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

O3HaKkOMJIEHUE CTYIEHTOB C COBPEMEHHBIMHM TEXHOJIOTUMSMU TI€HOMHOIO pelnakTupoBaHus. Passurue y
CTYOCHTOB CHCTEMHOIO0 TIOAXOZa K aHamuzy Ouonorndeckod uHpopmauuu. CTyAeHT MOTYyYUT
(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 OCOOCHHOCTH W OOJACTh NMPHUMEHEHHUS 3TUX TEXHOJOTHI B HCCIEIOBATENILCKOW paboTe H
MeEAULIUHE.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalIbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON

[MK-1 CriocobeH cTtaBuTh, GopMann3oBbIBaTh 1 |ACATCILHOCTH

pears 3a1a4y, B ToM uncie pa3padareiBath 1 [[IK-1.2  CrocoGeH  BBIIBUTAaTh  THUIOTE3bl, CTPOHTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3ydaeMbIX
M3y4YaeMbIX SABJICHHN U MPOLIECCOB, CACTEMHO  |SIBJICHHH M MPOLIECCOB, OLECHUBATH KAUECTBO pa3paboTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUeCKue H (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHNN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC

pe3yabTaThl
[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBbIC

[TIK-2 CriocobeH caMOCTOATEILHO WU B HCCJIENOBAHUS CaMOCTOSTEIBHO WIM B COCTaBe HAy4YHOIO

KadecTBe 4JieHa (PyKOBOAMUTEIS) MaJIOTO KOJUJICKTHBA

KOJIJICKTHBA OPraHU30BbIBATh U MPOBOJNTH I1IK-2.2 CnocoGeH MNpoOBOAUTH ampoOalHI0 PE3yIbTaTOB

Hay4HbIE UCCIIEIOBAHKS U UX aNPOOAIUIO Hay4YHO-UCCIIE0BATEIbCKON paboTol nOoCpPeACTBOM

MyOIMKAIlMK HayYHbBIX CTaTel M yJacTusl B KOH(pEPEeHINAX

[IK-3.1 Ilonumaer npuHOUNBI pPabOThl HCIOIB3YEMOIO
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 HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

porpamm) B U30paHHON TpeMeTHON 00JIacTH
[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJYYEHHBIX

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 OCIKOBBIX MOJEKYIax. 3 6
Meranyxkneassl, ZFN, TALEN

Cucrema CRISPR/Cas kak BapuaHT

3 a/lallTUBHOI'O ummyHutera. I lpunnun 3 ) 6
paboTrel cuctemMbl B OaKTepHaJIbHBIX
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 ACIEKThI T€HOMHOTO

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 HcTopudeckue acreKkThl 1 HEOOXOAMMOCTh TECHOMHOTO PEIaKTUPOBAHHUS
1.2 TexHONOrUsl MHAYIIUPOBAHHOTO MyTarcHe3a
1.3 Tpancrenes.




2. TexHONIOTMN PEIAKTUPOBAHUS T€HOMA, OCHOBAHHBIC Ha OEJKOBBIX 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 amantuBHOro ummyHutera.llpuHiun pa®oTel cucTeMbl 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 KoncrpyupoBanue noHOpHBIX Monekyn JIHK st mpoBegeHus rToMOJIOTHYHONW peKOMOHMHAITH, 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 KiuHu4yeckue WCHBITAHUS TEHOTEPANEeBTUYECKUX METONOB C IMPUMEHEHHEM TE€HOMHOTO
peNaKTHUPOBAHUS

10.2 PenaktupoBanue rena CCRS nnst 60ps0661 ¢ BUY.

10.3 Dtryeckue mpoOIEeMbI M PEKOMEHIAINH MEXITyHAPOAHON KoMuccny HarmoHansHOM akajgeMuu
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, W3ydalIui AWCIHILINHY, JODKEH C OJHOH CTOPOHBI, OBJIAJETh OOIIMM TMOHATHIHHBIM
anmapaToM, a ¢ JPYroil CTOPOHBIL, AOKEH HAYUUThCS IPUMEHATH TEOPETHUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrare m3yueHus NUCHUIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIE OIpeNeieHHs AUCIUILINHBI,
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 MarepHuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeajaraéMbpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUI TEKYLIEH U IPOMEKYTOYHOM arTeCTaluu.

[MokazareneM BiajeHHs MarepHajoM CIYXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MMOHMMAaHUS M3yd4aeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIHEHUN W3yYCHUS OTJENBHBIX TEM, BOIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMU K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad 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

KBaJupuKaAnus: 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

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh THIIOTE3bl, CTPOHUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCaHMA H3ydaeMbIX
SIBICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

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

[IK-2.1 Cnoco0eH miaHupoBaTb M MPOBOJAUTH Hay4dHBIC
UCCJICZIOBAHUSI CAMOCTOSTENIbHO MM B COCTaBE€ HAydHOI'O
KOJIJIEKTHBA

[MIK-2.2 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
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 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO

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

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
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. Jlns yero mMoxeT MOTpeOOBaTbcsl M OKazaThesl 3Q(GEKTUBHBIM pepakTupoBaHue reHomHou JTHK
comarndeckux kietok? IlpuBennre He MeHee AByX IPUMEPOB.

6. Meranykineas3sl. CTpyKTypa, co3laHHe, OCOOCHHOCTH. BapuaHThl Moaudukanuu MeraHykieas.
[IpuHIMIBI peaKTUPOBAHNS FEHOMA C MIOMOIIBIO METaHyKJIeas.

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

8. TALEN. Crpykrypa, cozganue, ocoOeHHOCTH. [IpHHIUIBI pelakTUPOBaHUS T€HOMA C MOMOLIBIO
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. Mpuanun penakrtupoBanus reHoma ¢ nomonipio CRISPR/Cas cucrem. Kommonentsl. UMMyHHTET
OaKTepuil.

Bo BpEMA 3aHATHI MOTYT IPOXOAUTb MHTCPAKTUBHBIC O6CY)I(,Z[CHI/I$I B HaTax Kypca, 4To 6y,Z[CT SABIIATHCA
JIOMAIlTHUM 3aJlaHieM. B03MO)XHO BBINIOJIHEHHE IIaTEHTHOTO IIOMCKAa B Kauye€CTBE CaMOCTOSITEIILHOM
3aga4u. YcnemHoe BBEIIIOIHEHHUE BCEX 3aI[aHI/II>'I IO KypCy H BBIIOJHCHUC KOHTPOJIbHBIX CPC30B 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 IpuHnun penaktupoBanus reHoma ¢ nomoinipio CRISPR/Cas cucrem. OcobeHHOCTH mMoa6opa
CHefiCepHOH MOCIe0BaTeIbHOCTH AJ1sl TuaoBoi (Hampasisiomeid PHK).

3 Ilpunmun penaktupoBanus reHoma ¢ momoisio CRISPR/Cas cucrem. Momudukarmu cucteMsl
CRISPR/Cas.

4 OcHOBHbIE MOJIEKYJISIPHbIE MEXAaHU3MBbl, YYacCTBYIOIIME B pelapalyy JByXLEHNOYEUHbIX Pa3pbIBOB.
VYcnoBust, BIUAIONINE HA BBIOOP KJIETKOW MyTH perapaiuy ABYXLENOYSUHBIX Pa3PhIBOB.

5 Huxkazsl. Bunel. OcobennocTu ucnonszoBanus. [luzaiin manpasmsirormux PHK mis ncnons3oBanus ¢
HHKa3aMH.

6 HeneneBbie addekrer. CriocoOsl 60prObI ¢ Hecnenuduueckoir padoroit cuctembl CRISPR/Cas.
OcobenHOCTh MU3aitHa qoHOpHON MoJekyabl JIHK 1 romonorndHol peKoMOMHAIINY.

7 Perynsuust skcnpeccuu reHoB ¢ nomoiibio CRISPR/Cas y npokapuot

8 Cnoco6bl moBbimenust cnenuduuHoctn CRISPR/Cas cuctem. Monudukanuun KOMIIOHEHTOB
CHCTEMBI.

9 Cnoco6b1 noBeiienust cnenuduuHoctu CRISPR/Cas cucrem. AnpecHasi ocTaBKka KOMIIOHEHTOB
CHCTEMBI.

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

13 Tlo3uTuBHas/HETaTHBHAs CEJIEKLUUS NPU KOHCTPYHPOBAaHUM JOHOpHBIX Mosekyn JIHK mns
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 addexre. Criocobbl 0oprObl ¢ Hecrenuduueckoir padotoit cuctembl CRISPR/Cas.
OcobeHHOCTh Mu3aitHa qoHOpHON MoJekyabl JIHK 11 romonorndHol peKoMOMHAIINY.

buer Ne2
Ummynorennocts komnoHeHToB CRISPR/Cas.

Buner Ne3
Hukazel. Bugpl. Ocobennoctu ucrionb3oBanus. Jnzaitn Hanpasnstonmx PHK mns wicmonb3oBanwms ¢
HHUKa3aMH.

Kpurepun onennBanus
Onenka ommyao (10 OamnoB) - BBICTABIISIETCSI CTYACHTY, I[TOKa3aBIIEMY BCECTOPOHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE MPH PELICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 00OCHOBaHHE
HPUHATHIX PELICHAMN.
Onenka omm4yHo (9 0amwioB) -  BBICTABISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha NPAaKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.
Onenka ommyHO (8 OamwioB) -  BBICTABISIETCS  CTYHACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHe 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3aj]lad, NPaBUIbBHOE 00OCHOBAHHE MPUHATHIX
peleHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopouio (7 6ayuIoB) - BBICTaBIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPAaMOTHO H
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YCHHBIC 3HAHHWSA Ha NPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Onenka xopoio (6 6ayuIoB) - BHICTABISIETCS CTYACHTY, €CIIH OH TBEPJO 3HAET MaTephall, TPAMOTHO H
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYUYCHHbIC 3HAHMS HAa MPAKTHUKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka xopomo (5 0aiIoB) - BBICTAaBISIETCS CTYIACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHITh IOJyYeHHbIe 3HaHMS Ha IPaKTHKE, HO
JIOITyCKAeT B OTBETE WIM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOYHOCTEH.
OneHka ymoOBIETBOPUTENBHO (4 Oama) - BBICTABISETCS CTYACHTY, MOKa3aBlleMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIC Pa3JieNibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOYKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
Onenka ymoBieTBOpUTENbHO (3 Oama) - BBICTABISETCS CTYACHTY, NOKa3aBlleMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbHOCTH B H3JIOKEHHHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3jesiaMH y4eOHO! IporpaMmbl, HEOOXOANMBIMHE JUTS JaJIbHEHIIEro o0ydeHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYaIHH.
OneHka HEYIOBIETBOPUTEILHO (2 6ajuia) - BEICTABISIETCS CTYIEHTY, KOTOPBIN HE 3HAeT OoblIeii yacTu
OCHOBHOTO COACp)KaHUs y4eOHOH IporpaMMbl JUCHMIUIMHBI, JOMyCKaeT rpyOble OIMOKH B
(hopMyIIMpOBKax OCHOBHBIX MPHUHIHUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
Ouenka HeynoBieTBopuTenbHO (1 Gayur) - BBICTABISETCS CTYAEHTY, KOTOPBI HE 3HA€T OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIMycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX TOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIIOBBIX MPAKTHUYECKHX
3ajay.

5. MeTonuueckne MaTepuasbl, onpeaeasionie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu npoBeneHun ycTHOro sk3ameHa oOydaromemycs npepoctasisercs 30 MUHYT Ha HOATOTOBKY.
Ompoc oOyuatomerocs 1o Ouijery Ha YCTHOM »5SK3aMEHE HE JIOJDKEH IIPEBBIIIAaTh OIHOTO
aACTPOHOMMYECKOTO Yaca.



