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IIporpaMmma BCTYNHMTENbHOI0 HCIIBITAHUA 10 CIENHATBHOCTH
«MouJiekyJsipHasi 0M0JIOT U

BBenenue

B ocHOBy Hacrosimiell mporpamMMmbl IOJOKEHBI CICAYIOIIME pa3lelibl: CTPYKTypa U (GYHKIHU
O€JIKOB; CTPYKTypa U OMOCHHTE3 HYKJICHHOBBIX KHCIIOT; CTPYKTYpa puOOCcOM U OMOCHHTE3 Oerka;
reHomuka. [Iporpamma pa3paboTaHa IKCIIEPTHBIM COBETOM BwIcmiel aTTecTallMOHHON KOMHCCHH
10 OMOJIOTMYECKHM HayKaM.

1. CrpykTypa n pyHKuMH (6€JIKOB

buonornueckue ¢ynkmumu OenkoB u nenTuaoB. DU3MKO-XMMHUYECKHE CBOMCTBA aMHUHOKHCIIOT.
Mertoabl ompeneneHus coaepkaHust Oenka. [lepBuuHas CTpyKTypa Kak YpOBEHb OpraHU3allUH
Oenxka. JlokazarenbcTBa MHIMBUAYAILHOCTH Oenka. MUKpOTeTepOreHHOCTh OENTKOB.

XHUMHYECKUE METOIBI UCCIICIOBAHMSI CTPYKTYPHI OCITKOB.

OmnpezneneHre aMUHOKHUCIOTHOTO cocTaBa Oenka. MeToasl OIpenesieHus] NEPBUYHON CTPYKTYpBHI.
@depMeHTAaTUBHBIE METOJbl (pparMeHTalUMu TMOJMIENTHIHOW 1enu. XHUMHYECKHE MEeTOJbl
crenn(UIecKOro pPacHICIUICHUsT MENTUIHBIX CBsi3ei. PasneneHue menTHIOB, MONTyYaeMbIX NpU
pacuerienuu  6enkoB. Ompenenenue N-KOHLEBBIX aMHUHOKHCIOT UM IOCJIEJOBATEIbHOCTEH.
Jlokanu3anus qucynbGUIHBIX cBs3el B Oenkax. [lenTuaHoe kKapTupoBaHue.

TumnoBsle peakuy XUMHYECKONH MOAU(PHUKAINK (YHKIMOHATIBHBIX TPYI. XUMUYECKast
MOJU(UKAIMS B U3YYEHUH MOJIEKYJISIPHBIX KOMIJIEKCOB U aKTHUBHBIX LIEHTPOB (DEPMEHTOB.

Macc-ciekTpoMeTpust OEIKOB.
KoHndopmannonHsle cBOMCTBA MOIUIIENTHIHBIX LIENEH.

CTpyKTypHBIE OCOOCHHOCTM MENTHIHOW CBs3u. CTepuyecKHe OrpaHUYEHUs W BTOpUYHAsS
CTPYKTypa mHoJunentuaHo uenu. Poib BOJOpPOIHBIX cCBsized B (OPMHUPOBAHMM BTOPUYHOU
CTPYKTYPBL. O-CIIUpAJIb KaK BAXKHEWIIMIA SJEMEHT BTOPUYHOM CTPYKTYypbl. Poilb OOKOBBIX
pajuKajioB aMHUHOKHUCIOT B (OPMHPOBAHUHU O-CHUpaleld. [B-CTpyKkTypa: NapajielbHOE U
aHTHUIapaJJIeIbHOE PacloJioKeHue 1enei npu GopMupoBaHuu cioeB. lletnu, ux mokamu3anus Ha
MOBEPXHOCTU OENKOB. B-IIMUJIbKA KaK 3JIEMEHT CTPYKTYphl OenkoB. Tormonoruueckue 1uarpaMmel,
UX 3HAYECHUE.

DopMHUpPOBAaHUE MPOCTHIX MOTUBOB U3 JIEMEHTOB BTOPUUHOM CTPYKTYpbl. MOTUB Ipe4ecKoro
KJItoya, MOTHUB 3 - -f3 . [loMeHbl, UX popMUpOBaHUE U3 CTPYKTYPHBIX MOTHBOB.

Tpetnunas ctpyktypa 6enka. CTaOUIBLHOCTh IPOCTPAHCTBEHHON CTPYKTYpHL. ['uapodobHoe sapo.
®opma, KOMIIAKTHOCTh M JUHAMHKa MOJeKynbl Oenka. Ponb nucynbdumHbix cBsizeil B
CTaOMIIN3aLUHN TPETUYHOM CTPYKTYPBl HEKOTOPBIX OEJIKOB U MENTH/IOB.

OCHOBHBIE KJTACCHI CTPYKTYP JJOMEHOB.

O -JIOMEHHBbIe CTPYKTypbl. Crimpanm3anus crimpaiei; GopMHUpOBaHHE JIOMEHOB M3 YEThIpeX O-
crimpajeii; TII00MHOBAs YIaKOBKA, CIIOKHBIC CTPYKTYPBI, COIEPIKAIIIE OL-CITUPAIIH.

o /B -mOMeHHBIE CTPYKTYphl. YIIaKOBKAa MOTHBOB, BKIIIOYAIOUIMX MapaJUIeIbHbIC [3-CTPYKTYpHI.
«o. /P -60ukm». Ponb o/ -MOTHBOB B CTpyKTYype (hepMeHTOB: (hopMHpOBaHHE TUAPOGHOOHOTO Sapa,



bopMupOBaHHE AKTHUBHBIX LEHTPOB. PacrmoyioxeHue o-Ccrupayieii B OTKPBITBIX H3OTHYTHIX of-
ciosix. BO3MOXKHOCTB mpejcKa3aHusi PacIOIOKEHHsS AKTUBHBIX LEHTPOB (epMeHTOB B off-
cTpykTypax: Tupo3mi-TPHK-cunTeTasza, kapOokcunenTuiasa, apaOuHO30-CBSI3bIBAIOIINN OEIIOK.

PetunoN-cBsA3BIBaIOMINI OENOK, KaK MpeICTaBUTENb cynepcemeiictBa. CTpyKTypa HepaMUHUIa3bl
u GB . MoTuB rpedyeckoro Kiaw4a M CTPYKTypa KpUCTAIMHOB. benku ¢ B-cnupaibHbIMU
JOMEHAaMHU.

VY3naBanue O6enkamu JJTHK.

IIpokapuornueckue cucreMbl. Poiib CTPYKTYpHOIO MOTHBA «CIUPAIb-IIOBOPOT-CIIUPAIIb» KaK
BaKHEiIero aneMeHTta B crenupuyeckom y3HaBanuu JIHK-Gemok. A-penpeccop u Cro-6emoxk.
Annocrepudeckuii KOHTposb cBs3biBaHus OenkoB ¢ JIHK. Penpeccop TpunrtodanoBoro omnepona,
penpeccop J1akTo3HOro onepoHa, 6enok CAP: crpykrypa u B3aumoaeiicreue ¢ JJHK.

V3naBanne JIHK osykapuorndyeckumu ¢akropamu tpanckpunuuu. Crpykrypa TATA-6oxc-
cBsi3bIBatolero Oenka, ero Bzaumozeiicteue ¢ JIHK, popmupoBanue rerepoaumepon. benok p53:
CTpyKTypa u B3aumozerncraue ¢ JJHK.

Crnenuduueckue TPaHCKPUIIMOHHBIE (AKTOPbl JYKapuoT. TpaHCKPHUIIIMOHHBIE (HAKTOPHI,
coZiepKallie MOTUB IIMHKOBBIX MaiblieB 1-ro  Kiacca: CTPYKTypa, cCrHeuu(pU4HOCTb
B3aumozeiicteuss ¢ JHK. Ilunk-comepkamme MOTHBBI INIFOKOKOPTUKOMJHBIX PELEHTOPOB,
auMepusanus perentopoB U ca3biBanue ¢ JJHK. Petunounn-X-penenropsl. Perientopsl CUpOTSHI.
TpanckpunionHsie GpakTopsl ¢ OMHYKJIeapHbIMU LIMHKOBBIMU KiacTtepamu (GAL4): ctpykTypa u
cnenuduueckoe ysHaBanue JIHK. Jlumepusanmsi TpaHCKpUIIIMOHHBIX (AKTOPOB C YdacTUEM
«JIeWLIMHOBBIX MOJHUI» (CTpyKTypa u B3aumozeiicteue ¢ IHK GCN4, MyoD, Max).

CrpykTypa 6enKoB, IPUHUMAIOLINX Y4acTHE B IIepeaue CUrHaia B KJIETKY.

G-6enxu, ux crpykrypa u ¢pyukimu (Go , GB , Gy ). Ras-6enok. B3aumoeiicTBrue UTOKUHOB U
MOJIMMIENTUAHBIX TOPMOHOB C perlentopaMu. THupo3uH-kuHazHble penentopbl. SH2-u SH3-monynwu,
UX CTPYKTypa U ponb. CTpyKTypa Src-TUPO3MHKHUHA3BI.

CrpykTypa (hakTopoB OEIKOBOTO CHHTE3A.

@dakTopel  OenkoBoro cuHTe3a, kak GTP-ces3eBatomme Oenku (EF1, EF2, EF3 u gp.)
OynkumnoHanbHble nepectpoiiku. Ctpykrypa PHK-y3natomero morusa. Ctpykrypa pudOCOMHBIX
O€eJKOB.

OubpUIIIIpHBIE OENKH.

CtpykTypa KoJiareHa, 3J1acTHHa, KepaTUHOB, GUOPOHEKTHHA, JAMUHMHA U (prOpoHrHA IIeNKa.
MMMyHOTIIO0yIUHBI.

Crpykrypa anTuTen. B3auMoaeicTBYsI aHTUT€H-aHTUTEIO.

HOCTTpaHCJ'I}II_[I/IOHHaH MO)II/I(I)I/IKEU_II/IH OCIIKOB.

HNoaupoBanne octaTtkoB THpo3nHa. OOpa3oBaHHWE OCTATKOB Y-KapOOKCHUTITIOTAMUHOBOW KHUCIIOTHI.
I'uapoxcuupoBanue 6enkoB. AuerunupoBanrue 1 ADP-pubo3unupoBanue 6€1KOB.



®ocdopunupoBanne OenkoB. [IporemHkuHassl u  nporeuHdocdatassl. CynbhaTupoBaHue
THUPO3HHA.

OrpaHUYEHHBIIH POTEO0JIN3 OCJIKOB. [TpoTeonurnyeckas AKTHBAIIHS 3UMOTEHOB.
[TpoTeoNMMTHYECKHI  MPOLECCUHT MPEIIICCTBCHHHUKOB OHOJIOTUYECKH AKTHBHBIX IEMTHIIOB.
CrutalicuHr O€JIKOB (MHTCHHBI).

FJII/IKO?:I/IJ'II/IpOBaHI/Ie OEJIKOB. FJII/IKOHpOTCI/II[BI 1 IICITUAOIJIMKAaHBI. N-FHI/IKOHpOTCI/IHH n O-
TJIMKOIIPOTCUHEIL.

Jlunonporenpl. Jlunonporeuast ¢ C-KoHIEBBIM rIukoaunuaoM. Jlunonporeuasl ¢ N-KOHIIEBOM
JUTIAIHON rpymnmoi. [IpeHunrpoBaHHbie OCIKH.

N3buparenvHas aerpaganusi 6enkoB. ATP-3aBucumblii mpoTeonn3. YOUKBUTHH U €0 y4acTHE B
Moaudukanuy OSIKOB | B Iporiecce nerpananuu. [IporeacoMsl.

Mertoabl nu3ydeHus: 6e10K-0€ITKOBBIX B3aUMOICHCTBUMN.

®darosbiit quctieit nentuaoB. [louck 6eTKOB MapTHEPOB € MOMOIIBIO JIPOKIKEBON TBYXTUOPUIHON
CUCTEMBI.

Nnxenepust 6emKOB.

[TomyyeHre MyTaHTHBIX O€JIKOB METOJaMM CalT-crieruduueckoro wmyrareHesa. I[lomyueHue
ciThix OenkoB. CunaTes 0eIKoB de novo.

2. CTpyKTypa M OMOCHHTE3 HYKJIEeHHOBBIX KHCJIOT
Crpykrypa IHK.

DKcIepUMeHTHI, JloKa3blBatole reHerudeckyro ¢ynkuuio JIHK. I'mOkocTh nBOMHON crupanu
JHK. ®uznueckue napamerpsl koHpopmannonusix ¢popm IHK. Hekanonuueckue gpopmer JJHK.
ITapsr Xyrcruna. Tpuruiekcsl. BiusiHue HyKI€oTHIHON MOCIEN0BAaTENIBHOCTH Ha cTpyKTypy JHK.
Ceepxcnimpanuzanus JIHK. Ilonstue o mapamerpax cBepxcrnupainu3oBaHHOM wmosekyasl JJHK.
KondopmannonHble mepexojsl B CBEpXCIHMpaTU30BaHHOM Mousiekyne. Tomomszomepassl U
tonnonzomepsl JIHK. Tumber Tomomsomepas. Perynsnms ypoBHS aKkTHBHOCTH TOIIOM30MEpa3 B
KJIETKE.

Pemnmukanus JTHK.

Tounocte Bocnpoumssenenuss JIHK. Ilommmepassl, ydyacTByromMe€ B pEIUIMKALMU, UX
(dbepMeHTaTUBHAs aKTUBHOCTb. Buiika peruivkanuu, coObITUS Ha OTcTarouiel HuTH. OepMeHTh B
perunkanonHoi Buiike. JIHK-nonumepasa Il kumeunoi nanouku. [ToHsTHe 0 mporeccuBHOCTH
nojauMepas. Poib nuMepHOU CTpyKTyphl B koopauHanuu cuHte3a JIHK Ha komrmeMeHTapHBIX
HUTIX. Ocobennoctu JIHK-nonumepas sykapuot. Perymanus nHunmanuu perumkanuu y E. coli.
Crpykrypa yuyacTka craprta perumkainuu (origin). CtpykrypHsie nepexonsl JIHK B paiione ctapra
permmkauuy. IloHatne o pemnukarope. Poib MeTHIMpOBaHUSA B PETYISINUU  PEIUIMKALUU.
TepMmuHanus pervKanuy y 6akTepuid.

OCOOCHHOCTH PEryIISIUY PETUTNKAIIUH TITa3MHI.
PerukoHbl y 3yKapuoT, HX HW3MEHYMBAOCTb. [IOHATHE O CTAalMOHAPHBIX «PEIUIMKATUBHBIX
dhabpukax». Ori y IpOXkIKeH, UX CTPYKTYPHO-(DYHKIIMOHATbHAS OpraHU3aIlHsl.



MonekynspHble MEXaHU3MBI, CBSI3bIBAIOIINE KJIETOUHBIM IUKI U perukauuio JHK. [uknuusr u
MIPOTEUHKNHA3bl. [IpOTOOHKOI€HBI, y4acTBYIOIIME B PEryJIALMU KIETOYHOro Lukia. Pacnucanue
PEIUIMKAIUH YY4aCTKOB XPOMOCOMBI B KJIETOUHOM IUKIIE.

JlokanbHas ammugukanus ydactkoB JIHK B pasputun. Bo3MoOXXHBIE MEXaHU3MBI JIOKAJTHHOM
amuinuxanuu. AmmiukoH. [IpencraBienue o0 3BOMIOLMK T€HHBIX ceMeicTB. Peruinkanus mo
TUITY «Katsmierocs koinbia (parosas JJHK).

[IpoGnema perummkanuu TuHelHHOr0 He3amkHyToro (parmenta [IHK. Temomepsl. Temomepasa,
ocobeHHOoCTH cTpykTypHOU opranu3anuu (PHK-xkommnonenT). Teopus crapeHuss B CBS3U C
JUHAMUKOW CTPYKTYpbl Tenomepbl. HekaHOHMYeCKHMe CTPYKTypbl B paliOHE TEIOMEPHBIX
nocnenoBareabHocTell. OcoOeHHOCTH CTPYKTypHO#H opranm3anuu JIHK B paitone 1meHTpomephl.
HckyccTBeHHast XpOMOCOMa y 3YKapHOT.

PennmukatuBnoe metunupoBanue JJHK. Moaudukanus S-metunuuro3nna u Myrauuu. MeTunassl y
SYKApHOT. 5-a3alUTUAMH Kak MHCUOUTOp METWIMpOBaHUS. VIMOPDUHTHMHI T€HOB U  €ro
Ouosiornyeckue nocieacTBus. JlokazaTenbcTBa POl METHIIMPOBAHKS B PA3BUTHH TTO3BOHOYHBIX.

Penapanusa JJTHK.

[Ipsimass pemapanusi THMUHOBBIX JUMEPOB M METHWJIMPOBAHHOIO TIyaHWHA. [JMKO3uia3bl.
Ypauunrnukosunaasbl. ODKCUU3MOHHAS pemapanus, (epMeHTbl. MeXaHu3M MNpeuMyIIeCTBEHHOM
permapanuy TpaHCKPUOUPYEMBIX TEHOB.

bonesnu, oOycnoBneHHble nedekraMu penapauudud. MexaHW3M penapalud  HeClapeHHbIX
HyKJIeoTu0B. Posib Metunuposanus. SOS-penapanus. [Ipencrapnenus o6 ommOkax peruivkanu,
OOyCIIOBJICHHBIX CKOJIbKEHHEM HUTEH MNpu perumkanuu. MexaHu3m oOpa3oBaHHs KOPOTKHX
OBTOPOB. MUKpO- 1 MUHMCcATeNINTEL. KOpOTKHE TaHAEMHBIE TOBTOPBI. « DKCIAHCHS TPUILJIETHBIX
MTOBTOPOB» U INHAMUYECKUE MYTal[1H.

PexomOuHarmms.

[lonsiTue 00 oOmel (romosoruyHo) M cailTcnenuduueckol pexomOuHanuu. Paznnune
MOJICKYJISIPHBIX MEXaHU3MOB O0IIIeH 1 callTcrenupruuecKoi peKOMOMHAIIUH.

Mogens pekoMOMHAIMM, MpeAroarampas IBYHUTEBOW pa3pbhlB W penapaiuio paspbiBa. Posb
peKoMOMHALIMM B MOCTpEeIUIMKaTHUBHOW penapauuu. CrpykTypsl Xoumjaes B MOJIENH
pexkoMOMHAaMU. Murpainyss BETBH, TETEPOAYIUIEKCH, pa3pelieHHue CTPYKTyp XoJuuzaes
(pepmeHTHI).

['enHas KoHBepcHsl, aCUMMETPUYHOCTh T€HHOW KOHBepcHU. [IpoayKThl peKOMOMHAIIMOHHOTO aKTa,
cornpoBokaaromerocss oomMeHom ¢uanramu. IlocTmeioTHueckas cerperamust y IpOoXoKed Kak
JI0Ka3aTeNbCTBO FeTePOAyIUIEKCa IPU PEKOMOUHAIIH.

Onzumonorust pekomouHaimu y E.coli. RecBCD-kommiekc. benok RecA. Tlpecunantuaeckuit
¢buIaMeHT, mapaMeTpbl €ro MOJEKYISPHOW CTpyKTypbl. OOMEH HUTAMH TIpU CHHATCE.
Oco0GeHHOCTH MUTpAIUH BETBH.

JIByHUTEBbIE DPa3pbIBBI M TE€HHas KOHBepcus. JIoKyc chmapuBaHUs y JApPOXIKEH, perynsuus
sKcnpeccud. Pa3MHOKeHHE HHTPOHOB U T€HHAsI KOHBEPCHSL.



Caiit crienuduueckas pekoMOuHaus. THITBI XPOMOCOMHBIX MEPECTPOEK, OCYIIECTBISIEMBIX MPH
caiiT-cienupuieckoil pekoMOnHauuu. MoNeKyISIpHbIA MEeXaHU3M JEUCTBHS «pekoMOuHa3y». Pomb
canT-cnenuduueckod peKOMOMHAIIMKA B AKCIpeccHH reHoB y ¢aro. MHTerpanusa dara nasamoaa.
Pexombunaza Cre c¢ara P1. LoxP-caiitel. CaiiT-cnenmduueckass pekoMOWHAIMs JBYHHTEBOM
TUTa3MHUJIBI IPOFOKEH.

PexoMOuHaIMs Y BBICIIUX dYKapUOT.

OcoOeHHocT pekoMOMHAIMK MPUOOPa30BaHUKM T'€HOB HWMMYHOIUVIOOYJIMHOB U peuentopoB T-
kJeTok. CurHansl pekoMOuHanuu. MoJeKyIsipHble MEXaHU3MBbI «IIPOTPAMMHUPOBAHHBIX OIIHOOK)
IpU CIMSHUM BapuabeNbHBIX W KOHCTAaHTHBIX YYAacTKOB reHa. MaTpuyHble M HeMaTpUYHbIE
MEXaHU3MBI JJOCTPOMKH CIIMBAEMBIX ()ParMEeHTOB.

[TogBuKHBIE 3JEMEHTHI F€HOMa MPO- U IYKapuoT. [S-mocienoBaTenbHOCTH, UX CTPyKTypa. IS-
MOCNIEOBATEbHOCTH KakK KOMIIOHEHT F-daktopa OakTepuil, OIpenemnsioniero crnocoOHOCTb
nepeaadyy reHeTHYECKOTo MaTepuaia Mpyu KOHbIOTAI|H.

Tpancnozons! Oaxtepuit (Tn3, Tn5, Tn9, Tnl0). Mexanuszmbl TpaHcno3unuu. Pe3onbBasa,

(bYHKI_II/II/I PE30JIbBA3bI. Poinp CBCPXCIIMPpAJIU3allui IMPpHU TPAHCIIO3UIHH. PerJI}II_[I/I}I TPaHCIIO3UIIUH
Tn10.

Tpancno3oHbl 3yKapuoT. J[ByXKOMIIOHEHTHAas CHCTeMa TPaHCHO30HOB. [lojHBINA (aKTUBHBIN) U
neEeKTHBIM TPAaHCIO30HBL. BiusHHE TPaHCIO30HOB Ha AaKTUBHOCTh TI'€HOB Y pacTeHHH U
MIPOCTPAHCTBEHHBIM PHUCYHOK SKcrpeccuu reHoB. [IpeacTaBieHue O TOPU30OHTAIBLHOM IEPEHOCE
TPAHCIIO30HOB.

Hcnonb30BaHWe TOMOJOTMYHOM M calT-crienupuyeckol peKOMOMHAIIMM B W3YYEHUU TEHOB
syKapuoT. MeToJ1 «HOKayTa» r'eHOB.

Tpanckpunuus y npokapuor.

Ocobennoctu ctpyktypbl PHK-nomumepassl. 6 -haktop. CTaauu TpaHCKPUIILIMOHHOTO IUKJIA.
Permmukanus u  TpaHckpunuusa.  Ceepxcnupanuzauuss M TpaHckpunuusa. Curma 54,
«DYKapuOTHYECKHUE OJJIEMEHThI» B PEryJlalUd TPAHCKpUNUUU. TepMUHAIMSA TPAHCKPUIILUH.
ITonsspHBIE MyTaLIUN.

HeratuBHast u no3uTtuBHas peryisaius tpaHckpuniuu. CAP-6Genok. Peryisuust Tpankpuniuu B
pasButun (Qara A. Ilpunmunsr y3naBanus JIHK perymaropueiMu Oenkamu. ATTeHIOAIMS
TPAHCKPUIILIHH.

Tpanckpunuus y 3ykapuor.

[Ipomortop y sykapuor. basanbHas Tpanckpunuusa. Pakropsl Tpanckpunuuu. llonstue o nuc-
NEMCTBYIOIMX DJIEMEHTaX. [paHC-aKTUBAaLMsl TPAHCKPUILMHM. OHXAHCEPbl U  CaWJICHCEPHI.
«Monymu» mnocnenoBatenpHocTeir  JIHK, y3HaBaemble cnemuduueckumu Oenkamuio  Poib
«00OpaTHOM reHeTUKN» B PA3BUTUU NPEACTABICHUHN O PErYIALUN TPAHCKPUIIIIUH Y SYKapHOT.

benkoBble 1oMeHbl, y3Hatouue crenuduueckue nocuegosarensHoctu JJHK. 'omeonomen u reHsl-
celeKTopbl. «JlelnnHoBas MOJHUS» U JauMepu3anus ¢GakTopoB TpaHCKpUniuu. «l{uHKOBBIE
HabLb.



SAnepHbple penenTopbl TOPMOHOB, UX THIBI U ocoOeHHOCTH y3HaBaHus JIHK. PemenTopei-cupoTsi.
PerunoeBas kuciora. DJIeMEHTEI KOHCCPBATHU3Ma B CUCTCMAaX PCryjisiiui TPAHCKPUIIIIHH.

BHemHue curHanel, aKTUBUPYIOIIME TPAHCKPUMIIHMIO reHoB. CucTeMa NpOBEIEHHUS CHUTHAJIOB.
CewmeticTBa mpoTooHKoreHoB Jun u Fos kak ¢pakTopoB TpaHCKpUNINMU. AJBTEPHATHUBEI TP BEIOOPE
nyTd pa3Butus — auddepenunponka/ nponudepanus. Caiitel AP1 u CRE B npomoTtopax.

Tpanckpuniuonssle  (akToppl B Pa3BUTUM MHOTOKJICTOYHBIX Opranu3moB. [lonarue o
Moporenax, nmpumepsl. [IpocTpaHCTBEHHO OrpaHUYeHHbIE MOP(HOTEHETUYECKHE IPATUCHTHI.

XpoMaTtuH.

CrtpykrypHas opranuzauus HykieocoM. Hykieocombl U TpaHckpunuus. Moaudukamus rTucCTOHOB
U JMHaMuYecKas CTpyKTypa XpomaruHa. COOpka HYKJIEOCOM, €€ JTallbl, HYKJICOIUIa3MHH.
3aKOHOMEPHOCTh PACIIOJIOKEHUS HYKJIEOCOM OTHOCHTEIHHO IMPOMOTOPOB M YYAacTKOB Hayala
permukanuu  (pei3uHr HykieocoMm). llpeacraBieHne o «IIepeMOJECIMPOBAHUM» XPOMATHHA.
AKTHBHOE  mepemojenupoBanue.  MetwiupoBanue/nemetmuposanne  JHK, cBm3p ¢
Mo (UK THCTOHOB U U3MEHEHNEM aKTHBHOCTH T€HOB.

Oco0eHHOCTH CTPYKTYPBl XpOMaTHHA TOJOBBIX XPOMOCOM B CBSI3W C KOMIICHCAIIMEH pa3iuduid
YUCIa TEHOB X-XPOMOCOMBI Y Pa3HBIX I10JIOB.

[IpencraBnenue O NETENBHOM  OpraHM3allMM  XpoMocoM. SnepHbid  Marpukc. Jlokyc-
KOHTPOJIMPYIOLIME PANOHBI U «HHCYJIATOPBI». BHYTpUsiiepHas apXUTEKTypa XpOMOCOM. fBieHHE
TPaHCBEKIUHU.

[Ipoueccunr PHK.

Omnpenenenue npoueccunra. MaTponsl, crunadicuur. Kinaccuduxanust uHTpoHOB. IHTPOHBI TPYIIIIBI
1. OcCoOeHHOCTH CTPYKTYphl M MEXaHH3MbI CIUTACHHTa. PUOO3UMBI, HUX CHENUPUIHOCTS.
Bo3moxknoctu npumenenust ans «Hokayta» PHK. MHTpoHBI rpynmsl 2, MexaHU3M CIUIaliCHHTIA.
Nutponst rpynm 1 u 2 y pa3HbIX OPraHU3MOB (IBOJIFOIIMOHHBIE CBSI3H).

Crnaiicunr npe-MPHK B sinpe. Ponbs Mmansix siaepubix PHK u 6enkoBbix ¢axtopos. Crutaiicocoma.
MouduKaiys koHesbix oonacreit MPHK — kanupoBanue, nonmaneHmmpoBaHue.

Oco6ennoctu npoueccura TPHK un pPHK y 6Gakrepuiti. Ocob6ennoctu nponeccunra pPHK B
snpeimke. PHKaza P kak pu6o3um.

Tpanc-crutaiicunr.  Ero  pacmpoctpaHenue.  AJbTEpHAaTHUBHBIA — CIUIAWCHUHT,  MPUMEPHI.
buonoruyeckne mMOCIEACTBUS aJIbTEPHATHUBHOTO CIUIACHMHIa. ODHXAHCEpPHl M  cailieHcephl
crutaiicunra. SR-0enku, 0cOOEHHOCTH CTPYKTYpPBI, POJIb B aIbTEPHATUBHOM CILIAHCHHTE.

Penaktuposanune PHK. Monekynspubsie Mexanusmsbl. TUbl peqakTupoBanus (IpUMephl).
Herpanamnusa anomanbHbix MPHK.

OOpaTHast TpaHCKPHUIILIHSL.

Ponp 00paTHOM TpaHCKpUNIMM B 3BOJIOINMM M M3MEHYHMBOCTH T'€HOMAa. PeTpoTpaHCIO30HBI, MX

TUIBI. PeTpOTpaHCIO30HbI, CONEPKAIUE UIMHHBIE KOHLEBBIE HOBTOPBI. Ty-3IIEMEHT IPOACKEH.
IIceBnorensl. Bo3MoXkHbBIE HCTOYHUKH OOPaTHOM TPaHCKPHUIITA3HI.



3. CTpykrypa pudocom u OMOCHHTE3 OesIKa
Crpykrypa u pynkmuu PHK.

Mup PHK. OcHoBHbIe THUIIBI MU OCHOBHBIC (DYHKIIMU KjIeTOUHbIX W BuUpycHbIx PHK. OOGmme
npuHUuUIb BTopudHoi cTpykTypsl PHK. I'nnoresa o nponcxoxaennu xxus3uu uyepe3 PHK.

I'enetnueckuii koa M ero cBoiictBa. PacmmdpoBka reHeTmueckoro koja. OTKIOHEHHS OT
YHHMBEPCAJIbHOCTU F'€HETUYECKOTO KOJa.

TPHK, ee ¢pynkiuu. Bropuunas u tpetuunas crpykrypa TPHK. CTpykTypa aHTHKOJOHOBOMW METIN
TPHK. AMunoanun-TPHK-cunrerassl — qBa kiacca. Cynpeccopusie TPHK.

CrpykTypa pudocom.

Mopdonorust u coctaB 3yKapuOTHUECKUX M MPOKAPUOTHUECKUX prubocoM. [IpuHIUIBI CTPYKTYpHI
pubocomubix PHK. lomensl. KommakTHOe cBOpaumBanHue. Pubocomubie Oenku: HOMEHKIATYpa,
pasHooOpas3ue, MPUHLIUIIBI CTPOSHHS M JIOKAIU3aus B pudocome. OCHOBHBIE HKCIIEPUMEHTAIbHbIC
MOAXOJIbI K M3yYEHHIO TOMOrpaduu puOOCOMHBIX OEIKOB.

Jlucconmariusi, pa3BopadurBaHue U pa3dopka pudocom.
OYHKIMOHAIbHBIE AKTUBHOCTU U (PYHKIIMOHATbHBIE aKTUBHOCTH PUOOCOM.
Tpancnsuusi.

[TocnenoBarenbHOCTh COOBITUI MTPpU cUHTe3e Oenka. TpaHCIAuUOHHbBIN KK, CTaauu TPaHCIALUH.
[Tonupubocombl. CKOPOCTh TPAHCIISIIUU, TPAH3UTHOE BPEMSI.

Wuunmanus tpaHcmsiuuy — oOmue npuHnumnbl. [IpokapuoTnueckuil M 3yKapHOTHYECKUH THII
TpaHcasiuuu. OCOOEHHOCTHM WHHMLMALMKM TPAHCISLMM Yy NpokapuoT. VHUIMAaTOpHBIE KOJOHBI,
nnunuatopHast TPHK, GenkoBbie ¢akTopbl TpaHcasauu, pudbocoMo-cBs3biBatomuii yauacrok MPHK.
HezaBucumas mHUIMANUSA U TPAHCISALUOHHOE CONPSDKEHUE MPU TPAHCISIIMM ITPOKAPUOTUUYECKUX
noymmuucTpoHHbIx MPHK.

Ocobennoctu sykapuornyeckoi MPHK u wmHMumManmm Tpancasuuu y sykapuoT. MexaHu3mbl
CKaHUPOBAaHMA M BHYTpeHHEH MHHULMauuu. Kom-cBA3BIBAOINN M XEIMKa3HBI KOMIUIEKCHI IIPH
VHHLMALMY TPAHCISLUN Y SYKApUOT.

DJIOHTalUs TPAHCISAUUNA. DIOHTAIIMOHHBIN [UKII. DAKTOPHI AJIOHTAIUY.

Craguss cBaspiBanus amuHoauwi-TPHK B snonrammonnom mukiie. Crepeoxumusi KOHOH-
AHTUKOZOHOBOTrO B3auMozencTeusa. @akrop snonrauuu EF-Tu, ero ctpykrypa u B3auMoIeiCTBUS.
Hcnpasnenne omuboK («peJakTupoBaHue») TMpu cBs3biBaHuM amuHoauwi-TPHK. Bkiag
ckopocreir peakuun u GTP. I'mmore3a Kpuka o HEOAHO3HAYHOM COOTBETCTBUU MPU KOJOH-
aHTHKO/I0HOBOM crniapuBanuu (Wobble-rumnotesa).

OOpazoBaHue MENTUIHOM CBSI3U: XMMHUYECKHE peaKklIHMH, MNenTHAWIATpaHchepa3sHbld LEHTp,
CTEPEOXUMUS TPAaHCIENTUAALNH.

Jloxknoe xogupoBanue. MaKTOPBI, CTUMYJIHMPYIOLIKE JIOKHOE KOAUpOBaHUE. MexaHu3M AeucTBUs
aAMMHOTJIMKO3HIHBIX aHTUOMOTUKOB U MEXaHU3M YCTOMYMBOCTH K HUM.



Cranus TpaHCIOKAIMK 3JIOHTAlMOHHOTO LHKJIA. OCHOBHBIE SKCIEPUMEHTAJIbHBIE TECThl Ha
TpaHciiokanuo. Mosekynsapublidi MexanusMm. ®dakrtop snonranuu EF-G, ero crpyktypa u ero
B3auMoiecTBUsl. KoHUENMs nepexoHOro COCTOSAHUS NPU KATAIM3€ CTAaAUi SJOHTALMOHHOTO
nukia gaxkropamu doHTanuu. Pons ruaponmsa GTP.

Mexannu3m KOAWPOBaHUA CCICHOIMUCTCHHA —21-1f aMUHOKHCIIOTEI B OeIKax.

OJNIOHTaLIMOHHBIE TOKCUHBI, MEXaHW3M HX JEHUCTBUA. MeXaHu3M [EWCTBHUS TETPAUUKIMHA H
YCTOMYMBOCTH K TETPALUKIUHY.

Tepmunanus TpaHcmauuu. Texkydectb cron-kogoHoB. TPHK, OTBETCTBEHHBIE 3a TEKydeCTb, MX
AHTUKOJOHBI.

CKoNbXEHHE U IIPBIKKH pI/I6OCOMBI IIpHU TpaHCIIAIHH. CI[BI/IF PaMKHU CHYHUTBIBAHUA IIPpU
TPaHCIALWA — IBA MCXaHU3MaA. TpaHCJUH_II/IOHHI)IC mays3bl, UX MCXaHU3M U ¢)YHKIII/IOH8,.HBHO€

3HAa4YCHUC.

Pennunmanus y NpokapuoT U 3yKapHuoT.
Peryimsanus tpancisanuu.

OcHOBHEBIE IMPUHIUIIBI PETYIANUNU TPAHCIAIUHA.

Huckpumunanss MPHK y npokapuor m sykapuor B Impouecce HWHULHMALMM TPAHCISALUU.
Monynauus JUCKPUMUHALIK Y SYKapHOT.

TpancnsiuronHas penpeccus y npokapuort. [Ipumep aBroperynupyemoro cuHresa TpeoHmn-TPHK-
cuntetasbl. Perymsanus tpancnsauun MPHK pubocomubix 0enkoB y mpokapuot. Perynsamus cunTesa
¢akrTopa repmunanu RF-2 y Gakrepuii.

PHK ¢ara MS2 u perynsius 3Kcripeccuu ee UCTPOHOB.

ToranpHas perymsuus cuHTe3a O6eiKa y 3yKapuoT uepes GochopuirpoBanue GpakTopa HHAULUALNN
elF-2.

TortanbHas perynsiuus cuHTe3a Oenka y sykapuoT dyepe3 gochopunupoBanue pakTopa HHULUALNH
elF-4 u cea3piBatoriero ero 6enka 4E-BP.

PCFyJ’IﬂI_[I/I}I TPAHCIANUN Y 9YKAPUOT KOPOTKUMH OTKPLITBIMU paMKaMU CUHUTBIBAHUS B J'IH,[[CpHOfI
IOCICI0OBATCIBHOCTH.

TpaHncnsuuoHnHass penpeccus y odykapuot. Ilpumep perynsauum cunHre3a ¢epputuHa. J[Ba
MEXaHU3Ma TPAHCISIMOHHOW pPENpeccCUd: HMHTHOMPOBAaHHE CBS3BIBAHMS ~ WHUIIMATOPHOTO
KOMIUIEKCa U MHTMOUPOBAaHNUE CKaHUPOBAHMUSL.

Perynanus ckopocTr 310Hranuu.

3’-KOHH€BBI€ yCI/IJ'II/ITeJ'II/I JZ05070005¢0:00050%) TpaHCJ'ISIIII/II/I y 3yKapI/IOT Hu BOSMO)KHBII\/'I MEXaHU3M HX
JIEUCTBUS.



MackupoBanne MPHK B 3apopspimieBeix kieTkax. MackupoBanue u aemackupoBanue MPHK B
SMOPHOHAILHOM pPa3BUTHM W TpHU KIETOYHOH nuddepenmuposke. Ilpumep numoxcureHassl
KpPaCHBIX KPOBSIHBIX KJIETOK.

HNudopmocomsl n ocHoBHO# Oenmok MPHII. Bo3moskHast pyHKIIMOHAIBHAS POJIb OCHOBHOTO O€JiKa
MPHII. [Ipyrue MPHK-cBs3biBatomme 6emnxu MmPHIIL

Cexpenusi OEIKOB Y ITPO- M IYKapHOT.

TpaHcnsus U TpaHJIOKAIMs CEKPETUPYEMBIX OenkoB uepe3 MemOpany. CHUrHaibHas TUIOTE3a
cekpennu 0esnkoB. OCOOEHHOCTH CTPYKTYPbI CUTHAJIBHBIX METITH/IOB.

dopMupoBaHUE MTPOCTPAHCTBEHHOM CTPYKTYPhI OCITKOB.
MexaHu3Mbl, 00€CIIeUYnBAIOIINE MPABIIIBHOE CBOPAYMBAHUE TIOJIUIIENITHIHBIX 1erel. [llanepoHnsr.
4. I'enoMukKa

Onpenenenne reHoMuku. IIpeacraBieHuss o0  MeTofax HCCIENOBaHUM, MNPUBEIIIMX K
BO3HUMKHOBEHHMIO TEHOMHUKH. MoOI€TIbHBIE OPTaHU3MBI, UCIIOJIb3yEMBIE I U3yYEHHUs CTPYKTYpPBI U
¢bynkuuit reHoMoB. CpaBHHTEIbHAsA TeHOMUKA. CpaBHEHUE HYKJIEOTHHBIX MOCIIEI0BATEIbHOCTEN
KaK CpeACTBO U3Y4YeHHUs (PYHKUUI T'€HOB.

KaprupoBaHnue reHoB 1 T€HOMOB.

[IpencraBinenre o pa3lIUyHBIX BHJAX KapT reHoMa. dusnueckue KapTbl reHoMoB. KapTel
PECTPUKTHBIX (pparMeHTOB. BUOIMOTEKN T'€HOB, MPUHIMIIBI MX CO3/aHUs, MPEICTaBUTEIbHOCTD,
METOJIbl CKpUHUHTA. BekTopbl, ucnonp3yemsble ais co3naHus Oubnmuorek. KapTel reHOMOB Kak
HaOopbl ynopsaaoYeHHbIX KJIOHOB. Konturu kimonoB. STS (sequenced tag sites) kak MHCTPYMEHT
cocTaBeHUs pU3ndyecKkux KapT reHomoB. [Ipunuun nonmumepasHoi nenHoi peakuuu (I1L[P).

I'enernueckoe kaptupoBaHue. Ilonmumopdusm reHomoB. I[lonMMOppuU3M AJIUMH PECTPUKTHBIX
¢parmentoB (ITAP®). Munu- u MukpocaTe/uIuThl. MOHOHYKICOTHIHBIH monumopdusm (Single
Nucleotide Polymorphism, SNP). Beicoko, cpenHe u peKOmOBTOPSIOMIUECS TOCIEI0BATEIIHHOCTH.
INarmotunsl. HacnenoBanue rarioTunoB ¥ peKOMOMHAIUMK. ETMHNUIIBI TeHETUUECKOTO PACCTOSHHUSL.
[Tomumopdu3M TE€HOMOB Kak OCHOBAa T€HOMHOW MaKTHIJIOCKOMHUH. MOJEKYISPHO-TE€HETHUECKUE
OCHOBBI MJIEHTH(PHKALIUU JIMYHOCTU. MonekynsapHo-TeHeTnueckue Mapkepsl (MI'M), onpenenenue,
WH(POPMATUBHOCTh, HCIIOJIIb30BaHUE JUISI TTOCTPOCHUS TEHETHYECKOW KapThl. MHTErpupOBaHHBIC
KapTbl TeHoMOB. Mcnonb3zoBanue MI'M 11s1 KapTHpOBaHHUSA T'€HOB, OTBETCTBEHHBIX 3a pa3BUTHE
HaCJIeICTBEHHBIX 3a0o0neBannii. [[03UIIMOHHOE KapTHPOBAaHKE TCHOB.

[lonsiTne o XxpoMocoMHBIX aOeppauusx. Tpanciaokauuu. Jlenenuu. LuTorenernueckas
uneHTuduKanus abeppanui.

Breinenenue ¢parmenTtoB reHoma. ['eHoMHble OuOmuorexu. Ilowick KJIOHOB B TE€HOMHOM
o6ubmunoreke. [IpuHiun nporynku no reaomy. Ilouck rena B 6ompiioit obnactu renoma. Co3znanue
u ananu3 oubmuotex kJIHK. Ymopsaouennsie 6ubnuoreku k/IHK. Brrautaromas rubpuansamnus
KaK METOJ] CPaBHEHUS TEHOMOB.

Oco0eHHOCTH CTPYKTYpPbl TEHOMOB BBICIIUX 3YKAPHOT.



YHUKabHbIE U MOBTOPSIOIIUECS HYKJICOTUAHBIE MocaeaoBareabHOCTH. ['enbl koaupyromme PHK
(pPHK, tPHK, manwie sinepubie u nuromnasmarudeckue PHK). T'enwl, xoaupyromue Oenkw.
MynbsTurensnsle cemeiictBa. TaHzneMHble TOBTOpPBHL. MexaHM3Mbl OOpa30BaHMUS U SBOJIIOIHU
TaHJIEMHBIX MOBTOPOB. [loBTOpsIONIMECS MOCIEN0BaTEIBHOCTH, paccesiHubie 1o renomy. SINE u
LINE sneMeHThl. DHIOTE€HHBIE PETPOBUPYCHBIE 3JIeMEeHTHI. LlenTpomepHbie moBTOpHI. TenomepHbie
MTOBTOPBI.

I'enomel opranein (MuToxoHApuil, xnoporuiactoB). [Ipoucxoxnenue JJHK opranesn.
HcTounnku noaumMop@u3mMa reHOMOB.

Myrtanuu. [prunnsl myranuii. Tunsr nospexaenuit JJHK. Anypunuzanus. JlesamunupoBanue 5-
MeTHI nuTo3uHa. CucTemsl 3aluThl reHoMa OT Myranui. Cxema KineTo4Horo nukia. Llukinvs-
3aBUCHMbIE KMHA3bl. ['eHbl cynpeccopsl onyxosel. ['en 6enka pS3, pois B penapanuy U arnonTose.
WNuaktuBanus pS3 B OIIyXOJIEBBIX KJIETKAX.

MoHoreHHble HacieICTBeHHble 3a0osieBaHus. BpoxaeHHbsle nedexTsl MeTabonusma. IIpumepsl
MOHOTEHHBIX 3a0oneBannii. eHmnkeronypus. MykoBucuuao3. Melieunas auctpodus Jroniena.

W3zyuenne GyHKIMIA TeHOMA.

[IpeacraBnenne o (yHKIIMOHAILHOW TeHOMHUKE. AHANIM3 OMOXMMHUYECKUX (PYHKIUNA METOJaMu
O61onH(OPMATUKU — TOMOJIOTHUS CTPYKTYp/aHAIOTHsI (PYHKIIUHA.

KiionnpoBaHue M 3KCIpeccus TEHOB B I'ETEPOJIOTHYHBIX cucTeMax. KoMIemMeHTauus MyTalui.
PHK unrepdepenns kak MeTo MOAABIEHUS HKCIIPECCUN TEHOB.

I'emeTnueckas HHXXCHCPUSA KaK MHCTPYMCHT U3Yy4YCHHA I'CHOB U TCHOMOB.

CozaHue TpaHCTEHHBIX JKMBOTHBIX. BBeneHue TpaHcreHoB B mpoHykieyc. Ilomydenue
SMOPHOHAJIBHBIX CTBOJOBBIX KJIETOK. [lolyueHHe TOMO3MIOTHBIX TPAHCTEHHBIX MBIIIEH ¢
MIOMOUIbI0 3MOPHOHANBHBIX CTBOJIOBBIX KJIETOK. [IpHMHIMIBI CENeKIUM COMATUYECKUX KIIETOK.
JlIoMUHaHTHAs CENECKLHUs.

Hcnonbp30BaHne peTpoBHPYCOB Ul TpaHCreHo3a. KW3HEHHBIM LUK peTpoBupyca. lIpuHnumel
KOHCTPYHPOBAHUS PETPOBUPYCHBIX BEKTOPOB.

DKcnpeccusi T€HOB B TPAHCTE€HHBIX J>KUBOTHBIX. PerysisTopHble 3J€MEHTHI, HEOOXOIUMBIE IS
HKCHPECCHH. DHXaHCEphl W TPOMOTOPHI, CAUTHl MOJIMAJCHUIMPOBAHUS, HMHTPOHBL. OPPEKT
ITOJIOKEHUS M TMOJIXOJbI K €ro MPEOAOJEHUI0. DJIEMEHThI NMPUKPEIUICHUS K AJIEPHOMY MaTPHUKCY.
Wncynaropel. Jlokyc-konTponupytomue obractu (LCR). IToaxoasl k wu3ydeHuio (hakTopos,
BIIMSAIOIINX HA HKCIIPECCUIO YY>KEPOAHBIX T€HOB. [ €HbI-pernopTepsl.

[TpuHIMIBI HanpaBlieHHOW MoAMdUKauuu reHoMa. [IpUHINITBI HEraTHBHO-TIO3UTUBHON CEIEKIIUN
U 0TOOpa JIMHUM C HampaBJIeHHO BCTPOCHHBIM I'eHOM. HampaBieHHbIE mepecTpoiiku reHoma c

HCIOJIb30BaHNEM CUCTeMbI pekoMOnHa3bl Cre u caiitoB LoxP. «HokayT» reHos.

KnonupoBanue kuBoTHbIX. [lepeHOC simep comMaTHUECKHX KJIETOK B Oe3bsiAepHbIe SHIEKIETKU C
MIOCJIEYIOLIUM KIIOHUPOBAHUEM KUBOTHBIX.

I'eneTnyeckass MHKEHEPUS PACTCHUM.



MonekynspHble OCHOBBI TeHOTepanuu. BupycHble BEKTOpPHl M HEBUPYCHBIE METOJbI IEepeHOca
TEHOB.

[lpuknanHble acmeKThl TEHETHYeCKOW uHkeHepud. OCHOBBI  0e30macHOCTH  paboThl ¢
pekomOuHanTHRIMU JIHK.
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