o JUCHMUIIJIMHE:
0 HANIPpaBJI€HHUIO:

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

YTBEPXKJAEHO
HCIIOJHUTEIbHbIA JUPEKTOP

M.A. CmupHoBa

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)
HNHcTpyMeHTaIbHbIE OCHOBBI CUCTEMHON OMOJIOTHH U OMOCTAaTHCTHKA
IIpuknagHbie MaTeMaTHKa U (pU3MKa

npo¢uib NOArOTOBKHU: CucreMHas U CHHTETHUYECKast OMOJIOTHS

Kypc:
KBaJIU(PUKALMSA:

dusrex-mrona buosgornueckot 1 Menunuackor OU3NKU
kadeapa CUCTEMHON M CHHTETHYECKOW OHOIOTHn
1

MarucTp

CemecTpbl, POPMBI TPOMEKYTOUHOM aTTECTAIUH:

1 (ocennuit) - 3auer

2 (BeceHHUil) - DK3aMeH

AynuTOpHBIX 4acoB: 75 BCETO, B TOM YHCIIE:
nexuud: 30 gac.
ceMuHapsl: 45 vac.
nabopatopusele 3ansaTus: 0 gac.

Camocrostensnas padora: 165 gac.

[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 270, Bcero 3ad. ef.: 6

[Iporpammy cocraBui: B.M. l'oBopyH, a-p 6uoin. Hayk, mpodeccop

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpa CUCTEMHOM U cuHTeTHYecKoi 6nonoruun 11.04.2024



Z[I/ICL[I/IHJ'II/IHa HUHCTPYMCHTAJIBbHBIC OCHOBBI CHCTEMHOM OWOJIOTUM M OHOCTATHCTUKA JacT

AHHOTANMA

CTyIEHTaM

LIEJIOCTHOE IIPE/CTABICHUE O COBPEMEHHBIX METO/aX HKCIIEPUMEHTAIbHOW pPabOThl ¢ OHOIOrHYECKUMHU
cucreMamu. [IpuMeHeHne MyIbTUANCUUIUIMHAPHBIX ()YHJAMEHTAJIbHBIX 3HAHUH B MPUIOKEHUH K PELICHUIO
aHAJMTUYECKUX 33/1a4 B IEPCOHATM3UPOBAHHON OMOMETUIINHE.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

- MOJy4EHHE CTY[JCHTAaMH LEJIOCTHOTO NPEACTABICHUS O TPAHCISIUMU (QyHIAMEHTAIbHBIX 3HAHUN B

MOJTy4YeHHEe W  aHATUTHKY
MPaKTHKO-OPHEHTHPOBAHHYIO

OKCIICPUMCHTAJIBHBIX
AHAJIUTUYCCKYIO  MCTOHOJIOTUIO.

coboit
OLIEHKHU

pesyaberaroB.  Kypc

MeTtonsl

MMpeaACTaBIIACT
aHaJlu3a U

OKCIICPUMCHTAJIbHBIX JaHHBIX U PA3BUTUA 6I/IOMCI[I/ILII/IHCKI/IX TCXHOJIOTHIH.

33]13‘[1/[ JAUCHUIIINHBI

- HAYYUTBCA PACCUUTLIBATD U AHAJIU3UPOBATH CIIOXKHBIC IIPOLCCCHI B JKUBBIX CUCTCMAX;

- OBJIAZICTh OKCIICPUMCHTAJIbHBIMU MCTOAUKAMU B MYJIbTUOMUKCHBIX TCXHOJIOTUAX.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYallUil HA OCHOBE
CHCTEMHOTO TI0JIX0/1a, BEIpa0aThIBATh
CTpaTeruro AeUCTBUI

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

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyalldd Ha  OCHOBE
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

YK-1.3 PazpabarsiBaeT CTpaTEeruIo JOCTHKEHUS

[IOCTABJICHHON 1€ Kak I10CJIEA0BaTeIbHOCTh I1aroB,
NpeaBUAS PE3YNbTaT KaKJOro M3 HUX U OLEHUBAas HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIAHUPYEMOM
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

OIIK-2 Nmeet nipeacraBieHrne 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HayYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NUmeeT npeacTaBIeHHE O COBPEMEHHOM COCTOSTHUU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoel
npodecCuoHaTbHON e TEHHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBAaHUH B o0jactu cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMHU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJa4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTHUeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITENLHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAYeCTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WJiIu)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3aJad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl




[1K-2 CnnocobeH caMOCTOSTEILHO HITH B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTr0O
KOJUICKTHBA OPTaHW30BEIBATh U MTPOBO/IUTH
HAyYHbIC UCCIICJIOBAHMS U MX alpoOaIiyio

[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIC
HCCJICAOBAHMUS CaMOCTOSITEIbHO WMJIM B COCTaBE HAy4HOTO
KOJIJIEKTUBA

[IK-2.2 CnocobeH mpoBOAWTH ampoOaIfio pe3ylIETaTOB
HAYYHO-HCCIIE0BATEIHLCKON paboTh MOCPEICTBOM
yONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00y4alOIINeCs JOIKHbI

3HATb:

- TEXHOJIOTUH T€HOMHOTI'0, TPAHCKPUIITOMHOTI'O, IIPOTECOMHOTO 1 MeTab0JIOMHOTO aHaJIn30B,
- (I)YH,I[aMeHTaJ'H:HLIe OCHOBBI SKCIICPUMCHTAJIbHBIX MCTOAOB B MOJ'ICKy.]'IHpHOﬁ W CUCTEMHOM 6I/IOJ'IOFI/II/I;
- OCHOBBI CTaTUCTUKHU JI UHTCPIIPECTALUU PE3YJIbTATOB MYJIbTUOMUKCHBIX HCCJICIOBAHUIM.

YMETB:

- CTaBUTHh LCJIU H (bOpMy.]'II/IpOBaTB 3a/lauy, MMOHUMATh NOCTABJICHHBIC LCIW U 3aa4d IPU CO3JaHUU
AHAJIMTUHYCCKUX CUCTEM B MCI[I/IKO-6I/IOHOFI/I‘-IECKI/IX HCCJIICJOBAHUAX

- UCTIO0JIb30BATh CBOU 3HAHUS JJIA PCHICHUSA 3a/1a4 U IPOBCACHUSA SKCIICPUMCHTAJIbHBIX I/ICCHCZ[OBaHI/Iﬁ;

- OLICHHUBATb KOPPEKTHOCTH MMOCTAHOBOK 3a4a4 U CTPOUTH aJITOPUTMBbI JOCTHIKCHUSA UX ONTUMAJIBHOIO
peuICHuAd B pa3JIMYHbIX (B TOM YHCJIC MGHHIOH_[I/IXCSI) YCIIOBHAX.

BJIAJIETh:

- MOJIYyYCHHBIC 3HAHUA U YMCHHA JOJI?KHBI OBITH HCIIOJIB30BAHBI I CO3JaHusA 6I/IOMe,Z[I/ILII/IHCKI/IX

POIYKTOB U TEXHOJIOTHUM.

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

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

Ne Tema (pa3znein) AMCUUTUIMHBL

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKIIIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.

CamocT.

Jlextiun | Cemunapsr | JlaGopat. paGoOTHI pabora

XIX—XX Beka.

PenykiimoHnsM u xonu3M B OHOIOTHUH

TexHomornueckue PEBOJIFOINHN

KIICTKH.

MonekynspHbId COCTaB >KMBOU CHCTEMBI
u METOIBI ero W3YyYEHHUS.

MOJIEKYJISIDHOH  OMONIOTHH- W3MEHEHHE
HalluX 3HAaHWHA O COCTaBE€ M CBOMCTBAxX

CunreTnueckas onosorus.
Pa3BUTHS CHCTEMHOTO aHAJIH3a.

IIpumepsl W OCHOBHBIE  PE3YJIBTATHI
CUCTEMHBIX MCCIEOBAHUN IIPOKApPUOT.
ITocTpoeHne MaTeMaTU4eCKUX MOAEIEH.
Ipunnun HEOIIPEEIIEHHOCTH.

MetuipoBanus J{HK.

CoBpeMeHHBIE METOABI  OIpPEICIICHUS
[EPBUYHON CTPYKTYphl HYKJIEMHOBBIX
KHCJIOT, MOHOMOJICKYJISIPHOE
4 CEKBEHUPOBaHUE, CEKBEHUpPOBaHUE
CIMHUYHBIX  KIETOK, MeETarcHOMHKa,
METO/IbI aHaJn3a narrepHa




Kontponp kadectBa NGS  maHHBIX.
Coopka rteHomoB de novo. Mertonbt
BBIPAaBHUBAHHS OHMOJIOTHYECKUX
MOCJIeJOBATEIbHOCTEH.

Tunsl  Macc-CEKTpoMETpoB.  Buasl
Macc-CIEKTPOMETPUUECKOTO aHaIU3a.

Macc-cnekTpomMeTpusi B OHOJIOTHH.
Top—down wu bottom-up mnoxxomsl B 4 7
MPOTEOMHOM aHaJIN3e.

BBenenue B CHCTEMHYIO u
CHUHTETHUYECKYIO OMOIIOTHIO.

Unentndukanust 6eJIKOB U MENTHIOB IO
JTaHHBIM Macc-CIIeKTPOMETPHUH.
Banupauus Pe3yJITaTOB
HUICHTU(UKAIIUN U OI[EHKa OINOKH.

10

[Ipoteorenomuka. ObnacTu NpUMEHEHUS
[IPOTEOI€HOMHBIX ~ TEXHOJOIMM i
KOpPEKLUU aHHOTALUH TCHOMOB,
aJbTEPHATUBHOTO CIUTaiicuHra u 5 2 18
npoueccunra 6enkoB. IlpodunupoBanue
U TapreTHOE OIpe/esieHne MEeTaboIUTOB.
dnakcoMHuKa.

11

Mertonpl KOJMYECTBEHHOIO aHajlu3a B
MPOTEOMHKE. Mertoabt
Macc-CIEKTPOMETPUUECKOTO aHaIu3a JJis
OTpeNIeICHUs]  KOMIUIEKCOB  OEJIKOB. 5 3 17
HNurtepaktoMuka. Meronsl onpeneiaeHus
MOCTTPAHCIIALUOHHBIX MoIupUKAIAN
(IITM).

12

OCHOBBI  OMOCTAaTHCTHKH ¥ METOIbI
BH3yalln3alui B OMOWH(pOpPMATHUKE.

13

MeTtoasl Kpocc-BalUJaIi pPe3yabTaToB
MYJIETUOMUKCHOIO aHanu3a. TeXHOJIorus
IUIAaHUPOBAHUS ~ JKCIIEPUMEHTOB  JUIA
KpOCC-BaJIMIALINH.

14

ba3er mannbix. llomstne o Qopmarax.

. 5 2 17
ba3bl 3HaHUH 10 OMUKCHBIM JaHHBIM.

Htoro wacos 30 45 165

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 270 yac., 6 3au.en.

4.2.

Coneprxanue TUCIUIUIAHBI (MOMYJIsl), CTPYKTYPUPOBAHHOE MO TeMaM (pa3iernam)

Cemecrtp: 1 (Ocennwii)

1. Penykimonusm u xonu3M B 6uonorun XIX—XX Beka.

KirroueBple aHalIOrMM, WCIOJIB30BAaBIIMECA JJI1 NMOHMMAHMS XU3HU. PEeIyKIMOHW3M VS XOJIH3M.
IIpencraBnenus o heHOMEHE KHU3HU CO CTOPOHBI BCEX PA3HOBHIHOCTEH peIyKIHMOHU3MA M XOJIHM3Ma
(mo B.W. MouceeBy). Penykuus nian/u nouck cTpykrypsl. JIBe crpareruu enrHoi Hayku. OOBsICHUTH
CJIIOXHOE 4epe3 AeMeHTapHble cBoiicTBa pocTtoro. Hayka no XVII Beka. MppaloHaIBHBIA XOJIU3M.
XVII Bek. Cunpubii penykumoHusMm. XVIII Bek. Areucrnyeckuit mexanmumsM. XIX Bek.
Bospoxnenne xommzma. XIX Bek. HeoBuramusm. DwmepmxentHbiil moaxon. Ilopsmok u3 xaoca.
Teopus ayronossza Marypansl u Bapenst («reopust CaHTBATO»).




2. MonexymsipHbIi COCTaB )KMBOW CHCTEMBI M METOZBI €r0 M3y4eHUA. TEeXHOIOTHUEeCKHE PEBOIOLNN
B MOJICKYJIAPHON OMOJIOTHUH- U3MEHEHNE HAIIMX 3HAHUI O COCTaBE M CBOMCTBAX KIICTKH.

CeksennpoBanue JHK: uctopuueckuii skckypc. CekBenupoBaHue 1no CoHrepy: «IUIIOC—MHHYCH
Meton. OcHOBHBIE ATanbl MeToja cekBeHupoBanus o Conrepy. CekBenupoBanue J{HK no Caurepy:
METO/I  «TEpPMUHATOpPOB». ABTOMarMueckoe cekBeHupoBanue 10  Conrepy. «DaOpuxm»
cexpernpoBanus JJHK mo Conrepy. CexBenupoBanue JIHK meTomom XuMH4ecKod aerpaiariui.
CeksennpoBanue JJHK mo makcamy-runbdepry. Passurue metonos cexBenupoBanus JJHK nepsoro
nokonieHus. Ycmexu mnpuMeHeHus cekBeHuposanusi JIHK mepBoro mokonenums. George Church
paspaboran colony sequencing. Macc-cnektpomerpus. I[Iporeomuka. «OMHKCHBIE» HOAXOABI
CHCTEMHO OHOJIOTHH.

3. Ilpumepsl W OCHOBHBIE PE3YJbTaThl CHCTEMHBIX HccieqoBaHUM mpokapuotT. I[loctpoeHue
MareMarndeckux Mojened. [lpuwHnmn HeomnpeneneHHocTn. CuHTeTHYecKass OWOJOTHA. JTam
pPa3BUTHS CUCTEMHOIO aHAJIM3A.

Mukoruia3Mel — 00BEKT Ui CHCTEMHOM OHONOrHy. MUKOIIa3Mbl — MOJIENTb MUHUMAJIbHOHW KJIETKH.
Coopka renoma Mycoplasma gallisepticum. MeToq TOYHOTO KapTUPOBAaHWS W HM3MEPCHUS
aKTHBHOCTH TPOMOTOpoB. Co3naHue BBICOKOI()(EKTHBHOTO BEKTOpa JUIS  TpaHC(HOpPMAIHN
MHUKOIUIa3M.  Pe3ynbraTel  MYJIBTHOMHKCHOTO  moxaxoja.  Hecneumduueckass — perynsius:
NPOCKaJb3bIBaHKUE Yepe3 TepMHuHATOp. bemkoBeiii orBeT M. gallisepticum npu cTpecce HUYTOXKEH 1O
cpaBHeHHIO ¢ n3MeHeHWsiMH Ha ypoBHe MPHK. A6comorHast kBanTudukanus PHK B kierke. Kak
OTHENUTh IIYMOBOM OTBET OT aJanTHBHOTO? BBICOKONPOM3BOAWTENbHAS PEKOHCTPYKIIUS
PETYIIATOPHBIX CETeH MOJIIMKYT.

4. CoBpeMEHHbIE METOABI OMNpENEeNCHUS NEPBUYHOM CTPYKTYPbl HYKJICHHOBBIX KHCIOT,
MOHOMOJIEKYJISIPHOE CEKBEHUPOBAaHUE, CEKBEHUPOBAHUE EMHUYHBIX KJIETOK, METar€eHOMHUKA, METObI
aHanu3a narrepHa Metuiposanus JJHK.

I'eneruka u reHomuka. ['enom venoseka. Hykneornn. Ctpoenne JIHK/PHK. Bunsl HaciaencTBeHHOM
M3MEHYMBOCTH. TOYEYHBIC TEHHBIC MyTallMd. XPOMOCOMHBIE MyTallui. [ (HOMHOE CEKBEHHPOBAHUE.
TexHonorun cexBeHUpOBaHMs. Pa3BUTHE TEXHOJIOIMI CcekBeHHpoBaHud. [lonumepaszHas uenHas
peakuus (IILP). O6mas cxema padorsr NGS: ot ucxomguort JJHK no «Oyks» Ha skpane. OOmue
npuniunbel  pabotel NGS. Roche 454: mnmpocekBeHupoBanue Ha MuKpouunie. Roche 454:
MUPOCEKBEHUpOBaHNE Ha MUKpounne. SOLID — cekBeHMpoBaHME ¢ TIOMOIIBIO JIUTHPOBaHus1. MloHHOE
HOTynpoBOgHUKOBOE cekBeHupoBanue lonTorrent. CekBeHUpOBaHUE C TMOMOIIBIO CHHTE3a Ha YWIe
(Illumina). Ipumeneane MALDI mns amamuza JIHK. CexenmpoBanue Ha miardopme PacBio.
HanomopoBoe cexBenupoanne (Oxford Nanopore). Menee wu3BecTHble TexHonoruum NGS.
CexBeHHpOBaHHE €AMHUYHBIX MosieKyn. CBomHas TaOnmuma Juis  HEKOTOPBIX  IUIaTdopm
CeKkBeHUpoBaHMsA. HewsyueHHnele Buabl (cOopka reHomoB de novo). IlomHoreHoMHOE
pecekBenupoBanue. CexBenupoBanue »5k3oMma. JHK-OenxoBeie B3aumoneictBust (ChIP-Seq).
[Mogroropka Oubmuorek k/IHK nmasi  BBICOKONIPOM3BOIMTENLHOTO  CEKBEHHMpOBaHHWs.  Kak
CEKBEHUPOBATh TPAHCKpUNITOM? MeTareHoMuka — ImoJxo/, OCHOBAaHHBIH Ha CEKBEHHPOBAHUU.

5. Konrtponr xauectBa NGS pgannbix. COopka renomoB de novo. Meronsl BbIpaBHUBaHUS
OMOJOrMYECKHX MTOCIIeI0BATEIbHOCTE.



CekBenupoBanue nyteM cuate3a (Illumina). Mcrounuku ommbOOK, CBA3aHHBIE C aJanTepaMu.
Uctounukn ommbOK, cBsizaHHble ¢ (pasupoBkoil. IlameHne MHTEHCMBHOCTH KIIACTEpOB. AHAaIu3
kadectBa (Quality Check). 3nauenue kauectsa, mkaia Phred. FastQC: O6mas craructuka. KauectBo
MPOUYTEHHsI HyKIeoTH0B. KauecTBo npouTeHnid BHYTpH A4yeiku. CyMMapHOe KadyecTBO MPOUYTECHUH.
Hyxneoruansii coctaB mnpouteHuil. GC-cocraB mpoureHuil. KonmudecTBO HeompeaeneHHbIX
HYKJIEOTUAOB. /[[NWHBI mHpodTeHWH. YpoBEeHb AyIUIMKaluii mpoureHui. IlepenpencraBieHHbIE
nocienoBarensHocty. Hannune agantepos. Beicokast crenens (pparmeHTanuu reHoma. TpUMMHHT —
yoasieHue omuOOK  cekBeHupoBanua. COopka reHoma de novo. AJToputM  cOOpKH
Overlap-Layout-Consensus. I'padg De Bruijn. K-mepsl. [Ipobaemsr nipu cOopke reHomMoB. Bnusiaue
noBropa Ha cOopky reHoma. OObeAMHEHHE MPOYTEHUH B KOHTHUrHM. OT KOHTUTOB K ckaddomaam.
«Paired-End» u «Mate Pair» 6ubnuorexkn. Onenka kauectBa coopku. QUAST. Banunanus cOopku.
Ounanuzanus coopku. The NCBI Eukaryotic/Prokaryotic Genome Annotation Pipeline. ITouck
OoTKpBITEIX pamok cuutbiBanus (ORFs). Merozpl BeipaBHUBaHUs. TodeuHass marpuia cxonacrsa (dot
plot). Amroputm Hupnmana-Bynma. Iltpader u marpunsr 3amen. Anroputm Cmurta-Barepmana.
MHoxecTBeHHOE BbIpaBHUBaHME. lIpaBuia TpHM MHOXXECTBEHHOM BBIPAaBHHUBAHUH. MeTombl
MHOXECTBEHHOTO BbIpaBHHBaHU. OOparHas 3ajada — BbIpaBHHMBaHHE BhlpaBHHBaHUW. The Basic
Local Alignment Search Tool (BLAST). BLAST — mouck roMoJIOTHYHBIX TTOCIIE0BATEILHOCTEH.

6. Tumbl Macc-crieKTpoMeTpoB. Buabl Macc-CIeKTpOMETPUYECKOT0 aHAIN3A.

Macc-cnektpomeTrpus. Macc-ciektpomerp ActoHa. MoHel uM  BakyyM. BpewmsmposeTHslit
Macc-aHanuzatop. KannOpoBka BpemsnposnéTHOro mMacc-aHanusaropa. Paspemaronast cnocoOHOCTb.
Uzoronsl. M3otonmHoe pacmpenenenue. OpTOroHaNbHBI BpPEMSIIPOJIETHBI Macc-aHaIU3aTop.
KBagpynons. Ksagpymons — nuarpamma crabuiabHOCTH. KBajpymonb — ckaHupoBaHHe. PexuMel
paborel kBagpymosisa. KBanpymnonb — OCHOBHOH TpaHCHOPTHBIM 31eMeHT. OpOuTaiibHas WOHHAsS
JIOBYyIIKA. Buzpl Macc-aHanu3aropos.

7. Macc-cniekrpometpus B 6uonoruu. Top—down u bottom-up moaxosl B IpOTEOMHOM aHAIIN3E.

Mornekynbsl Kak MpeaMeT Hay4Horo nmHrtepeca. Kak mM3MepuTh ypoBeHb IIIOKO3bI? AHaTUTHUYECKAs
xuMHUs. MeTonbl aHaJUTHYECKON XUMHH. MONEKYIApHBIA COCTaB KIIETKH. DJIEMEHTHBIA COCTaB
KJICTKH. AHAIUTHYECKass XUMHSA Ui CUCTeMHOW Ouonoruu. OcoOEeHHOCTH Macc-CIeKTPOMETPUN
oromonekyn. Dnekrpocmpeiinas noamzanuss. MALDI - Matrix Assisted Laser Desorbtion/lonization.
MALDI — marpuua. [pyrue meroas! nonusauuu. [Iporeomuka. Top—down u bottom-up noaxonsl B
npoTeoMHOM  aHanmze.  «TpuncuHonm3».  Wnentudukamuss —  rumore3sl.  TaHJaemHas
macc-criekrpomerpusi. CID — Collision-Induced Dissociation. ®parmenranuss HOHOB - ra3odazHas
peakus. bubnmuoreku criektpoB parmentanuu. Homenkiarypa gouepHux HOoHOB nentuaoB. ETD —
Electron Transfer Dissociation. ®parmenTauus nentufoB. De novo cekBeHHpPOBaHHE MENTHIOB.
Crioco6sl pparmenTtaiun. TpoiiHOM KBaipynonb. KBagpymoib-BpeMsIIponEéTHRIA Macc-CIIEKTPOMETD.
CoBpeMeHHBIE MacC-CIIEKTPOMETPHI.

8. BBC,I[GHI/IG B CUCTCMHYIO U CUHTCTHUYCCKYIO OHOJIOTHIO.

Teopust cucteM u ee poib B Ouonoruu. Poib HayuHOW MeTomonoruu. PaHHMe pUMeEphl CUCTEMHOMN
MeToponorud. Meronsl Ouonornueckord Hayku. Cramuu pasButTs Ouonoruu. Knetounas teopust
xu3Hu. JIHK wu macnmencrBenHass mHdopmarust. 1930-e¢ Toasl — Hay4yHas pEBOJIONMS M HAYao
MOJIEKYJIAPHON OHOJIOTHN KaK caMOCTOSTeNIbHON HayKu. OnuH reH — onuH ¢epMeHT. JKU3Hb ¢ TOUKH
3peHnss ¢usuku. M3ydenme ormenbHBIX  Monekyn. CuHTeTmdeckas Ouosorus.  BbI3oBbI
CHUHTETHYECKOH OMOJIOTHH.

Cemecrtp: 2 (Becennuit)

9. Unentudukanms OSIKOB M MENTUAOB MO JTaHHBIM MacC-CIIEKTPOMETpHHU. Banumanus pesynbraTtoB
UACHTU(UKAIIH U OLIEHKA ONIHOKH.

[puanmn  waeHtudukanuu.  [unorespl-mpumanku  (decoy).  Uaentudukanmuss — OenKoB.
Hannbie-3aBucumbiii aHanmus (DDA). Hemomnora mannbeix. Tumbsl skcnepumenta. [IpunenbHbIi
BOXX-MC anamu3. MRM - Bpibop mnpoTeoTHnHUecKUx MENTHIOB, HOHOB, (parMeHTOB.
BocnpousBonumocTs.



10. IIporeorenomuka. OO6MacTM NPUMEHEHHS NPOTEOTEHOMHBIX TEXHOJIOTHH ISl KOPPEKUUU
AaHHOTAIlMM T'€HOMOB, AJBTEPHATHBHOTO CIUIACHHIA W mpoueccuHra 6enxos. [IpodunupoBanue u
TapreTHoe ornpeaeneHne Merabonntos. OnakcoMuKa.

[Iporeorenomuka. M3zohopmbr OenkoB. N-TepMUHOMHUKA. bBHOMMOTEKHM CIIEKTPOB (PparMeHTAIIHH.
MeTrabosoMHBbII a”Hann3. DiIakCoOMHUKA.

11. Metonsl KOMMYECTBEHHOTO aHajM3a B MPOTEOMHUKE. METOABl Macc-CIEKTPOMETPUYECKOTO
aHajM3a s ONpeleNieHHs KOMIUIEKCOB OenkoB. MHTepakromMmka. MeTonsl —ompeaeneHus
MOCTTpaHCIAUMOHHBIX Mogudukanuii (IITM).

Xpomarorpadusa. BIXX-MC. KomnuecTBeHHBIH aHanu3. BuIpl KOIMYECTBEHHOTO aHalM3a.
AbcomotHas kBanTuuKanus. OTHocuTensHas kBanTudukaus. SILAC (Metabonndyeckoe BBelICHHE
MeTku). M3o0apubie metku. M3orombr 13C m 15N. BenkoBble KOMIUIEKCHI, KPOCC-CLIMBAIOIINE
areHTel. AdduaHoe BbieieHne komiiekcoB AP-MS, TAP-MS. HWarepaktom — Kapra
0enok-0enkoBbIX B3aumozeicTBuil. Oboramenue pochonentuaos.

12. OcHOBBI OMOCTAaTUCTHKH U METOJIBI BU3yalu3alliK B OMOMH(pOpPMATHKE.

Maremarndeckasi cratuctuka. HaOmtojeHue, reHepaibHasi COBOKYNHOCTh, BbIOOpka. CrocoObl
(¢hopMHUpOBaHUsl penpe3eHTaTUBHONW BbIOOpKH. YacToTHOE pacmpezneneHue nepeMeHHou. CpenHee
3HaYeHWe Vs MexumaHa vs Moaa. Ksapruimm. Box plot vs ¢Qopma pacmpenenenHus.
Scatterplots/Stripcharts. Mepsl u3MeHunBOCTH. Mepbl OTKIOHEHHS (POPMBI pacrepeneieHusl.
Craructuyeckas runoresa. TecTupoBaHue TUNoTe3 B cTarucTuke. OmuOKY NepBOro U BTOPOTO pofa.
Z-oueHka (CTaHAapTU30BaHHAs oneHka). O0JacTh MPUHATUS THIOTE3Bl VS KPUTHYECKas OOJacCTb.
Craructuka - KpuTepuil mHpoBepkd rumnote3sl. OgHOBBIOOpOuHBIE KpuTepuu. Pacmpenenenue
CrpionenTa. CpaBHEHHE ABYX CPEAHHX HOPMAIbHBIX COBOKYMHOCTEH. CTaTUCTHUECKUN KpUTEpU
Creionenra. [lpunstue pemenus. Henapamerpudeckue (paHroBble) Kputepuu. Kpurepuii
Bunkokcona. Tounblii kpurepuit @umepa. Ananu3 oboramenus 10 (QyHKIHOHAIBHOU
npunaexxaoct. Gene Set Enrichment Analysis, GSEA. MHoxecTBeHHbIe cpaBHEeHuUs. [lompaBka
Boudepponu. IlonpaBka benbsimunu-Xox6epra (FDR). Termoswsie kaptol (heatmap). CHuxenue
pasmepHoctu mnpoctpaHcTBa. Principal Components Analysis (PCA). KpuBbie BbDKHBaeMOCTH
Kannana-Meiiepa. luarpamma paccesiaust (scatterplot). Volcano plot. JInarpamma Benna. UpSet plot.

13. Metonbl Kpocc-BaJIuJIALIUK PE3YIbTATOB MYJIETUOMUKCHOIO aHaln3a. TeXHOIOTUs IIaHuPOBAHUS
9KCIIEPUMEHTOB JJIs1 KPOCC-BAIUIAIUH.

[IporeorenomHas koppekuus aHHoTaluu. [IpoBepka TpaHCKPUITOMHBIX AaHHBIX ¢ moMouisro ITIP B
peanbHOM BpeMeHH. MHTerpanus OMHKCHBIX JaHHBIX. lIpoTeoreHOMHas KOppEKLUs aHHOTAIUH.
IIpoBepka TpaHCKpUITOMHBIX JaHHbIX ¢ nomouipro II[[P B peansbHOM BpemeHnu. HMuTerpaums
OMMKCHBIX JTAHHBIX.

14. basbl gannsix. [lonstue o popmarax. ba3pl 3HaHWI IO OMUKCHBIM JTaHHBIM.

®opmatel FASTA u FASTQ. GenBank. ba3wer gannbix u penosutopun. OcHoBHbie BJ] GenmkoBBIX
nocnenoBarenbHOCTe. Universal Protein Resource (UniProt). GeneCards. Human Proteome Project.
Human Protein Atlas. Blood Atlas. STRING-DB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHNS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYuebHble ayTuTOpUH, OCHAIIEHHbIE MYJIBTUMEIUHHBIM 000pyAOBaHNEM (3KpaH, IPOEKT, ayIuo U
BHJEOANIaparypa, HOyTOyK ¢ IOAKIIIOUeHUuEM K ceTu «IHTepHeT», MUKpO(OHBI).

JlabopatopHoe 06opyaoBaHHeE:

— TaHAEMHBIA Macc-CIIEKTPOMETp BbIcOKoro paspemenus Exploris 480 B koMiuiekce ¢
HaHOXpoMarorpaduueckoit cucremoii Ultimate 3000;

— TaHAeMHBINA Macc-ciekrpoMeTp QTrap 6500+ ¢ cucTemMoil HOHHON OABMKHOCTH B KOMILJIEKCE C
cucremoit YBOXKXX ExionLC AD.



6.IlepeyeHnb pekoMeHyeMOii TUTEPaATyPbI

OcHoBHas nuTeparypa

OcHoBHas JIuTepaTypa npeaocTaBieHa 6a3oBoii kadeapoi

1. Kynpenn H., bepmrreitn P., Marpam K., Xapt K.M. Ha nytu x cuaTeTHYeCcKOl OHOJIOTHH.

2. AHanutuueckast XuMusi. MeToabl HACHTH(UKAIIMK U OTIpe/IeNICHNs BeIECTB: yuyeOHoe nocodue. - 4-¢
U3JIaHNue

JomnonHurenbpHas auTeparypa

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

CrentoH ['mann Meauko-0nonorudeckas CTaTUCTHKA, JIEKTPOHHAS KHHUTa
https://medstatistic.ru/articles/glantz.pdf

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

s gactu 3aHsaTUN oTpedyercs SAHaeKc TeneMocT. SIHAeKC TUCK AT OCTyIa K MaTepraliaM Kypca.
[TpuBeTcTByeTCS HamMuue BO BpeMs 3aHATUI cMapT(GOHOB/HOYTOYKOB AJIsl y4acTHsI B UHTEPAKTHBHBIX
YIPaXHEHHUSX.

9. MeToauyeckue yKazaHusi AJis1 00y4arOLIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYeneninoe ocBoeHue Kypca TpeOyeT HanpsHKEHHOM caMOCTOATEeNIbHOM paboThl cTyaeHTa. B nporpamme
Kypca IIpHUBeIeHO MUHUMAJIbHO HE00X0JMMOe BpeMs 1Sl pabOoThI CTY/IEHTa HaJl TEMOH.

CamocrosiTenpbHas paboTa BKIIOUAET B CE0s:
— npopaboTKy yueOHOro Marepuana (1o KOHCIIEKTaM JICKIWiA, y4eOHOW W HayYHOU JINTEpaType);

- MOATOTOBKY OTBETOB Ha BOIPOCHI, MNPEAHA3HAYCHHBIX JII CaMOCTOATCIIBHOIO HU3YUCHUA,
J0Ka3aTrcJIbCTBO OTACIIbHBIX YTBep)K,E[eHI/II\/’I, CBOICTB.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npopuJib NOArOTOBKHU: CucreMHas ¥ CHHTETHYECKAsT OUOJIOTHs
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadempa CHCTEMHON U CHHTETUIECKON OMOIOTHH

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
1 (ocennuit) - 3ayet

2 (BeceHHMH) - DK3aMeH

Pa3paborunk: B.M. T'oBopyH, n-p 6uon. Hayk, nmpodeccop



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

OIIK-2 Nmeet npeacraBieHne 00 aKTyalIbHBIX
mpo0OiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBATH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4yeckoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

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

OIIK-2.3 Bnameer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCHOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHUYECKON
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

[MK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CHCTEMHO
aHAJIN3UPOBATh HAy4YHBIE IPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAIKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIEHOCTH

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

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbI UCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 CnocoGeH I1ulaHUpOBaTh M MPOBOAWTH HAYUYHBIC
UCCJICZIOBAHUSI CAMOCTOSITENIbHO MJIM B COCTaBE Hay4yHOIO
KOJIJIEKTHBA

[MK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
Hay4YHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyONMKaluKM HAYYHBIX CTAaTEH U y4acTusi B KOH()EPEHIUSIX

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC U3YUCHUA JUCHUIIIINHBI <(I/IHCTPYMCHT3.JIBHBIC OCHOBEI CUCTEMHOM OHMOJIOTHH U OMOCTATUCTHKA

00yJaromuiics JOKeH:

3HATb:

- TEXHOJIOTUH T€HOMHOI'0, TPAHCKPUIITOMHOTI'O, IIPOTCOMHOTO 1 MeTab0JIOMHOTO aHaJIn30B,
- (I)YH,I[aMeHTaJ'H:HLIe OCHOBBI SKCIICPUMCHTAJIBHBIX MCTOAOB B MOJ'ICKy.]'IHpHOﬁ W CUCTEMHOM 6I/IOJ'IOFI/II/I;
- OCHOBBI CTaTUCTUKHU JII UHTCPIIPECTALUU PE3YJIbTATOB MYJIbTUOMUKCHBIX HCCJICIOBAHUIM.

yMeTh:




- CTaBUTh LIeNU U (HOPMYIHPOBATH 3a/a4H, IIOHUMATh MTOCTABJICHHBIC LEIU U 33aJa4M MPH CO3TAHUH
AHAJIMTUYECKUX CUCTEM B MEAMKO-OMOIOTUYECKUX UCCIICTOBAHMSX;
- HCII0JIb30BaTh CBOY 3HAHMS IS PELICHUS 3ajad U IPOBEIEHUS SKCIIEPUMEHTAJIbHBIX UCCIIEJ0BaHuU;
- OLIEHUBATh KOPPEKTHOCTh MOCTAHOBOK 3aJ]ad U CTPOUTH AJITOPUTMBI JOCTHKEHHS X ONTUMAaIbHOIO
pelIeHns B pa3InuHbIX (B TOM YHCIIC MEHSIOIINXCS) YCIOBHSAX.

BJIaJeTh:

- MOJIYUCHHBIC 3HAaHUA U YMCHUSA HNOJIKHBI OBITh HCITOJIE30BAHBI JJIA CO3daHUs 6I/IOMeI[I/II_[I/IHCKI/IX
MNPOAYKTOB U TCXHOJIOTHIH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

Bo Bpems Teky1iero KOHTpOJIst CTYICHT JOJXKEH YMETh OTBETUTh Ha CIIEIYIOLIUE BOIIPOCHL:
Penyxmmonusm u xonmmsm B Ouonornn XIX—XX Beka.

MounekynsipHbIA COCTAB KUBOU CUCTEMBI U METOABI €0 U3YUYCHUS

CocTaB U CBOMCTBA KJIICTKU

[IpyHLIMOBI CTAaTUCTUKU B KUBBIX CUCTEMAaX

[IpuHLIMD HEONPEAETEHHOCTH

S e D=

[ToHsiTE CHHTETHYECKOI OMOIIOTNH

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Tunossie BOIIPOCHI IJIA 3a4CTa

. IIpumepbl 1 OCHOBHBIE PE3yabTaThl CHCTEMHBIX UCCIICA0BAHUM MTPOKAPHOT.

. TlocTpoenue MaTeMaTHUECKUX MOJIENICH sl OnUcaHus ()YHKIIUU JKUBBIX CHCTEM.
. OCHOBBI CHCTEMHOT0 aHaJI13a.

. IIpuHnuner paboTel Macc-ClIeKTPOMETpa.

. IloHsATHE IPOTEOTEHOMUKH.
. «Penyxumonnsm» u «xomu3m» B ouonorun XIX—XX Beka.
. MoJteKyIsIpHBII COCTaB KMBOU CUCTEMBI M METOZBI €0 U3YUYEHUS

1

2

3

4

5. MeTobl KOJTMYECTBEHHOTO aHAJIN3a B IIPOTEOMUKE.

6

7

8

9. INocTtpoenue maremMaTnueckux Moneseil. [[puHIMN HeonpeIeIeHHOCTH.
1

0. Macc-cniekrpomerpus B 6uonioruu. Top—down u bottom—up mpoTeoMHbIH aHATH3.

Tunossie BOIIPOCHI AJIsI OK3aMEHa

1) OcHOBHBIE MOHATHS MaTeMaTUYECKON CTaTUCTUKU. UTO M3ydaeT Maremarndeckas craructuka? Yem
OTIMYAIOTCA ONHcaTeNibHAsl W HMHIYyKTHBHasg craructuka? Yrto Takoe BbIOOpKa W TeHepajbHas
coBOKymHOCTh? Kakue ObIBalOT THIBI TepeMeHHbIX? Kakue ObIBal0 YHCIOBBIE XapaKTEPUCTUKH
BbIOOpku? YUTo Takoe craructudeckas runore3a? JlaiTe omnpeneneHne OCHOBHOW M albTEPHATHBHOM
runore3pl? YeM OTIMUAIOTCA OMMOKM MEpBOro M BTOporo poxa? YTo Takoe ypoBeHb 3HAYMMOCTH
CTaTUCTHUYECKON Tunote3sl? ONUIInTe MOCIe0BaTeIbHOCTD NEHCTBUN MPH MOCTPOSHUH M MPOBEPKE
CTaTHCTHUECKOM rumore3bl. IlpuBenuTe mpuUMephl CTAaTUCTUYECKUX KPHUTEPHUEB ISl NPOBEPKU
runoTessl. Yem oTiiMyaroTcst HemapaMeTpuIecKue U NapaMeTpuIecKue KpUTepruu B CTaTUCTUKE?

2) Ilepeuncnure OCHOBHbIE TUIBI TPa(UKOB, UCIOIB3YEMbIX AJIS A BH3yaau3aluu OMOJOTMYECKHX
JNaHHbIX. Pacckaxure AJsl KaKUX JAaHHBIX MCIONB3YeTCs KaXIbli TpaduK, KPaTKO OMMILUTE aJITOPUTM
ero nocrpoeHus. JlailiTe NOCTaHOBKY 3aj]aud, Uil PELIECHUS KOTOPOW INPUMEHSETCS KPUTEpPHUil
CreionenTa. [Ipu kakux ycnoBusx npumensiercs: kpurepuit Cteronenra? OTKyqa BO3HUKAET mpoodiemMa
MHOXECTBEHHBIX CpPAaBHEHMM IpUM MPOBEPKU CTaTUCTHUeCKUX runore3? YrTo Takoe IonpaBKa
Bougpepponn u FDR? Yto takoe Tounblii kputepuii Pumepa? IlpuBeaure mnpumep moboi
OHMOJIOTHYECKO 3a/1auu, It KOTOPOW YMECTHO UCTIONIb30BaHUE TOYHOTO KpuTepust duriepa.



3) I'enetnka W cekBeHHpOBaHHE TeHOoMa. UTO M3ydaloT reHetuka W reHommka? Kaxum oGpazom
reHetTudeckas uHpopMalys 3akoaupoBaHa B mocienoparenbHoctd JIHK? [Ipoekt reHoma denoBeka
3aBepIICH — 3adeM IEePEeCeKBEHUPOBATh T€HOMBI Jitoaed? 3agauyl TeHOMHOIO CEKBEHUPOBAHMA.
[lepeuncnure BuAbl MyTauuu (Kinaccudukanmus MyTanuud 1o 3HauuMmocTH). Kakme TexHomorum
cexkBeHupoBanua Bam nzBectHrl? B yem oTinuusi cekBeHaTopoB pazHoro nokojeHus? Pacckaxure npo
CEKBEHUPOBAHME IIEPBOTO IOKOJIECHUS?

4) CekBeHaTOpbl «HOBOTO MOKOJEHUs». Kakue TexHomorun cexBeHUpoBaHus Bam m3BectHb? B uem
OTINYMSI CEKBEHATOPOB DPA3HOIO IMOKOoJeHUsA? PacckakuTe Npo CEKBEHATOPHI BTOPOIO IOKOJIEHU?
Pacckaxkure mpo cekBeHaToOpbl TpeThero nokojeHusa? CpaBHUTE MEXIY cOOO CEKBEHATOPHI Pa3HBIX
nokosieHWi. JIsl Kakwe 3aja4 Kakue CeKBeHaTophl Ooniee mpuMeHuMBbI? [lodemy 10 cux mop st
pelIeHns 3a1a49 KPYIHBIX TPOEKTOB IMIMPOKO UCIOIB3YIOTCS UMEHHO CEKBEHATOPHI BTOPOTO MOKOJIECHHS,
a He TpeThero?

5) AHanu3 KauecTBa CeKBEHUPOBAHHBIX MTOCIIEI0BATEIBHOCTEH HyKIeoTH10B. Ha mpumepe mnargopMer
[Mlumina pacckaxure 06 ommbKkax, KOTopble BO3HUKatOT mpu cekBenupoanuu JIHK. Kaxkoit anropurm
yCTpaHEHHs OMIMOOK CEKBEHUPOBAaHUS M KaKWe MPOTPaMMHBIC MPOAYKTHI I 3TOro moxxoast? Yrto
takoe fastq dopmar ¢aitna u mkamna Phred? Kakue mapamerpsr orciexuBaer mporpammbsl FastQC?
[TpuBenuTe mpUMEpsbl HOPMAIBHBIX 3HAYCHUH ITHX MapamMeTpoB W OTKIOHEeHWi? Kak OopoTbcs ¢
TaKUMH OHIMOKaMM CeKBeHUpoBaHUA? YUTO Takoe TPUMMHMHI M KakKhe NOEHCTBUS MO TPUMMUHTY
BO3MOXHBI?

6) Co6opka renoma de novo. Kakue moaxomel mo cOopke reHoma cymecTByIOT? Pacckaxurte mpo
anmroput™m Overlap-Layout-Consensus. B 4yem ero nemocratok? [jiss Kakux 3ajad HCHOIB3YETCS?
Pacckaxxure mpo De Bruijn rpad. B uem 3axmouaercs pemenue 3amaun De Bruijn rpaga? Kak
peleHne 3aaud 3aBHCUT OT 3HadeHHs napamerpa k? Kakue cyiiecTBYIOT TPyZHOCTH Ipu cOOpke
reHOMa M Kak OHM BIMSIOT Ha pemeHue 3amadn De Bruijn rpaga? UYto HYXKHO 3HaTh O JaHHBIX U3
KOTOPBIX BBl coOupaeTech Jenarb cOopky renoma? Kak 3Tu mapamerpsl MOTYT HOBIUSATH HA PE3ysbTaT
coopku? Ha kakue mapameTpsl ciieayeT oOpailaTb BHUMAHHE NPH OLEHKE KadecTBa COOPKU M Kak
BaJIMJIUPOBATh COOPKY?

7) Mertonsl BBIpaBHMBAHHUS OHMOJNOTHYECKHX TMOCIENOBATENbHOCTEH. B uem 3akimrouaercst 3ajaada
BHIPDABHMBAHMS, M KakWe CYIICCTBYIOT METOJbl BbIpaBHHBaHUs?  Pacckaxkure o crocobax
NPE/CTaBICHNUS  BBIDABHUBAHMH: TEKCTOBOE, rpaduueckoe, MaTpula CXOACTBA. AJTOPUTM
Hunnvana-ByHina, npuBenure mpuMep €ro MCIOJIb30BaHHS JUI II00AJbHOTO BBIPABHHBAHHS JIBYX
MOCJIEJ0BAaTENbHOCTEH. B uyeM mnpuHIUNUAJIPHOE OTIMYME JIOKAJHHOTO BBIPAaBHUBAHUS OT
mobaneHoro, anroputM Cwmwura-Barepmana. [lorck TOMOJOTHMYHBIX MOCIEAOBATEIBHOCTEMH,
nporpamma BLAST u ero Bapmantel. PacckaxuTe mpo 3amady MHOXECTBEHHOTO BbIPaBHHBAHMS,
MOYEeMY CTaHAAPTHBIE MOJXOMABI C MCIOIB30BAHUEM JMHAMHYECKOTO IPOrPaMMHUPOBAHUS HEIPUTOIHBI
B

8) Beenenue B TpaHCKpUNTOMUKY. UTO n3y4aeT TpaHckpunTomMuka? Uto Takoe Tpanckpunt? Onumimre
tunel PHK knetkn? Yro takoe mukpo-PHK u mumnnas 6enox nexogupyromas PHK? Kakue gpynknum B
KIETKE OHHM BBINONHAIOT? UeM oTmu4YaioTcsi MpoTOKoibl ceBeHupoBanus mukpo PHK wu Genok
Hekoaupytouieir PHK ot mportokona cexBenupoBanus Oenok xomupyromed PHK? Jlns gero msyuator
MPHK B knetke? Kak y3nars nocnenoarensHocts MPHK? CpaBHHTE 1OCTOMHCTBA U HEAOCTATKU ABYX
METO/I0B: THOpHUAn3aLus npu noMouy 4yumnoB 1 RNA-seq. Onumunre B 00IKX YepTax cXxeMy aHalin3a
naHHbix RNA-seq. Uto Takoe meron miaBHbIX KoMnoHeHT (PCA)? Urto Takoe reHHasi OHTOJIOTHA U
3a4eM OHa HyXHa?

9) Beenenue B cexpernnpoBanue MPHK ennnnynol xinetku. OTandus TOTANbHOTO CEKBEHHUPOBAHUS OT
CEKBEHUpPOBaHMA eAMHNYHON KkieTku? Kakue 3amaun nomoraet pemnth SCRNA-seq? Onummre noaxoxn
i cekBeHupoBanus PHK eauHnuHbIX kieTok? ONUIINTE OCHOBHBIE TPYOHOCTH IPU IIPOBEAECHUU
OIHOKJIETOYHOTO ceKBeHupoBaHus? 3aduem Oopotbes c¢ [P nybnukaramMm mpu aHanmm3e JaHHBIX
CEKBEHHPOBAHUS €UHUYHON KieTKn? ONuInTe W30JAIUI0 KIETOK IpH nomornu Kamensb (Drop-seq).
OnumuTe NPUHOMIBI OAPKOAWPOBAHMS Al CO3MaHUS OMONMOTEKH CEKBEHHPOBAHUS E€IMHUYHOM
kieTkd. OnumuTe B 00LIMX YyepTax cxeMy aHaiau3a gaHHbIX SCRNA-seq.

10) Macc-cnektpomerpusi. biaok-cxema macc-criekrpomerpa. Monsl u BakyyMm. Pacuér oTHomienue
Macchl K 3apany. MuorozapsiaHele MOHBL. M3otomnel. M3oronmHoe pacnpenenenue. Paspemaronias
CHOCOOHOCTh Macc-aHaNIU3aTopa.

11) Bpemsanponérusiii Macc-aHanuzarop. biok-cxema macc-cnektpomerpa. MonHsl U BakyyM. Pacuér
OTHOILIEHHE Macchl K 3apsaay. Muoro3apsianeie uosbl. [lpuHnun paboTbl  BpeMSIpOIETHOTO
Macc-aHanuzatopa. Kannbposka macc-aHanuzaropa.

12) KBagpynonbHblii Macc-aHanu3arop. biok-cxema macc-criekrpomerpa. Monbel u BakyyMm. Pacuér
OTHOIIEHHE MacCchl K 3apsay. MHoro3apsaHele HOHbBL. [IpuHIMm paGoTel  KBaIpyMoOIbHOTO
Macc-aHanuzaropa. Jluarpamma cTabuIbHOCTH.



13) Tanmemuas macc-criekTrpoMmeTpusi. brmok-cxema macc-ciektpomerpa. Monbsl u BakyyMm. Pacuér
OTHOIIEHHE MAacChl K 3apsity. MHorosapsaHble HOHBI. BlIOK-cXema TaHIEMHOI0 Macc-CIIEKTPOMETpa.
PopuTensckue W J04YepHHE MOHBI, CIEKTPhl (parMeHTanuu u ux Oubmmorexn. Homenkmarypa
JOYEPHUX HOHOB MENTH/IOB.

14) Macc-cnekrpomerpus ouomonexyn, ESI u ETD. Ipunnun pa6ots! anekrpocnpes. [punnun ETD
(Zuccoumanysi, ”HAYLIMPOBaHHAs IEPEHOCOM 3IeKTpoHa). HoMeHkaTypa qouepHUX HOHOB NENTH/IOB.
15) Macc-cnexrpomerpust oromonekyn, MALDI u CID. Ilpuniun paborst MALDI. [Mpuniun CID
(zuccoumanysi, ”HAYLMPOBAaHHAS CTOJKHOBeHHEM). HoMeHkIaTypa 1o4epHUX HOHOB METITHIOB.

16) AOCONMIOTHBI  KOJNMYECTBEHHBIM aHAW3 C TIOMOIIBI0  Macc-CIIEKTPOMETpUU.  Buubl
KoJIMuecTBeHHOro aHaimusa. KamuOpoBouHast kpuBasi. CriocoObl KaTMOPOBKH C MOMOILBIO CTaHJIAPTOB.
Dddekt Marpuiib.

17) Mporeomusiii ananu3. SILAC. OOmias cxema MOpoOOIOJATOTOBKH JUIsl MPOTEOMHOTO aHaju3a
«cHU3y-BBepX». Tpuncun. CriocoObl BHECEHUSI METKH B ITpoTeoMHOM anajiuse. Cxema SILAC.

18) IIporeomusblii ananu3. M3o6apubie meTku. OOmias cxema MpoOOMOATOTOBKH JUIsl IPOTEOMHOTO
aHanm3a «CHU3y-BBepx». TpurcuH. CriocoObl BHECEHHs] METKM B MPOTCOMHOM aHanuze. [lpuHimmn
paboThl H300apHBIX METOK.

19) Pexumbl paboThl TaHIIEMHOTO Macc-criekTpoMeTpa. [lpunensHbiii aHamus3 Metogom MRM.
Cpasnenne DDA u DIA (naHHble-3aBUCUMBIN 1 TaHHBIC-HE3aBUCUMBII aHAIH3).

20) IIporeomusiii ananu3. [Ipuauun padotsl nouckoBbix MamuH. Onenka FDR. Protein inference, ot
nenTHI0B K OenkaM. M3odopMer GenkoB.

[Mpumeps! OUIETOB:

buner 1

1. Tunel macc-cnekTpoMeTpoB. Bubl Macc-CIeKTpoMeTpUYECKOTro aHanu3a. Macc-ClieKTpoMeTpust B
ouonoruu. Top—down u bottom—up MpoTEeOMHBIN aHATH3.

2. Nurtepakromuka. MeTobl onpeaesieHus MOCTTPaHCIAUMOHHBIX Moandukanuii (IITM).

buner 2

1. bailecoBckuil momxoq B aHanM3e JaHHBIX. MeETOIbl KpOCC-BaluJalMU  PE3YJIBTaTOB
MYJBTHOMHUKCHOTO aHajn3a. TeXHONOrus MIaHuPOBAaHUS SKCIIEPUMEHTOB JJIs1 KPOCC-BaIUJAIIH.

2. CoBpeMeHHBIE METOJBI ONPEICIICHUS IEPBUYHOW CTPYKTYphl HYKIEHHOBBIX KHCIIOT,
MOHOMOJIEKYJISIPHOE CEKBEHHPOBAaHHE, CEKBEHUPOBAHHE €IMHUYHBIX KJIETOK, METareHOMHKA, METObI
aHanu3a narrepHa Metuiuposanus JJHK.

Kputepun onennBanus
Onenka ommyHo (10 0OamioB) - BBICTABIAETCA CTYOCHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAaHUS Y4eOHOW MNporpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
IPUMEHATH UX Ha MPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.
Onenka ommuHo (9 ©OamioB) - BBICTABISIETCS CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Onenka ommmuHo (8 ©0amioB) - BBICTABISIETCS CTYACHTY, I[IOKa3aBIIeMy BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.
Onenka xopoio (7 6amoB) - BEICTABISETCS CTYJCHTY, €CJIA OH TBEP/IO 3HAET MaTepuall, TPAMOTHO H
[0 CYIIECTBY M3J1araeT ero, yMeeT MPUMEHAThH IOJIyY€HHbIC 3HAHUS Ha MPAKTHKE, HO HEAOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.
Onenka xopomo (6 0aoB) - BEICTABISIETCA CTYACHTY, €CJIM OH TBEPIO 3HAET MaTepuall, IPaMOTHO U
[0 CYLIECTBY M3J1araeT €ro, yMeer IPUMEHTh I0JyYeHHbIC 3HAHMUS Ha IPAKTUKE, HO JIOIYCKAaeT B
OTBETE WJIH B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.
Omnenka xopomio (5 0a/ioB) - BBICTABISETCS CTYIACHTY, €CId OH B OCHOBHOM 3HAaeT Marepual,
IPaMOTHO M MO CYIIECTBY M3JIaraeT €ro, yMeeT MPHUMEHSATh NOJIYUYCHHbIC 3HAHMS HA MPAKTUKE, HO
JOIyCKaeT B OTBETE WM B PEILICHUH 3a/1a4 IOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.



OueHka ymoBIETBOPUTEIBbHO (4 Oajuia) - BBICTABISICTCS CTY/ACHTY, NOKa3aBLIeMy (parMeHTapHbIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHWIbHBIE (POPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapYyILEHUS JIOTHYECKON MOCIIEI0BATEeIbHOCTH B U3JI0KEHHU [IPOrPAaMMHOIO Marepuasa, HO IpH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul MAJbHEWIIEro OOydeHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

Ouenka ymoBieTBOpuUTedbHO (3 Oajuia) - BBICTABISICTCS CTYACHTY, NOKa3aBLIeMy (parMeHTapHbIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ciaabo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS abHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OueHKa HEYJOBICTBOPUTENBHO (2 GaJuia) - BEICTABIACTCS CTYICHTY, KOTOPBIil HE 3HaeT OOJbIIEH YacTh
OCHOBHOTO cOAepXaHUsI y4eOHOH MporpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmHMOKH B
(bOpMyIHPOBKaX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33/1a4.

Ouenka HeynoBieTBOpuTenbHO (1 0Gayut) - BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiie omuoK B GOpMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

O1reHKa «3a4TE€HO» BBICTABISICTCS CTYIEHTY, €CIIM OH IOKa3aJl BCECTOPOHHUE, CHCTEMAaTH3HPOBAHHEIC,
n1yOOKHe 3HAHUS Y4eOHOU IPOrpaMMbl TUCLHUILIMHBI M YMEHHE YBEPEHHO NPUMEHSTh UX Ha IPAKTHKE
NPY pEeIICHUN KOHKPETHBIX 3a/1a4, CBOOOIHOE ¥ MPAaBUIIbHOE 000CHOBAaHHE IPUHATHIX PELICHUI.
OreHka «HE 3aUTCHO» BBICTABISIETCS CTYICHTY, KOTOPBHIH HE 3HAaeT OOJbIIeH YacTH OCHOBHOTO
cojiepkaHusl y4eOHOW TpPOrpaMMbl JUCIHIUIMHBI, JOMYyCKaeT rpyObie OmHUOKH B (OPMYITUPOBKAX
OCHOBHBIX TOHATHI IUCHUIUIMHBI M HE yMEET HCIIOJIb30BaTh IOJYYCHHBIC 3HAHUS IPH PELICHUH
THUIOBBIX MPAKTHYECKUX 3a/1a4.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

[Mpu npomenennn 3adera u auddepeHIMPOBAHHOTO 3adera oOydaromiemycsl npepoctapisiercs 45
MHUHYT Ha TOAroToBKY. Ompoc oOydaromierocsi He JOJDKEH MNPEBBINIaTh OJHOTO aCTPOHOMHYECKOTO
Jaca.



