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AHHOTANMA

JucuurHa HHCTPYMEHTAJbHBIE OCHOBBI CHCTEMHOM OHMONOrMM W OWOCTATUCTHKA OaeT  CTyAEHTam
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
MOJyYeHHEe W AaHATUTHKY OJKCIIEPHUMEHTANbHBIX pe3yasratoB. Kypc mpezacrasisier  coOoif
[IPAKTUKO-OPUCHTUPOBAHHYI0  aHAJUTUUYECKYH0 METOAOJIOTHMIO. MeToabl aHaliu3a M OLEHKU
9KCIIEPUMEHTAIILHBIX JAHHBIX AJIS1 pa3BUTHSI ONOMEIULIMHCKUX TEXHOJIOTHM.

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

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I MOUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,
MPUMEHEHHSI IPUKIIaJHBIX TPOTrPAMMHBIX ITPOITYKTOB

OIIK-4 Crioco6eH ycIenHo peanu30BbIBaTh
pelIeHHe TOCTaBICHHON 3aja4H, IPOBECTH

aHaJIu3 pe3ysbTara v MPeICTaBUTh BBIBOABI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHIECKUX HAyK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX

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

TEXHOJIOTUI DE3Y/IbTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO

IIPOBE/ICHUS HAYYHOI'O UCCIIEJOBAHUS

OIIK-5.1 Crocoben paboraTh B KOJUICKTHBE, TOJEPAHTHO
OIIK-5 CriocoOeH 1 TOTOB K ITOBBIIIICHUIO BOCIpHHUMas conualbpHBbIC, O9THHYECKHE,
KBaJ’II/I(bI/IKa]_H/II/I, HpO(I)eCCI/IOHaJII)HOMy pocty u KOH(iJeCCI/IOHaHBHBIe M KYJIbTYPHBIC pa3IM4nsA
PYKOBOZICTBY KOJJIEKTHBOM B cpepe cBoeit OIIK-5.2 Bmageer HaBBIKOM  PYKOBOJACTBA  MajibIM
npoeCCUOHANBHOM JIeITEIFHOCTH, TOJIEPAHTHO |KOJUIGKTUBOM B cdepe  cBoell  mpodeccHoHalIbLHON
BOCHPUHUMAsI COLIMAJIbHBIC, STHUYECKUE, JesITeTbHOCTH

KOH()CCCHOHANBHBIC U KYJIBTYPHBIC pasinuius  (OIIK-5.3 CTpeMuTcs K TIONYYEHHIO HOBBIX 3HAHHIA,
po(eCCHOHATBHOMY U IMYHOCTHOMY POCTY

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:
- TEXHOJIOTUH T€HOMHOT0, TPAHCKPUIITOMHOTO, TPOTEOMHOTO W METa0OJIOMHOTO aHAIIU30B;

- (hyHZaMEHTaJIbHBIE OCHOBBI IKCIIEPUMEHTAIBHBIX METOIOB B MOJIEKYJIIPHOI U CUCTEMHON OnojI0rny;
- OCHOBBI CTaTUCTHUKU AJI1 MHTEPIIPETALIUHN PE3YJIbTaTOB MYJIBTHOMHUKCHBIX HCCIEI0BaHUI.

YMETb:
- CTaBUTh LIeNU U (HOPMYIHPOBATH 3a/a4M, TIOHUMATh ITOCTABJICHHBIC LEIU U 33aJa4M NPH CO3IAHUH
AHAJIMTUYECKUX CUCTEM B MEAMKO-OMOIOTUYECKUX UCCIICTOBAHMSX;
- HCII0JIb30BaTh CBOM 3HAHMS IS PELICHU 3ajad U IPOBEIEHUS SKCIIEPUMEHTAJIbHBIX UCCIIEJ0BaHUM;
- OLIEHUBATh KOPPEKTHOCTh MOCTAHOBOK 3aJad U CTPOUTH AJITOPUTMBI JOCTHKEHHS X ONTUMAaIbHOIO
pelIeHns B pa3InuHbIX (B TOM YHCIIC MEHSIOIINXCS) YCIOBHSAX.

BJIaJIETh:
—  TOJyYeHHbIC 3HAHWSA M YMEHHUS JIOJDKHBI OBITh MCIIOJIBb30BaHbI Ul CO3AAHUS OMOMETUIIMHCKHX
MPOAYKTOB U TEXHOJIOTHH.




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

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

Tema (pazmen) TUCITUTUTHHEL

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOSTENIbHYIO padoTy, Jac.

CamocT.

Jlextiun | Cemunapsr | JlaGopat. paGoOTHI pabora

PenykiimoHnsM u xonu3M B OHOIOTHUH
XIX—XX Beka.

MonekynspHbId COCTaB >KMBOU CHCTEMBI
Hu METO/IbI ero W3YyYEHHUS.
Texnomornueckue PEBOIIOLIMU B
MOJIEKYJISIpHOH ~ OWONOTHH- W3MEHEHHE
HaIlMX 3HAHHH O COCTaBE€ M CBOMCTBaX
KJIETKH.

[Ipumepsl W OCHOBHBIE  PE3YJIBTATHI
CHUCTEMHBIX HCCJICIOBAHUH TPOKAPHOT.
[TocTpoeHrne MaTeMaTU4eCKUX MOJEIEH.
[MpuHIIMT HEOIPE/ICIIEHHOCTH.
CuHTEeTHYECKAS Ouosorus. Oran
Pa3BUTHS CHCTEMHOTO aHAJIH3a.

CoBpeMeHHBIE METOABI  OIpPEICIICHUS
[EPBUYHON CTPYKTYphl HYKJIEMHOBBIX
KHCJIOT, MOHOMOJIEKYJISIPHOE
CEKBEHUPOBaHUE, CEKBEHUpPOBaHUE
€IMHUYHBIX  KJIETOK, METAarcHOMHKA,
METO/IbI aHaJn3a narrepHa
MetuipoBanus JTHK.

Kontponp kadectBa NGS  maHHBIX.
Coopka rteHomoB de novo. Mertonbl
BBIPAaBHUBAHHS OHMOJIOTHYECKUX
MOCJIEIOBATEIIbHOCTEH.

Tunsl  Macc-CEKTpoMeTpoB.  Buabl
Macc-CIEKTPOMETPUUECKOTO aHAIU3a.

Macc-cnekTpomMeTpusi B OHOJIOTHH.
Top—down wu bottom-up momxomel B
MPOTEOMHOM aHaJIM3e.

BBenenue B CHCTEMHYIO u
CHUHTETHYECKYIO OMOIIOTHIO.

Unentndukanus 6eJIKOB U MENTHIOB IO
JTaHHBIM Macc-CIIeKTPOMETPHUH.
Banupauus PE3yJIBTaTOB
HUISHTU(PUKAIIIN U OI[EHKA OINOKH.

10

[Ipoteorenomuka. ObnacTu NpUMEHEHUS
[IPOTEOI€HOMHBIX ~ TEXHOJOIMM i
KOpPEKLUU aHHOTALMH TCHOMOB,
aJIbTEPHAaTUBHOIO CIulalicuHra U
npoueccunra 6enkoB. IlpodunupoBanue
U TapreTHOE OIpe/esieHne MeTaboIUTOB.
PnakcoMHuKa.




11

Mertonpl KOJMYECTBEHHOI'O aHajlu3a B
MPOTEOMHKE. Mertoabt
Macc-CIEKTPOMETPUUECKOTO aHaIu3a Jis
OTpeNleICHUs]  KOMIUIEKCOB  OEJIKOB.
HNurtepakTtoMuka. Meronsl onpeneiaeHus
MOCTTPAHCIIALMOHHBIX MoIUpUKAINN
(IITM).

17

12

OCHOBBI ~ OMOCTAaTHCTHUKH W  METOIbI
BH3yallu3aliui B OMOMH(pOpMAaTHKE.

18

13

MeTtoasl Kpocc-BalUAaIi pPe3yabTaToB
MYJIETUOMUKCHOIO aHanu3a. TeXHOJIorus
IUIAaHUPOBAHUS ~ JKCIIEPUMEHTOB IS
KpOCC-BaJIMIALINH.

18

14

ba3er mannbix. [lomstne o Qopmarax.
ba3bl 3HaHUI 10 OMUKCHBIM JAHHBIM.

5

17

Wtoro wacos 30 45 165

ITonroToBka k 3K3aMeHy 30 gac.

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

4.2.

Coneprxanue JUCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 1 (Ocennwii)

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

KiroueBple aHalIOrmMM, WCIOJMB30BAaBIIMECA I NMOHMMAHMS XU3HU. PEIyKIMOHU3M VS XOJIHA3M.
ITpencraBnenus o heHOMEHE KHU3HU CO CTOPOHBI BCEX PA3HOBHIHOCTEH peIyKIMOHU3MA M XOJIHM3Ma
(mo B.W. MouceeBy). Penykuus nian/u nouck cTpykrypsl. JIBe crpareruu ennHoi Hayku. OOBsICHUTH
CJIIOHOE 4epe3 AleMeHTapHble cBoiicTBa pocTtoro. Hayka no XVII Beka. MppalmoHaIBHBIA XOJIU3M.
XVII Bek. Cunpubii penykumoHusMm. XVIII Bek. Areucrnyeckuit mexanmumsM. XIX Bek.
Bospoxnenne xommsma. XIX Bek. HeoBuramusm. DwmepmxentHbiil moaxon. Ilopsmok u3 xaoca.
Teopus ayronossza Marypansl u Bapenst («reopust CaHTBATO»).

2. MonexymnspHbII COCTaB )KMBOW CUCTEMBI M METOJBI €70 U3Y4YEHHS. TEXHOIOIrMYECKUE PEBOIOLNH
B MOJICKYJIIPHON OMOJIOTHH- U3MEHEHNE HAITMX 3HAHUI O COCTaBe U CBOWCTBAX KIICTKH.

CexBenupoBanne JIHK: ucropuueckmii skckypc. CexkBeHupoBaHue 10 CaHrepy: «ILTIOC—MHUHYCH
Metoa. OcHOBHBIE 3Tanbl Metofa cekBeHuposanus o Conrepy. CexkBenupoBanue JJHK no Canrepy:
METOJ] «TepMHHATOPOB». ABTOMaTH4Yeckoe cekBeHupoBanue 1o Conrepy. «Dabpukm»
cexkBenupoBauna JIHK mo Cosurepy. CexBenupoBanue JHK meromom xumuueckod aerpaganuu.
CeksenupoBanue JIHK mo makcamy-runbdepry. Passutue metonoB cexenupoBanus JIHK nepsoro
nokosieHus. Yemexu mnpumeHeHus cekBenupoBanusi JJHK mepBoro mokxomenusi. George Church
pa3paboran colony sequencing. Macc-criektpomerpusi. IIporeomuka. «OMHKCHBIE» IOAXOJBI
CHUCTEMHOW OMOJIOTHH.

3. Ilpumepbl W OCHOBHBIE pE3yJbTaThl CHCTEMHBIX HCCIENOBaHMN TMpokapuotT. IlocTpoenue
MareMarnyeckux wMogened. [lpunumn HeonpeaenenHocTH. CuHTeTHdecKass OHOJOTHA. JTam
pa3BUTHUS CUCTEMHOI'O aHAJIM3a.



Muxoria3Mel — 00bEKT JUI CUCTEMHOM Ouosoruu. MUKoIIa3mMbl — MOJENIb MUHUMAJIbHONW KJIETKU.
CoOopka renoma Mycoplasma gallisepticum. MeToq TOYHOrO KapTUPOBaHUS W H3MEPEHHUs
aKTUBHOCTH TpoMOTOpoB. Co3maHue BBICOKOAPPEKTHUBHOTO BEKTOpa JUIsi TpaHchOpMaluu
MUKOIUIa3M.  Pe3ynabpraTel  MYJIBTHOMHKCHOTO  moaxofa.  Hecnemuduueckass — perymsuus:
MpOCKaJb3bIBaHUE Yepe3 TepMuHarop. benkoseiii otBeT M. gallisepticum mpu cTpecce HUYTOXKEH 1O
cpaBHeHHIO ¢ n3MeHeHusiMu Ha ypoBHe MPHK. AGcomortnas xBantudukauus PHK B knerke. Kax
OTHENUTh IIYMOBOM OTBET OT aJaNTUBHOrO? BBICOKONPOM3BOANTENbHAS  PEKOHCTPYKIUS
PETYISITOPHBIX CETEH MOJUTUKYT.

4. CoBpeMEHHblE METOAbl OINpPENEIECHUsT NEPBUYHOM CTPYKTYpbl HYKJIEHHOBBIX KHUCIIOT,
MOHOMOJIEKYJIIPHOE CEKBEHUPOBAaHUE, CEKBEHHPOBAHNE EJUHUYHBIX KJIIETOK, METAr€HOMHKA, METO/IBI
aHanu3a narrepaa metwiuposanus JHK.

I'enetnka u renomuka. ['enom uenoBeka. Hykneorua. Crpoenne JIHK/PHK. Bunsr HacnencTeenHOM
U3MeH4YUBOCTH. ToueuyHble reHHble MyTalluU. XpOMOCOMHBIE MyTaluu. [ €eHOMHOE CEKBEHUPOBAHUE.
TexHonorun cexBeHUpOBaHUs. Pa3BuTHe TexHONOruil cekBeHMpoBaHus. l[lonmmepasHas uenHas
peakius (ITLP). O6mas cxema paborsl NGS: ot ucxomnoit JIHK no «Oyks» Ha skpane. OOmue
npunuunsl  pabotel NGS. Roche 454: nmpocexkBenumpoBanue Ha Mukpouune. Roche 454:
MMPOCEKBEHHpOBaHUe Ha Mukpouurie. SoLID — cekBeHnpoBaHe ¢ TOMOIIBIO JIUTHpOBaHus. oHHOE
nonyrnpoBogHIKoBoe cekBeHupoBanue lonTorrent. CekBeHMpoBaHHE C TIOMOLIbIO CHHTE3a Ha 4YHMIle
(Illumina). [Mpumenenne MALDI nns ananuza JIHK. CexBenuposanume Ha mnardopme PacBio.
HanomopoBoe cexBennpoBanue (Oxford Nanopore). Menee wu3BecTHble TexHonoruun NGS.
CexBeHMpPOBaHME E€AMHUYHBIX MosieKyln. CBomHas Tabnmuma Ui HEKOTOPBIX  ILIaT(opm
cekBeHUpoBaHuA. HewsyuenHele Buabl (cOopka reHomoB de novo). IlomHorenomHoe
pecekBenupoBanne. CexBenupoBanue dk3oMa. JIHK-Oenkoseie B3ammonerictBust (ChIP-Seq).
[logroroska O6mbmuorek k/IHK nmast  BBICOKONIPOM3BOAMTENBHOTO — CekBeHHpoBaHus. Kak
CEKBEHUPOBATh TPaHCKpUNTOM? MeTareHOMUKa — IIOAX0/, OCHOBAHHBIM HAa CEKBEHUPOBAHUU.

5. Konrtponr kauectBa NGS pgannbix. COopka reHomoB de novo. MerTojbl BBIpaBHHUBAHMUS
OMOJIOTNYECKUX TIOCIIeI0BATEIbHOCTEH.

CexBenupoBanne myteM cuHTe3a (Illumina). Mcrounukm ommbOK, CBS3aHHBIE C aganTepaMu.
Uctounnkn ommOOK, cBsi3aHHble ¢ (pasupoBkoil. llajieHre WMHTEHCUBHOCTH KIIACTEpOB. AHAIU3
kadectBa (Quality Check). 3nauenue kauectsa, mkaia Phred. FastQC: O6mas craructuka. KauectBo
IpOYTEeHUs HyKIeoTH0B. KauecTBo mpourenuii BHyTpH sdeliku. CyMMapHO€ Ka4yecTBO HMPOYTEHHH.
Hykneotunnelii cocraB mnpourenuid. GC-coctaB mpouteHuil. KommdecTBo HeompeneneHHbIX
HYKJICOTUAOB. JUIMHBI OpodTeHU. YpoBeHb IymuMkauuid npoureHuil. IlepenpencraBieHHbie
nocienoBarenbHocTd. Hanmume agantepoB. Beicokas creneHb gpparMeHTauy renoma. TpuMMHHT —
yaaneHue  omuOoK  cekBeHupoBanumsa. COopka rernoma de novo. AJTOpuTM  COOpKH
Overlap-Layout-Consensus. I'pad De Bruijn. K-mepst. [IpoGnemsr mpu c6opke reHoMoB. Bimsiaue
noBropa Ha cOopky reHoma. OObeAMHEHUE MPOYTEHUH B KOHTHUTH. OT KOHTHUTOB K ckaddommaam.
«Paired-End» u «Mate Pair» 6ubmmorexu. Onenka kadectBa cOopku. QUAST. Bamugarus cOopkw.
Ounanmzanust coopku. The NCBI Eukaryotic/Prokaryotic Genome Annotation Pipeline. Ilouck
OTKpBITBIX pamMok cuutbiBanus (ORFs). Merozp! BeipaBHMBaHUS. Toueunas matpuia cxoactsa (dot
plot). Amropurm Hupnmana-Bynma. IlItpader u marpunsl 3amen. Anroputm Cmura-Barepmana.
MHOXeCTBEeHHOE BBIpaBHUBaHME. [IpaBmiia TpM MHOKECTBEHHOM BBIPAaBHUBAHUH. MeTOIbI
MHO)KECTBEHHOTO BbIpaBHUBaHUSA. OOpaTHas 3ajada — BbIpaBHMBaHHE BblpaBHMBaHMH. The Basic
Local Alignment Search Tool (BLAST). BLAST — mouck roMoJIOrH4HBIX IOCIEI0BATEIbHOCTEH.

6. Tumnnt MacCC-CIICKTPOMCTPOB. BI/I):[BI MacCC-CIICKTPOMCTPHUICCKOI'O aHAJIN3a.

Macc-cnektpomeTpus. Macc-criektpomerp Actona. HMonbel u  BakyyM. BpewmsmponeTHslit
Macc-aHanuzarop. KanubpoBka BpeMsSIponaETHOrO Macc-aHaiau3aropa. Paspemaromas criocoOHOCTb.
Wzortonbl. M3otomHoe pacnpenenenne. OpTOTOHANBHBIN BPEMSMIPOJIETHBIM Macc-aHaIu3aTop.
Ksagpynons. KBaapynons — nuarpamma crabwibHocTH. KBaapynons — ckaHupoBaHue. Pesxumbl
pabotsl KBazpymnois. KBaapymonb — OCHOBHOHM TpaHCHOPTHBIN sneMeHT. OpOuTanbHas HOHHAs
JIOByIIKa. Buapl Macc-aHammM3aTopos.

7. Macc-ciekrpomeTpus B 6uosioruu. Top—down u bottom-up moaxosl B HpOTEOMHOM aHAIN3E.



Mornekynbsl Kak MpeaMeT HaydHoro umHrtepeca. Kak mM3MepuTh ypoBeHb IIIOKO3bI? AHaTUTHUYECKAs
xuMHUs. MeTonbl aHaJUTHYECKON XUMHH. MONEKYISApHBIA COCTaB KJIETKH. DJIEMEHTHBIA COCTaB
KJICTKH. AHAJIUTUYECKass XUMHSA Ui CUCTeMHOM Ouonoruu. OcoOEeHHOCTH Macc-CIEeKTPOMETPUN
onomonekyn. Dnekrpocmpeiinas noamzanuss. MALDI - Matrix Assisted Laser Desorbtion/Ionization.
MALDI — marpuna. [pyrue meroas! nonusauuu. [Iporeomuka. Top—down u bottom-up noaxons! B
npoTeoMHOM  aHanmze.  «TpuncuHonms3».  Wnentudukamuss —  rumore3sl.  TaHJaemHas
macc-criekrpomerpusi. CID — Collision-Induced Dissociation. ®parmenranuss HOHOB - ra3odazHas
peakius. bubnmuoreku criektpoB parmentannu. Homenkiarypa gouepHux HOHOB nentuaoB. ETD —
Electron Transfer Dissociation. ®parmenTauus nentufoB. De novo cekBeHHpPOBaHHE MENTHIOB.
Crioco6sl ¢pparmenTtaiuu. TpoiiHOM KBaipynonb. KBaapymoib-BpeMsIIponEéTHRINA Macc-CIIEKTPOMETD.
CoBpeMeHHBIE MacC-CIIEKTPOMETPBI.

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

Teopust cucteM u ee poib B Ouonoruu. Poib HaydHOW MeTomonoruu. PaHHME IpUMeEpBl CUCTEMHOMN
MeToposnorud. Meronsl Ouonornueckord Hayku. Cramuu pasButTs Ouonoruu. Knetounas teopust
xu3nu. JIHK wu macnmencrBenHast mHbopmarust. 1930-¢ Toasl — Hay4yHas PEBOJIONMS M HAYalo
MOJIEKYJIAPHON OHOJIOTUN KaK caMOCTOSTeNIbHON HayKu. OnuH reH — onuH ¢epMeHT. JKU3Hb ¢ TOUKH
3peHnss ¢usuku. M3ydenme ormenbHBIX Monekyn. CuHTeTmdeckas Ouosorus. BbI3oBbI
CHUHTETHYECKOH OMOJIOTHH.

Cemecrtp: 2 (Becennuit)

9. Unentudukanms OSTKOB U MENTUAOB MO JTaHHBIM MacC-CIIEKTPOMETpHHU. Banuaanus pesynbraTtoB
UACHTU(UKAIIH U OLIEHKA ONIHOKH.

[puanmn  waeHtudukanuu.  [unorespl-mpumanku  (decoy).  Uaentudukanus — OenKoB.
Hannpie-3aBucumbiii aHanmu3 (DDA). Hemonmnora mannbeix. Tumbsl skcnepumenTa. [IpunenbHbIR
BOXX-MC anamu3. MRM - Bpibop mnpoTeoTUNHUECKUX MENTHIOB, HOHOB, (parMeHTOB.
BocnpousBonumocTs.

10. TIporeorenomuka. OOmacTH TPUMEHEHHS TMPOTCOTCHOMHBIX TEXHOJOTHHA JIJIsi KOPPEKIMH
AHHOTAllMd T€HOMOB, aJIFTEPHATUBHOIO CIUIAHCHHTa M mpoueccuHra Oenkos. [IpodunupoBanue u
TapreTHOE onpesieneHne MeTabonToB. PIakcoMuKa.

[Iporeorenomuka. M3odopmbl OenkoB. N-trepmMuHOMHKA. bubnmuoreku cnekTpoB (parMeHTanuu.
Merabonomusii aHanu3. OrakcoMuka.

11. Meronpl KOJMYECTBEHHOIO aHalW3a B IPOTEOMHKE. MeTOoIbl Macc-CIeKTPOMETPUYECKOrOo
aHaJM3a IS ONpPEICNICHHS KOMIUIEKCOB OenkoB. HHTepakromMuka. MeTonbl —oOmpeaeneHus
MOCTTPaHCISAIMOHHBIX Moudukarmii (ITTM).

Xpomarorpadus. BOXKX-MC. KonuuectBeHHbIN aHanu3. Buapl KoOIWYeCTBEHHOTO aHaIM3a.
AbcomotHast kBanTtuukanus. OtHocutenbHas kBanTu(ukanus. SILAC (metabonnueckoe BBeICHUE
MeTkH). M3o6apubie Metku. M3orombl 13C m 15N. BenkoBble KOMIUIEKCHI, KPOCC-CHIMBAIOIINE
areHTol. Addunnoe BoiaeneHue komiiekcoB AP-MS, TAP-MS. Harepaktom — Kapra
0enok-0enkoBhIX B3anMmoJeiicTBuii. Oboramenue pochonentuaos.

12. OcHOBBI OMOCTATUCTHKH U METOJIbI BU3yallU3allii B OMOWH(pOpPMATHKE.



Maremarudeckass craTtucThka. HaOmiomeHue, TreHepaibHas COBOKYIHOCTh, BbIOOpKa. CrocoOsl
¢dbopMupoBaHus pemnpe3eHTaTUBHONW BBIOOpKH. YacToTHOEe pacmpeneneHue mnepeMeHHoil. CpemHee
3HaYeHWe Vs MenuaHa vs Moaa. Ksaprmwim. Box plot vs ¢Qopma pacmpeneneHws.
Scatterplots/Stripcharts. Mepbl u3MeHUMBOCTH. Mepbl OTKJIOHEHHS (OPMBI  pacriepe/ieICHusI.
Craructuyeckas runoresa. TecTupoBaHue runores B craructuke. OMMOKH MEPBOTO M BTOPOTO poja.
Z-oueHKa (CTaHIapTU30BaHHAs OleHKa). O0JacTh MPUHATHS TUIOTE3bl VS KPUTHYECKas 00JacTh.
Crartuctuka - KpuUTepHid NpoBEpKH TuNOTe3bl. OTHOBBIOOpOYHBIE KpuTepuH. Pacmpenenenue
CrpronenTta. CpaBHEHHE JIByX CPEAHUX HOPMAJIbHBIX COBOKYHMHOCTEH. CTaTHCTHYECKHH KPUTEpPHU
CrpronenTa. [lpunsatue pemenus. Hemapamerpuueckue (paHroBbie) kputepud. Kpurepwuii
Bunkokcona. Tounblii kputepuit @umepa. Ananuz oboramieHus 1m0  (QYHKIIMOHAIBHOU
npunagiexxnoctd. Gene Set Enrichment Analysis, GSEA. MuoxecTtBennble cpaBHeHus. [lompaBka
Boudepponu. IlonpaBka benbsimunu-Xoxoepra (FDR). TerutoBeie kapthl (heatmap). CHuxeHue
pasmepHoctu mnpoctpaHctBa. Principal Components Analysis (PCA). Kpusbie BbDKHBaeMoCTH
Kamurana-Metiepa. /Inarpamma paccesiaust (scatterplot). Volcano plot. /Tuarpamma Benna. UpSet plot.

13. MeToab! Kpocc-BaJIMAALMHN PE3YJIbTaTOB MYJITHOMUKCHOIO aHanu3a. TeXHOIOrus IIIaHUPOBAaHUS
9KCIIEPUMEHTOB JJI KPOCC-BAIHIAIUH.

[IpoteorenomHast Koppekuusa aHHoTauu. [IpoBepka TpaHCKPUNTOMHBIX AaHHBIX ¢ moMmouiso ITIP B
pearbHOM BpeMeHH. VHTerpaius OMHUKCHBIX HaHHBIX. [IpoTeoreHOMHasi KOppEKIHs aHHOTAIlUH.
[IpoBepka TpaHCKpUNTOMHBIX NaHHbIX ¢ nomouipto II[P B peanbHOM Bpemenu. MuTerpanus
OMHMKCHBIX JaHHBIX.

14. Bbaswl nannbix. [lonstue o popmarax. ba3pl 3HaHHUIN IO OMUKCHBIM JIAHHBIM.

®opmarel FASTA u FASTQ. GenBank. ba3er manubsix u penosutopuu. OcHoBHEIE bJ] GemkoBbIx
nocnenoBarenpHocTei. Universal Protein Resource (UniProt). GeneCards. Human Proteome Project.
Human Protein Atlas. Blood Atlas. STRING-DB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

VYueOHbIe ayTUTOPUH, OCHAIICHHBIC MYJIFTUMEIUHHBIM 000pYIOBaHUEM (IKpaH, IPOECKT, ayIuo U
BHJIeOaNIaparypa, HoyTOyk ¢ TOJAKIItoYeHHueM K ceTu « THTepHeT», MUKpOQOHBI).

JlabopaTtopHoe 0b6opynoBaHHE:

— TaHJIEMHBIN Macc-CIEKTPOMETP BBICOKOTO pasperieHus: Exploris 480 B koMIiekce ¢
HaHOXpoMmarorpaduueckoit cucremoii Ultimate 3000;

— TaHJeMHBI Macc-ciekTpomeTp QTrap 6500+ ¢ cuctemMoli HOHHON MOJABUKHOCTH B KOMILJIEKCE C
cucremoii YBOXX ExionLC AD.

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
OcHoBHas IuTeparypa npeaocTanieHa 0a30Boi kadenpoi
1. Kynuenn H., bepmrreitn P., Marpam K., Xapt K.M. Ha niyTu k cuHTEeTHYECKOW OHOJIOTHH.
2. Ananutudeckas XuMus. MeToabl HIeHTH(PUKALNY U OTIpE/ICTICHUs BEIIEeCTB: yueOHoe mocodue. - 4-¢
u31aHue

JomnonHurensHas aureparypa

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

CrenroH [mann Menuko-0nonorundeckast CTaTHCTHKA, JIEKTPOHHAS KHUTA
https://medstatistic.ru/articles/glantz.pdf



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Jinst qacty 3ansiTuii motpedyercs SHAeKC TeneMocT. SIHAeKC TUCK sl TOCTyIa K MaTepraliaM Kypca.
[IpuBercTBYeTCS HaJM4YME BO BPEeMs 3aHATHI cMapT(OHOB/HOYTOYKOB AJIsl y4acTUsl B MHTEPAKTHBHBIX
YIPaXHEHUSX.

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

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpshKEHHOM caMOCTOsATENbHOM paboThl cTyfeHTa. B mporpamme
Kypca IpUBEAeHO MUHUMAIILHO HE00X0IUMOE BpeMsl I padOoThI CTy/IeHTa HaJ TEMOU.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:
— ipopaboTKy ydeOHOTo MaTepurana (110 KOHCIIEKTaM JICKITUH, Y4eOHO! 1 HaydyHOU TUTepaType);

- TOATOTOBKY OTBETOB Ha BOINPOCHL, MPEAHAZHAYEHHBIX [UIsI CAMOCTOSATEIBHOIO W3Y4YECHHUS,
JI0Ka3aTeJIbCTBO OTAEJbHBIX YTBEPKIACHUN, CBOMCTB.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: buorexnonorus

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

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI IS TIOMCKA M U3YYEHUS] HAyYHOU JIUTEPaTypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOTYKTOB

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0jacTu
(bHU3UKO-MaTEMaTHYECKUX HAyK JUIS PEeIIeHUs IOCTaBICHHOM
3agaud, (opMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS] HAYYHOTO HCCIICIOBAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (prKaIyy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCTIIPUHUMasI COIMAJIbHBIE, STHHUECKUE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3IHUIUS

OIIK-5.1 Cnocoben paboraTb B KOJJICKTHBE, TOJEPAHTHO
BOCIIPUHUMAs COILMAJIBHBIE, ITHUYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3InHs

OIIK-5.2 Bnaneer
KOJUIEKTUBOM B
eI TEIIHbHOCTH

HaBBIKOM
cepe  cBoeit

PYKOBOJICTBA  MAaJIbIM
npoeccroHaIbHOM

OIIK-5.3 CrpeMutrcsi K TMOJYyYEHUIO HOBBIX 3HAHHUH,
poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare u3yueHus JUCHUILIHHBI «IHCTpyMEHTaNbHbBIE OCHOBBI CUCTEMHOI OMOJIOTHH U OMOCTAaTUCTHKA

00yJarouics JTOIDKEH:

3HAThb:

- TEXHOJIOTUH T€HOMHOTO, TPAaHCKPUIITOMHOTO, IPOTEOMHOTO U METa00JIOMHOT'O aHAIH30B;
- (hyHIaMEHTaJIbHBIE OCHOBBI SKCIIEPUMEHTAIBHBIX METOIOB B MOJIEKYJIIPHOI U CUCTEMHON OnojIorny;
- OCHOBBI CTaTUCTHUKH AJI1 MHTEPIIPETALIUHN PE3YJIbTaTOB MYJIBTHOMHUKCHBIX HCCIEI0BaHUI.

yMeThb:

- CTaBUTh LIeNU U (HOPMYIHPOBATH 3a/a4H, TIOHUMATh MTOCTABJICHHBIC LEIU U 33aJa4M NPH CO3IAHUH
AHAJIMTUYECKUX CUCTEM B MEAMKO-OMOIOTUYECKUX UCCIICTOBAHMSX;

- HCII0JIb30BaTh CBOM 3HAHMS IS PELICHUS 3ajad U IPOBEIEHUS SKCIIEPUMEHTAJIbHBIX UCCIIEJ0BaHuUl;

- OLIEHUBATh KOPPEKTHOCTh MOCTAHOBOK 3aJad U CTPOUTH AJITOPUTMBI JOCTHKEHHS X ONTUMAaIbHOIO
pelIeHns B pa3InuHbIX (B TOM YHCIIC MEHSIOIINXCS) YCIOBHSAX.

BJIAA€Th:

MNPOAYKTOB U TCXHOJIOTHIH.

IMOJIYUCHHBIC 3HAaHUA U YMCHUSA HNOJIKHBI OBITh HCITOJIE30BAHBI JJIA CO3daHus 6PIOM€I[I/II_[I/IHCKI/IX

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

Bo BpCEMs TCKYIICTO KOHTPOJIA CTYACHT JOJDKCH YMCTh OTBCTUTDH HA CJICAYIOMIUC BOIMPOCHI:

CocTaB U CBOMCTBA KJIICTKU

HpI/IHI_II/IH HCOIIPCACIICHHOCTHU

S =

[ToHsiTHE CHHTETHYECKON OMOIIOTNH

Penyxmmonnsm u xommsm B Ouonornn XIX—XX Beka.
MounekynsipHbId COCTAB KUBOU CUCTEMBI U METOABI €0 U3YUYCHUS

HpI/IHI_II/IHBI CTaTUCTHUKHU B XXUBBIX CUCTCEMaAx

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

o0yuyarommxcst

Tunossie BOIIPOCHI AJId 3a4CTa




. IIpumepbl 1 OCHOBHBIE PE3yabTaThl CHCTEMHBIX UCCIICA0BAHUM MTPOKAPHOT.

. TlocTpoeHue MaTeMaTHUECKUX MOJIENICH sl OnUcaHus (YHKIIUN JKUBBIX CHCTEM.
. OCHOBBI CHCTEMHOT0 aHaJI13a.

. IIpuHnuner paboTel Macc-CIIeKTPOMETpa.

. IloHsATHE IPOTEOTEHOMUKH.
. «Penyxumonnsm» u «xomusm» B ononorun 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. [I[puHIMN HEOnpeIeIeHHOCTH.
1

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

Tunossie BOIIPOCHI AJIs1 OK3aMEHa

1) OcHOBHBIE MOHATHS MaTeMaTUYECKON CTaTUCTUKU. UTO M3ydaeT Maremarndeckas craructuka? Yem
OTIMYAIOTCA ONHcaTeNibHAsl W HMHIYyKTHBHasg craructuka? Yrto Takoe BbIOOpKa W TeHepabHas
coBOKymHOCTh? Kakue ObIBalOT THMBI TiepeMeHHbIX? Kakue ObIBal0 YHCIOBBIE XapaKTEPUCTUKH
BbIOOpku? YUTo Takoe crarucrtudeckas rumnore3a? JlaiiTe omnpeneneHne OCHOBHOM M albTEPHATHBHOM
runore3pl? YeM OTIMUAIOTCA OMMOKM MEpBOro M BTOporo poxa? YTo Takoe ypoBeHb 3HAYMMOCTH
CTaTUCTHUYECKON THunoTe3bl? ONUIInTe MOCIe0BaTeIbHOCTD EHCTBUI MPH MOCTPOSHUH M MPOBEPKE
CTaTHCTHUYECKOM rumore3bl. IlpuBenuTe mNpuUMeEphl CTAaTUCTUYECKUX KPHUTEPHUEB ISl TNPOBEPKU
runoTessl. Yem oTiMUaroTCs HemapaMeTpUIecKue U NapaMeTpuIecKue KpUTepruu B CTaTUCTUKE?

2) Ilepeuncnure OCHOBHbIE TUIBI TPA(UKOB, UCIOIB3YEMbIX AJIS A BU3yaau3alUu OMOJIOTMYECKHX
JNaHHbIX. Pacckaxure AJsl KaKUX JAaHHBIX MCIONB3YeTCs KaXIbli TpaduK, KPaTKO OMMILUTE aJITOPUTM
ero nocrpoeHus. JlailiTe NOCTaHOBKY 3a1aud, Uil PELUECHUsS KOTOPOW INPHUMEHSETCS KPUTEpPHUil
CreionenTa. [Ipu kakux ycnoBusx npumensiercs: kpurepuit Cteronenra? OTKyna BO3HHKAET mpoodiemMa
MHOXECTBEHHBIX CpPaBHEHMH IpU IPOBEPKU CTaTUCTHUeCKUX runore3? Yrto Takoe IonpaBKa
Bougpepponn u FDR? Yto Ttakoe Tounblii kputepuii Pumepa? IlpuBeaure mnpumep noboi
OHMOJIOTHYECKOH 3a/1auu, Uit KOTOPOW YMECTHO UCTIONIBb30BaHNE TOYHOTO KpuTepust duriepa.

3) Ienetnka W cekBeHHpOBaHHE TeHoMa. UTO M3ydaloT reHetuka W reHomuka? Kakum oGpazom
reHetTudeckas uHpopMmalys 3akoaupoBaHa B mocienopatensHoctd JIHK? [Ipoekt reHoma denoBeka
3aBepIICH — 3adeM IePEeCeKBEHUPOBATh TE€HOMBI Jitoaed? 3agadyl TeHOMHOTO CEKBEHUPOBAHMA.
[lepeuncnure Buabl MyTauuu (Ki1accudukanus MyTalmuu 1o 3HauuMmocTH). Kakme TexHomorum
cexkBeHupoBaHua Bam nzBectHrl? B yem oTimuus cekBeHaTopoB pazHoro nokojeHus? Pacckaxure npo
CEKBEHUPOBAHME IIEPBOTO IOKOJICHUS?

4) CekBeHaTOpbl «HOBOTO MOKOJEHUs». Kakue TexHomorun cexBeHHUpoBaHus Bam m3BectHb? B uem
OTINYMSI CEKBEHATOPOB DPA3HOIO IMOKOoJEeHUsA? PacckakuTe Npo CEKBEHATOPHI BTOPOIO IOKOJIEHUS?
Pacckaxkure mpo cekBeHaToOpbl TpeThero nokojeHusa? CpaBHUTE MEXIY cOOO CEKBEHATOPHI Pa3HBIX
nokosieHui. JIisl Kakwe 3ajad Kakue CeKBeHarophl Oonee mpuMeHuMbI? [lodemy 10 cux mop st
pelieHns 3a1a49 KPYIHBIX TPOEKTOB IMIMPOKO UCIOIB3YIOTCS UMEHHO CEKBEHATOPHI BTOPOTO MOKOJIECHHS,
a He TpeThero?

5) AHanu3 KauecTBa CeKBEHUPOBAHHBIX MTOCIIEIOBATEIBHOCTEH HyKJIeoTHI0B. Ha mpuMmepe mnargopMer
[Mlumina pacckaxure 06 omubKkax, KOTopble BO3HUKatOT npu cekBenupoanuu JIHK. Kaxkoit anropurm
yCTpaHEHHs OMIMOOK CEKBEHUPOBAHUS M KaKWe MPOTPaMMHBIC MPOAYKTHI I 3TOro moxxoast? Yro
takoe fastq dopmar ¢aitna u mkamna Phred? Kakue mapamerpsr orciexxuBaer mporpammbl FastQC?
[TpuBenuTe mpUMEpsHl HOPMAIBHBIX 3HAYCHUH ITHX MapamMeTpoB M OTKIOHEeHWi? Kak OopoTbcs ¢
TaKUMH OHIMOKaMM CeKBeHUpoBaHUA? YUTO Takoe TPUMMHMHI M KaKWe NOEHCTBUS MO TPUMMUHTY
BO3MOXKHBI?

6) Co6opka renoma de novo. Kakue moaxomel mo cOopke reHoma cymecTBylOT? Pacckaxurte mpo
anmroput™m Overlap-Layout-Consensus. B 4yem ero nemocratok? [jis Kakux 3ajad HCHOIB3YETCS?
Pacckaxxure mpo De Bruijn rpad. B uem 3axmouaercs pemenue 3amaun De Bruijn rpaga? Kak
peleHne 3aaudl 3aBHCUT OT 3HadeHHs napamerpa k? Kakue cCyiiecTBYIOT TPyZHOCTH Ipu cOOpke
reHOMa M Kak OHM BIMSIOT Ha pemeHue 3amadn De Bruijn rpaga? UYto HY»XKHO 3HaTh O JaHHBIX U3
KOTOPBIX BBl cobupaeTech nenarb cOopky reHoma? Kak 3Tu mapamerpsl MOTYT HOBIUSATH HAa Pe3ysbTaT
cOopkn? Ha xakue mapamerpsl ciienyeT oOpamars BHUMaHHE TPU OICHKE KadecTBa COOPKM M Kak
BaJIMJIUPOBATh COOPKY?



7) Metonsl BBIpaBHMBAaHUS OHMOJNOTHYECKHX TMOCIENOBATENbHOCTEH. B uem 3akimrouaercst 3ajada
BBIDAaBHUBAHMSI, W KakKWE€ CYIIECTBYIOT METOIbl BbIpAaBHUBAHUS? Pacckaxxure o cnocobax
NPE/CTABICHNUS  BBIDABHUBAHMH: TEKCTOBOE, rpaduyueckoe, MaTpulla CXOACTBA. AJTOPUTM
Huanmana-Bynima, npuBeanTte mpuMep €ro MCIOJIB30BaHHS JAJs [100aJbHOTO BBIPABHUBAHUS ABYX
[10CJIE10BAaTEIbHOCTEM. B ueM mnpuHLMIHAIBHOE OTJIMYHME JIOKAJIBHOIO BbIPABHUBAHUS OT
miobaneHOrO, anroputM Cwmwura-Barepmana. [lorck TOMOJOTHMYHBIX MOCIEAOBATEIbHOCTEMH,
nporpamma BLAST u ero Bapmantel. PacckaxkuTe mpo 3amady MHOXKECTBEHHOTO BbIPaBHHBAHMS,
MoYeMy CTaHIAapTHBIE MOIXOJbl C UCIOJIb30BAHUEM TMHAMHYECKOTO MPOrPaMMHUPOBAHHUS HEPUTOTHBI
B

8) Beenenue B TpaHCKpUNTOMUKY. UTO n3y4aeT TpaHckpunToMuka? Uto Takoe Tpanckpunt? Onumimre
tunel PHK knetkn? Yro takoe mukpo-PHK u mumnnas 6enox vexogupyromas PHK? Kakue gpynknuu B
KIETKE OHHM BBINONHAIOT? UeM oTnu4yaioTcsi MpoToKoibl ceBeHupoBanus mukpo PHK wu Genok
Hexoaupytouieir PHK ot mportokona cexBenupoBanus Oenok xopupyromed PHK? Jlns gero mzyuator
MPHK B knetke? Kak y3nars nocienoarensHocth MPHK? CpaBHHTE 1OCTOMHCTBA U HEAOCTATKU ABYX
METO/I0B: THOpHUAn3anus npu noMouy 4yunoB 1 RNA-seq. Onumunre B 00IKX YepTax cXxeMy aHalin3a
naHHbix RNA-seq. Uto Takoe meron miaBHbIX KoMmoHEHT (PCA)? Urto Takoe reHHasi OHTOJIOTHA U
3a4eM OHa HyXHa?

9) Beenenue B cexpennpoBanue MPHK ennnnynoi xinetku. OTaudus TOTANbHOTO CEKBEHHUPOBAHUS OT
CEKBEHUpPOBaHMA eAMHNYHON KkieTkn? Kakue 3amaun nomoraet pemnth SCRNA-seq? Onummre noaxoxn
i cekBeHupoBanus PHK eauHnuHbIX kieTok? ONUIINTE OCHOBHBIE TPYOHOCTH IPU IIPOBEAECHUU
OIHOKJIETOYHOTO CceKBeHupoBaHus? 3aduem Oopothbes c¢ [P nybnukaramMu mpu aHanmm3e JaHHBIX
CEKBEHHPOBAHUS €UHUYHON KieTkn? ONuIInTe W30JIUI0 KIETOK Ipu nomornu Kamenb (Drop-seq).
OnumuTe NPUHIMIBI OAPKOAMPOBAHMS sl CO3MaHUS OMONMOTEKH CEKBEHHPOBAHUS E€IWHUYHOM
kieTkd. OnummuTe B 00LIMX YyepTax cxeMy aHaiau3a gaHHbIX SCRNA-seq.

10) Macc-cnektpomerpusi. biok-cxema macc-criekrpomerpa. Monsl u BakyyMm. Pacuér orHomienue
Macchl K 3apsany. MuorozapsiaHele MOHBL. M3otomnel. M3oromHoe pacnpeneneHue. Paspemaronias
CHOCOOHOCTh Macc-aHaNIU3aTopa.

11) Bpemsanponérusiii Macc-aHanuzarop. biok-cxema macc-cnektpomerpa. Monsl 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) TammemHasi macc-criekTpomeTpus. biok-cxema Mmacc-criektpomerpa. Monbsl n BakyyMm. Pacuér
OTHOIIEHME Macchl K 3apsty. MHoro3apsaHble HOHBI. BlIOK-cXemMa TaHIEMHOIO Macc-CIIEKTPOMETpa.
Ponurensckue W 1oyepHUE HOHBI, CHEKTphl (parmMeHTaumd U uX Oubnuorexku. Homenknarypa
JIOYEPHUX MOHOB MENTHUJIOB.

14) Macc-cnekrpomerpus 6uomonexyn, ESI u ETD. Ipunnun padotst anekrpocnpes. [puaun ETD
(zuccoumanysi, ”HAYLMPOBAaHHAS IEPEHOCOM dJeKTpoHa). HoMeHknaTypa JouepHUX HOHOB MENTH/IOB.

15) Macc-cnexrpomerpust 6uomonekyn, MALDI u CID. Ilpunnun padorst MALDI. [Tpunnun CID
(nuccoumanysi, ”HAYLMPOBaHHAas CTOJKHOBEHHEM). HoMeHKIaTypa 1ouepHUX HOHOB MENTUIOB.

16) AOCOMIOTHBIA  KOJMYECTBEHHBIH aHaAlM3 C IIOMOLIBI0  Macc-CIIEKTPOMETpUu.  Bunel
KoJTMUeCcTBEeHHOTO aHanm3a. KamnbposouHast kpuBas. CriocoObl KaTMOPOBKH C MOMOIIBIO CTaHJIAPTOB.
Db ekt marpuib.

17) Hporeomusiii anamu3. SILAC. OOmas cxema MmpoOOMOATOTOBKH JUIsI MPOTEOMHOTO aHajiu3a
«cHU3y-BBepx». TpuncuH. CriocoObl BHECEHUSI METKH B TpoTeoMHOM anamu3e. Cxema SILAC.

18) Ilporeomublii aHanu3. M3o06apubie meTku. OOmas cxema MpPoOOMOATOTOBKU JUIsI IPOTEOMHOTO
aHanM3a «CcHU3y-BBepx». TpumcuH. CrnocoObl BHECEHHs METKM B IIPOTEOMHOM aHanuse. [IpuHuum
paboTbl H300apHBIX METOK.

19) Pexumbl paboThl TaHIEMHOTO Macc-criekrpoMetpa. llpunensHeiid aHanmu3 metomom MRM.
Cpasnenne DDA u DIA (naHHBIe-3aBUCHMBIN W TaHHBIC-HE3aBUCHMBII aHAIH3).

20) IIporeomusiii ananu3. [Ipunnumn padotsl nouckoBbix MamuH. Onenka FDR. Protein inference, ot
nenTuaoB K Oenkam. M3odopmel 6emkoB.

[Ipumeps! OuIETOB:

buner 1
1. Twumbl Macc-CrieKTpOMEeTpoB. Buibl Macc-CrieKTpoMeTprYecKkoro ananusa. Macc-ClieKTpoMeTpust B
ounonoruu. Top—down u bottom—up MpoTEOMHBIH aHATH3.



2. Wurtepakromuika. MeToJIbl ONpe/ielIeHUs MOCTTPaHCIAIMOHHBIX Moaudukaruii (ITTM).

buner 2

1. baiiecoBckuil moxxon B aHaM3€ JaHHBIX. MeTonbl KpOCC-BaluJalUU  PE3yJIETaToOB
MYJBTHOMHUKCHOTO aHaiau3a. TeXHOIOI v MIIaHUPOBAaHUS SKCIIEPUMEHTOB JJIs1 KPOCC-BAINIALUH.

2. CoBpeMeHHBIE METOIbl OIpPENCIICHUS] IEPBUYHOM CTPYKTYpbl HYKJIEMHOBBIX KHCIOT,
MOHOMOJIEKYJIIPHOE CEKBEHHPOBAHHE, CEKBEHHPOBAHNE EAMHHYHBIX KJIETOK, METAr€HOMHUKA, METObI
aHanu3a narrepaa metwiuposanus JHK.

Kpurepun onennBanus

Onenka ommyHo (10 0amioB) - BBICTABISETCS CTYACHTY, TIOKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEeOHOHM MNpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPAKTHKE MPU PEILICHMH KOHKPETHBIX 3a]a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Onenka ommmuHo (9 ©0amioB) - BBICTABISIETCS  CTYACHTY, I[IOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha MPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommmyHO (8 ©0amioB) - BBICTABISIETCS CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad, IPaBUIbHOE OOOCHOBAHHME MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

OHeHKa XOopouro (7 63.JIJ'IOB) - BBICTABJIACTCA CTYACHTY, €CJIM OH TBCPAO 3HACT MATCpHUaJl, T(PaMOTHO U
0 CymeCTBYy H3jaract €ro, ymeeT NpHUMCHATH IOJIYYCHHBIC 3HAHUA Ha IMPAKTUKE, HO HCAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Onenka xopoio (6 6aIoB) - BEICTABISETCS CTYJCHTY, €CJIA OH TBEPJIO 3HAET MaTepuall, TPAMOTHO H
M0 CYWIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTHh MOMyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka xopomo (5 0amioB) - BBICTABISIETCS CTYIACHTY, €CIIM OH B OCHOBHOM 3HAeT Marepual,
IPaMOTHO U IO CYIIECTBY M3JIaraeT €ro, yMeeT IPUMEHATh IOJIY4YEHHbIE 3HAHHUSA HA IIPAKTUKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOUHOCTEH.

OneHka ymoOBIETBOPUTENBHO (4 Oama) - BBICTABISIETCS CTYACHTY, IOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapylLIeHHs JJOTUYECKOW MOCIIEA0BATENBHOCTH B U3JI0KEHHH ITPOrPaMMHOIO MaTepHasa, HO MPU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Zieibl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

OueHka ymoBineTBOpUTENIbHO (3 Oayuia) - BBICTABISETCS CTYACHTY, MOKa3aBIeMy (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronemy omuOku B (GopMynupoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeI0BAaTeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciado
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHOH mporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MMOTYYCHHBIC 3HAHUS JJaKe B CTAHAAPTHOW CHUTYAIIHH.

O1reHKa HEYJOBIETBOPHUTENBHO (2 Oauta) - BBICTABISIETCS CTYICHTY, KOTOPBIH HE 3HAET OOJbIIeH YacTH
OCHOBHOTO COZAEP)KaHUsl Y4eOHOW NpOrpaMMbl JHUCHMIUIMHBL, JONYCKaeT TIpyOble OMMOKH B
(OopMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHHN
THIIOBBIX 33]1a4.

Ouenka HeynoBiaeTBOpuTedabHO (1 Gayur) - BBICTABISIETCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
coziepKaHusi y4eOHOW MPOrpaMMBbl TUCHUILIUHEL, JTOMyCcKaeT Trpydeiiniie ommoku B (GOPMYIHPOBKAX
0a30BBIX TOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HAaBBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

OneHka «3a4TEHO» BBICTABIIAETCS CTYAEHTY, €CJIU OH II0Ka3aJl BCECTOPOHHHE, CUCTEMAaTU3UPOBaHHbIE,
IyOOKHe 3HaHUS yu4eOHOM MporpaMMBbl TMCHUILIMHBI 1 YMEHUE YBEPCHHO NPUMEHSTh UX Ha MPAKTHKE
IIPU peIICHUN KOHKPETHBIX 3a]1a4, CBOOOIHOE U IIPAaBMIILHOE 000CHOBAaHHE MPUHATHIX PELICHUI.
OueHka «HE 3aUTEHO» BBICTABISIETCS CTYJICHTY, KOTOpPBHIH HE 3HaeT OoJblIedl YacTH OCHOBHOTO
copepkaHusi y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, AOMYCKaeT rpyOble OmHUOKH B (OPMYIHPOBKAX
OCHOBHBIX IOHSATUH IUCLMIUIMHBI MU HE YMEET MCIIOIb30BaTh IIOJIYYEHHBbIE 3HAHUSA IIPU pPELICHUU
TUIOBBIX MPAKTUYECKUX 3aad.



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

[Mpu npomenennn 3adera u auddepeHIMPOBAHHOTO 3adeTa oOydaromiemycsl npepoctapisiercs 45
MHUHYT Ha TOAroToBKYy. Ompoc oOydaromerocsi He JO/DKEH NPEBBINIaTh OJHOTO aCTPOHOMHYECKOTO
Jaca.



