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«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))
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Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: Cucremnas 6uosnorus
110 HANIPABJICHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: Menununckas puszuka u OnonHpopmaruka

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
kadempa MONEKYIAPHON U TPAHCIAIIMOHHONW MEIUIIHHBI

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 60 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocrtaBui: ['Il. Apanuam, kanz. Ouoi. HayK, mpodeccop

[Iporpamma obcyxneHa Ha 3acejaHny KadeIpbl MOJICKYISIPHON U TPaHCIAIMOHHON MeauinHbl 21.02.2025



AHHOTANMA
Kypc mocBsiiieH M3y4eHHI0O OCHOB CTaTHCTHKa M OMOWH(OPMATHUKH, TEOPUH, METOA0B 00pabOTKH JaHHBIX
MAacC-CIIEKTPOMETPUUYECKOTO aHaju3a U Pe3ylbTaToB CceKBeHUpoBaHUs nocienoparensHocted PHK u JTHK.
CTyneHThl OBJAJICIOT HABBIKAMU MPOBEACHHUS BHIYHCIUTEIHLHOTO SKCIICPUMEHTA U KOMIIBIOTEPHOH 00paboTKH
pesynwsratoB cexkBermpoBanus PHK, /IHK u ompenmenenusi mocnemoBaTellbHOCTEH OENKOB W TENTHIIOB C
WCIOJIH30BAHUEM METOJIOB MaTEMATHUECKOW CTATHCTUKU U PECYPCOB OOMIEOCTYIMHBIX OMOMHPOPMATHUECKUX
0a3 JaHHBIX.

1. leau u 3apauun

eap AUCUMNIMHBI

- UW3yuYeHHWEe OCHOB CTaTHCTUKa W OuomH(OpMATUKH, TEOpUH, METONOB 00pabOTKH JaHHBIX
Macc-CIEKTPOMETPUUECKOTO aHaln3a M pe3yJIbTaToB CEKBEHHpOBaHMs nocienoBarensHocTeil PHK u
JHK. ®opmupoBanue HaydHOro  MHpPOBO33peHus. OBnaneHrne  HaBbIKAMU  IPOBEACHMUS
BBIUMCIIUTEIBHOTO SKCIIEPUMEHTa U KOMIIBIOTEPHON 00paboTKu pesynsraToB cekBeHupoBanusa PHK,
JJHK wu ompeneneHust mociefoBareIbHOCTEH OEMKOB W MENTHIOB C HCIOJIL30BAaHHEM METO/IOB
MaTeMaTH4YeCKON CTaTUCTUKU U PECYpPCOB OOIIEOCTYNHBIX OnonH(popMaTnyecKkux 0a3 1aHHbBIX.

33]13‘[1/[ JAUCHUIIINHBI

- ¢GopMHpOBaHHE Yy CTYACHTOB HAayYHOIO CTHJISl MBILUICHHUS, YMEHHS OPHEHTHUPOBATHCS B IIOTOKE
HAyYHOU U TEXHUUYECKON MH(POPMAIUH;

- (hopMHPOBaHNE HABBIKOB IIPOBEJCHUS BHIYNCINUTEIBHOTO IKCIICPUMEHTA U aHAJIN3a €0 Pe3yJIbTaToB;

- OCBOCHME NPHEMOB M METOIOB PELICHUS KOHKPETHBIX 3aj[ad U3 Pa3lIW4HbIX 00nacTeldl cUCTeMHOU
OMOJIOTUH: POTEOMUKHU, TCHOMHUKH, TPAHCKPUIITOMHUKH, SIIUTCHOMHKH;

- mpuobpeTeHre 0a30BBIX 3HAHUU O 3a7adax OMOMH(OPMATUYECKOTO aHAJIN3a U €r0 CBSI3U C APYTUMH
HayKaMH, CIIOCOOCTBYIOLIUX YCIIEIIHOMY OCBOCHHUIO PA3IMYHBIX KYPCOB.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

[MK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBaTh M 0000IIATH
nHpOpMANHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmMaTH4ecKoi o0macTu cBoed MpodeccHOHATLHON
[MK-1 CriocobeH craBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pears 3a1a4y, B ToM uncie pa3padareiBath 1 [IK-1.2  CnocobGeH  BBIOBUTATH  THIOTE3Bl, CTPOUTH
UCCIIE0BaTh MaTeMaTHYECKUE MOJEIH MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3y4aeMbIX
W3y4YaeMbIX SABJICHUN U MPOLIECCOB, CHCTEMHO  |SBJICHHH U MPOLIECCOB, OLICHUBATh KA4€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH NpUMEHSTh TeOpeTHYecKHe U (WiIH)
SKCIIEPUMEHTAJIbHBIE METOJIbl HCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE

pe3yabTaThl
[IK-2.1 CnocoGeH I1ulaHUpOBaTh M MPOBOAWTH HAYUYHBIC

[TIK-2 CriocobeH caMOCTOATEILHO WU B HCCJIENOBAHUS CaMOCTOSTEIBHO WM B COCTaBE HAay4YHOI'O

KadecTBe 4JieHa (PyKOBOAUTEIS) MaJIOTO KOJUJICKTHBA

KOJIJICKTHBA OPraHU30BbIBATh U MPOBOJANTH I1IK-2.2 CnocobeH MNpoOBOAUTH ampoOalMi0 Pe3yIbTaTOB

Hay4HbIE UCCIIEIOBAHNS U UX alPOOAIUIO Hay4YHO-UCCIIE0BATEIbCKON paboTel nOoCPEACTBOM

MyOIMKAIlMK HayYHbBIX CTaTel M yJacTusl B KOH(EPEeHINAX

[IK-3.1 IloHnumaer mnpuHOHUIBI PabOTHl HCIIOIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB

IMK-3 Cniocoben npodeccnonaabHO paboTarh ¢ NPUKITAHBIX TPOTPAMM)

MCCIIEIOBATEIbCKUM H UCTIBITATEIIbHBIM
o0opynoBaHueM (MprubOpamMH U yCTaHOBKAMH,
CTIeATN3UPOBAHHBIMH TAKETAaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

[K-3.2 Criocoben MIPOBOANTH SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIOIB30BAHUEM HCCIEIOBATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
IKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaTOB




3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00Yy4aIOIINeCs JOIKHbI

3HaTh:
- OCHOBHBIE METOABI OOPaOOTKM JAHHBIX MAacC-CIIEKTPOMETPUYECKOTO AaHalli3a W Pe3yNIbTarToB
cexBenupoBanus nocnenosarenbHocted PHK u JIHK, npuMeHneHne 3THX METONOB B Ba)KHEHIIHMX
MPaKTUYECKUX MPUIOKEHHUAX.

YMETB:
- TPOBOAMTH BBIYMCIUTEIBHBIE JKCIEPUMEHTHI M KOMIBIOTEPHYIO OOpabOTKy pe3yjibTaToB
cexkBenupoBanus PHK, JIHK wu ompenenenus mnocnemoBarelbHOCTE OENKOB M TENTHAOB C
WCIOJBb30BAaHUEM  METOJOB  MAareMaTH4YeCKOM  CTaTUCTUKM M PECYpcoB  OOILIEIOCTYIHBIX
OononmH(popMaTHUECKUX 0a3 JaHHBIX.

BJIaJIETh:

- IpUeMaMH{ U METOJAaMH PEIIeHHs] KOHKPETHBIX 3a/1ad U3 Pa3IM4YHbIX 00JacTell CHCTEMHON OMONIOTHH:
MIPOTEOMHKH, TEHOMUKH, TPAHCKPUIITOMUKH, SITUTEHOMUKH.

4. Coep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznienbl TUCTMITITMHBI (MOYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
BBenenne B cUCTeMHYI0 OHOJIOTHIO.
1 OCHOBBI ~ OMOCTAaTHCTHKM ¥ METOIbI 12 9
BH3yalu3aluu B OWOMH(OpMAaTHKE.
Pabora B cpene nmporpammupoBanus R
2 NGS cexBennpopanue. [ eHomuka. 12 9
3 TpanckpunToMuka 12 9
4 ONUreHOMUKA. 12 9
5 [Iporeomuxa. 12 9
Hroro wacos 60 45
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue AUCHUTLTAHBI (MOYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 2 (Becennuit)

1. BBenmenne B cucreMHyro Ouonoruto. OCHOBBI OMOCTAaTUCTHKM M METOIbI BH3yaIH3allid B
ouonHpopmaruke. Pabota B cpene mporpammupoBanus R

Beenenne B cuctemHyto Ouosoruro. Mcropust pa3BUTHSI KOMITBIOTEPHOM 00paOOTKN OMOIOTHUECKUX
naHHbIX. Onpenenenue ouonHpopmarrku. OOIIee MpeACcTaBICHNE O 3a/1a9ax OMOMH(OPMATHIECKOTO
aHaJM3a U €ro CBA3MU C ApYruMu Haykamu. O0nacTu IpruMeHeHusI.

Teopusi BeposSITHOCTEH W oONKcaTelbHAs CTAaTHCTHKA. | eHepaibHas COBOKYITHOCTh M BBHIOOpKA.
Craructudeckas 3HAYMMOCTh; HyJIeBast M albTePHATHBHAS TUIIOTE3bl. Pacnpenenenus, CTaTUCTUKU U
napametpsl. [lapamerpuyeckue u HemapaMeTpUIeCcKHe CTaTUCTHUECKUE METOIbI 1 KpUTepuu. Meton
TJIaBHBIX KOMITOHEHT.




CpaBHenue BbIOOpOK u Bu3yanm3amnus. CpaBHeHue BbIOOpok 1o CrhrofeHTty. McmonszoBanue
kputepusi ®Pumiepa g cpaBHeHHs BbIOOpoK. Hemapamerpuyeckue aHalorum mnapaMeTpUUecKHX
MeronoB. llompaBku Ha MHOXKECTBEHHBIC CpaBHEHUs. Busyanuszanums HaHHBIX OHMOJIOTMYECKOTO
JKCTICPUMEHTA.

PabGora B komaHHOI cTpoke u paboTa B cpene nporpammupoBanus R. [loakimoueHne K ynaieHHOMY
cepBepy. Pabora B xomangHOU cTpoke Linux. OCHOBBI paboThI B cpelie MporpamMMHupoBaHus R.
Jlorndeckne KOHCTPYKIUH H IIUKJIBI B cpee mporpammupoBanus R. CkaunBanue u 4reHue (auinos.
Pabora c data.frame u data.table. The Base Plotting System. The Lattice and the ggplot2 Plotting
Systems.

2. NGS cexBenupoBanue. | eHOMUKa.

Onpenenenne reHoMukd. CTpyKTypHass W (yHKUMOHAJbHas TeHOMHKA. PacnpocTpaHeHHbIE
TEXHOJIOTHH CeKBeHUpoBaHusA. Meronsl omnpenenenus nocienoBarensHoctd JIHK. Tlogxomsr x
BbICOKOIIpou3BonuTensHOMy cekBeHupoBanuio [IHK. CeksenupoBanune no Cenrepsl. CekBEeHATOPHI
HOBOT0 NoKosIeHus1. CeKBEHATOPhl TPETHETO ITOKOJICHUS.

Konrponb kauecrBa NGS nanubix. Coopka reHomoB de novo. @opMarbl 1aHHBIX CEKBEHHPOBaHUSI.
AHanu3 KadyecTBa CEKBEHMPOBAaHHBIX IMOCIEAOBAaTeIbHOCTEH HykieoTuaoB. COopka reHoMoB de
novo. [loaxoxsl u nporpammbl-acceMOnepsl. Paznudue aaropuTMoB cOOpPKH KOPOTKHUX M JJIMHHBIX
JHK-npourenuii. Ouenka kauectsa coopku. [lonck n aHHOTaLMS TEHOB.

MeTop! BoIpaBHUBAHUS OMOJIOTHYECKHUX MOCIEI0BATEIbHOCTEH. 3a1aua CPaBHEHUS] TEHETHUECKUX U
0eNKOBbIX MOCJe0BaTeIbHOCTEH. MeToabl BHIpaBHUBAHUS: TIAPHOE M MHOXKECTBEHHOE, JIOKAJILHOE U
mio0anpHOE. ANroput™ mobanbHOro BblpaBHMBaHMS Hwumnbma-nHa-Bynma (Needleman-Wunsh).
AJNTOpPUTM JIOKATBHOTO BhIpaBHUBaHMs CMmuTa- YoTepmana (Smith-Waterman).

BripaBHUBaHNE KOPOTKHX (parMeHTOB Ha TeHoM. [lonck reHOMHBIX Bapuaiuii. PecekBeHnpoBanue
JHK. PedepeHcHblii TeHOM. AJTOPUTMBI M MPOrpaMMbl KapTHPOBAaHHUS KOPOTKUX (parMeHTOB.
OIHOHYKJICOTUIHbIE IOIMMOPQU3MBI, CTPYKTypHBIE BapHallMM W METOAbl HUX JCTEKIHH.
OyHKUMOHATbHAS Kiaccu(puKanusi ToMUMOp(U3MOB.

3. TpaHCKpUIITOMHUKA

PHK u metonsl ux uccinenoBanusa. Tpanckpuntomusidi ananu3. Tunel PHK B kietke u Metonbl ux
cekBeHUpoBaHuA. AHanmu3 naHHbIX MiRNA-seq. OcoOeHHOCTH aHanW3a JaHHBIX CEKBEHHWPOBAHMUSI
IncRNA. Tubpuamzauus mnpu mnomomu uyunoB. CeksenupoBanue MPHK. Omnpenenenune
i depeHmanbHO SKCIPECCUPYIOIUXCS TeHOB. VIHTepnpeTalyst JaHHBIX CEKBEHUPOBAaHUs. AHAIN3
AJIBTEPHATUBHOTO CIUIACHHTA.

CekBenupoBanue eAMHUYHBIX KieToK. CpaBHeHne RNA-seq u scRNA-seq. IIpuMenenune naHHbBIX
scRNA-seq. CymecrByromue TUaTQopMbl I W30JSAIUM  OTJAENbHBIX KieTok (Drop-seq,
10Xgenomics, Smart-seq2). OcHoBHas cxema o0paboTku SCRNA-Seq. OmeHka KadecTBa JIaHHBIX.
CrocoObl  KnmacTepusanuu  JaHHbIX. JlomomHuTensHble craguu  oOpabotkum  scRNA-Seq:
CellPhoneDB, RNA velocity, onpeaeneHuii TpaeKTopHii U Ipodee.

4. DrnureHoMukKa.

MeTunupoBanue JHK: poJIb, ¢byHKINN u OCHOBHBIE METO/bI aHau3a.
MornekynsipHo-Ouosnoruueckue ocHoBbl MeTwnupoBanus JIHK. Ponb mermmupoBanuss JTHK mpu
SMOPHOHAIBHOM DPa3BUTUH M OHKOreHe3e. Mertonsl ompenesneHus: ypoBHs MerwinpoBanus JTHK.
[Ipuknaansie 3agaun metunuposanus JJHK.

I'mcToHOBBII KOO M OTKpBITBIA XpomartuH. [ucTOHOBBIE MomupUKAUK: poib H  (DYyHKIHH.
NmmyHonpenunuranyst XpoMaTUHa U €€ NPUWIOKEHUs. MeToabl OIpeAeeHUsT PETMOHOB OTKPBITOIO
xpomatuna (DNAse-seq, ATAC-seq, FAIRE-seq). [lpunoxenuss DNAse-seq u ATAC-seq.
[IpocTpaHcTBeHHass CTPyKTypa XpOMAarhHA. Pojp INPOCTPaHCBEHHOW CTPYKTyphl XpOMAaTHHA B
pEeryiIAlInA 3KCIpecUU. MeToNbl OIpeneiaeHus] NPOCTPAaHCTBEHHONW CTPYKTYpbl XpOoMaTuHa. basbl
JaHHbIX 110 3D-reHoMuke.

5. IIporeomuxa.



Unentndukanuss OeTKOB M TMENTHAOB MO JaHHBIM Macc-cliekTpomerpuu. lIporeomuka. Anamus
OEITKOB M TENTHIOB METOJaMHU MAacC-CIIeKTpoMeTpur. VneHTudukaius OelKOB MO0 MacC-CIEKTPY.
Unentndukanus nentuaoB MetogoM de novo. MaeHTudukanys menTHIHBIX MOCIeA0BaTeIbHOCTEH ¢
WCIIONIb30BaHNE «0a3 JaHHBIX» OCNKOBBIX TMOCHeqoBaTeabHOCTeH. [IporpaMmHbIe MMaKeThl s
MIPOTEOMHOT0 aHaJIN3a.

Banupganms  pesynapraroB  MISHTUGHUKAIMM W OLEHKAa  OmMOKM. MeToasl  BadMganuu
uACHTU(UIUPOBAHHBIX MenTuoB. [IpeoOpasoBanue Score B BepositHOCTh. "Target-Decoy" moaxox
JUISL BaIMAALUK UIEHTH(UIIMPOBAHHBIX NeNTHA0B. MneHTndukanus 6eJIKoB Ha OCHOBE PE3yJIbTaTOB
UACHTU(UKALMH ENTH/IOB.

5. Onucanne MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0MMO AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

— y4eOHbIe ayIUTOPUH [UIs IPOBEACHUS 3aHATHH JIEKIIMOHHOTO / CEMUHAPCKOTO THIIA;

— ayOUTOPUH, OCHAIICHHBIE KOMIIBIOTEPHON TEXHUKOW ¢ MOJKIIIOUEHHEM K ceTH «HTepHEeT»;
— KOMIBIOTEP U MYJIBTUMEANIHOE 000pyioBaHue (IIPOEKTOP, 3BYKOBasi CUCTEMA),

— UHIUBHUAYaJIbHbIC BEIYUCIUTEIBHBIC CPEACTBA CTYACHTOB (IIEPCOHAIbHbBIE KOMITBIOTEPHI) AJIS
BBITIOJIHEHUS IOMAIIHUX 3a/laHUH.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas JuTeparypa
OcHoBHas uTeparypa:
Jluteparypa npenocrasinsiercs: 0a30Boi Kadenpoi:
1. Tlpaktudeckas craructuka i cnenuaircto Data Science [2022] TTutep Bproc, [Tutep 'exex,
OHuppro bproc.
2. Kappelmann-Fenzl M (2021) Next generation sequencing and data analysis. Springer, Cham
3. Guo-Cheng Yuan (2019)Computational Methods for Single-Cell Data Analysis. Springer
4. Renato Paro, Ueli Grossniklaus, Raffaella Santoro, Anton Wutz (2021) Introduction to Epigenetics.
Springer Cham. 215¢
5. Silvio Bicciato, Francesco Ferrari (2022) Hi-C Data Analysis. Methods and Protocols. Springer.
354c

JomnonHurenbsHas auTeparypa
JlomosHUTENbHAs TUTEpaTypa:
Jluteparypa npenocrasinsiercs: 0a30Boi Kadeapoi:

1. Macc-cniekrpoMeTpus B oprannieckoit xumun Mzaanue Bropoe, nepepaboTaHHOE U JIOTIOHEHHOE
Mocksa: TEXHOC®EPA, 2015. - 704c.

2. A decade’s perspective on DNA sequencing technology. Elaine R. Mardis. Nature volume 470, pages
198-203. doi: 10.1038/nature09796
3. Neus Visa, Antonio Jordan-Pla (2018) Chromatin Immunoprecipitation. Springer 243c¢

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

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

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJII0OYasi epeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

PubMed

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



CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIMM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrate M3ydeHus TUCHUIUIMHBI CTYAEHT IOJDKEH 3HAaTh OCHOBHBIC ONPEIECICHMS AMCLIMIINHBL,
YMETb IPUMEHSThH [10JIyUYEHHbIE 3HAHUS AJIs PELICHUs pa3IMuHbIX 3a/1a4.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

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

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSTEIEHOM PaboThI CTYy/IEHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

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

— peleHue 3aaad, MpeAaaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.

[lokazarenem BiajeHHUs MaTEpUaIOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLIAIUIMHBIL.

BaxxHo 1oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYIbTalUAMH K
MIpenoAaBaTesto.

Bo3MoxeH nmpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHMS 33a4 B COOTBETCTBUU C
TEMAaTUKON 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npopuJib NOArOTOBKHU: MenunuHcKas Gusnka u ononHpopMaTHKa
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadempa MONEKYIIPHON U TPAHCIAIIMOHHONW MEIUIIHHBI

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

Pa3paborunk: I'Il. Aparmmau, kaHa. 6uoi. Hayk, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylIbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pears 3a1a4y, B ToM uncie paspadareiBath 1 [IK-1.2  CnocobGeH  BBIOABUTaTH  THIOTE3bl, CTPOUTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIN MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
W3y4YaeMbIX SBJICHUN U MPOLIECCOB, CHCTEMHO  |SBJICHHH U MIPOLIECCOB, OLICHUBATh KA4€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
9KCIIEPUMEHTAJIbHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE

pe3yabTaThl
[IK-2.1 CnocoGeH I1ulaHUPOBaTh M MPOBOAWTH HAYYHBIC

ITIK-2 CriocobeH caMOCTOATEILHO WU B HCCJIEOBAHUS CAaMOCTOSTEIBHO WIM B COCTaBE HAay4YHOI'O

KadecTBe 4JieHa (PyKOBOAUTEIS) MaJIOTO KOJUJICKTHBA

KOJIJICKTHBA OPraHU30BbIBATh U MPOBOJNTH [1IK-2.2 CnocobeH MNpoBOAUTH ampoOalMi0 Pe3yIbTaTOB

Hay4HbIE UCCIIEIOBAHKS U UX alPOOAIUIO Hay4YHO-UCCIIE0BATEIbCKON paboTsl nOoCPEACTBOM

MyOIMKAIlMK HayYHbBIX CTaTel M yJacTusl B KOH(EPeHINAX

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl HCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢ NPUKITAHBIX TIPOTPAMM)

MCCIIEIOBATEIbCKUM M UCTIBITATEIIbHBIM
o0opynoBaHueM (MpruOOpaMH U yCTaHOBKAMH,
CIIeATN3NPOBAaHHBIMH TAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

[K-3.2 Criocoben MIPOBOANTD SKCIIEPUMEHT
(MozmenMpoBaHUE) C HCIOIB30BAHUEM HCCIEIO0BATEIBCKOTO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocobeH oOIeHUBaTh TOYHOCTh ITOJYYCHHBIX
IKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

2. [Toxa3zareu oneHHBaAHHUSI KOMIIETEHIINIT
B pesynbrare n3ydenus AuCIUTUIMHBL «CUcTeMHasi OMOIOTHS 00yYaroNUiiCs TOIKEH:

3HATh:
- OCHOBHBIE METOABI OOPaOOTKM JAHHBIX MAacC-CIIEKTPOMETPUYECKOTO aHalli3a W Pe3y/IbTarToB
cexBenupoBanus nocnenosarenbHocted PHK u JIHK, nmpumeHneHne 3TUX METONOB B Ba)KHEHIIMX
MPaKTUYECKUX MPUIOKEHHUAX.

yMeTh:
- TPOBOAMTH BBIYMCIUTEIBHBIE JKCIEPUMEHTHI M KOMIIBIOTEPHYIO OOpabOTKy pe3yibTaToB
cexkBenupoBanus PHK, JIHK wu ompenenenus mnocnemoBarelbHOCTE OENKOB M TENTHAOB C
HCIOJB30BAHUEM  METOJOB  MAareMaTH4YeCKOM  CTaTUCTUKM M PECYpcoB  OOILIEIOCTYIHBIX
OononmH(popMaTHUECKUX 0a3 JaHHBIX.

BJIaJeTh:
- IpUeMaMH{ U METOJAaMH PEIIeHHs] KOHKPETHBIX 3a/1ad U3 Pa3IM4YHbIX 00IacTell CHCTEMHON OMONIOTHH:
MIPOTEOMHKH, TEHOMUKH, TPAHCKPUIITOMUKH, SITUTEHOMUKH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0
Bo Bpems TeKkymero KOHTpOs CTYAEHT IOJDKEH YMETh OTBETUTH Ha CJIEAYIOIINE BOIPOCHI:

1) TeHetnka U ceKBeHMpOBaHWE TeHOMa. UTO HM3y4aloT reHeTuka W reHommka? Kakum oOpazom
reHeTudeckas uHpopMmamus 3akogupoBaHa B mocienosatensHoctd JJHK? [Ipoekt renoma uenoBeka
3aBepUIEH — 3a4eM IIepPEeCeKBEHHPOBaTh T'€HOMBI JoAed? 3ajauydl TeHOMHOTO CEKBEHHUPOBAHHUSL.
[lepeuncnure Buapl MmyTtanuu (Ki1accupukanuss MyTaluud 1O 3HaunMocTd). Kakue TexHomoruu
CeKBeHHpoBaHus Bam n3BecTHbI? B 4eM oTiIMums ceKBEHATOPOB pa3HOTO MoKosieHua? PacckaxuTe mpo
CEKBEHUPOBAHHE NIEPBOTO MOKOJICHHS?




2) CekBeHaATOphl «HOBOTO MoOKOJEHUs». Kakue TexHomorun cexBeHHUpoBaHus Bam m3BectHb? B uem
OTINYMSI CEKBEHATOPOB DPA3HOIO IMOKOoJeHUsA? PacckakuTe Npo CEKBEHATOPHI BTOPOIO IOKOJIEHUS?
Pacckaxkure mpo cekBeHaTOpbl TpeThero nokojeHusa? CpaBHUTE MEXIY cOOOI CEKBEHATOPHI Pa3HBIX
nokosieHui. JIis Kakwe 3ajad Kakue CeKBeHaTopbl Ooniee mpuMeHuMbI? [lodemy 10 cux mop st
pelIeHns 3a1a49 KPYIHBIX TPOEKTOB IMIMPOKO UCIOIB3YIOTCS UMEHHO CEKBEHATOPHI BTOPOTO MOKOJIECHHS,
a He TpeThero?

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

4) Coopka renoma de novo. Kakue moaxompl mo cOopke reHoma cymecTByloT? Pacckaxute mpo
anmroput™m Overlap-Layout-Consensus. B 4yem ero nemocratok? [ljiss Kakux 3ajlad 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 OHHM BIMSAIOT Ha perieHue 3anadu De Bruijn rpada? Uto HyXKHO 3HaTh O JaHHBIX, W3
KOTOPBIX BBl coOupaeTech Jenarb cOopky renoma? Kak 3Tu mapamerpsl MOTYT HOBIUSATH HA PE3ysbTaT
coopku? Ha kakue mapameTpsl ciieayeT oOpaiiaTb BHUMAHHE MPH OLEHKE KayecTBa COOPKU M Kak
BaJIMIUPOBaTh COOPKY?

5) Meronsl BbIpaBHHMBaHMUS OHMOJOTHYECKHX IOCIENOBAaTENbHOCTEH. B uem 3akimrouaercst 3amada
BBIDABHMBAHMSA, M Kakue CYIIECTBYIOT METOIbl BbIpaBHMBaHUS?  Pacckakure o croco6ax
MPEICTABICHUS  BBIPABHUBAaHUI: TEKCTOBOE, TIpaduueckoe, Marpula CXOICTBA. AJTOPUTM
HunnMana-ByHina, npuBenure mpuMep €ro HCIOIb30BaHMS Ul IVI00aIbHOTO BBIPABHMBAHHS JIBYX
MOCJIeI0BaTEIbHOCTEH. B YeM npuHIMITUAIBHOE OTIAMYHKE JIOKAJIbHOTO BEIPAaBHUBAHUSA OT I100abHOTO,
anroputM Cmura-Barepmana.

6) Ilouck romonmornyHsIX nocienoBareabHocTel. [Iporpamma BLAST: onumnte 0CHOBHOM aaroputm
MOWCKAa W Kakue CcymecTByloT moandukanuu. Kakume cymectByrorT (opmarsl BbBLAAYM NPOrPAMMBI
BLAST? Pacckaxwure npo 3agady MHOKECTBEHHOTO BbIPaBHUBAHHUS, IOYEMY CTaHAAPTHBIE MTOIXO/IBI C
WCIOJIb30BaHUEM JTMHAMHYECKOTO MPOTPaMMHUPOBAHHS HENPUTOIHBI B A3TOT ciyyae? Kakue ecThb
aJbTEepPHATUBBI?

7) BelpaBHUBaHHME KOpPOTKUX (pparmMeHTOB Ha reHoMm. Urto Takoe pedepeHcHbli reHomM? OTkyna
nosiBUIICSL pedepeHCcHbIl TeHoMm uenoBeka? [loueMy pedepeHCHBI TeHOM dejoBeKa JI0 CHUX TOop
npopoybkaT ynydmars? Kakue 3amadu MOXHO PpeIIdTh, BBIPaBHUBAS IOCIEIOBAaTEILHOCTH Ha
pedepencHbIi reHoM? [loueMy 3a/1aua BEIpaBHUBAHMS TIOCIIEIOBATEIBHOCTEH Ha peepeHCHbI TeHOM
CUMTAETCA BBIYMCIUTEIBHO CIOKHOM, KaKHE CYIECTBYIOT MOAXOABI AJIsl pemeHus 3Toi 3amaun? Kak
BBIOpaTh ONTUMAbHBIN KapTupoBIuK? IIpuBenure npumep Hanbosiee MOMYISPHBIX aJTOPUTMOB U B
OOMIMX CJIOBaX OMHILUTE MPUHUUI UX paboTel. Pacckaxute o popmarax BAM u SAM.

8) Ilouck reHoMHbIX Bapuanuid. UTo Takoe TeHOMHAas Bapualys, Kakue OBbIBalOT BHJBI T€HOMHBIX
Bapuanuii? MWpnentndukanus BapuaHToB 1O JaHHBIM NGS-3KkcrepuMeHTa, T€HOMHbIE Opay3epbl.
Pacckaxure o popmare ganupix VCF. Kakue ObIBatOT BUABI MyTallMid U KaK OLIEHUTb UX 3HAYUMOCTh?
YTo 3HaYUT aHHOTUPOBATh BapUAHT, KAKME MHCTPYMEHTHI U 0a3bl JAHHBIC HCIIOJIB3YIOT IS 3TOT0?

9) OcHOBHBIE TOHATHS MaTeMaTHYeCcKOi CTaTUCTHKH. UTO M3yyaeT MaTeMaTHuecKas craTuctuka? Yem
OTIMYAIOTCA OINHUcCaTesbHasT W HWHIYKTUBHas cTatuctuka? UYro Takoe BHIOOpKAa M TeHEpaibHas
coBokynHOCTh? Kakue ObIBaloT THmIBI mnepeMeHHbIX? Kakue ObIBal0 YHCIOBBIE XapaKTEPUCTHUKH
BbIOOpKH? YUTO Takoe crarucTudeckas rurore3a? JlaiTe ompeneneHue OCHOBHOW M albTEPHATHBHOM
runote3sl? YeM OTIMYAIOTCS OMMOKK NEpBOTO M BTOporo poxa? UTo Takoe ypOBEHb 3HAYMMOCTH
CTaTUCTUUYECKON TUIIOTE3bI?

10) Yrto Takoe craructudeckas rumnoreza? [laiiTe omnpeneneHMe OCHOBHOM M allbTEpPHATUBHOM
runote3sl? YeM OTIMYAIOTCS OIMOKM NEpBOTO M BTOporo poxa? UTo Takoe ypOBEHb 3HAYMMOCTH
CTaTHCTHUYECKOM rumote3bl? ONMUIIUTE MOCIeI0BAaTEIbHOCTh ACHCTBUN MPU MOCTPOCHUU U MPOBEPKE
CTaTUCTHUYECKOM THmoTe3bl. llpuBeauTe mnpHUMEpHl CTAaTUCTHMYECKUX KPUTEPUEB JUIA TPOBEPKHU
runote3sl. YeM OoTiIMyaroTcs HerapaMeTpHYecKie U napaMeTpruuecKue KPUTEPUU B CTaTUCTUKE?

Bo Bpemst 3aHATHII MOTYT IPOXOANTH MHTEPAKTUBHBIEC OOCYKAEHHS B yaTax Kypca, 4To OyIeT SBIAThCS
JOMallHUM 337aHveM. BO3MOXXKHO BBINOIHEHHME MATEHTHOTO TOHCKA B KA4ECTBE CaMOCTOSTENBHON
3aauy. YCIEIIHOE BBIIOJHEHUE BCEX 3aJlaHUM 10 Kypcy U BBIIIOJIHEHUE KOHTPOJIBHBIX CPE30B 3HAHUM
JTAET MPEUMYILECTBO Ha 3K3aMEHE.



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

1) Ilepeuncnure OCHOBHBIE THUIBI TPapHUKOB, HCIOIB3YEMBIX IJSl BH3yalHU3alUH OHMOJOTHYECKHX
TaHHBIX. PacckakuTe 171 KAKUX JAHHBIX MCIOJIB3YeTCsl KaXKIblH IpadyK, KpaTKO ONUIINTE aJTOPUTM
ero moctpoeHus. JlaiiTe NOCTAaHOBKY 3aJadyd, [UId pPEIICHHs KOTOPOH MNPUMEHSAETCS KPHUTEPHid
CrerogenTa. [Ipu xakux yciaoBusix nmpuMmensiercs kpurepuit Cteionenra?

2) Orkyaa BO3HUKaeT mpoOiieMa MHOKECTBEHHBIX CpPaBHEHHMU IPH TPOBEPKH CTATUCTHUYECKUX
runore3? Uro takoe mompaBka bondepponn m FDR? UYro Ttakoe Tounblii kputepuit Dumepa?
[MpuBenure mpumep 000K OMOTOTHMUYECKON 3allauu, AJisi KOTOPOW YMECTHO HCIOJIb30BaHUE TOYHOTO
kputepusi duniepa.

3) Tpanckpuntomuka. Uro u3ydaer Tpanckpunromuka? Uro takoe Tpanckpunt? Onumure tTunsl PHK
kneTku? Yrto takoe mukpo PHK w nnunnas Gemox nHexommpyromias PHK? Kakue dyHknmu B KieTke
OHH BHIMOJHSIOT? UeM oTiMyaroTcst mpoToKoJbl cekBeHupoBanusa Mukpo PHK u 6enok Hexoaupytomieit
PHK ot npoTtokona cekBeHupoBanus 0enok kogupyromei PHK?

4) AHanmu3 TpaHCKPUNTOMHBIX MAaHHbIX. Jlng wero wu3yudator MPHK B xnerke? Kak y3HaTth
nocnenoBarenbHocTs MPHK? CpaBHuTe nOCTOMHCTBA M HEJOCTAaTKM ABYX METOAOB: THOpHIM3ALUSL
npu nomoiny 4uioB 1 RNA-seq. Onummre B o0mmx ueprax cxemy aHaimsa JaHHbIX RNA-seq. Urto
Takoe MeToa aBHbIX KoMIoHeHT (PCA)? Uro Takoe reHHast OHTOJIOTHS U 3a4eM OHa Hy>KHa?

5) CexkBeHUpOBaHUE €AMHUYHOM KieTkd. ONUIINTE OTINYMS TOTAJIBHOIO CEKBEHUPOBaHUS OT
CEKBEHUPOBaHMA eAMHUYHOHN KieTkH. Kakue 3amaun nmomoraet pemnts SCRNA-seq? Onummre noaxoxn
i cekBeHupoBanus PHK eauHnuHbIX kieTok? ONUIIMTE OCHOBHBIE TPYOHOCTH IPU IIPOBEAECHUU
CEKBEHUPOBAHMA €AWHUYHBIX KiIeTOK? 3auem Ooporbcs ¢ [ILP myOnmkaramu mpu aHanmse JaHHBIX
CEKBEHHPOBAHUS €JUHUYHON KieTKkn? ONuInTe W30JAIUI0 KIETOK IpU nomornu Kamenb (Drop-seq).
OnumuTe NPUHIMIBI OAPKOAMPOBAHMS ISl CO3MaHUS OMONMOTEKH CEKBEHHPOBAHUS E€IWHUYHOM
KJICTKHU.

6) CekBeHHpOBaHHE EAMHUYHOM KJeTKHM. OMNUIINTE OTIMYMS TOTAIBHOTO CEKBEHHUPOBAaHUS OT
CEKBEHUPOBaHMA eIMHUYHON KieTku. Kakue 3agaum nmomoraet pemwuth SCRNA-seq? Onumunre cxemy
aHanu3a naHHbIX SCRNA-seq. Ha kakue mapaMeTpbl KauecTBa JIaHHBIX CTOMT oOpaimiarb BHUMaHHE B
oruere CellRanger? Kakue stamnel anannsa peaqu3oBaHbl B akeTe Seurat?

7) Uro takoe mermnupoBanune JIHK? B kakumx KOHTEKCTaX OHO MPOUCXOAUT Y MIICKOTTHTAFOIIHX/
pactenuii / Gaxrepuii? IlpuBenuTe mpuMepsl OpPraHU3MOB, B KOTOPBIX METHJIMPOBAHUS HET COBCEM.
Oynkumn  metwiupoBanust JIHK y  miexonmratrommx? Infinium  MethylationEPIC:  onumute
IKCTIEPUMEHT U PACCKaXUTE 00 00paboTKe JaHHBIX.

8) Pomp u ¢yskimm merunupoBanus JIHK? benku, koTopble «MUIIYT», «CHUMAIOT» W «YHTAOT»
metunupoBanne JIHK. OcnoBuble metonsl ompenenenusi metwnupoBanms JJHK? WGBS/RRBS:
OTIMIINTE SKCIIEPUMEHT U PacCKaxuTe 00 00paboTKe JaHHBIX.

9) Uro Takoe rHCTOHBI M XpoMmaTHH? Kak XuMH4YecKoe U3MEHEHHE TUCTOHOB PEryJIHpYyeT aKTHBHOCTh
xpomaruHa? beiku, KOTOpble «IHIIYT», «CHHUMAKOT» W  «YUTAIOT» THUCTOHOBBIC METKH.
AccOllMMpOBaHHBIE C OTUMH OelkamMu 3a0oiieBaHUs. METOOBl  ONpPEICTCHUST THCTOHOBBIX
momudukanmii. ChIP-seq. Anropurm o6padotku nanabix ChlP-seq. baswr nannbix ¢ ChlP-seq.

20) XpomatuH U MOAU(HUKALMKA XPOMaTHHA: POJib U (QYHKUIUH? MeToAbl ONpeAesieHUs OTKPBITOrO
xpomaruHa? Kakue 3agad MOXKHO peliaTh TpU TOMOLIM 3TUX MeToaoB? ba3pl nMaHHBIX C
uHpopManren 00 OTKPBITBHIX PErHOHAX XpOMaTHHA?

10) IIpoctpaHcTBeHHas CTPyKTypa XpoMaruHa. 3adeM OHa HY)KHA, 4YTO perynupyer? Mertons
oTpezieNieHus] MPOCTPAHCTBEHHON CTPYKTypbl. DamID — cyth Meroma. Uto Takoe LAD? Kak moxHO
ucnonb3oBath ChlP-seq anst onpeneneHus: pernoHOB TeHOMa, (JOPMUPYIOLINX OIMpPEeSIHHBIC SACPHBIC
KOMITApTMEHTHI?

11) Yto takoe u TAD? 3C, Hi-C u ChiA-PET: paznnune Mexay MeTogaMu U 00JIacTd MPUMEHEHHs?
[TpuBecTn npumep 3a001eBaHMs, KOTOPOE BOSHUKAET M3-3a U3MEHEHHS 3D-CTPYyKTyphl XpOMaTHHA.

12) AHanu3 GeNKOB M MENTHI0B METOJIaMH MacC-CIIeKTpoMeTpuu. UTo Takoe MpOoTEOMUKA U Kakue Y
He€ 3agaun? Kak yctpoen macc-cniekrpomeTp? Pacckaxkure Ha mpumepax o0 yCTpOCTBE MCTOYHHKA
MOHOB, Macc-aHaJu3aropa M jeTekropa. UYTo Takoe TaHIAeMHBIH Macc-cnektpomerp? IlpuBenute
npumepsl. Kak paboraer macc-ciekrpometp 11t nomydeHust MS/MS criekrpos? Uto Takoe U30TOIIBI U
YTO OHM JAIOT JJISI MAacC-CHEKTPOMETPHU OEIKOBBIX MOJEKya? MOXHO 1M MACHTH(GUIMPOBATH OETIOK
0 Macc-CIEKTpY, 03 UCIIONB30BaHUs CIIEKTPOB (pparmMeHTanuu?



13) Upentudukamuss nenTUIOB MO Macc-criekTpy. Omnumure crangapTHyio cxemy LC-MS/MS
JKcriepuMeHTa. B yem ocobeHHocTn Bottom-up npoTeoMHKH: NpeuMyliecTBa M HEAOCTATKU?
Onumute cxemy MS/MS ananuza? Knaccudukauys nenTuaHbix HOHOB-PparmMenToB. Kak npoucxonut
uAcHTUUKAIMS TENTHI0B 1Mo 0a3aM JaHHBIX OENIKOBBIX cTpyKTyp? Kakume 0a3bl JaHHBIX OEIKOB
cymecTByoT? ONUIIUTEe MPUMEPHBIN aaropuT™M WACHTUUKAIUH nenTuaoB MetoaoMm de novo. Kakue
napamMeTphbl BaXKHO 3HATh /ISl PAaBWIBHON MASHTU(UKaIMK nentuaa? MoKHO JIn IpoaHaIu3upoBaTh
BCE BO3MOXKHBIE MOJM(HUKALINN 32 BpEMsl OJHOTO aHanu3a?

14) Metozp! BamuIaluy UACHTHOUIIMPOBAHHBIX NMEeNTHI0B. ONHIIATE aITOPUTM OIIPEICIICHNs] BEPHOU
uaeatupukanun B SEQUEST n X! Tandem. Yrto gaer oObenauHeHHE Pe3yNbTaTOB WUACHTU(UKAINH
pa3HBIX MOMCKOBBHIX anroputMoB? Kak ero moxxno peanmzoBars? Onmmmre Target-Decoy momxox ams
BaJIMJIALIUY UICHTU(QHUIPOBAHHBIX TIENTHI0B?

15) Kakx MOXHO MIEHTUDUIMPOBATL OCIKH Ha OCHOBE PE3YNIBTaTOB MACHTH(UKauUU nentuaos? Kak
OLIGHUTH IOCTOBEPHOCTH HAeHTU(UKaK Oeska? Kakue BO3MOXKHBI CIOKHOCTH U KaK UX IIPEOAOIIETH?
B uem pazamma mexny Top-down m Bottom-up mnporeommkoit? Omnuimmre MTpPEeUMYIIECTBA |
HEIOCTaTKH Ka)I0TO U3 METONIOB.

[Ipumeps1 OUETOB HA IK3aMEHE
Buiet Nel

1) Yro takoe u TAD? 3C, Hi-C u ChiA-PET: pasnnuue Mexmy merogamMu U oOJIACTH NMPUMEHEHUS?
[TpuBectu npumep 3a001eBaHMs, KOTOPOE BOSHUKAET U3-3a U3MEeHEHHs 3D-CTpyKTypbl XpOMaTHHA.

2) Ananu3 GENKOB M MENTUA0B METOIaMH Macc-CIIeKTpoMeTpuu. UTo Takoe MpoTeoMuKa H Kakue y Heé
3agaun? Kak ycrpoeH Mmacc-cnekrpomerp? Pacckakure Ha mpumepax o0 yCTpOMCTBE HCTOYHUKA
HOHOB, Macc-aHaju3aropa M JeTekTopa. Yrto Takoe TaHaeMHbIH Macc-criekrpometp? IlpuBenute
npumMepbl. Kak paboraet macc-ciekrpoMetp it nosydenust MS/MS criekrpos? Uto Takoe M30TOIBI U
YTO OHM JAIOT JJISI MAacC-CHEKTPOMETPHH OEIKOBBIX MOJEKYa? MOXHO JH WACHTH(GUIMPOBATH OEIIOK
M0 Macc-CIEeKTpY, 03 HCIIONB30BaHUS CIICKTPOB (pparMeHTanuu?

Buner Ne2

1) IlepeunciuTe OCHOBHBIE THIIBI TPA(UKOB, HCHOJNB3YEMBIX IJIS BHU3yaJH3allUd OHOIOTHYECKUX
JNaHHbIX. Pacckaxure AJsl KaKUX JAaHHBIX MCTOJNB3YeTCs KaXIbli TpaduK, KPaTKO OMMILUTE aJITOPUTM
ero nocrpoeHus. JlailiTe NOCTaHOBKY 3aj]aud, il PELIECHUS KOTOPOW INPUMEHSETCS KPUTEpPHUil
CreionenTa. [Ipu kakux ycioBusx npumensiercst kputepuii Ctbronenra?

2) Orkyaa BO3HUKaeT mpoOiieMa MHOXKECTBEHHBIX CPaBHEHHH MpPHU MPOBEPKH CTATUCTUYECKUX
runore3? Uro takoe mompaBka bondepponn m FDR? UYro Ttakoe Tounblii kputepuit @umiepa?
[IpuBenure nmpumep M000H OHOIOrMYECKON 3aladu, AJISi KOTOPOW YMECTHO HCIOJBb30BAHHUE TOYHOTO
kpurtepus Ouiepa.

Kpurepun onennBanus

Onenka ommuao (10 OamioB) - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIlIeMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYEeOHOHM MpOrpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Onenka ommmuHo (9 ©0amioB) - BBICTABISIETCS CTYACHTY, I[IOKa3aBIIeMy BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHSThH VX Ha MPaKTHKE MPH PEIICHIH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPABUILHOE 00OCHOBAHHE
MPUHATHIX PELICHUH.

Onenka ommmyHo (8 ©0amioB) - BBICTABISIETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UpPOBaHHbIC, ITYOOKHE 3HAHHUSA Y4YeOHOW MpPOrpaMMbl JWCIUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/ad, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
pEIIeHUH, ¢ HEKOTOPHIMH HEIOYETAMH.

Onenka xopomo (7 0anoB) - BEICTABISIETCA CTYACHTY, €CJIM OH TBEPIO 3HAET MaTepHall, IPaMOTHO U
MO CYIIECTBY W3JIaraeT ero, yMeeT MPUMEHSATh MOJIyYeHHbIC 3HAHUS HA MPAKTHKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIEC PE3YIJIBTATHI.

Onenka xopoio (6 6aIoB) - BEICTABISETCS CTYJCHTY, €CJIA OH TBEP/O 3HAET MaTepuall, TPAMOTHO H
M0 CYIIECTBY HM3JIaraeT €ro, yMeeT HNPUMEHSTHh MOJyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 33]]a4 HEKOTOPbIE HETOUHOCTH.



Ouenka xopomo (5 0auioB) - BBICTABISICTCS CTYISHTY, €CIH OH B OCHOBHOM 3HAaeT Marepuall,
IPAMOTHO M 1O CYIIECTBY HM3JIaracT €ro, yMeeT NPHMEHSATh IMOJTyYCHHbIC 3HAHUS HAa NPAKTUKE, HO
JOIYCKaeT B OTBETE WIM B PEIICHUH 3a/1a4 IOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

OmeHka ymoBIETBOPUTEIbHO (4 Oaya) - BBICTABISETCS CTYACHTY, IOKa3aBIeMy (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKkTep 3HaHWIl, HEIOCTaTOYHO MNpaBHJIbHBIC (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKOU MMOCIIENOBATEIBbHOCTH B U3JIOKCHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH IpOrpaMMbl, HEOOXOAUMBIE JUIsl JajbHEHIIEero o0y4eHus, 1
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OueHka ymoBineTBOpUTENbHO (3 Oayua) - BBICTABISETCS CTYACHTY, IMOKa3aBIIeMy (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciado
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHOH mporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYJOBIETBOPHUTENHHO (2 Oanta) - BBICTABIISIETCS CTYICHTY, KOTOPBIN HE 3HAeT OOJbIIeH YacTH
OCHOBHOTO COZIEP)KaHUsl Y4eOHOW NpOrpaMMbl JHUCHMIUIMHBL, JONYCKaeT TIpyOble OMMOKH B
(OpMyITHPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOTYYCHHbBIC 3HAHUS TP PEIICHHN
THIIOBBIX 33]1a4.

Ouenka HeynoBiaeTBOpuTeabHO (1 Gayur) - BBICTABISIETCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
coziepKaHusi yd4eOHOW MPOrpaMMBbl TUCHUILTUHEL, JTOMyCKaeT TrpyOeiiniie ommoku B (GOpPMYIHPOBKAX
0a30BBIX TOHATHH IUCHHUIUIMHBI U BOOOIE HE MMEET HAaBBIKOB PEIICHUS THIIOBBIX IPAKTHYECKHX
3ajad.

5. MeTonuueckne MaTepuaIbl, ONpPeIeIsONINe MPoueIyPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

[Ipu mpoBeneHUH YCTHOro 3K3aMeHa oOydamomemycs npeaoctasisiercss 30 MUHYT Ha IOATOTOBKY.
Ompoc ofyuaromerocs 1o OwileTy Ha YCTHOM OJK3aMEHE HE JO/DKEH IPEBbIIIAaTh OIHOTIO
aACTPOHOMMUECKOTO 4Yaca.



