K H3yUEHHIO TONorpadii puOOCOMHBIX OEITKOB.

Jlucconmanus, pasBopadnBanue U pa3dopka pubOCOM.
DyHKIHOHATBHbIC AKTHBHOCTH U (yHKIIMOHANBHBIE aKTHBHOCTH pudocom.

Tpancasauus.

[Toc/1e10BaTENbHOCTD COOBITHI TPy cuHTe3e Genka. TpaHcIaunOoHHbIH UMK CTaluH TPAHCIALHA.
[Tonupubocompl. CKOPOCT TPAHCIIALIMH, TPAH3UTHOE BPEMS.

Wuunuarys TPaHCIAIUMKM — oOliHe MPUHIHMNEL [IpokapuoTHYeCKUd M SYKapHOTHYECKUH THII
tpancsiud. OCOOCHHOCTH WHMIMALMH TPAHCIALIMH Yy NPOKapUOT. ViHuIuaTopHble KOJIOHBI,
unuuuatopaas TPHK, 6enkoBble GakTopbl TPAHCIALMH, prbocomo-cas3biBarolmil yaacTok MPHK.
HesapucuMasl MHANMALMS M TPAHCIISLUOHHOE COMNPSHKEHHE NPH TPAHCIALMHA NPOKAPHOTHHECKHX
nonuucTpoHHsX MPHK.

OcoGennoct sykapuotndeckoii MPHK ¥ HHHIMAlMM TPAHCIAMMH y OSYKapHOT. MexaHH3MBI
CKaHWPOBAHHWA U BHYTPCHHEH HHUIMALUH. KAn-CBA3BIBAIONIAM U XEMTUKa3HBIH KOMIIJICKCBI MPH
HMHHUIHALIY TPAHCIIALHH Y 9YKapuoT.

JNOHrays TPAHCIAUMHA. DIOHTAIMOHHBIA HKIL. PAKTOPBI JIOHTALAH.

Cramus cBs3piBaHus  amuHoaumn-TPHK B 3MOHrallmOHHOM — LHKIIE. CrepeoxuMuss KOJOH-
AHTUKOIOHOBOTO B3amMonekictus. Pakrop amonrauun EF-Tu, ero cTpykTypa U B3aUMOJICHCTBHSL.
Vicnpapnenue OWMGOK («PeNAKTUPOBAHHE») TIPH  CBA3BIBAHHH amuuoanut-TPHK.  Bkian
ckopocteit peakiun u GTP. T'mmoresa Kpuka o HEOIHO3HAYHOM COOTBETCTBHH IIpH KOJOH-
AHTMKOIOHOBOM criapuBanuu (Wobble-rumoresa).

OG6pasoBaHue TENTHIHOW CBSI3M: XHMHYECKUE PpEaKInH, MenTuIITpaHCc(hepasHblil  LEHTP,
CTEPEOXUMHUSI TPAHCIIETITH IALIHH.

Jloxuoe koauposanue. PaKTOphl, CTEMYIHPYIOLIME JIOXKHOE KOIMPOBAHUE. MexaHu3M AECHCTBUS
AMWHOIIMKO3MIHBIX AaHTHOMOTHKOB U MEXAHHM3M YCTOHYNBOCTH K HUM.

Cranusl TPAHCIOKAI[MM JJIOHTAIIMOHHOIO IHKIA. OCHOBHBIE DSKCIIEPUMEHTA/IbHBIE TECThI Ha
TpaHC/IOKAIMI0. MOEKyIsSPHBIH MEXaHU3M. daxrop snonraumu EF-G, ero crpykrypa # €ro
p3aumoyieiicTBUs. KOHIENIUs MEePEXOHOrO COCTOSHHUS MPH KaTalh3e CTaJuil IJIOHralMOHHOIO
1uKiIa GaKkropamu MoHrauuu. Pons runponusa GIlF

MexaHu3M KOJHPOBAHKS CeeHOLUCTEMHA —21-1 aMHUHOKUCIIOTEI B fenkax.

JOHIAMOHHBIE TOKCHHBI, MEXaHM3M HX nedcTBhs. MexaHusm NefcTBHA TeTpalMKIMHa |
YCTOWYMBOCTH K TETPALIUKIUHY.

TepMunauus TpaHCasAiMH. TeKy4ecTh CTOMN-KOLOHOB. TPHK, OTBeTCTBEHHBIE 33 TEKY4YeCThb, HX
AQHTUKOJOHBI.

CKOJIbYKEHHUE | IPHDKKH PUOOCOMBI IPH TpaHCHAUuH. CIBUT PAMKH CYHTBIBAHUSA [IPH
TPAHC/IAIEAY — IBA MeXaHH3Ma. TpaHCIAMOHHBIC TTay3bl, HX MEXaHH3M 1 (GyHKLHOHAIBHOE
3HAYEHHUE.



PenHuUMALNA Y IPOKAPUOT U DYKApHOT.
Perynsuus TpaHCIAnum.

OCHOBHEIE [IPHHLMIILL PErYIANNUH TPaHCISIIHH.

Juckpumubauuss MPHK y npokapuoT u 3yKapuoT B MpOLECCe HHHIMANMU TPAHC/ALHH.
Moaynsiuust AUCKpAMHHALIMH ¥ 3YKapHoT.

TpancnsuroHHAs pernpeccus y MpokapuoT. [IpuMep aBToperyMpyeMoro CUHTesa tpeonun-TPHK-
cunrerass. Perymsanus Tpascasiun MPHK pubocoMHbIX ONKOB y NpOKapHoT. Peryisnus cuHTe3a
dakropa Tepmunauuu RF-2 y Gakrepuit.

PHK ¢ara MS2 u perymsnus KCIPECCUH €€ LHUCTPOHOB.

ToTasnpHas peryssius cuuTe3a Geka y 9yKkapuot depes pocdopunupopanne $pakropa HHAIHAIUU
elF-2.

TortanpHas peryisamnus cuHTe3a O6eKa y 93yKapuoT uepes dochopunpoBanue GpakTopa HHALHALIH
elF-4 u cesspiBaroniero ero oenka 4E-BP.

Perysuus TPaHCISIME y DyKapHOT KOPOTKMMHK OTKDPBITBIMH PaMKaMi CUMTBHIBAHHUS B NTUAEPHOH
I10C/IeI0BATEIbHOCTH.

TpaHcnAuUMOHHAs penpeccus y Oykapuor. llpuMep perynsaunu CHHTE3a bepputnna. J[IBa
MEXaHH3Ma TPAHCIALMOHHOM penpeccuu: HMHrHOMpOBaHHE — CBA3BIBAHHMA  HHUIHMATOPHOTO
KOMILIEKCA ¥ HHTHOMpOBaHKWEe CKAaHUPOBAHMUS.

Perynasiius CKOpPOCTH 3JIOHTAllHH.

3’-KOHIIEBbIE YCHJIMTEIH MHHIHAIUK TPAHCIALUMH Y JSYKapuoT H BO3MOJKHBIN MEXaHH3M HX
IeHCTBHA.

Mackuposanre MPHK B 3apojblmeBbix KieTkax. MackupoBaHHe M IEMAaCKHPOBAHHE MPHK B
IMOPHOHAJIGHOM Da3BTAW W TPH KIETOYHOH IH(QepeHInpoBKe. [TprMep NUIIOKCHT€HA3bL
KPaCHBIX KPOBSHbBIX KIIETOK.

Uudopmocoms! u ocuoHOH Gerrox MPHIT. BosmoxHast $yHKIHOHAIbHAA PO OCHOBHOTO Oenka
MPHIIL. Jipyrue MPHK-cBsi3biBatomue 6enxu MPHIT

Cexpenusi O€IKOB Y IIPO- U 3YKApHOT.

TpaHcnsmus W TPAHIOKAIMSA CEKPETUPYeMbIX OElKOB Hepes memOpany. CHUrHajbHas THIIOTE3a
cekpenuy 6eKkoB. OCOGEHHOCTH CTPYKTYPBI CUTHATBHBIX [EMTH/IOB.

dDopMHUpOBaHKE IPOCTPAHCTBEHHOH CTPYKTYPBI OeJKoB.
MexaHnu3MBbl, 06ecleynBaoIne IPaBuiIbHOe CBOpaYnBaHHE MTOMUIICTITHAHBIX ueneii. [llanepoHsI.

4. 'enoMuka



Onpejeneaue IeHOMUKH. [IpeiCTaBleHHs O METOJaX MCCIeOBAaHHH, TNPUBEAMNIMX K
BO3HUKHOBEHUIO TeHOMUKH. MoeIbHbIe OpraHu3MBbl, HCTIONB3YEMbIE IS U3YUEHHs CTPYKTYPbI U
dynkuumii resomos. CpaBHUTebHAS reHOMuKa. CpaBHEHHE HYKJICOTHIHBIX TI0C/IEN0BATENBHOCTEH
KaK CPeJACTBO U3y4eHUs (PyHKIIMI T€HOB.

KapTHPOBﬁHHe I'€HOB KU I'CHOMOB. COBPGMC‘HHBIG pEACTABJIEHMA 0 METOIAaX CEKBCHHUPOBAHU A
I'€HOMOB.

[lpeacraBnienue O pasnUYHBIX BHAAX KapT reHoma. @Musnueckue KapThl reHoMOoB. KapThl
PECTPHKTHBIX (parMeHTOB. BUOMHOTEKM IeHOB, NPUHLHIBLI HX CO3[aHHA, NPEACTABHUTEIbHOCTE,
METO/BI CKPUHHHTA. BeKTOpbl, HCIONb3yeMble A co3gaHus 6ubnuorex. KapTel reHOMOB Kak
Habopsl yropsanodeHHsIX KnoHoB. Konturu kiaoHoB. STS (sequenced tag sites) Kak MHCTPYMEHT
cocTaBneHus Gpu3nueckux kapt reaomos. [IpuHimn nomimepasHoi nenHo# peakuuu (I1LIP).

['eneruueckoe kaprupopanue. [lomumopdusm reHomos. [lomumopdusM JUIHH pPECTPHUKTHBIX
dparmentos (ITJIPD). Munu- u MUKpocaTe/UTHThl. MOHOHYKICOTHIHBIH TomuMopdusm (Single
Nucleotide Polymorphism, SNP). Beicoko, cpease u peIKOIOBTOPSFOLIHECS TOCIeI0BAaTEIIEHOCTH.
[anmorunel. HacnenoBanue TarutoTAIIOB U peKOMOUHAMK. EQMHNLIBI TeHETHYECKOrO PAacCTOSHHUS.
[Tonumoppu3M TeHOMOB Kak OCHOBA TEHOMHOH JaKTHUIOCKONMHM. MoOneKy/spHO-TeHeTHYECKHE
OCHOBBI MAEHTHPUKAIMH JTHUHOCTH. MoJleKyIspHo-reneTHYeckne Mapkepsl (MI'M), onpenenenue,
HHGOPMATUBHOCTD, MCIIOIb30BAHHE MUl TOCTPOCHHS TEHETHYECKOH KapThl. MHTErprpoBaHHBIC
kapThl reHoMoB. Mcnons3oBanne MI'M 118 KapTHpOBaHHUS T€HOB, OTBETCTBEHHBIX 3a Pa3BUTHE
HacseACTBeHHBIX 3a00neBanuii. [T03UIIMOHHOE KApTHPOBAHUE IE€HOB.

[lousTve © XpoMOCOMHBIX abeppauusx. Tpascmokauuu. [Jeneunu. LluTorenernyeckas
uaeHTHUKaus abeppaiuii.

Beigenenne QparMeHToB reHoma. ['eHoMmHble OuOmuorexkd. Iloumck KIIOHOB B TI€HOMHOH
GubnoTexe. [IPUHIMII IIPOTYJIKH 110 reHoMy. [Touck rena B Gonbimoi obnactn renoma. Cosaanue
u ananu3 6ubmmotex kJIHK. Yrnopsnodenusle 6ubmuorexn k/IHK. Berauraromas rubpuausanms
KaK METOJl CPAaBHEHMS T€HOMOB.

Oco0eHHOCTH CTPYKTYPBI TEHOMOB BBICIIMX 3YKapHUOT.

VHUKAIbHbIE U MOBTOPSIOLIMECS HYKICOTHIHBIE TOCIEI0BATENIbHOCTU. ['eHbI KOUPYIOMIHE PHK
(pPHK, TPHK, Mmansle sjaepHble M IMTOIIa3MaTHYECKUE PHK). T'ensl, komupyooume OelKH.
MynbTurennsle cemeifctBa. TaHmeMHble MOBTOPhL. MexXaHu3Mbl 00pa30BaHHA ¥ OBOJIOLMU
TAHJEMHBIX MOBTOPOB. [IOBTOPSIOLIHMECS TOCIEI0BATEIBHOCTH, PACCEIHHBIC MO TCHOMY. SINE #u
LINE seMeHTbI. DHIOTeHHBIE PETPOBUPYCHbIE 3eMeHThL. LleHTpoMepHbIe OBTOPBL. TeloMepHbIe
IIOBTOPBI.

I'eHOMEI Opranes1 (MUTOXOHIpPHIL, X1oponnactos). [Ipoucxoxnenne JHK opranen.

WcTOuHNKH TTOTUMOPGOH3Ma reHOMOB.

Myrauuu. [puunnel mytanuit. Tuns: nospexaenu# [IHK. Anypuxnsanus. Jle3aMUHMUPOBAaHHE 5-
METHII IIMTO3MHA. CHCTEMBI 3aIHTHI TeHoMa OT MyTalui. Cxema KJIeTouHOro nukia. LiukiuH-
3aBMCHMBIE KHHA3bL. [ eHbl cynmpeccopsl omyxoueil. ['en 6eska pS3, posb B penapanuy 1 aronTose.
WnakTrBaLus p53 B OMyXoJeBbIX KieTKax. Penakrupopanue renoma. Crucrema CRISPR/Cas9.

MoHoOreHHble HacIeACTBEHHbIe 3aboieBanus. Bpoxmenubie nedektbl MeraGommsma. [Ipnmepsr
MOHOT€HHBIX 3a60/eBanuit. OeHNIKeTORYpHs. MyKoBHCLIA03. MbImednas quctpodus [Jromera.



W3ydenne GyHKLUMH reHoMa.

[IpencraBienne 0 (QYHKIMOHAIBHON IeHOMHKE. AHATN3 OMOXMMMYECKHX (YHKIHME METOIaMH
OGHOMH(OPMATHKHA — TOMOJIOTUSl CTPYKTYp/aHanorus QyHKIUH.

KIIOHHpOBAaHNE M JKCIPECCHs M€HOB B FETEPOJIOrMYHBIX cHcTeMaX. KomIieMeHTauus MyTaiui.
PHK unTepdepeHLns Kak METO I101aBJICHHUS YKCIIPECCHH T€HOB.

['eHeTHueckas UH)KEHEPHUS KaK HHCTPYMEHT M3YUCHHS I'€HOB U TCHOMOB.

Co3jaHde TpPAaHCTEHHBIX JKHBOTHBIX. DBBeleHMe TpaHcreHop B nponykieyc. Ilomyuenue
SMOPHOHANBHBIX CTBOJIOBBIX KIETOK. IloJydeHHe TOMO3MIOTHBIX TPAHCIEHHBIX MBIIIEH ¢
OMOIIBI0 SMOPHOHATBHBIX CTBOJIOBBIX KJIETOK. [IPUHIMIIBI CENEKLUH COMATHYECKHX KICTOK.
JloMUHAHTHAs CEEKIIUA.

Vlcnosb30BaHHE PETPOBHPYCOB JUIsi TpaHcreHosa. JKU3HEHHBIH LMK peTpoBupyca. [IpuHIHIEI
KOHCTPYUPOBaHUs PETPOBUPYCHBIX BEKTOPOB.

JKCIIpecCHs T€HOB B TPAHCTEHHBIX JKUBOTHBIX. PerynsTopHBIE 3JIEMEHTHI, HEOOXOMMMBIE I
3KCIPECCHH. JHXAHCephl W TPOMOTOPBI, CAWUTHl TIOJHAACHUIHMPOBAHUA, HHTPOHBL D¢ dexr
MOJIOKEHHS ¥ MOJXOIBI K €ro MPeo0SICHUI0. DIEMEHTBI IIPUKPEIICHUS. K SASPHOMY MAaTpHKCY.
Uncynaropel. Jlokyc-koutponupytomue obnacti (LCR). Iloaxonsl K H3YYEHHIO (hakTopoB,
BITMSIOIINX HA YKCIIPECCHIO UYIKEPOTHBIX I'€HOB. [ €HbI-pEnopTepsl.

[IpHHIMILL HATIPABICHHOW MOoAM(HUKALKK reHoMa. [IpHHIMITBI HEraTMBHO-TIO3UTUBHOM CENEKUNU
s oT6Opa JMHME ¢ HANpPAaBIEHHO BCTPOSHHBIM reHoM. HampasieHHBIC NepecTpOHKH reHoMa ¢
MCIIOJIB30BAHNEM cHCcTeMBI pekoMOrHass! Cre u caifitoB LoxP. «HokayT» reHos.

K/10HHpOBaHHE KHBOTHBIX. IlepeHOC SIep COMATHYECKUX KIETOK B Oe3bsIepHbIe SHUEKICTKH C
MOCTIE/IYIOMM KJIOHHPOBaHUEM JKHBOTHBIX.

['eHeTHuYecKas HHKEHEPUS PACTEHUH.

MoJteKy IspHble OCHOBBI [eHOTEepanuM. BupycHble BEKTOPBl M HEBHPYCHBIC METO/BI MEpeHOCca
IeHOB.

TlpuKknajHble  acTEKTH TeHeTHdecKol uHKeHepuu. OCHOBBI  0e30MacHOCTH paboTel ¢
pexombuxanTHEIME JIHK.
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