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AHHOTANMA

I'enetndeckas WHXEHEPHUs - METOAOIOTUYECKasi OCHOBA BCEX OTpaciiell COBPEMEHHOW T'€HHOW WH)KEHEPUHU U
OMOTEXHOIOTUH, KOTOphIe B HACTOAIIEE BpPEMs YCIICIIHO NPUMEHSIOTCS A CO3JaHMS HMCKYCCTBEHHBIX
OPraHMU3MOB U )KHMBBIX CUCTEM, IPOU3BOASIINX MHOKECTBO MPAKTHUECKU MOJIE3HBIX XUMHUUECKUX COCTMHEHUN
U HCIOJB3YEMbIX MAaKpOMOJIEKYJ, HalpuUMEp, B IPOMBIIUIEHHOCTH M MeEAHULUHE. OTO CHHTETHYECcKas
JUCUUIUIMHA, SIBISIFOILASCS METOIOJOTHUYECKUM MPHIIOKEHUEM MOJIEKYISIpPHOW FeHEeTHKU. B Tekymem Kypce
OynyT mpezacTaBiieHbl HanOonee akTyalbHbIE METO/bI KOHCTpyupoBaHMs pexomOuHantHoi JIHK, Haumnas c
MOJIMMEPa3HOW LENMHON peakuud M MOOU(HUKAIMKA OaKTepUalbHBIX IJIa3MHI, HCIOJIB3yeMbIX B KauecTBE
BEKTOPOB, C IPUMEPAMH UCIIOJIb3YyEMbIX B 3THX IIEJISX B J1a00PaTOPUAX KOMMEPUECKH JTOCTYIHBIX (PEePMEHTOB
U 3aKaHYMBasi COBPEMEHHBIMH IOAXONAMH K PEAAKTHPOBAHUIO I'C€HOMA NPO- U IYKAPUOTUUYECKUX KIIETOK,
ocHoBaHHble Ha pexkomOmHaiu M CRISPR/Cas wmertomomoruu. [eHernueckass WHKEHEpUs MO3BOJSET
OCYIIECTBIISITh METaOONMYECKYI0 HHXKCHEPUIO - HalpaBleHHOE H3MEHEHHE MeTabonu3Ma Hjisl CO3AaHus
HCKYCCTBEHHBIX MPOIYIIEHTOB HPAKTHMYECKH BaXKHBIX OMOJIOTMYECKHUX COCIMHEHMH M MOJEKYNl A HX
MPOMBIIIJIEHHOTO MPOX3BOACTBA.

1. leau u 3apauu

eap AUCUMNIMHBI

- (opMHUpOBaHME M COBEPIICHCTBOBAHHE KOMIICTCHIMH CTYACHTOB B OOJAaCTH T'€HETHYECKOU
WH)KCHEPHH, O3HAKOMJICHHE C COBPEMEHHBIMU IIOIXOAaMH K TCHOMHOMY DPEIaKTUPOBAHUIO H
MeTaboIMIeCKO NHKESHEPHU.

3agauu AUCHUILIHHBI

- 3HaKOMCTBO OOYYarOIUXCS ¢ OOIUMH MPUHIUIIAMHA ¥ COBPEMEHHBIMH METOJIaMH KOHCTPYHPOBAHUS
pexombunanTHou JTHK.

- o0y4eHHEe COBPEMEHHBIM IOAXO/IaM K PEJAaKTUPOBAHUIO T€HOMA IPO- U 3YKAPUOTUYECKUX KIIETOK,
OCHOBaHHBIM Ha HANpPaBJICHHOW T'OMOJOIMYHON PEKOMONHALINY.

- BBEJICHHE B META0OIMYECKYI0 WHKCHEPHIO, 00yUCHHE TTOIX0AaM K KOHCTPYHPOBAHHIO NPOIYLICHTOB
KJICTOUYHBIX METAa0OJIUTOB, H K pa3paboTKe TEXHOIOTHH OMOCHHTE3a METa0OIMTOB JIJIsl COBPEMEHHOTO
MIPOM3BOJICTBA.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1.1 Ananuzupyet npoOIeMHYI0 CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CHUTyallud Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(POPMALHH

aHaJM3 MPOOIEMHBIX CUTYalluii Ha OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-1.3 Pa3pabarsiBaeT CTpaTEeruIo JOCTHKEHUS
[IOCTABJICHHON IeJIM Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpEeNBHUIA PE3YIbTaT KaXIOr0 M3 HUX W OLIEHHWBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIAHUPYEMOM
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

VYK-4.1 Cnocoben Bectu 0OMEH /€JI0BOM MHpopMannen B
YCTHOHM W MUChMEHHOU (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickoii ®enepanun W HE MEHEE YEM Ha OJHOM

YK-4 CriocoGeH mpuMeHITh COBPEMEHHbBIE MHOCTPAHHOM A3BIKC

KOMMYHHUKaTUBHbIE TEXHOJIOTHH, B TOM uucie |YK-4.3 Criocoben MIPENICTABIATh Pe3yABTATHI
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT aKaJIeMUYECKOM M TpOo(EeCCHOHANBHON AEATEIbHOCTH Ha
aKaJIeMUYECKOTO M MPO(ecCHOHAIBEHOTO pas3INYHBIX Hay4IHBIX MEpOIPUATHSIX, BKJTIOYast
B3aMMOJICHCTBHS MEKIyHapOAHbIE

VYK-4.4 CrnocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
MH(POPMAIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
aKaJIeMUYECKOTO U MPO(EeCCHOHATIEHOTO B3aUMOJCHCTBUS




OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTEeMaTHIECKUX HAYyK

OIIK-1.1 3Haer w© Croco0eH HCIIOJIL30BAaTh B
mpoeCCHOHANBFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKU OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIECJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpo0iemMax HayKH U TEXHHKH B 001acTH cBOEH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBAThH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTU4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJIbHOCTh
WCCIIe/IOBaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCHMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cnioco6eH BbIOMpaTh u (MIIN)
pa3pabaThIBaTh MOJAXO/BI K PEIICHHIO THITIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrPaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarh 3ajady, [JIaHUPOBATh
MyTH PEIIeHHs, MpelaraTb U KOMOWHUPOBATH CHOCOOBI
peleHuns

OIIK-3.2 CnocobeH HCIOIL30BaTh HMCCIEIOBATEILCKUE
METO/bl NP PEIICHUN HOBBIX 3ajad, NPUMEHSs 3HaHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Binameer aHaIUTUYECKUMUA U BBIUUCIUTEIHLHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHKE
TPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeIICHUN

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS ¥ HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
UH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOTrPAMMHBIX ITPOTYKTOB

OIlK-4.2 CrnocobeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEICHUS HAYYHOTO MCCIIECA0BAHUS

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOJIEMBI, TIOJTy4aTh

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIIEHOCTH

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIn)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU

HOBBIC HAyYHBIC PE3YIIBTATHI Hay4yHOW 3a7adye W HHTEPHPETUPOBATh  IIOJYYCHHBIE
PpE3YNBTaThI
[MK-3.1 TloHuMaeT NPUHIUIBI PabOTHI HCIOIBE3YEMOTO
K3 C 5 5 00opyI0BaHUS (cenanmM3upPOBaHHBIX MaKeTOB
-3 Criocob6en npogeccuoHanbHO paboTars ¢ MPUKITAHBIX TPOTPAMM)
WCCIIEIOBATEIIHCKIUM U UCTIBITATEIbHBIM
IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT

o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHeIHAaTN3UPOBAHHBIMHE MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

(MonenMpoBaHKUe) ¢ MCHONBb30BAHUEM HCCIIEIOBATEIbCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILTHHE (MOIYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:




- 001IMe MPUHIIMTIBI KOHCTPYyHpOBaHus pekomOnHanTHOH JJHK
- THCTPYMEHTBI H IPUEMBI, UCIIOJIb3YEMbIC B COBPEMEHHOM I'€HETUYECKON HHKEHEPUH
- COBpeMEHHbIE TOAXONbl K penaktupoBanuto reHoma Ha npumepe ZFN, TALEN u CRISPR/Cas
CHCTEM
YMETh:

- TPUMEHATH METOJbl KOHCTpyupoBaHus pexomOmHaHTHOW JIHK s pemenus ¢yHIamMeHTambHBIX
npodecCUOHANBHBIX 3a7a4;
- TBOPYECKHU HCIIOJIb30BAaTh B HAyYHOH AEATEILHOCTH 3HAHUS O PElIaKTHPOBAHHH F€HOMA, OCHOBAaHHOM
Ha pexomOuHau 1 CRISPR / Cas metomonoruuy;
- BBIJICIISITh U CHCTEMAaTU3UPOBATh OCHOBHBIC UICH B HAYYHBIX TEKCTaX;
- KPUTHYECKHU OLIEHHBATH JIFOOYIO MOCTYNAONIY 0 HH()OPMAIIHIO, BHE 3aBUCUMOCTH OT UCTOYHHKA,;
- TCHEpUPOBATh HOBBIC UJIEH U METOANYCCKHE PEIICHHS;
- OCYLIECTBIISTH IPOSKTUPOBAHHUE CBOCH HAyYHOMH JESATEIBHOCTH;
- IPE/ICTABIISATh CBOM HAYYHBIC PE3yJIBTAThl B YCTHBIX JOKJIAIaX.
BIIAJICTh!

- MCTOJAAaMH1 TCOPCTUYICCKOT'O U SKCIICPUMCHTAJIBHOI'O UCCIICAOBAHUS

- HaBBIKaMH ITOMCKa (B TOM 4YHCJIC C HCIIOJIB30BAHHUEM I/IH(bOpMaI_II/IOHHLIX cucteM u 06as3 ,I[aHHLIX),
06pa6OTKI/I, aHaJIn3a 1 CUCTEMATU3alluu I/IH(l)OpMaI_II/II/I;

- HaBbIKaMH KPUTHUYCCKOI'O aHaJIn3a U OLICHKN COBPEMCHHBIX HAYUYHbIX JIOCTHIKCHUM.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYas
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 Beenenue 2 2
) KonctpynpoBanue ruOpuIHBIX MOJIEKYI ) )
JHK
3 KoncrpynpoBanne ruOpHIHBIX MOJEKYI ) )
JIHK. MyTtarene3
4 I'enomHOE pEaaKTUpOBaHUE ) )
MPOKAPHUOTHYECKUX KIIETOK
5 I'enomuoe penaKkTupoBaHHe ) 2
9YKapHUOTHUYECKUX KIJIETOK
6 MeToapl CEKBEHHPOBAHUS 2 2
7 Metabonunueckast uxxeHepus (MN) 2 2
8 Oramel pazsutust MU. Tounocts MU 2 2
9 Cucremsr MU 2 2
10 I'enomuxa, TPaHCKPUIITOMHKA u ) )
MPOTEOMHUKA I METaOOJIOMUKHU
11 DIIOKCOMUKA 2 2
12 [Ipumenenune 13C-MFA mns meaunuHmX 2 2
annaparos
13 NHayKiMoHHbINA " NUHAMHAYECKUH ) )
KOHTPOJIb
14 | Yenexu M 2 2
15 Jloknagbl  CTYyAEHTOB,  KOHCYJBTAllHs ) )
nepes] SK3aMEHOM
Nroro gacos 30 30
ITonroToBka k 3K3aMeHy 30 gac.




OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 1 (Ocennwii)
1. Benenue

[Ipenmer renermueckor wumxeHepun. HyxneumnoBbie kucnotsl (HK). LlenTpanbHas porma
MOJIEKYIApHOH Ouonorur. OCHOBHBIE THINBI (PEPMEHTOB, HCIOJIB3YEMbIX B TI'E€HETHUYECKOH
uHxeHepuu. Mctopus pa3BuTHs reHeTndeckoi nHkeHepuu. OCHOBBI KJIoHMpoBaHMA. KiionnpoBanne
reHoB. MapKepsl IOJIOKUTEILHOW U OTPULIATETILHON CENEKIIUH.

2. Koncrpynposanue rubpuanbsix mojiexyn JHK

Co6opka rubpuanbix JJHK in vitro ¢ ncnosib3oBaHueM OTACIbHBIX (DEPMEHTOB M MX CMecel (Harp.
In-fusion, Gibson Assembly, GoldenGate). Konnenuus BioBricks. Metoasl cOopku ruOpuaHbIX
JHK ¢ ncnonbp3oBaHueM roMOJIOTHYHON pEKOMOMHAITUH B KIIETKaX.

3. Koncrpyunposanue rubpuanbix monekyn JJHK. Myrarenes

BrHecenue TouewHBIX MyTalMii B IUIa3MHJHBIE KOHCTPYKIuU ¢ momomsio [P, Cuntes
nocnenoBarenpaocTet JIHK de novo. CrioHTaHHBIH M MHIyIUPOBAaHHBIA MyTareHe3. MyTareHsl.
MyTarenes u cenekius. TpaHCIIO30HHBINA MyTareHes.

4. I'enomHOE PECAAKTUPOBAHUC IPOKAPUOTUICCKUX KIICTOK

PenakTupoBanue reHomMa OakTepHil ¢ MCIOIH30BAaHUEM TOMOJIOTHYHON pexoMmOuHamu. Lambda red
pexoMOuHaIMs Al MOBBIICHUS 3()()EKTHBHOCTH TEHOMHOIO PENaKTUPOBAHHUS JHTEPOOAKTEPHIA.
Hcrionp30BaHre MapKepOB IMOJOKUTEIBHON CENIEKINH JIIsi TEHOMHOTO pelaKTHPOBaHHA. To4edHOE
penakTUpoOBaHUE OaKTepUANBHOW XpOMOCOMBI. ['oMonornuHas pekomOuHamus ¢ gocraskoii JTHK B
cocTaBe MOOHMIM3YeMOT0 CyUIHAaIbHOTO BekTopa pKnock. Tpancaykims.

5. 'eHOoMHOE PCAAKTUPOBAHUC SYKAPUOTUYCCKUX KIICTOK

Mytarene3 B sykapuotumueckux kietkax. CRISPR-Cas9, TALENs, ZFN u wMeranykieassl —
HyKJI€a3bl JUIsl TEHHOM MHXXEHEPUU 3YKapUOT.

6. MeToapl CEeKBEHMPOBaHUS

Texnonoruu cexBenuponanus JJHK: 1 mokonenue (Meton Canrepa);

2 nokojieaue (Illumina, Ion Torrent, 454GS FLX u SOLID 5500x1);

3 noxkonenue (PacBio, Oxford Nanopore).

7. Merabonuueckas umxenepus (M)

Mertabonurueckast MHXEHEpHUS! KaK HHCTPYMEHT TOJTYYECHHUsI MUKPOOOB C JKeJlaeMbIMU CBOHCTBAMHU.

8. Oramsl pazsutust MU. Tounocts MU

Tpu orana paszsutuss MU (kpaTkoe omucaHue H OTIHYUTEIbHBIE OCOOCHHOCTH, NPUMEPHI
JNOCTHKEHUH Ha OTAETBHBIX dTarax).

9. Cucremsr MU




Cucrtempt MU (kpaTkue XapaKTEPHCTUKHA KOMIIOHEHTOB, MPHHIUIUAIBHOE OTIHYUE OT
npenu3noHHoi MU, IUKIMYHOCTH HUCCIIEIOBAHU).

10. FCHOMI/IKH, TPaHCKPUIITOMUKA U TPOTCOMUKA IJISA METa0O0JIOMHUKHU

Texnonorun X-omics: ['enomuka, Tpanckpunromuka, IIporeomuka, MerabonomMuka - CyTh
«IOCTTEHOMHBIX» METO/OB, IOJYYEHHBIE DPE3YNbTaThl, YCHEIIHbIE MPHUMEPHl HCIOIb30BAHMS IS
peweHus 3agay M.

11. dmrokcomMuka

[Mouemy (IIFOKCOMHKY 4acTO Ha3bIBAIOT KBUHTICCEHIIMEH BCeX APYruX TexHoyoruit X-omics. FBA n
I3C-MFA - oOmHOCT  MaTeMaTH4eCcKOro  amnmapara  KBa3UCTALMOHAPHOTO  PELICHUs
CTEXMOMETPUYECKUX YPABHEHMH M paszIuyle B MHCHONB30BAHUM MOJETeH, NpUOMIKeHUH u
9KCIIEPUMEHTANIBHBIX JaHHBIX, & 3HAYNT, U PE3YJIETATOB.

12. Ilpumenenue 13C-MFA nis MeaunuHAX anmapaToB

[punuunst 13C-MFA u pesynbrarsl, nosydeHHbIE U1 Pa3paO0TKH SKCIEPUMEHTAIBHON CTpaTeruu
U aHain3a pe3ynsraroB MU.

13. UHAYKIMOHHBINA U AMHAMUYECKUI KOHTPOJb

Perynupyemoe KyJIbTHBHPOBaHHE - CXOJICTBA M pa3jIMuus MEXIy HWHAYyIHOETbHOW JKcIpecchuei u
«IMHAMHYECKUM META0OIHMYECKUM KOHTPOJIEM.

14. Yenexu MU

K 30-neruto MM B 2021 romy - mpumepsl BBIIAIOMIMXCS YCIIEXOB (CO3JaHUE TMPOAYLEHTOB aa,
1,3-mponanauona, 7-ADCA, 1,4-0yranauona, apTeMHUHU3HHA, H300yTaHOIIA).

15. Jloknaapl CTY/IEHTOB, KOHCYJBTAIIHS MEPe IK3aMEeHOM

CryneHdeckre JOKIAAbl TI0 MarephajaM Hay4YHbIX MyOIMKAUi O TOCIHEeIHUX JOCTHIKCHHUSX
reHeTUYEeCKON nHxkeHepuu. KoHcynpranus no MarepuaiaM Kypcea nepes 3JK3aMeHOM.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0AMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

1. YueOHas ayauTopus ¢ MEAUATPOEKTOPOM U DKPAHOM, JIOCTYIIOM B ceTb HTEpHeT.
2. HeoOxomumoe mporpaMMHOE 0OecIiedeHue.
3. OOGecneueHre caMOCTOATENBHOM paboThI - 6a3bl JaHHBIX 110 KypHaJlaM.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI
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7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

NCBI, molbiol.ru, PDB, swissprot.

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBICHUU 00pPa30BaTeJIbHOIO0
npouecca o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHunst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)



I[Tpu mOArOTOBKE M MPOBEACHHUH JICKIIMOHHBIX 3aHATHUI UCIIONB3YETCS CETh HHTEPHET.
Kpome Toro, ucnoneiyercs Libre Office, a Takke rpaduyeckuii maker Ink Scape.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHCHUIIINHBI (MO)_IyJ'lﬂ)

CryneHT, M3y4arollui JIUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIMM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pE3YyabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT JOJIKCH 3HATb OCHOBHBLIC OIPCACIICHHUA W IOHATUSA,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI1 pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

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

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, MpeAIaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBITIOJTHEHUIO 33JaHHUI MPOMEKYTOUHOHN aTTeCTalnu.

[lokazarenem BiaJeHHUs MaTEpUaIOM CIYKUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CIEAyeT OOpamiarbesi 3a KOHCYIbTAlUAMH K
MIpenoAaBaTelto.

Bo3MoxeH nmpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHMS 33a4 B COOTBETCTBUU C
TEMAaTUKOW 3aHATHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kaeapa Onopusnku

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH
PaspaGorunkm:

W.B. ManyxoB, 1-p OHOJI. HayK
C.B. baxeHoB, kaHJ]. OHOI. HAyK
C.B. Mauiko



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA

MOCTABICHHON IIEIM KaK ITOCJIEIOBAaTeILHOCTE IIIaros,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHHE HA  BHEIIHEE  OKPYXEHUE  IUIAHUPYEMOU
JESATENbHOCTH W Ha B3aMMOOTHOLIEHHUS YYaCTHUKOB 3TOM
JIeATCIbHOCTH

YK-4 CriocoGeH mpUMEHSITh COBpEMEHHbBIE
KOMMYHHKATHBHBIC TEXHOJIOTHH, B TOM YHCJIC
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS
aKaJIeMUYECKOro U MpoQecCHOHaTBEHOTO
B3aNMOJCHCTBUS

VYK-4.1 CnocobeH BecTn OOMEH JIeJI0BOM WHGopMaiuel B
YCTHOH M MHUCBMEHHOHN (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuyu M HE MEHEE YEM Ha OJHOM
WHOCTPAHHOM SI3BIKE

YK-4.3 Criocoben NPEACTaBIIATh PEe3yNbTaTh
aKaJIeMUYEeCKO W TPO(dEeCCHOHANBHON JEATENbHOCTH Ha
Pa3IUIHBIX Hay4YHbBIX MEpOTIPHATHSIX, BKJTIOYAst
MEXIyHapO/IHbIE

VYK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENCTBA
WH(POPMALMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M PO(eCcCHOHAIEHOTO B3aUMOAEHCTBHS

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbBIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HayK

OIIK-1.1 3HaeT W cOocoOCH  HUCIOJB30BaTh B
mpoeCCUOHANBHON  JesITeNbHOCTH  (yHAaMeHTalbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAYK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IAaCTH
npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-2 Nmeer npeacrapieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENILHOCTH, CIIOCOOCH
Ha HAyYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJ1a4u

OIIK-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIIC/IOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBAaHUH B o0jacth  cBoeil  mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnapeer mnpodeccrnoHamIbHOW TEPMHHOJIOTHEH,
HCIIONB3YEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMH YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

OIIK-3 CniocoOeH BRIOMpPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHambLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUUHBIX METOJIOB PEIICHHUS

OIIK-3.1 Cnocoben ananu3upoBarh 3ajady, IJIAHHPOBAThH
MyTH pEIIeHHs, Mpeiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEIOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMYHBIX 001ACTAX HAYKH (TEXHUKH)

OIIK-3.3 BnageeT aHAIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAET U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOIYyYaeMbIX PEIICHUN

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU

OIlIK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB




dHdJIN3 pCiSleb'l"d.'l"d n llpC,LlU'l"dBl/ll'b BblBO/lbl,
MIPUMEHSISl 3HAHVSI ¥ HABBIKH B 00JIACTH
(hM3UKO-MaTeMaTHYEeCKUX HAYK U
WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTHH

OIlK-4.2 CrnocoObeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1au¥, (POPMYIHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEICHUS] HAYYHOTO MCCIIEOBAHUS

[MK-1 Criocoben craBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAy4YHBIE MPOOIEMBI, TIOJTy4aTh

[MK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAIHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM
JEATEIEHOCTH

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WJiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU

HOBBIE HAYYHBIE Pe3yIbTaThI HAay4YHOM 3aJad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl
[MK-3.1 TloHuMaeT NpPUHIUIBI PabOTHI HCIOIBE3YEMOTO
K3 C 5 5 00opynoBaHuUs (cienmanu3upOBaHHBIX MAaKETOB
-3 Cniocob6en npodeccuoHanbHO paboTars ¢ MPUKITAHBIX TPOTPAMM)
UCCIIeJOBATEIbCKUM U UCTIBITAaTEIbHBIM
IK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT

o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHeIHAaTN3UPOBAHHBIMH MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MIPEIMETHOM 00IacTH

(MonenMpoBaHUe) € MCHONB30BAHUEM HCCIIEIOBATEIbCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare wm3yueHus aucUHUILIHHBI «COBpPEMEHHBIE METOABI TCHETHYECKOW WH)KCHEPHH, TCHOMHOE
penaKTHpoBaHUE, MeTa0oNnYecKass HHKEHEpUs» 00ydaroIuiics JOKeH:

3HATb:

- 0011Me MPUHIIMTIBI KOHCTPyHpOoBaHus pekomOnHanTHOH JJHK
- THCTPYMEHTBI H IPUEMBI, UCIIOJIb3YEMbIC B COBPEMEHHOM I'€HETUYECKON HHKEHEPUH
- COBpEeMEHHbIE TOAXONbl K penaktupoBanuto reHoma Ha npumepe ZFN, TALEN u CRISPR/Cas

CUCTEM
yMeTh:

- NPHUMEHATh METOABl KOHCTpyupoBanus pekomOuHantHor JHK ans pemenust gpyHmameHTambHBIX

npodecCUOHANBHBIX 3a7a4;

- TBOPYECKHU HCIIOJIb30BAaTh B HAyYHOH AEATEILHOCTH 3HAHUS O PElIaKTHPOBAHHH F€HOMA, OCHOBAaHHOM
Ha pexomOuHary 1 CRISPR / Cas metomonoruuy;

- BBIJICIISATh U CHCTEMAaTU3UPOBATh OCHOBHBIC UICU B HAYYHBIX TEKCTaX;

- KPUTHYECKHU OLIEHHBATH JIFOOYIO MOCTYNAOUIY 0 HH()OPMAIIHIO, BHE 3aBUCUMOCTH OT UCTOYHHKA,;

- TCHEpUPOBATh HOBBIC UJIEH U METOANYCCKHE PEIICHHS;

- OCYLIECTBIISTH POSKTUPOBAHKUE CBOCH HAyYHOM JESATEIBHOCTH;

- IPE/ICTABIISATh CBOW HAYYHBIC PE3yJIBTAThl B YCTHBIX JOKJIAIaX.

BJaJeTh:

- MCTOAaMH1 TCOPCTUYICCKOT'O U SKCIICPUMCHTAJIBHOI'O UCCIICAOBAHUS

- HaBBIKaMH ITOMCKa (B TOM 4YHCJIC C HCIIOJIBb30BAHHUEM I/IH(bOpMaI_II/IOHHLIX cucteM u 06a3 ,I[aHHLIX),
06p360TKI/I, aHaJIn3a 1 CUCTEMATU3alluu HH(bOpMaI.II/II/I;

- HaBbIKaMH KPUTHUYCCKOI'0O aHaJIn3a U OLICHKU COBPEMCHHBIX HAYYHbIX JIOCTHIKCHUM.

3. IlepeyeHb THNOBBIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

[TpumMepsl TeM KypcoBbIX paboT/pedepaTos:
1. lMony4yenne myTanuii ¢ nomonipio cucrembl CRISPR / Cas9

2. DNHMCTEeMOIOTHYECKUE KOPHU M CTPYKTYPHbIE KOMIIOHEHTHI OMONH)KEHEPHH.

3. MetaGonudeckas HHXEHEPUS - POXKICHHUE M IBOIIOLUS TEPMUHA, COBPEMEHHOE OIIPE/IEICHHE.

4. K 30-neturo MD B 2021 romy - mpumepsl BBIJAIONIUXCSA YCIEXOB (CO3MaHHE IMPOAYLIEHTOB aa,
1,3-nponananona, 7-ADCA, 1,4-OyTananona, apTeMUHA3HHA, U300y TaHOIA)

5. I[OCTI/I)KCHI/ISI B 00J1aCTH F'€HETUYECCKOIO 0T60pa OpoaAyHnCHTOB aMUHOKHUCIIOT.




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

[lepeueHb KOHTPOJIBHBIX BOIPOCOB:
1. Ilpeamer reHHON MH)KEHEPUH, LIEHTPAIbHAS JOIMa MOJICKYIISIPHON OMOI0TUn
2. KoncrpynpoBanre ruOpuAHbBIX TU1a3Mu, OOLIHe TPUHIUIIBI C IPUMEPaMH KOHKPETHBIX METO/IOB.

3. T'omomornunas pexom6bunanus [IHK, crmocoObl reHOMHOTO peJakTUpOBaHUS C HUCIOIb30BAHUEM
TOMOJIOTUYHON pEKOMOMHAIIH.

4. CexBennpoanue JJHK. Obnacti npMEeHNMOCTH METOJIOB CEKBEHHPOBaHUs 1, 2 1 3 MOKOJICHUH.
5. XumepHble OenKy, pa3anuyus arperayuy O0elKoB U OJIMTOMEepHU3altu.

6. MeToapl CEKBEHMPOBaHUS

7. Merabonuueckas urxenepust (M)

8. Oramsl pazsutust MU. Tounocts MU

9. Cucremsr MU

10. T'eHOMMKa, TPAHCKPUTIITOMHUKA U TIPOTEOMHUKA JIISI META0O0TIOMUKH

11. ®nroxcomuka

DK3aMeHAIMOHHbIE OMIIETHI:

1

[Ipenmer reHeTUUECKON UHIKEHEPHH.

DEepMEHTBI, UCIIOIb3YEMBIE B TEHETUUECKON NHKEHEPUU.

Cuctembl peCTPUKIMN —MOAU(DUKALINY.

PHK-nonmumepassl. JJHK-nonumepassbr.

Hlenounas gocdaraza v MOTUHYKICOTHIKHHA3A

Hyxkieaspt

Tononzomepasa

JHK-nuraza

2

Perunkanus, TpaHCKpUIILYSL, TPAHCIISILKSA: OCHOBHBIE OTIINYMS Y IIPO- U SYKAPHOT.
ABTOHOMHBIE €JMHHUIIBI PEIUTUKALUH (IU1a3MH/IbI, OaKTeprodari, XpoOMOCOMBI). PETMKOHBI.
HecoBmectumocTs mia3Mua. MoOumu3anus miasmMu/I.

Mapkepbl, UCIIOIb3YEMBIE AJISI CEJICKLIUH.

3

Paznenenue pparmentor JJHK ¢ momonipio anekrpodopesa B arapo3HOM H MOTHAKPUIAMUTHOM TeJIsX.
Mpuanmn ammudukanun pparmentoB JTHK ¢ momomsio TTLIP.

Krnonuposanue pparmenros, nomyueHnsix [1I[P. Knonnposanue B T-BekTop.

CnonTanublii MyTarenes. OcHoBHBIE TUITBI ToBpexaeHus JJHK.

Cucremsl penapanuu JIHK 6akrepuii Ha mpumepe E. coli.

4

Tomonoruunas pexombunarmst JTHK.

CaiiT-HanpaBIeHHBIA MyTareHes.

[Monyuenne myraiuii B xpomocome E. coli. [IpuMeHsieMble MapKephl CEIeKIIHH.

5

Konnernmust BioBricks. Meronsr coopku rubpunneix JIHK: In-fusion, LIC, TEDA, TPA, EFC, PIPE,

MOE-PCR, Hot fusion, NEBuilder, DATEL, CPEC, SLIC, SLiCE, USER, Gibson Assembly,
TOMOJIOTMYHAs PEKOMOWHAIIMS B KJICTKAX.

6

[onyuyenne mytanuii ¢ nomomsio CRISPR/Cas9 cuctemsr.
Tpancnsinus y 6akTepuil ¥ 9yKapuorT.

[TocT-TpaHCHSIIMOHHBIN YPOBEHb PETYISILMHA AKTUBHOCTH OEJIKOB.
Tpancdexuus.

7

I'moceonoruyeckue KOPHU M CTPYKTYPHLIC KOMITOHCHTLI 6I/IOI/IH)KeHe—pI/II/I. Bzaumocss3b MCXKIY
OTACIbHBIMHU KOMIIOHCHTaAMH.



B uem cnennduyeckue ocobennoctr 13C-MFA B ciiyuae npoBeieHusI TapalIebHBIX SKCIIEPHMEHTOB
(PLE Bmecto SLE), pa3znuuaronuxcs ME4eHHOCTBIO HCXOTHOTO CyOcTpara.

8

Merabonuueckass MHXKCHEpPUS — POXKICHUE U HBOMIOLUS TEPMHHA, COBPEMEHHOE OIPEIEIICHNE;
(dyHIaMeHTaIbHAsl HAPABIEHHOCTh MCCIICAOBAHUN U MX IPAKTUYECKast 3HAYUMOCTb. DTaIlbl Pa3BUTHA,
UX CYIIHOCTb, METOJIOJIOTNYECKasi OCHOBA M NPUHINIHAIBHbIEC PA3IH-YHS.

KakoBbl mepcHekTHBBl aHaNM3a «KUHETUKW» W3MEHEHHMs] IIOTOKOB B  XOJ€ IPOBEACHUS
KyJIbTUBUPOBAaHUS MHKPOOpPraHU3MOB?  YcmemHele mnpuMepsl ucnonb3oBanus 13C-MFA B
COBPEMEHHOH MeTaboIn4ye-CKOH MHKEHEPHUH.

9

K tpumnarunernio MU B 2021 . — mpuMepbl BBIAAIOMIUXCS YCHEX0oB (co3maHue mpoayueHToB AK,
1,3-mponanauon, 7-ADCA, 1,4-OyTannnon, apTeMUHU3UH, U30-0yTaHO).

[loyemy @nykcoMuUKy 4YacTo paccMaTpuUBalOT Kak «BepmmHy» BceX COBpPEMEHHBIX X-OMHBIX
TexHonoruil. UTto sBusieTcsi pe3yapraToM pacdera coBpeMmeHHBIX Fitting mporpamm B 13C-MFA, urto
JlaeT pac-4eT Au3aiHa 3KCIIEPUMEHTA, JOBEPUTEIbHBIX HHTEPBAJIOB JJIs 3HA-YEHUH TTOTOKOB?

10

AMUHOKHCIIOTBI — TPATUIIMOHHBIN MPOAYKT OMOTEXHOJIOTHH | «target» uist MU. Yenexu reHeTH4ecKoi
CEJIEKIMM TPOAYLEHTOB aMUHOKHCIOT. CIOXHOCTM W OCHOBHBIE COBPEMEHHBIE IYTH CO3[a-HUS
mTaMMOB-TIpoayieHToB AK.

AHanu3 CTaTUCTUKM pelleHHs 3ajadd MoToKOB. [IpuHuMIIEI Mcnonb-30BaHus Meroga Monte-Kapio
JUIsl YCTAHOBJIEHHS JOBEPUTEIIbHBIX UHTEPBAJIOB C OTCEYEHHUEM OIIPEIEICHHOI0 YKcia KBaHTUIEH I
omnpeneneHust 95%-noro nnu 68%-HOro 1OBEPUTEIHLHOTO YPOBHSI.

11

B 4yeM npuHIMTIHAIBHOE Pa3IMuue B PAHHEM U COBPEMEHHOM HC-TI0JIb30BaHUM METO/I0B MyTarenesa u
ceneknuu. [Tonstus O6par-noii/MuBeprupoBannoit (Inverse) MU u OOpaTrHON TEHETHKH.
Okcniepument B 13C-MFA: AMP u GC-MS, LC-MS/MS. B03MOXHOCTH W TEpPCIEKTHUBEI
UCTIONIb30BaHUSI JUIsl pEIICHHs CTAlMOHAPHBIX 331a4 Ha ocHOBe aHanm3a AK 1 MeTaboiuTOB.

12

CoBpemennbie Metonbl myrtarene3za (MAGE, TRMR, Global transcrip-tional engineering, etc.).
HeoOxomumocts pazsutus u 3HauuMocts HT (high-throughput)-based mogxomoB ansi coBpemenHoit
M.

Teopernueckue  MOIXOABl K  OKCIEPUMEHTAJIbHOMY  ONPEACICHHIO  3HAYCHWH  ITOTOKOB,
XapaKTepU3YIOUIMX MPEAJOKEHHYI0 MOJeNb, BKIIOYAIONIYI0 CTEXHOMETPHIO BCEX peakiuid U
nepecTaHoOBKH aToMoB yriiepoaa. [lonsTue nzoronomepa.

13

B yem nmpuHIMTIHAIBHOE ¥ METOMOJOTHYECKOE Pas3IMyKe B MOIXO0AaX, HCIOIb30BAaHHBIX IS CO3IaHUS
npoxaynentos 1,3-nponanaunona u 1,4-0yrananona.

Mertonbl MozenupoBanus pactpeaeneHus 13C aToMoB yriepoaa U3 MOJISKYN HCXOIHOTO cyOcTpara BO
BHYTpUKJIETOUHBIE MeTabomuThl U iporenHorennbie AK (AMM, IMM, kymomepsl, EMU). JToctynHoe
KoMIbroTepHOE mporpammuoe obecneuenue (13CFLUX, Metran, OpenFLUX, OpenFLUX2).

14

Ha geM ocHOBaHBI BO3MOXXHOCTH CO3IaHUSI Pa3HOOOpA3HBIX BUAOB OMOTOIUIMBA C HCIOJIB30BAHUEM
MHUKpPOOHBIX IPOIYLIEHTOB.

OcHoBHble npuHIHNGl ctanmuoHapHoro 13C-MFA. CrexuoMmerpuueckne MOJIEIA MeTa0onu3Ma OT
«KOPOBOW» 110 «IIOJTHO-TeHOMHOI». O0mas cxema 3kcriepumenta nmo 13C-MFA. DkcnepumenTanbHbie
u TeopeTH-yeckue 3tanbl. Cranmonaproe npudnmxenne 13C-MFA — BO3MOX-HOCTh MCIIOJIb30BaHMSI
«TPOTEMHOTEHHBIX» aMHUHOKHUCIIOT IS OIY-4eHUSI HH(pOpMaK 0 METa00INYECKUX MOTOKAX.

15

Uro Takoe «3BOIIIOLUS OEIKOBY» U KaK MPOBOAUTH IOA0OHBIE SKCTIIE-PUMEHTHI.

JIBa IpUHLIUNIHUATIFHO PA3IMYHBIX HANpaBICHHs HCCIeA0BaHUN co-BpeMeHHON dmykcomuku — FBA u
13C-MFA — ycnoBHO, «T€OpeTHYE-CKHI» M «IKCIIEPUMEHTANbHBII» monxoasl. OOmue NpUHIUIIEL.
Teo-peTrueckas Hepa3pemMMOCTh O0OPaTHMBIX, IIMKIMIECKUX U TMp. peak-nui B pamkax FBA.

16

Kakue hakTopsl Jexxar B OCHOBE pelIeHHs O CO31aHNK (MOJEPHU3a-1IMK) IITaMMAa-IIPOAYIICHTa HOBOTO
WIN YK€ H3BECTHOTO NpoaykTa Merogamu MM ¢ 1enpio ero MCroib30BaHHS B HOBOM (MJIM yXKe
Je-CTBYIOLIEM) IPOMBIIUIEHHOM IIPOU3BO/ICTBE.



CucremHas GMONIOTHS — ONpeJe/ICHUE MOHATHUS U METOMBI Uccieno-BaHus. [IpuMephl HCIOIb30BaHUS
METO/IOB CHCTEMHOW Ouojoruu B coBpeMeHHoW MU (kak MUHHUMYM TI0 OZHOMY TPHUMEPY
uccienoBanuii mo MU, B KOTOpBIX OCHOBa CTparerHy ONUpalach Ha WH(YOPMAIUIO, MOTYyYEHHYIO
OJTHOM 13 X-OMHBIX TEXHOJIOTHH).
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Kakne BakHelIMe HaydHO-METOAMYECKHE M OpraHM3al[MOHHBIE IOA-XOIbl OBLIM pa3paboTaHbl U
arnpoOHUpPOBaHbI NPH CO3/IAHUH MPOLY-IIEHTOB apTEMU3WHMHOBON KUCIOTHI U 3aT€M apTeMU3WHHHA, H
KaKko-Ba Obl1a OIaroTBOpUTENIbHAS MHULIMATHBA aBTOPOB Ipernapara.

Anamu3 MertabonuToB. Buabl coBpemenHoro «MetabonoMHOro» aHanuza. [IpuHIUNUAaIbHAS
CIIO)KHOCTD TOJYYEHHsI JOCTOBEPHBIX pe3ylbTaToB. [IpHOOpPBI M METOIBI, HCIOIB3YIOIIUECS LIS
aHamu3a MeTabONUTOB; OCHOBHBIE MpoOIemMbl M JocTwkeHus Metabolomics. BaxHOCTb
MPOOOTIOATOTOBKH.

18

KakoBa npuHImMnumanbpHass cTpareruss NpoBeAcHMs skcnepuMmeHToB no MU. IlpuBenaute mpumepsl
HEOOXOAMMOCTH UMEHHO TAKOT'O THIIAa CTPATETUH.

N3yuyenne merabonmueckux ¢epmeHToB. [IpenmyiiecTBa ucnonb30-BaHus MeTo0B «IIpoTeomMukn» B
COBPEMEHHBIX MCCIIEIOBAHUAX CTPYKTYPHI U (PyHKIIMH OEITIKOB.
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CoBpemMeHHBIC METOJIbI PEIAKTUPOBAHIS T€HOMOB MUKPOOPTraHu3-MoB. OT TUIa3MUIHBIX MOAH(UKAIII
JI0 «paHJIOMH3AIMN» IIEIEBBIX MOCIEI0BATEIBHOCTEH B XpOMOCOME Ha OcHOBe Recombineering c
koHTpa-cenekimei yepe3 SacB, [-Scel, CRISPR/Cas. KomOunupo-Banueie crpareruu (e.g., Dual
In/Out).

TpaHckpuUTITOMHUKA — PO B CHCTEME X-OMHBIX MCCIICIOBAaHUN B CUCTEMHON OMOJIOTHH, CYTh METOJa U
ABOJIIOIMS IKCIIEPUMEHTANb-HBIX MOAX0M0B. [IpuMepsl OOHapyKeHHS TEHOB «HOBBIX (DEpMEHTOBY.
Poib «TpaHCKpUNITOMUKIY 7Sl TIONCKA HOBBIX TEHOB.
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[punmuner  ucnonb3oBanus CRISPR/Cas9-3aBucumoii  KOHTpa-ceNneKnuyd Ui MPEIU3UOHHOTO
pelakTUPOBaHHS TEHOMa MUKPOOpTa-HIU3MOB. [lepcriekTuBbI Hcnonb30Banue aist MU Gakrepuii.
Mertabonunueckas peryasiuus GepMeHTOB B IPUPOJIE - PaCHPOCTPa-HEHHOCTb, POJib, MUIIEHb. [louemy
B KJeTKe Oonblias goyisi ¢ep-MEHTOB B HOpPME padoTaeT Ha JOCTAaTOYHO MAalloM YPOBHE CBOEH
MO-TEHIIMAJIbHON aKTUBHOCTH.
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Cunrernueckas ouonorus ainsi MU. [Ipumepsl CHHTETHYECKHUX T€HE-TUYECKUX DIIEMEHTOB, CTPYKTYP,
KacKaJ[HbIX PETYJIATOPOB, TEHOB, re-HOMOB. — Metabolic grafting, Retrosynthesis.

CoBpeMeHHbBIE METOIbl MCCIICOBAHUS CTPYKTYPBl M (DYHKIIMHM HEU3-BECTHBIX T€HOB M MX OCITKOBBIX
nponykToB. [loyemy B reHOMax Jlake caMbIX M3yYeHHBIX 00bekToB (Hampumep, E. coli) mo cux mop
coxpa-HsieTcsi 0OJIBIIOE YUCIIO TEHOB C HEM3BECTHOW (DYHKIIHEH.
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UYTo Takoe OpTOroHaNbHAsl SKCIPECCHS T€HOB, «KIIFOYEBBIE UTPOKI» STOW CHCTEMBI U B UEM OTIMYHE
OPTOTOHAJIBHOM OT aJbTEPHATUBHOU CUCTEMBI SKCIIPECCUMU.

CoBpeMeHHBIE  METOABl  PEKOHCTPYKIMM MeTtabonu3mMa 1O  CHUKBEHHM-POBaHHOMY leHoMmy:
TEOPETHUYECKHE BO3MOXKHOCTH, HEOOXOAUMOCTh 3KCIIEPUMEHTAIBHOTO YTOUHEHHS U TIPOBEPKHU.
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[TpumMepsl pa3pabOTKU M UCIIONB30BAHHS CTATHYECKUX U JUHAMUYE-CKUX CTpaTeruii mporecco B MU;
JIOCTOMHCTBA TMHAMUYECKHUX TOJ-XOM0B, OCHOBaHHEIX Ha Metabolic Control Engineering. Ycmenrasie
MpUMEPhl U3MEHEHUS PEryIsuy reHoB B MU MeTonamu cuHTeTHYe-CKoW OMOJIOTHH.

[MoreHnuaneHble M YK€ HCIOJIB3YEMbIE BO3MOXXHOCTH OINTHMH3AIMK PACXOJOBAHUS JHEPTrUH B
SHEPTrOEMKUX IpoIieccax, pa3padarsiBae-MbIX C momoiso MU,

24

[Tpumeps! sxcnepumenToB MU, HampaBieHHBIX Ha TOBBIMIEHHE Y(PPEKTUBHOCTH TPAAULHMOHHBIX
MPOU3BOJCTB. AKTYyaJbHOCTh U IPO-MBIIUICHHBIE NEPCIEKTHBB MUKPOOHOTO CHHTE3a aHTHOMOTHKOB,
AK, >KHpHBIX KHCJIOT, BATAMHUHOB, ()€PMEHTOB.

Kparkuii aHanM3 OCHOBHBIX JTallOB M METOAOB HU3y4yeHHsT MeTabo-muzma. CHHTE3 MeTaboJIMTOB
MPE/IIIECTBEHHUKOB. [eHepanusi BHYT-pUKICTOYHONH O3Hepruu Ha mnpumepe E. coli, noHsTHe wu
MpeacTaBiie-Hue O METa0OIMYECKON [IEHE OCHOBHBIX MPEALIECTBEHHUKOB U IPY-TUX METAa00JINTOB.

25



Hcnons3zoBanre MU aiist peHTaOebHON yTHIIM3AIMKA HOBOTO MPO-MBIIUIEHHOTO ChIphs (raw material).
Bo3MOKHBIE NIEPCIIEKTUBBI UC-TI0JIB30BAHUS TIIUIIEPUHA, METAaHOJIA, METaHa, CHHra3a KaK ChIPbs JUIS
OMOTEXHOJIOTUYECKON MPOMBIIIIEHHOCTH.

[To3uTHBHBIC PUMEPHI OPraHU3AIMU MCKYCCTBEHHBIX «CKa(doi-10B», HCIOIB30BaHUE MTPUPOIHON H
OpraHM3alus UCKyCCTBEHHOW KOMITaPTMEHTAIN3AIMH ISl pealin3allid TYHHEIHPOBaHUS CyOCTpa-TOB
o targeted pathway B akcriepumenTax o MU.
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MMU nu1st opranu3aniy NPUHIMITHATIEHO HOBBIX ITPOM3BOACTB (JI€Kap-CTBEHHBIX, ITMIIEBBIX M KOPMOBBIX
CPEIICTB, HOBBIX ICTOYHUKOB ChI-pbsi M SHeprum). IIpusectu ycnennsie npumepsl MU mponyieHToB, B
YaCTHOCTH, JICKAPCTBEHHBIX IPETIapaToB.

Uro takoe «bio-based chemicals», kakoBbl TEpCHEKTHBBHI MPOM3BOJ-CTBA C HCIONb30BaHHEeM M.
HckyccTBeHHBIE TepHeHOMIs — OT M3ompeHa a0 apreMH3MHa M TaxXOAWEHA, KaK MLelb MHOTUX
HCCIIE0-BaHUM B coBpeMeHHoN M.
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Cexksenuposanue JIHK (1, 2 u 3 mokoieHUsS] TEXHOJIOTHH )

Kpurepun onennBanus
Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEOHOHM MNpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPAKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELLICHAMN.
Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHME,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
IPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PEIICHUH.
Onenka OTIMYHO § 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBLIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0aioB - BEICTABISIETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rpaMOTHO H 110
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomio 5 0ajioB - BHICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepHall, FpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHMs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.
OneHka yIOBIETBOPUTENHHO 4 Oayyia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MPOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIero oOydeHus, u
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.
OneHka yIOBIETBOPUTENIHHO 3 Oayia - BBICTABISIETCA CTYACHTY, IOKa3aBlIeMy (parMeHTapHbIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynupoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HeyIOBJIETBOPUTENIBHO 2 Oauia - BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJIbLICH 4acTH
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIMyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIMIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYNOBIETBOPUTENbHO 1 Oaim - BBICTABISAETCS CTYIEHTY, KOTOPHIH HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKaX
0a30BBIX MOHATUN IUCLUIUIMHBEI M BOOOIIE HE MMEET HABBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.



5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

OK3aMeH MpOBOMUTCS B YyCTHOW QopMe Mo Owieram. B kaxjaom OwiieTe mNpencTaBIeHO JiBa
TeopeTuueckux Bompoca. [Ipu npoBeaeHun sx3ameHa olydaronieMycst npegocrasisiercs 30 MUHYT Ha
noarotoBky. Onpoc 00y4aromerocst He JOJKEH MPEBBIIIATh OJHOTO aCTPOHOMHYECKOI0 Jaca.



