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: buorexnonorus
Nnpo¢uJIb NOATOTOBKH: buotexnonorus u OnomeanumHCKast HHGOpMAaTHKA

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.]'lb 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
JEATEIIEHOCTH

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CHCTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.2 CnocobeH uCHonb30BaTh CIICIIUATU3UPOBAHHBIE
3HaHUSl QYHJIaMEHTAIBHBIX Pa3lelioB MaTeMaTHKH, (GU3UKH,
XUMUU ¥ OWomormm Il TIOCTAHOBKHM U pPEUICHUS
HAyYHO-HCCIICA0BATEIHCKUX 3a1a4 B obmactu
OMoMH)XeHEpUHU U OMOUH(POPMATHKI

[IK-1.3 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAUECTBO pa3padoTaHHOU

MOJENN
[MK-2.1 CnocobeH caMOCTOSTENFHO IUIAHUPOBATh U

I1K-2 CriocoGeH caMOCTOSTEIbHO WIN B MPOBOJUTH HAayYHBIE HCCIEIOBAHUS CAMOCTOSTEIBHO WU B

KauecTBe 4jieHa (PyKOBOAUTEINS) MaJIOro COCTaBC HAyYHOI'O KOJIJICKTHBA

KOJUICKTHBA OPTaHU30BBIBaTh U MPOBOAUTD [IK-2.2 CnocobeH NpOBOAWTH ampoOaIuio pe3yiIbTaToB

Hay4HbIE UCCIIEIOBAHMS U UX anpobaIuro Hay4HO-UCCIIE0BATEIbCKON paboTHI [IOCPEICTBOM

MyOJIMKAIIMK HAYYHBIX CTaTeil U yyacTus B KOH(EPEeHIUIX

[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIONB3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIBCKOTO

I1K-3 CriocobeH mpodeccroHanbHo paboTath ¢ |« Opy/IOBAHHs (TAKETOB MPHKIATHBIX TPOrPAMM)

HCCIICA0OBATCIbCKHUM U UCIIBITATCIIbHBIM

IMK-3.3 CnocobeH oIleHHBaTh TOYHOCTH IOJyYEHHBIX
obopynoBaHueM (MprubOpaMH U yCTaHOBKAMH,

OKCIICPUMCHTAJIbHBIX (‘lI/ICJ'IeHHBIX) PE3YJIIbTATOB

CIICUAIIM3UPOBAHHBIMU TAKCTAMU HNPUKITAIHBIX

HpOrpaMM) B 3OPAHHOI IPeIMETHOI 06acTH [1IK-3.4 CrocobeH caMOCTOSTENILHO HAaXOAUTh U OCBAaWBaTh

HOBble HMH(OpPMAIMOHHbIE M HPOTPaMMHBIE PECYpChl B
oOnacTi OMOMHXeHepHUU U OMOUH(OPMAaTUKU

IMK-3.5 CnocobeH npuUMEHSITh METObl OMOWMHXKECHEPUH U
OnonH(OpPMAaTUKKA IS TONYYCHHS]  OMOJOTHYECKUX
00BEKTOB C IeJICHANPABICHHO U3MEHEHHBIMH CBOMCTBAMHU

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:




1. ®yHaaMeHTaNbHBIE MOJIEKYJIAPHBIE OCHOBBI TEXHOIOTUH PEAAKTUPOBAHUS reHOMAa
2. Cepy npuMeHEHHS TEXHOJIOTHH PEIAKTHPOBAHUS TEHOMA
3. OrpanuyeHus MPpH UCTIOIB30BAHMH TEXHOJIOTHH PelaKTUPOBAHUS T€HOMA
YMETh!
1. ®opmynrpoBaTh 3a8a4u I peann3aiy IpohecCHoHaNBHBIX (QYHKIHHA
2. I[InannpoBarh SKCIEPUMEHTAIBHYIO Pa0OTY, OCHOBBIBASICH HA UMEIOIINXCS 3HAHUSIX
3. O600mare ¥ CUCTEMATH3UPOBATh 3HAHUS O TEOPETUIECKHUX MOJIOKEHHUAX
4. Hcnonp30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX JAUCLHUILUIMH B NPOQECCHOHANBHOM
JeSITeIbHOCTU
5. Pabotare ¢ Hay4HO-TeXHUYECKON nH(OpMaIen
BJIaJICTh:
1. Merogamu noucka He0OXOIUMON HOCTOBEpHOI nHMopManuel B 6nbmuoTekax u 0azax JaHHBIX
2. Meronamu mogoopa Marepuason

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIiInHbl (MOYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh MO BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
Bsenenne B TEXHOJIOTHIO
1 . 3 3 6

pPCAaKTUPOBAHUA I'CHOMA. Hpe,[[HOCBIJ'IKI/I.

TexHONOTMM pPEOAKTUPOBAHUS T'CHOMA,
2 OCHOBaHHBIE Ha OEJIKOBBIX MOJIEKYNaX. 3 6
Meranyxkneassl, ZFN, TALEN

Cucrema CRISPR/Cas kak BapuaHT

3 aIalTHUBHOTO ummyHutera. [ lpunnun 3 5 6
paboTbl cucTeMbl B OaKTepHaJIbHBIX
KJIIETKax

4 TexHomoruss penaKkTUPOBAaHUSI TE€HOMA 3 5 6
CRISPR/Cas

5 PenaktupoBanuie reHOMa y OakTepHii 3 2 6

6 PengaxTupoBanue reHoMa qpoxoKeit 3 6

7 PenaktupoBanue reHoma 3 ’ 6
9YKapHUOTHUECKUX KIIETOK

8 PenakTupoBanue reHoMa MbIILIN 3 2 6

9 benku apronasThl 3 6
OTudeckue ACTIEKTHI T€HOMHOTO

10 3 2 6
penaKTUpOBaHUs

Nroro gacos 30 15 60

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)
Cemectp: 1 (Ocennwii)

1. BBeneHre B TEXHOIOTHIO peAaKTHPOBaHUs reHoMa. [Ipeanochuiky.




1.1 Mcroprueckue acieKTsl 1 HEOOXOMMOCTh TEHOMHOTO PEAAKTUPOBAHUS
1.2 TexHOMOTHs MHIYIIUPOBAHHOTO MyTareHe3a
1.3 Tpancrenes.

2. TexHONOTMH PEIAKTUPOBAHUS T€HOMAa, OCHOBAHHBIC Ha OEJKOBBIX MOJIEKylaX. Meranykieassl,
ZFN, TALEN

2.1 Cucrema pegakTHpOBaHUs reHOMa | MOKOJIEHUS: MeTaHyKJIea3bl
2.2 CucreMa peakTupoBaHus reHoma 2 nokosnenusi: ZFN

2.3 Cucrema pepaxktupoBanus reaoma 3 nokosieHusi: TALEN

2.4 Cucrema pepaktupoBanus reanoma 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 6akrepuaibaoli cuctembl CRISPR/Cas st mpumenenust in vitro

4. Texunonorus peaakruposanus reaoma CRISPR/Cas

4.1 BO3MOXXHOCTH M OTpaHUYEHHS PUMEHEHUS CUCTEMBI

4.2 Momudukauy CUCTEMBI JUIS HOBBIIIEHUS CIICU(YUIHOCTH

4.3 Perynsnus 3kcripeccuu TeHOB ¢ toMorsio cuctreMbl CRISPR/Cas
4.4 Busyanuzanus KUBbIX KIETOK ¢ momonibio cuctembl CRISPR/Cas

5. PenaktupoBanue reHoMa y 6aktepuii

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 peIakTUPOBAHUS T€HOMA JAPOXIKEH.
6.2 PegakrupoBanue reaoma Saccharomyces cerevisiae

7. PenakTupoBaHue reHoMa 3YKapUOTUYECKUX KIIETOK

7.1 Cnnoco0b1 noctaBku koMmoHeHToB cucteMbl CRISPR/Cas B sykaproTHueckue KIeTKH

7.2 KoncrpyupoBanue noHOpHbIX Monekyn JIHK st mpoBeeHus rToMOJIOTHYHON peKOMOHWHAITH, B
TOM YHUCJIE€ C TO3UTUBHOM/HETaTUBHOM CENEKIIUEH.

7.3 Perynsius ypoBHS SKCIPECCHH T€HOB B KJIETKaX 3yKapuoT ¢ moMoInbio cucteMbl CRISPR/Cas
7.4. Vcnonb30BaHUe aKTUBALIMOHHBIX WK HOKayTHRIX Onbmuorexk CRISPR/Cas B nccinenoBanusix

8. PenaktupoBaHrue reHOMa MbILIU

8.1 MBIIIb KaKk MOAEIbHBIA 00beKT. OCOOEHHOCTH HCIIOIL30BaHUS.

8.2 CrtocoOBI TEHOMHOTO PENAKTUPOBAHMSI MBITIICH

8.3 OCOOEHHOCTH CENEeKIMOHHOHN pa0OThI MPH TEHOMHOM PEIaKTUPOBAHUN MBIIIEH.

9. benku aproHaBThI

9.1 Mexanusmsl PHK-unTepdepeHunn y 5ykapruoT 1 IpoKapuoT
9.2 Ilporpammupyemsie PHK-myki€a3st



10. OTu4eckre acreKThl TEHOMHOTO PeIaKTHUPOBAHUS

10.1 KiuHuyeckne HWCHBITAHUS TEHOTEPANEeBTUYECKUX METONOB C IMPUMEHEHHEM TE€HOMHOTO
peNaKTHUPOBAHUS

10.2 PenaktupoBanue rena CCRS nnst 60ps061 ¢ BUY.

10.3 Dtryeckue mpoOIEeMBbI M PEKOMEHIAINH MEXITYHAPOAHON KoMuccnn HarmoHansHOM akajgeMuu
MEIUIMHBI IO HACTIeIyeMOMY PEeAaKTHPOBAHUIO T€HOMA YeI0BeKa

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEILHOTO
npouecca 1no JUCUUILInHE (MOIYJII0)

— y4eOHbIE ayAUTOPUH IS TPOBEACHUS 3aHATHI JIEKIIMOHHOTO / CEMUHAPCKOTO THIIA;

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

— WHAMBUAYaJIbHbIE BEIYMCIUTEIBHBIE CPEJCTBA CTYICHTOB (TIEPCOHATIBHbBIE KOMITBIOTEPHI) IS
BBINIOJTHEHUS IOMAIIHUX 3aJaHHH.

6.IlepeyeHb 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 reHomoB/ 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 JUCUHMILIUHBI (MOLYJIs1)

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

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

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

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_Iy.Tlﬂ)

CTyneHT, W3ydYarolmMi JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpoOHbIL, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUYECKUE 3HAHUS HA TIPAKTHUKE.

B pesynerate M3ydeHUs NUCHUIUIMHBI CTYAEHT JOJDKEH 3HATHh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
YMETb IPUMEHSTH [10JIyUYEHHbIE 3HAHUS AJIs PELICHUS pa3IMuHbIX 3a/ad.

VYenenHoe ocBoeHUe Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, MPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSTENIEHOM PaboThI CTY/IEHTA.

CamocrosiTenbHas padoTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4eOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAaaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— MOATOTOBKY K BBINOJIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTALUH.

[lokazarenem BiajgeHHs MaTepHUajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHH4YECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YCHHS OTICNBHBIX TEM, BOINPOCOB, CleXyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTesio.

Bo3MOXeH npoMeXyTOUHBINH KOHTPOJIb 3HAHWUM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMaTHKOW 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: buorexnonorus

npopuJib NOArOTOBKHU: buorexHonorust u GuoMeUITMHCKAsT HHPOPMATHKA
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 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHbIE MPOOIEMBI, TIOJTy4aTh
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 CnocobeH uCnonb30BaTh CIICIUATU3UPOBAHHBIE
3HaHUSl QyHJIaMEHTAIBHBIX Pa3lesioB MaTeMaTHKH, (GU3UKH,
XUMUU ¥ OWonormm Il TIOCTAHOBKH M pPEUICHUS

Hay4HO-UCCJIEA0BATEIbCKUX 3a1a4y B obnmactu
OvonH)XeHEpUHU 1 OMOUH(POPMATHKU

[IK-1.3 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHUYeCcKue MOAEIM Ul OIHUCAaHMUA H3y4aeMbIX

SIBIICHUW W TPOIIECCOB, OIIEHWBATh Ka4eCTBO pa3pabOTaHHOM
MOZEIIN

[IK-2 CnnocoOeH caMOCTOSTEIEHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U MTPOBOIUTH
HAyYHbIC UCCIICIOBAHMS U MX alpoOaIiuio

[MIK-2.1 CnocobeH caMOCTOSTENFHO IUIAHUPOBATH U
MPOBOJUTH HAayYHBIE HCCIEIOBAHUS CAMOCTOSTEIBHO WU B
COCTaBe HAyYHOTO KOJIJIEKTUBA

[IK-2.2 CnocobeH mNpOBOAWTH anpoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pepeHIuIx

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
o0opynoBanueM (MpruOOpaMu U yCTaHOBKAMH,

CIICUAIIM3UPOBAHHBIMU TAKCTAMU NPUKITAIHBIX

porpamm) B U30paHHON TpeMETHON 00JIacTH

IMK-3.1 Tlonmmaer npuHOUNBI pPabOTHl HUCIONB3YEMOTO

00opynoBaHUs (crierMan3upOBaHHBIX MaKETOB
MIPUKJIAJAHBIX TPOTPAMM)
IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT

(MonenMpoBaHUe) € HCIOIb30BAaHUEM HCCIIEI0BATEIBCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTh IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

[1K-3.4 CrocobeH caMOCTOSTEILHO HAaXOAUTh U OCBAaWBaTh
HOBbIe HMH(OpPMAIMOHHBIE M TPOTPAMMHBIC PECYpChl B
oOnacTi OMOMHXEeHEpHUU U OMONH(OPMAaTUKU

IMK-3.5 CnocobeH npuUMEHSITh METObl OMOWMHXKECHEPUH U
OnovH(OpPMAaTUKKA I TONYYCHHS]  OMOJOTUYECKUX
00BEKTOB C IeJICHANPABICHHO N3MEHEHHBIMH CBOMCTBAMHU

2. Iloka3arei OLleHUBAHUS KOMIIeTeHITHH

B pPE3YIBbTATC NU3YUYCHUA JUCIIUITIIMHBL <(TeOpI/I$I " IpaKTUKa TCHOMHOM HUHXXCHCPUN o6yqalomm‘/ica JOJIKCH:

3HAThb:

1. ®yHaaMeHTaIbHbIE MOJIEKYJIIPHBIE OCHOBBI TEXHOJIOTUH PEAAKTUPOBAHUS IeHOMA
2. Cdepy nprMeHEHHS TEXHOJIOTHH PEJAKTUPOBAHUS T€HOMA
3. OrpanuyeHus IpU UCIIOJIB30BAHUH TEXHOJIOTUH pelakTUPOBAHUS T€HOMA

yMeThb:

1. ®opmynupoBaTh 3aa4n IS peaan3anuy IpodecCHOHAIBHBIX (QYHKIUI

2. IlnanupoBaTh SKCIEPHUMEHTAIILHYIO pa00Ty, OCHOBBIBAsICh HA UMEIOIUXCSI 3HAHUSX

3. O600mare ¥ CUCTEMATU3NPOBATH 3HAHUS O TEOPETUUECKHUX TOJIOKEHHSIX

4. Hcmonp3oBaThb OCHOBHBIE 3aKOHBl €CTECTBEHHOHAYYHBIX JAUCHMIUIMH B TNPO(hecCHOHATBHOM

JACATCIIBHOCTHU

5. Pabotars ¢ Hay4HO-TeXHUYEeCKOH HHDOpMaIen

BJA€Th:

1. Merojamu norcka He0OX0IMMOH JTOCTOBEpHOI nH(MOopMaluel B OubmuoTekax u 6azax JaHHBIX

2. Merogamu mog6opa Marepuasos

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0




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

1. TexHoMOTHSI HHAYIUPOBAHHOTO MyTareHe3a. OCoOEHHOCTH MTpOBeIeHNsS. TPYyTHOCTH.
2. O6nacTh NpUMEHEHUSI.
3. Tpancrenes. OcoGeHHOCTH ITpoBeaeHus. TpynHocTr. O6IacTh IPUMEHEHHS.

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

5. Jlns yero mMoxeT HOTpeOOoBaTbcsl M OKazaThesl 3G (PEKTUBHBIM pepakTupoBaHue reHomuoi JTHK
comarndeckux kietok? IlpuBennre He MeHee AByX IPUMEPOB.

6. Meranykiueas3sl. CTpyKTypa, co3laHHe, OCOOCHHOCTH. BapuaHThl Momudukanuu MeraHykieas.
[IpuHIMIBI peTaKTHPOBAHNS FEHOMA C MIOMOIIBIO METaHyKJIea3.

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

8. TALEN. Crpykrypa, cozganue, ocoOeHHOCTH. [IpHHIMNIBI pelakTUPOBaHHUS 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. Mpunanun 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 Kaue€CTBE CaMOCTOSITEIIHLHOU
3aga4u. YcnemHoe BBEIIIOIHEHHUE BCEX 3aI[aHI/II>'I IO KypCy H BBIIOJHCHUC KOHTPOJIbHBIX CPE30B 3HAHUH
AacT MPEUMYIIECCTBO HA SK3aMCHC.

4. llepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

1. Ilpuamun pemaktupoBaHusi reHoma c¢ momomisio CRISPR/Cas cuctem. CriocoObl gocTaBKu
KOMITOHEHTOB BHYTPb KJICTKH.

2 IpuHnun penaktupoBanus reHoma ¢ nomonipio CRISPR/Cas cucrem. OcobeHHOCTH mMoa60pa
CrefiCepHOH MOCIeq0BaTeIbHOCTH AJsl TuaoBoi (Hampasistomeid PHK).

3 Ilpunnun penaktupoBanus reHoma ¢ momoisio CRISPR/Cas cucrem. Momudukaruu cucteMbl
CRISPR/Cas.

4 OcHOBHbIE MOJIEKYJISIPDHbIE MEXAaHU3MBbl, YYacCTBYIOIIME B pelapalyy AByXLEHNOYEUHbIX Pa3pbIBOB.
VYcnoBust, BIUAIONIME HA BBIOOP KJIETKON MMyTH perapanuy ABYXLENOYSUHbIX Pa3phIBOB.

5 Huxkazsl. Bunel. OcobennocTu ucnonszoBanus. [luzaiin nanpasmsirormux PHK mis ncnons3oBanus ¢
HHUKa3aMH.

6 Henenesbie addekrer. CriocoOsl 60prObI ¢ Hecnenuduueckoir padoroit cuctembl CRISPR/Cas.
OcobeHHOCTh Mu3aitHa qoHOpHON MoJekyabl JIHK 11 romonorndHol peKoMOMHAIINY.

7 Perynsuust sxkcnpeccuu reHoB ¢ nomoiibio CRISPR/Cas y mpokapuot

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

9 Cnoco6b1 noeriieHust cnenuduuHoctu CRISPR/Cas cuctem. AnpecHasi TocTaBKka KOMIIOHEHTOB
CHCTEMBI.

10 OcoOeHHOCTH TEHOMHOTO PEAAKTUPOBAHUS JIPOKKEH.
11 MeTozasl aHanu3a TECHOMHOTO PETAKTUPOBAHHSL.
12 Onpenenenns yncia konuit Tpancrenos B JTHK.

13 Tlo3uTuBHas/HETaTUBHAsL CEJIEKLUUS NPU KOHCTPYHPOBAaHUM JOHOpHBIX Mosekyn JIHK mns
TOMOJIOTMYHOM peKOMONHAIINY.

14Texnonoruu penaktupoBanus PHK

15 Ionxonst B penaktupoBannu reHoMHo JIHK meimmi. OcoGeHHOCTH.
16 Texuonorust Cre-LoxP. [IpuHimm paboTs.

17 IIpuHIMIIBI CO3/IaHUS TPAHCTEHHBIX M HOKAYTHBIX MBIIIEH.

18 MmmyHorenHocTh KoMImoHeHTOB CRISPR/Cas.



19 YyscrButensHocts CRISPR/Cas cucreM Kk cTpyKType XpoMaruHa
20 Texnomnorus prime editing. OcobenHoCcTH. MexaHu3m.

[TpumMepsl OUIETOB HA DK3aMEHE
buner Nel

Henenessie addexrs. CriocoObl 0oprObI ¢ Hecmenuduueckoir padotoit cuctembl CRISPR/Cas.
OcobeHHOCTh MU3aitHa qoHOpHON MoJekyabl JIHK 11 romonorndHol peKoMOMHAIINY.

buer Ne2
Ummynorennocts komnoHeHToB CRISPR/Cas.

Buner Ne3
Hukazer. Bugpl. Ocobennoctu ucrionb3oBanus. Jnzaitn Hanpasnstonmx PHK mns wiconb3oBanwms ¢
HHUKa3aMH.

Kpurepun onennBanus
Onenka ommyao (10 OamnoB) - BBICTABIISIETCSI  CTYACHTY, I[TOKa3aBIIEMYy BCECTOPOHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHNH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELLICHAMN.
Onenka ommyHo (9 0amwioB) -  BBICTABISIETCS  CTYJACHTY, II0Ka3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.
Onenka omm4yHO (8 OamwioB) -  BBICTABISIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbHOE 00OCHOBAHME MPUHATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopouio (7 6ayuIoB) - BBICTaBIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YECHHBIC 3HAHHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.
Onenka xopoio (6 6ayuIoB) - BHICTABIISIETCS CTYACHTY, €CIIH OH TBEPJO 3HAET MaTephall, TPAMOTHO H
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHWS HAa MNPAKTHUKE, HO JIOIYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka xopomo (5 0aiIoB) - BBICTAaBISETCS CTYIACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHITh IOJyYeHHbIe 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOYHOCTEH.
OneHka ymoOBIETBOPUTENBHO (4 Oama) - BBICTABISETCS CTYACHTY, MOKa3aBlleMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHHUs JIOTHYECKOW MOCTIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPH 3TOM
OH OCBOWJI OCHOBHBIE Pa3JieNibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOYKET MIPUMEHSTH MOJTy4YeHHbIC 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
Onenka ymoBieTBOpUTENbHO (3 Oama) - BBICTABISETCS CTYACHTY, MOKa3aBlleMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (GOpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH II0CIEe0BAaTeIbHOCTH B H3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3JeslaMH y4eOHOW porpaMmbl, HEOOXOANMBIMHE JUTS TaJIbHEHIIero o0ydeHus 1
C TPYZIOM IIPUMEHSET MOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEeYIOBIETBOPUTEILHO (2 6ajuia) - BEICTABISIETCS CTYIEHTY, KOTOPBIN HE 3HAeT OoiblIeii yacTu
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX NPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
Ouenka HeynoBieTBopuTenbHO (1 Gayur) - BBICTABISETCS CTYAEHTY, KOTOPBI HE 3HA€T OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILIUHBI, JOIMycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHUS THIOBBIX MPAKTUYECKHX
3ajay.



5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

ITpu mpoBeneHMH YCTHOTO 3K3aMeHa oOywaromemycst npepoctasisercss 30 MUHYT Ha IHOATOTOBKY.
Onpoc ofydaromerocss 1Mo OwWjeTy Ha YCTHOM 5K3aMEHE HE JIOJDKCH IMPEBBIIATh OAHOTO
aCTPOHOMMUECKOI'O yaca.



