degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
OMOJIOrHYecKoii M MeIUIIHHCKOM
buznkn

J.B. Ky3bmun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: Teopust v MpaKkTHKa TEeHOMHON MHKEHEPUHU
110 HANIPABJICHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: Menununckas puszuka u OnonHpopmaruka

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
kadempa MONEKYIAPHON U TPAHCIAIIMOHHONW MEIUIIHHBI

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHui) - Dx3amMeH

AynuTOpPHBIX YacoB: 45 BCero, B TOM YHCIIE:
nexuuu: 30 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 60 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocraBui: B.H. Jlazapes, n-p Ouoi. HayK, TOIEHT, mpodeccop

[Iporpamma obcyxneHa Ha 3acejaHny KadeIpbl MOJICKYISIPHON U TPaHCIAIMOHHON MeauiinHbl 21.04.2023



AHHOTANMA

O3HaKOMJIEHUE CTYIEHTOB C COBPEMEHHBIMH TEXHOJIOTUSMHU T€HOMHOIO pelgakTupoBaHus. Pasurue y
CTYJCHTOB CHCTEMHOI0 TOAXOJa K aHanu3zy Owuomormuecko wuHPOpManuu. CTyaeHT MOIXY4HUT
(byHaMeHTaIbHbIE IOHATHS, 3aKOHBI, TEOPUH CUCTEMHON OHOTIOTUN

1. lean u 3apa4n

].le.]'ll) AUCHUIIINHBI
- O3BHAKOMJICHHEC CTYACHTOB C COBPEMEHHBIMH TCXHOJIOTUAMU I'CHOMHOI'O PEAAKTUPOBAHUA.

3agaun AU COMIIHHBI
- 3HaTh (yHJaMEHTAIbHBIE OCHOBBI PA3JIUYHBIX TEXHOJIOTHH PEAAKTUPOBAHUS F€HOMA Y NMPOKAPUOT U
JYKapHOT;
- 3HaTh OCOOEHHOCTHM M 00JacTh NPUMEHEHHS 3THX TEXHOJOTHH B HMCCIENOBATEIbCKOW padoTe H
MeEAULIUHE.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IMK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAIKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmMaTH4ecKoi o0macTu cBoed MpodeccHOHATLHON

[MK-1 CriocobeH cTtaBuTh, GopMann3oBbIBaTh 1 |ACATCILHOCTH

pears 3a1a4y, B ToM uncie pa3padareiBath 1 |[IK-1.2  CnocobGeH  BBIOBUTATH  THIOTE3bl, CTPOUTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH MaTeMaTUYeCcKue MOAEIM JUIsl OIMCAHUS H3ydaeMbIX
W3y4YaeMbIX SABJICHUN U MPOLIECCOB, CHCTEMHO  |SBJICHHH U IIPOLIECCOB, OLICHUBATh KA4€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYeCKHe U (WiIH)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajade W  HMHTEPIPETHPOBATh  IOTyYEHHbIE

pe3yabTaThl
[IK-2.1 CnocoGeH I1ulaHUpOBaTh M MPOBOAWTH HAYYHBIC

[TIK-2 CriocobeH caMOCTOATEILHO WU B HCCJIENOBAHUS CaMOCTOSTEIBHO WIM B COCTaBE HAay4YHOI'O

KadecTBe 4JieHa (PyKOBOAMUTEIS) MaJIOTO KOJUJICKTHBA

KOJIJICKTHBA OPraHU30BbIBATh U MPOBOJNTH I1IK-2.2 CnocobeH mNpoBOAUTH ampoOalMi0 Pe3yIbTaToB

Hay4HbIE UCCIIEIOBAHKS U UX aNPOOAIUIO Hay4YHO-UCCIIE0BATEIbCKON paboTol nOoCpPeACTBOM

MyOIMKAIlMK HayYHbBIX CTaTel M yJacTusl B KOH(pEPEeHINAX

[IK-3.1 IloHnumaer mnpuHOUIBI PabOTHl MCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB

[MK-3 Cniocoben npodeccnoHaabHO paboTarh ¢ NPUKITAHBIX TPOTPAMM)

MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TTAKETaMH PUKIIAHBIX

[K-3.2 Criocoben MIPOBOANTH SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

porpamm) B U30paHHON TpeMeTHON 00JIacTH
[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX

SKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! 0 JUCHMILINHE (MOLYJII0)

B pesynbTrare 0cBOEHUS AUCLUIIMHBI 00y4aIOIINeCs JOIKHbI

3HAThb!
1. ®yHaaMeHTaNbHbIE MOJIEKYJIAPHBIE OCHOBBI TEXHOIOTUH PEAAKTUPOBAHUS TeHOMA
2. Cepy npuMeHEHHS TEXHOJIOTHH PEIAKTHPOBAHUS TEHOMA
3. OrpanuyeHus MpU UCTIOIB30BAHUH TEXHOJIOTHH PelaKTUPOBAHUS T€HOMA

YMETh!




1. ®opmynrpoBaTh 331a4u IS peaTn3aluy MPOPecCHOHAIBHBIX (DYHKIMIA
2. IlnanupoBath SKCIEPHUMEHTAIILHYIO pa0O0Ty, OCHOBBIBASICh HA UMEIOIIUXCSI 3HAHUSAX
3. O600mare 1 CUCTEMATH3UPOBATh 3HAHUS O TEOPETHUICCKHUX MOJIOKEHHIX
4. Hcnonp3oBaThb OCHOBHBIE 3aKOHBl €CTECTBEHHOHAYYHBIX JAUCHMIUIMH B TNPO(hecCHOHATBHOM
JEATEIEHOCTH
5. Pabotars ¢ Hay4HO-TeXHUYECKOH HH(DOpMaIen
BIIAJICTh!
1. Merojamu norcka He0OX0IMMOM JTOCTOBEpHOI nH(MOopMaluel B OubmuoTekax u 6azax JaHHBIX
2. Merogamu mog6opa MarepuasoB

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAst
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
BBenenue B TEXHOJIOTHIO
1 . 3 3 6

penakTupoBaHus reHoMa. [Ipennocsbuiky.

TexHONOTUH pEeNaKTHUPOBAHUS T'€HOMA,
2 OCHOBAaHHBIE Ha OEIKOBBIX MOJICKYJIaX. 3 6
Meranyxkneassl, ZFN, TALEN

Cucrema CRISPR/Cas xak BapuaHT

3 a/lallTUBHOI'O ummyHutera. I lpunnun 3 ) 6
paboTel cucteMbl B OaKTepUANbHBIX
KJIETKax

4 TexHosoruss penakTUpPOBaHUS TI'€HOMA 3 ) 6
CRISPR/Cas

5 PepaktupoBanue reHoma y Oakrepuii 3 2 6

6 PenakTupoBanue reHoMa qpoxsKeit 3 6

7 PenaxtupoBanue reHOMa 3 5 6
9YKapHUOTHUYECKUX KIIETOK

8 PengaxTupoBanue reHoMa MbIIIN 3 2 6

9 benku apronaBTbl 3 6
Ortudeckue aCIIEKThI TE€HOMHOI'0

10 3 2 6
pEeNaKTUPOBAHUS

Hroro yacos 30 15 60

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)

1. BBeneHre B TEXHOJIOTHIO PeJakTUPOBaHus reHoma. [Ipeanochuiky.

1.1 Ucropuueckue acreKTbl 1 HEOOXOIUMOCTh TEHOMHOTO PEAaKTHPOBAHUS

1.2 TexHONOrUsl MHAYIIUPOBAHHOTO MyTarcHe3a
1.3 Tpancrenes.




2. TexHONOTMH PEIAKTUPOBAHUS T€HOMAa, OCHOBAHHBbIC HA OENKOBBIX MOJIEKylax. Meranykieassl,
ZFN, TALEN

2.1 CucremMa pegakTHpOBaHUs reHOMa | MOKOJICHUS: METaHyKJIea3bl
2.2 CucreMa peakTupoBaHus reHoma 2 nokosnenusi: ZFN

2.3 Cucrema pepaxktupoBanus reaoma 3 nokosieHusi: TALEN

2.4 Cucrema pepakrtupoBanus renoma 4 moxonenusi: CRISPR/Cas

3. Cucrema CRISPR/Cas kak BapuaHT ajmantuBHOro ummyHutera.llpuHiun pa®oTbl cUCTEMBI B
OaKTepHabHBIX KIIETKaX

3.1 benku Cas
3.2 Mexanusm JeiictBus cucteMbl CRISPR/Cas B GakTepHallbHBIX KIIETKaX
3.3 Ananranus 6akrepuaibaoii cuctembl CRISPR/Cas st mpumenenust in vitro

4. Texunonorus peaakruposanus reaoma CRISPR/Cas

4.1 BO3MOXXHOCTH M OTpaHUYEHHS PUMEHEHUS CUCTEMBI

4.2 Momudukauy CUCTEMBI JUI HOBBIIIEHUS CIICIU(YUIHOCTH

4.3 Perynsnust 3kcripeccuu TeHOB ¢ oMorsio cucreMbl CRISPR/Cas
4.4 Busyanuzanus xKUBbIX KIETOK ¢ momonibio cuctembl CRISPR/Cas

5. PenaktupoBanue reHoMa y 6akrepuii

5.1 Cucremsl pekomOuHanuu y E. coli. CaliT-crienududaeckas peKOMOMHAIIS.
5.2 ®aroBast TpaHCAYKIUS AJIsl pEAAKTUPOBAHUS TeHOMA OaKTepuil.

5.3 Cucrema CRISPR/Cas st Beicokod(hdexkTuBHOTO penaktuposanus E. coli.
5.4 Perynsiiust ypoBHs 3Kcripeccuu TeHoB y Oakrepuii ¢ momotbio CRISPR/Cas

6. PegakTupoBanue reHoma JpoxoKeit

6.1 CuctemMbl peIakKTUPOBAHUS T€HOMA JAPOXIKEH.
6.2 PegakrupoBanue reaoma Saccharomyces cerevisiae

7. PenakTupoBaHue reHoMa 3YKapUOTUYECKUX KIIETOK
7.1 Cnoco0b1 noctaBku koMmoHeHToB cucteMbl CRISPR/Cas B aykaproTHueckue KIeTKH

7.2 Koncrpyuposanue JjoHOpHBIX Monekyn JIHK aiist mpoBesieHrst ToMOIOTHYHOM pEeKOMOMHAIINY, B
TOM YHUCJIE C TO3UTUBHOW/HETaTUBHOM CENEKIIUEH.

7.3 Perynsius ypoBHS SKCIPECCHH T€HOB B KJIETKaX 3yKapuoT ¢ moMoInbio cucteMbl CRISPR/Cas
7.4. Ucnonb30BaHUe aKTUBALIMOHHBIX WK HOKayTHEIX Onbmuorexk CRISPR/Cas B nccienoBanusix
8. PemakTrpoBaHue reHOMa MBIIITH

8.1 MBIIIb KaKk MOAEIbHBIA 00beKT. OCOOEHHOCTH HCIIOIL30BaHUS.

8.2 CriocoObl TEeHOMHOTO PEJAKTHPOBAHUS MBIIIEH

8.3 Oco0eHHOCTH CeJIEKIMOHHON paOOoThl P TEHOMHOM PEAAKTHPOBAHUH MBILICH.

9. benku aproHaBThI

9.1 Mexanusmsl PHK-unTepdepeHunn y 5ykapruoT 1 IpoKapuoT
9.2 Ilporpammupyemsie PHK-myKki1€a361

10. DTHYecKue acIeKTEl TeHOMHOIO PCAaKTUPOBAHUA



10.1 KrnuHu4eckue UCHBITaHHUA TEHOTEPANleBTUYECKUX METOJOB C MPHUMEHEHHEM T'€HOMHOTO
peNaKTHUPOBAHUS

10.2 PenaktupoBanue rena CCRS nnst 60ps0661 ¢ BUY.

10.3 Dtryeckue mpodIEMBbI M PEKOMEHIANNHA MEXTyHApOIHON KoMuccnn HarmoHansHOM akageMun
MEIUIMHBI IO HACTIeIyeMOMY PEAaKTHPOBAHUIO T€HOMA YeI0BeKa

5. Onucanue MaTepuaJbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIEeHHS 00pa30BATEILHOIO
npouecca 1no JUCUMILInHe (MOLYJII0)

— y4eOHbIE ayAUTOPUH IS TPOBEACHUS 3aHATHIA JIEKIIMOHHOTO / CEMUHAPCKOTO THUIIA;

— ayIUTOPUH, OCHAILICHHBIE KOMIIBIOTEPHON TEXHUKOU € MOAKIIOYEHUEM K ceTh «IHTepHeT»;
— KOMIIBIOTEP U MYJIBTHMEANIHOE 000pyaoBaHe (IIPOEKTOP, 3BYKOBasi CUCTEMA),

— WHAMBUYaJIbHbIE BEIYMCIUTEIBHBIE CPEJCTBA CTYICHTOB (TIEPCOHATIBHbBIE KOMITBIOTEPHI) JUIs
BBINIOJTHEHUS TOMAIIHUX 3aJaHHH.

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

JanHas nuTepaTypa BblaeTcs Ha 6a30Boii kadenpe:

1. PenmaktupoBanue reHOB 1 reHOMOB/ oTB. pen. C.M. 3akusH, C.I1. Measenes, E.B. J/lementoena, E.A.
[oxymanos, B.B. Binacos. — HoBocubupck: M3narenscrso CO PAH, 2018. - ISBN 978-5-7692-1578-0
T. 1 —369 c. — ISBN 978-5-7692-1579-7

T. 2 —386 c. — ISBN 978-5-7692-1580-3

T.3-301 c. — ISBN 978-5-7692-1581-0

2. Metoasl penaktupoBanus reHoB U reHomMoB/ C.M. 3akusH, C.I1. Mensenes, E.B. Jlementnera, E.A.
[Moxymanos, B.B. Biacos. - HoBocubupck: Mznarenscto CO PAH, 2020 r. - ISBN
978-5-7692-1670-1

3. CRISPR 101. A Desktop Resource. - 3rd Edition. Addgene. - Kaura B a5eKTpoHHOM BHJIE.
https://info.addgene.org/hubfs/CRISPR_101_ebook/3rd%20edition/CRISPR-eBook-3rd-edition.pdf?hs
CtaTracking=bf615328-0652-4ef5-ab78-dfa031255da0%7C1a148117-5¢09-4f4c-9ebb-94fd110ce627

JomnonHutensHas auTeparypa

JlanHas muTepaTypa BblaeTcsi Ha 6a30Boii Kadenpe:

1. Anzalone AV, Randolph PB, Davis JR, Sousa AA, Koblan LW, Levy JM, Chen PJ, Wilson C,
Newby GA, Raguram A, Liu DR. Search-and-replace genome editing without double-strand breaks or
donor DNA. - Nature. 2019 Dec;576(7785):149-157. doi: 10.1038/s41586-019-1711-4. Epub 2019 Oct
21. PMID: 31634902,

2 Xiao Q, Guo D, Chen S. Application of CRISPR/Cas9-Based Gene Editing in HIV-1/AIDS
Therapy. Front Cell Infect Microbiol. 2019 Mar 22;9:69. doi: 10.3389/fcimb.2019.00069. PMID:
30968001;

3. Zhang D, Hussain A, Manghwar H, Xie K, Xie S, Zhao S, Larkin RM, Qing P, Jin S, Ding F.
Genome editing with the CRISPR-Cas system: an art, ethics and global regulatory perspective. Plant
Biotechnol J. 2020 Aug;18(8):1651-1669. doi: 10.1111/pbi.13383. Epub 2020 Apr 30. PMID:
32271968;

4. Pickar-Oliver A, Gersbach CA. The next generation of CRISPR-Cas technologies and applications.
Nat Rev Mol Cell Biol. 2019 Aug;20(8):490-507. doi: 10.1038/s41580-019-0131-5. PMID: 31147612
5. Rodriguez-Rodriguez DR, Ramirez-Solis R, Garza-Elizondo MA, Garza-Rodriguez ML,
Barrera-Saldafia HA. Genome editing: A perspective on the application of CRISPR/Cas9 to study
human diseases (Review). Int ] Mol Med. 2019 Apr;43(4):1559-1574. doi: 10.3892/ijmm.2019.4112.
Epub 2019 Feb 26. PMID: 30816503

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

http://www.ncbi.nlm.nih.gov



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX IPH OCYLIeCTBJICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

https://www.benchling.com/crispr
http://chopchop.cbu.uib.no/
http://www.rgenome.net/cas-offinder/
http://crispor.tefor.net/

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

CryaeHT, W3ydalImui JAUCIUILINHY, JOJDKEH C OJHOW CTOPOHBI, OBIAJETh OONIUM TMOHSTUHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, AOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrate u3yueHus TUCHUIUIMHBI CTYAEHT IOJKEH 3HAaTh OCHOBHBIEC OMpPENEICHUS AUCIUIIUHBL,
YMETh IPUMEHSATH MOy9YCHHBIC 3HAHUS JIJISl PEIICHUS Pa3IMYHBIX 3a]1a4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHSATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HANPSHKEHHOW CaMOCTOSTEILHON PaOOTHI CTY/ICHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], IMPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeajaraéMbpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUI TEKYLIEH U IPOMEKYTOYHOM arTeCTaluu.

[Mokazarenem BiajeHUsS MaTEPUATIOM CIY)KUT YMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOMPOCHI 110 TEMaM
JTVCIIATLIAHEL.

BaxxHo 10OWTHCS TMOHMMaHMs U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3amoMmuHaHus. [lpu
3aTPYIMHEHWN W3yYCHUS OTICIBHBIX TEM, BOIPOCOB, CIEMyeT OOpaIiarhCs 3a KOHCYJbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHS 337ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npopuJib NOArOTOBKHU: MenunuHcKas Gusnka u ononHpopMaTHKa
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadempa MONEKYIIPHON U TPAHCIAIIMOHHONW MEIUIIHHBI

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

Pa3paborunk: B.H. Jlazapes, n-p Ouon. HayK, TOIEHT, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylIbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE 4ieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOAIUIo

[IK-2.1 CnocoGeH I1ulaHUPOBaTh M MPOBOAWTH HAYYHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MJIM B COCTaBE€ HAay4HOIO
KOJIJIEKTHBA

[MK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yibTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyOIMKalUuK HAYYHBIX CTATeH U y4acTusi B KOH)EPEHIUSIX

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKUM M UCTIBITATEIIbHBIM
o0opynoBaHueM (MpruOOpaMH U yCTaHOBKAMH,
CIIeATN3NPOBAaHHBIMH TAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl HCIOJIB3YEMOTO

00opynoBaHUs (crierManu3upOBaHHBIX MIAKEeTOB
MPUKIIAAHBIX TPOTPaMM)
[K-3.2 Criocoben MIPOBOANTD SKCIIEPUMEHT

(MozmenMpoBaHUE) C HCIOIB30BAHUEM HCCIEIO0BATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
IKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIIU

B pe3ynbrare n3ydeHus AMCIUTUIMHBL « TeopHst U paKTHKa TeHOMHON WHXKEHEPHUI» 00yJatoNUiics JOIKEH:

3HATb:

1. ®yHaaMeHTaNbHbIE MOJIEKYJIAPHBIE OCHOBBI TEXHOIOTUH PEAAKTUPOBAHUS TeHOMA
2. Cepy npuMeHEHHS TEXHOJIOTHH PEIAKTHPOBAHUS TEHOMA
3. OrpanuyeHus Py UCTIOIB30BAHUH TEXHOJIOTHH PelaKTUPOBAHUS T€HOMA

yMeTh:

1. ®opmynrpoBaTh 33834y I peann3aiuy IpopecCHoHaIBHBIX (QYHKIHHA

2. IImannpoBarh SKCIEPUMEHTATIBHYIO Pa0OTY, OCHOBBIBASICH HA UMEIOIINXCS 3HAHUSIX

3. O600mare ¥ CUCTEMAaTH3UPOBATh 3HAHUS O TEOPETUIECKHUX MOJIOKEHHUAX

4. Hcnonp30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX JAUCHUILUIMH B NPOQECCHOHANBHOM

JCATCIIBHOCTU

5. Pabotare ¢ Hay4HO-TeXHUYECKOH nH(OpMaLen

BJaJeTh:

1. MeTogamu oucka HeoOXOAMMON JOCTOBEPHON nH(popMalueli B OndimmoTexax u 0a3zax JaHHBIX

2. Meronamu mogoopa MarepuasoB

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

Bo BpeMs Tekyl1ero KOHTpoJIsl CTYJEHT JOJKEH YMETh OTBETUTD Ha CIIELYIOIIUE BOIIPOCHI:

1. TexHoMOTUSI HHAYIUPOBAHHOTO MyTareHe3a. OCoOEHHOCTH MTPOBeICHNs. TPYyTHOCTH.

2. O6nacTh NpUMEHEHUSI.

3. Tpancrenes. OcoGeHHOCTH MTpoBeaeHus. TpynHocTr. O6IacTh NPUMEHEHHS.




4. Ha kakux TEXHOJOTHSAX BMEIIATEIBCTBA B T'€HOM OCHOBAaHBI CylmecCTByromue u OHOGpeHHHe
KIIMHUYCCKUC MMPOTOKOJIbI TCHHOH TCpaHI/II/I?

5. JAast 4yero MoxeT mOTpeOoBaTbcs M OKa3arbes IPQPEKTHBHBIM pegakTHpoBanue reHomHon JJHK
comarndeckux kietok? IlpuBennre He MeHee AByX IPUMEPOB.

6. Meranykieas3sl. CTpykTypa, CO3[JaHHe, OCOOEHHOCTH. BapmaHThl Momm@uKanuy MeraHykieas.
[IpuHIMIBI peaKTUPOBAHNS FEHOMA C MIOMOIIBIO METaHyKJIeas.

7. ZFN. Ctpykrypa, co3manue, 0cooeHHOCTH. [[puHIMIIBI penakTupoBanmsi reHoMa ¢ moMotbio ZFN.

8. TALEN. Crpyktypa, cozganue, 0ocCOOeHHOCTH. [IpuHIMIBI pelakTUpOBaHUs T€HOMa C ITOMOIIBIO
ZFN.

9. Cxonctsa u paznuuusi ZFN u TALEN. Orpanuuenus Ha IpUMeHEHHE.
10. Cnemuduanocts RVD B cucreme TALEN. Ipunnun coopku TALEN Ha npumepe golden gate.

11. Tpunnun penaktupoBanus reHoma ¢ nmomornibio CRISPR/Cas cucrem. Komnonentsl. UMmyHuTET
OaKTepuil.

Bo BpEMsA 3aHATHI MOTYT HNPOXOAUTb UHTCPAKTUBHBIC O6CY)K,Z[€HI/I$I B HaTax Kypca, 4To 6YILCT SABIIATHCA
JIOMAIlTHUM 3aJlaHieM. B03MO)XHO BBINIOJHEHHE IATEHTHOTO IIOMCKAa B Kauye€CTBE CaMOCTOSITEIIHLHOM
3aga4u. YcnemHoe BEIIOIHEHHUE BCEX 3a,Z[aHHI>'I IO KypCYy U BBIIIOJIHCHUC KOHTPOJIBHBIX CPE30B 3HAHUH
AacT MPEUMYIICCTBO HA SK3aMCHC.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUsI IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

1. Ilpuamun pemaktupoBanusi reHoma c¢ momomisio CRISPR/Cas cuctem. CrocoObl gocTaBKu
KOMITOHEHTOB BHYTPb KJIETKH.

2 Ipuanun penaktupoBanus reHoma ¢ nomomipio CRISPR/Cas cucrem. OcobeHHOCTH mMoadopa
CHefiCepHOH MOCIe0BaTeIbHOCTH AJ1sl TuaoBoi (Hampasisiomeid PHK).

3 Ilpunnun penaxtupoBanusi reHoma ¢ momoripio CRISPR/Cas cuctem. Moaudukanuu CHUCTEMBI
CRISPR/Cas.

4 OcHOBHbIE MOJIEKYJSIPDHbIE MEXaHU3Mbl, YYacTBYIOIME B perapaluy JIBYXLEINOYEUHbIX pa3pbIBOB.
VYcnoBust, BIUAIONINE HA BBIOOP KJIETKOW MyTH perapaiuy ABYXLENOYSUHBIX Pa3PhIBOB.

5 Huxkazel. Bunel. Oco6enHoctu ucnonb3oBanwms. Jn3aita Hanpasnstonux PHK ms ucrionb3oBanus ¢
HHUKa3aMH.

6 Henenesbie >¢ddexter. Criocodbl 060pe0Obl ¢ Hecnenuduueckoit padotoit cucrembl CRISPR/Cas.
OcobenHOCTh MU3aitHa qoHOpHON MoJekyabl JIHK 1 romonorndHol peKoMOMHAIINY.

7 Perynsuust skcnpeccuu reHoB ¢ nomoiibio CRISPR/Cas y npokapuot

8 Cnoco6sl mossimeHus crnenuduanoctd CRISPR/Cas cuctem. Moaudukanum KOMIIOHEHTOB
CHCTEMEL.

9 Cnoco6b1 noBermeHust cnenuduanoctu CRISPR/Cas cuctem. AnpecHasi 1ocTaBKa KOMITOHEHTOB
CHCTEMBI.

10 OcoOeHHOCTH TEHOMHOTO PEAAKTUPOBAHUS JIPOKKEH.
11 MeTozpl aHanM3a TECHOMHOTO PETAKTUPOBAHHSL.
12 Onpenenenns yncia konuii Tpancrenos B JTHK.

13 TIlo3uTuBHas/HETaTWBHAs CeJEKUMS NPH KOHCTPYUpOBaHMM AOHOpHBIX Mojekyn JAHK s
TOMOJIOTMYHOM peKOMOUHAIINY.

14Texnonoruu penaktupoBanus PHK

15 Ionxonet B penaktupoBannu reHoMHo JIHK e, OcoGeHHOCTH.
16 Texuonorwust Cre-LoxP. [IpuHium paOoTs.

17 IIpuHIMIIBI CO3/IaHNS TPAHCTEHHBIX M HOKAYTHBIX MBIIIEH.

18 UmmyHorenHoCTh KOoMITOHEHTOB CRISPR/Cas.

19 YyscrButensHocts CRISPR/Cas cucteM Kk cTpyKType XpoMaruHa
20 Texnomnorus prime editing. OcobeHHOoCTH. MexaHu3m.

[TpumMepsl OUIETOB HA DK3aMEHE
buner Nel



Henenessie addekre. Crnocobbl 60prbObl ¢ Hecnenuduyeckoit padoroit cucrtembl CRISPR/Cas.
OcobeHHOCTh Mu3aitHa qoHOpHON MoJekyabl JIHK 11 romonorndHol peKoMOMHAIINY.

buer Ne2
Ummynorennocts komnoHeHToB CRISPR/Cas.

Buiet Ne3

Hukazel. Bugpl. Ocobennoctu ucronb3oBanus. Juzaitn Hanpasistonmx PHK mns wcmonp3oBanust ¢
HHUKa3aMH.

Kpurepun onennBanus

Onenka ommuao (10 OamioB) - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIlIeMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHHUS YYEeOHOHM MNpOorpaMMbl AMCHUIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPAKTHKE MPU PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Onenka ommmuHo (9 ©0amioB) - BBICTABISIETCS  CTYACHTY, I[IOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpPOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka ommmuHO (8 ©0amioB) - BBICTABISIETCS CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMHU.

OHGHKa XOopouro (7 63.JIJ'IOB) - BBICTABJIACTCA CTYACHTY, €CJIM OH TBCPAO 3HACT MATCpHajl, r(paMOTHO U
0 CymeCTBy H3jaract €ro, ymeeT NpHUMCHATH IOJIYYCHHBIC 3HAHUA Ha IMPAKTUKE, HO HECAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Onenka xopoio (6 6aoB) - BEICTABISETCS CTYJCHTY, €CJIA OH TBEP/IO 3HAET MaTepuall, TPAMOTHO H
M0 CYLIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTHh MOMyYeHHbIC 3HAHHWS HA IPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka xopomo (5 0amioB) - BBICTABISIETCS CTYIACHTY, €CIIM OH B OCHOBHOM 3HAeT Marepual,
IPaMOTHO M IO CYILIECTBY M3/1araeT €ro, yMeeT NPUMEHATh IOIy4YEHHbIE 3HAHUS Ha IPAKTUKE, HO
JIOITyCKAeT B OTBETE WIM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOYHOCTEH.

OmeHka ymoOBIETBOPUTEIbHO (4 Oaya) - BBICTABISCTCS CTYACHTY, INOKa3aBlleMy (parMeHTapHBIH,
Pa3pO3HEHHBI XapaKTep 3HAHWIl, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKOU MOCIIENOBATEIbHOCTH B U3JIOKECHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOM IpOrpaMMbl, HEOOXOAUMBIC JUIsl JajbHEHIIero o0y4eHus, u
MOKET MMPUMEHSTh TOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.

OueHka ymoBineTBOpUTENIbHO (3 Oayuia) - BBICTABISCTCS CTYACHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeI0BAaTEeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHO mporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeH s U
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYJOBIETBOPHUTENHHO (2 Oauta) - BBICTABIISIETCS CTYICHTY, KOTOPBIN HE 3HAeT OOJbIIeH YacTH
OCHOBHOTO COZIEP)KaHUsl Y4eOHOW NpOrpaMMbl JHUCHMIUIMHBL, JONYCKAaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IPHUHIIMIIOB i HE YMEET HCIIOIb30BaTh NOIYUYCHHbBIC 3HAHUS TP PEIICHHN
THIIOBBIX 33]1a4.

Ouenka HeynoBieTBOpuTedabHO (1 Gayur) - BBICTABISETCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
coziepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUILIUHEL, JTOMyCKaeT rpydeiinie ommoku B (OPMYIHPOBKAX
0a30BBIX TOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

[Ipu mpoBeneHUH yCTHOro 3K3aMeHa oOydamomiemycs npeaoctasisiercss 30 MUHYT Ha IOATOTOBKY.
Ompoc ofyuatomerocs 1o OwileTy Ha YCTHOM OJK3aMEHE HE JO/DKEH IIPEBbIIIAaTh OIHOTIO
aACTPOHOMMYECKOTO Yaca.



