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

YTBEPXJIEHO
JupexTop pu3TEeX-IMIKOJIbI
OHMOJIOrHYeCKOM U MeTUIIMHCKOI
buznkn

J.B. Ky3bmun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

N0 TUCHMILJIMHE: AHanu3 JaHHBIX BEICOKOIIPOU3BOIUTEIFHOIO CEKBEHUPOBAHNUS
10 HANPABJIEHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: buoumnxenepus n 6uonHpopmaruka

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
kageapa OnonH(HOpPMATUKU U CUCTEMHON OMOJIOTHH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHnnpoBaHHblil 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1

[Iporpammy coctaBui: A.C. KacbsiHOB, KaH[. (pH3.-MaT. HayK

[Iporpamma obcyxneHa Ha 3aceqannu kKadenpsl OnonHpopmaruku u cucremHoin ouonorun 04.05.2020



AHHOTANMA

Lenbro qaHHOW TUCITUTUIMHEI SBISIETCS] 3HAKOMCTBO CTYJIEHTOB C M3BECTHBIMH Ha JJAHHBIM MOMEHT CII0CO0aMHu
00pabOTKU JJAHHBIX, TIOTYYaeMbIX B PE3YJIbTaTe BHICOKOIIPOM3BOIUTEIHLHOTO CeKBeHUPOBaHus. CTy/IEHT mocie
OCBOCHHS Kypca OyIeT MOHUMAaTh OCHOBHBbIC (DPU3WYECKHE IPHHIIMIGI, JIEKANUe B OCHOBE TEXHOJIOTHIMA
BBICOKOIIPOM3BOAUTENHFHOTO CEKBEHUPOBAHMUS, OCHOBHBIE AJITOPUTMBI U CTPYKTYPHI JTAHHBIX, MPUMEHSEMbIE
mpu cOopke de nOvo TEHOMOB ©  TPAHCKPHUIITOMOB, CTPYKTYpHOW aHHOTAlldd T'e€HOMHBIX
MOCJIEIOBAaTEeIbHOCTEW, KapTUPOBAHWN YTEHHM, CTAaTUCTUYECKHE METOJbl, MPUMEHSIONIUECS TMPU aHAIH3E
JIAHHBIX, TTOJYYEHHBIX C MOMOUIBI0 BBHICOKOMPOU3BOAUTEIBLHOTO CEKBEHUPOBAHUS, BBIUUCIUTEIbHBIC 3a/1a4H,
BO3HUKAIONIME TNpH 00paboTKe [aHHBIX, IOJYYEHHBIX C HCIOJIH30BAHUEM BBICOKOIIPOU3BOIUTEIHLHOTO
CEKBECHUPOBAHUS.

1. leau u 3apauu

eap AUCUMNIMHBI

3HAKOMCTBO CTYACHTOB C MH3BCCTHBIMU Ha ,E[aHHLIﬁ MOMEHT CIOCOOaMHU O6pa60TKI/I JaHHBIX,
IOJIy4a€MbIX B PE3YyJIIbTAaTC BBICOKOIIPOU3BOAUTCIIBHOTO CCKBEHUPOBAHMS.

3anayu QUCHUNIHHBI
* hopmupoBanue 0a30BbIX 3HAHHWN 00 O0COOEHHOCTSIX JAHHBIX, MOJNYYAEMbBIX C TMOMOIIBIO IMIaT(hopM
BBICOKOTIPOM3BOAMUTEIILHOTO CEKBEHHPOBAHHUS;
* IPAKTUYECKOE OCBOCHHE CTYICHTAaMH METO/IOB JJIs aHaJ n3a OMOJIOTUYECKUX JTAHHBIX, TIOJyYSHHBIX C
HOMOIIBIO BEICOKOIIPOU3BOAUTEIBHOTO CEKBEHHPOBAHUS,
* (OpPMHPOBAHUE Yy CTYICHTOB OCHOBHBIX HAaBBIKOB Pa3pabOOTKUW METOJOB Ul aHalKM3a JaHHBIX U
NPUOOPETCHNE HMMHU TIPAKTUYECKOTO OMbITa, HEOOXOAMMOTO ISl TPOBENCHHS CaMOCTOSTEIBHBIX
HAyYHBIX HCCICOBAaHUH B 00JacTH BBIYMCIUTENHHOH OOpaOOTKHM OWONOTHMYECKHUX JAHHBIX,
MOJTYYEHHBIX C TOMOIIBIO TEXHOJIOTHI BBICOKOIIPOM3BOANTEILHOTO CEKBEHUPOBAHUS .

2. Ilepeyens opMupyeMbIX KOMIIETEH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

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

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MareMaTHYeCKHe MOAEIM M ONHMCAaHUs H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLIEHUBATh KAUECTBO pa3padoTaHHOU
[IK-1 CnocoGen craBuTh, HOpMann30BbIBaTh 1 |MOICIIH

pemarhb 3aja4u, B ToM uncie pa3padareiBath 1 |[IK-1.1 CrnocobOeH HaxonuTh, aHATU3UpOBaTh U 00001IaTH
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH nHpopMaLrio 00 aKTyalbHBIX pe3yJbTaTax UCCIEJOBaHUI B
M3y4aeMbIX SBJICHHI U MPOILIECCOB, CACTEMHO  |paMKax TeMaTHYeckol o0iacTu cBoeil mpodeccroHalbHON
aHaJIM3UPOBATh HAyYHbIE TPOOJIEMBI, [TOJy4YaTh |OesITeIbHOCTH

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIOIB3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAaKETOB

[TK-3 Criocoben npodeccrnoHaNbHO paboTaTh ¢ MPUKITAHBIX TPOTPAMM)

WCCIIEI0OBATEIHCKIUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHeIHAaTN3UPOBAHHBIMH MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MIPEIMETHOM 00IacTH

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
IKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaToOB

[K-3.2 Criocoben MIPOBOANTH SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

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



- OCHOBHbIC (M3MYECKHE NPHUHIMIBI, JISKAIHEe B OCHOBE TEXHOJOTHH BBICOKONPOHM3BOJUTEIHLHOTO
CEKBCHUPOBAHUS;
- OCHOBHBIC AITOPUTMBI U CTPYKTYpHI JQHHBIX, HNpUMEHseMble Npu cOopke de Novo reHOMOB H
TPAHCKPUIITOMOB, CTPYKTYPHOI aHHOTALIMK T€HOMHBIX MOCIICA0BATEIILHOCTEH, KAPTUPOBAHUY YTCHUIA,
- CTaTHCTHYECKHUE METOIbl, NPUMEHSIOIMECS IPH aHalM3e JaHHBIX, MOJIYYEHHBIX C MOMOIIBIO
BBICOKOTIPOM3BOAMUTEIILHOTO CEKBEHHPOBAHHUS;
- BBIYMCIIUTENBHBIC 33]1a4, BOSHUKAIOUINE NPU 00pabOTKE JaHHBIX, NOJYYCHHBIX C UCIIOJIb30BAHUEM
BBICOKOTIPOM3BOAMTEIILHOTO CEKBEHHPOBAHHS.
YMETb:
- TPHUMEHATH OCHOBHBIC TNIPOTPAMMHBIC CpPEACTBA, IpEAHA3HAYCHHBIC i OOpabOTKH JaHHBIX,
HOJIyYESHHBIX C UCIIOIB30BaHHEM BBICOKOIIPOU3BOAUTEIBHOTO CEKBEHHPOBAHUS,
- IPUMEHATh OCHOBHBIC aJITOPUTMUYECKUE HJICH JJISl pa3paOOTKH HOBBIX METOIOB M AJTOPUTMOB LIS
00pabOTKH JaHHBIX, TOJYYEHHBIX C HCIOJIB30BAaHUEM BBICOKOIIPOM3BOIUTEIILHOTO CEKBEHUPOBAHHS.
BJIQJICT!
- HaBbIKAMH OCBOEHUS 00IBIIOT0 00BhEMa HHPOPMAIINY;
- KyJIBTypOH TOCTAQaHOBKM W MOJAEIHPOBAHMS BBIYUCIUTEIBHBIX 33/a4 OOpaOOTKH OMOJIOTHYECKHX
JaHHBIX, OJIyYSHHBIX C HCIOJIb30BAHUEM TEXHOJIOTHI BBICOKOIIPOM3BOIUTEILHOTO CEKBEHHUPOBAHMUSL.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTh Camocr.
pabora
1 TexHOJOruM BBICOKOTIPOU3BOUTEIEHOTO 1
CEKBEHHPOBAHUS
) O.CHOBBI paboThl ¢ KOMaHTHOW CTPOKOM 1 |
Linux
3 [Ipeno6paboTka Pe3yNIbTaToB 4 )
CEKBEHHPOBAHUS
4 de novo  cOopka  TEHOMOB U 4 )
TPAHCKPUIITOMOB
5 AHHOTaIUA } TeHOMHBIX 4 )
MOCJIEI0BaTEIbHOCTEH
6 PecexBennpoBanue 4 2
7 RNA-seq 4 2
8 MerareHomuka 4 2
9 ChIP-seq 4 2
Hroro wacos 30 15
[ToaroTroBka K sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 2 (Becennuit)

1. TexHonoruu BBICOKOTIPOU3BOAUTCIIBHOT'O CCKBECHUPOBAHUA




@usznyeckue MNPUHLIUOBI M TEXHOJOTMYECKHE PEIICHHs, HCIONB3YIOIUEcs B TEXHOJOTHAX
BBICOKOIIPOU3BOJIUTENLHOTO CEKBEHUPOBaHMUS. XapaxkTepuCTUKU OCHOBHBIX  IUIarhopm
BBICOKOITPOU3BOAUTEIBEHOTO CEKBEHUPOBAHUS.

2. OcHOBBI paboTHI ¢ KOMaHAHOM CTpPOoKOH Linux

Komannnas obonouka Bash. YerpoiicTBo (haiinoBoii cucTeMbl B ONEpallMOHHBIX CHCTEMaXx ceMeiicTBa
Linux. Komangsr cd, Is, pwd, cp, mv, rm, more, head, tail, grep. Penaxrop vi.

3. llpenoOpaboTKa pe3ynbTaTOB CEKBEHUPOBAHUS

OcHOBHEBIC THIIbI OI_HI/I6OK, CBONCTBEHHBIC TCXHOJIOTHUAM BBICOKOIIPOU3BOAUTEIIBHOT'O
CCKBCHUPOBAHMHA. OCHOBHEBIE (I)OpMaTBI JaHHBIX. OLICHKa Ka4yeCTBa YTCHHIA. TpI/IMMI/IHI‘

4. de novo c6opka reHOMOB M TPAHCKPUIITOMOB

Anroputmbl de novo cOopku, ocHoBaHHble Ha Tpada ne bpeitHa u Tpadax mepeKpBITHIA.
Oco0eHHOCTH TEHOMHBIX TIOCTIEIOBATEIILHOCTEH, 3aTPyAHSIOMNX cOopKy. OreHKa KadecTBa COOPKH.
[TpakTHyeckue acrekThl OOJIBIINX TEHOMHBIX MPOEKTOB. OCOOEHHOCTH COOPKH TPAHCKPUNTOMOB de
novo.

5. AHHOTAIMSI TEHOMHBIX ITOCJIEA0BATEIbHOCTEH

OcHOBHEBIC IPUHIUIIBI TOCTPOCHUA AJITOPUTMOB aAHHOTALUH. OI_IeHKa KauCCTBa aHHOTAIHUH.
HpaKTI/I‘leCKI/Ie ACIICKTBI IPUMCHCHU aJITOPUTMOB aHHOTAIIUU UIS OYKAPUOTUYCCKUX T'CHOMOB.

6. PecexBenupoBaHue

KaptupoBanue urenuii Ha pedepeHcHbli reHoMm. [IpeobOpazoBanue bappoysa-Yunepa s
KapTupoBaHus puaoB npu cekBeHupoBanuu JJHK. Onenka kauectBa xaptupoBanus. SNP calling.
Oco0eHHOCTH, BO3HUKAOLINE TPH JETEKIIUH COMAaTHUECKUX MyTalui.

7. RNA-seq

OCOOCHHOCTH KapTHpOBAaHWs UYTEHWH, TONYy4YeHHBIX B pe3ynbrare RNA-seq skcriepuMeHTa Ha
pedepeHcHbI reHoM. MeTobl HopMaJIn3alui U aHAJIN3 SKCIPECCUH TEHOB.

8. MetareHoMHUKa

TaprerHoe cexBenupoBanue 16S pPHK. Takconomuueckuii ananus u aHanu3 OuopazHooOpaszusl.
ITonmHOMeTareHOMHOE CKBeHHpoBaHue. De novo cOopka u aHHOTalus TeHOB.

9. ChIP-seq

Bzaumoneiicteue JIHK u OGenka. Metombr mist usydenus JIHK-GenxoBoro B3ammojneiicTBus,
MIPUMEHSIOIIMECS 10 MOSIBIICHHSI BHICKOTIPOU3BOANUTENBLHOTO cekBeHupoBanus. ChIP — seq mpoToko.
OcnogHbie MeTozb! aHanm3a ChIP-seq maHHBIX.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0X0AMMOM AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

OGopynoBaHHe, HEOOXOIMMOE /ISl CEMUHAPOB: ayJAUTOPHSL, KOMIIBIOTEP U MYJIBTUMEANIHHOE
o0opynoBaHue (MMPOEKTOP, 3BYKOBasi CUCTEMA),

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa



[Mpenocrasnsiercs Ha kademnpe:

1. Phillip Compeau, Pavel Pevzner, Bioinformatics Algorithms: An Active Learning Approach 2014
Book

2. Xinkun Wang Next-Generation Sequencing Data Analysis 2016 Book

3. Ion Mandoiu, Alexander Zelikovsky. Computational Methods for Next Generation Sequencing Data
Analysis 2016 Book

JomnonHurensHas auTeparypa

ITpenocrasmnsiercs Ha kadenpe:
1. Eija Korpelainen, Jarno Tuimala, Panu Somervuo , Mikael Huss, Garry WongRNA-seq Data
Analysis: A Practical Approach. 2014 Book.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

Hay4no-0nbnuorpaduueckue u naTeHTHbIC 0a3bl JaHHBIX B 00J1aCTH (PU3UKO-XUMHUYECKON OUOIOTHH,
nocTymnHele 1o cetd MuaTepHeT B OecriatHoM pekume - Science Citation Index (Web of Science),
Medline (PubMed), Hayunast snextponnas oubnmoreka (HOB), Poccuiickas marentnas bJ] ®T'Y
OUIIC u amepukanckas natentHast b/l USPAFULL; snexTpoHHbIE agpeca KPYIMHBIX HayYHbBIX
W3/1aTeIbCTB, IPEIO0CTABIAIOMINX JOCTYII K IOJIHBIM TEKCTaM TEKYIIUX M APXUBHBIM BBIITYCKaM 3THX
KYPHAJIOB.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOIYJII0), BKJII0OYasl lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Hoctyn B UnTepHet, UNIX cepBep ¢ 0OTIeIbHBIM aKKayHTOM JJIS KaXI0ro cTyaeHTa. [[ns yactu
3aHATUH nmotpedyercs Zoom. Google Drive ans moctyna k matepuanaMm Kypca. [IpuBercTByeTcs
HaJIM4YMe BO BpeMs 3aHATHIA cMapTPOHOB/HOYTOYKOB JJIsl YHaCTHSI B MHTEPAKTUBHBIX YIPAKHEHUSX.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3yvyalOM{d AWCUUIUIMHY, JOJDKEH C OJHOM CTOPOHBI, OBJAAETh OOIIMM IMOHITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3yiabTare U3yUCHHUA AUCHUIUIMHBI CTYACHT AOJIKCH 3HAThb OCHOBHBIC ONPEACIICHUSA NUCHUIIINHBI,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3a1a4.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJICHUS KOHCITCKTa 3aHATHH;

— HaMPsDKEHHOMW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas paboTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHL;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeajaraéMpIx CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

[Mokazarenem BiajeHHs MarepHajoM CIYXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JTVCIIATLIAHEL.

BaxHo 10OWTHCS MMOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIHEHUN W3yYCHUS OTJENBHBIX TEM, BOMIPOCOB, CIEAYET OOpamarhcsd 3a KOHCYIBTAUAMHU K
MpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: buounxenepus n 6uonHpopmaruka
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kageapa OnonH(HOPMATUKU U CUCTEMHON OMOJIOTHH
Kypc: 1
kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT

PaszpatGoTunk: A.C. KacbsiHOB, KaH[. Qu3.-MatT. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI W MPOLIECCOB, OIICHUBATh KAUeCTBO pa3paboTaHHON
MOJENN

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

IMK-3.3 CnocobeH oIeHUBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAJILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIHCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pe3yiabTare U3YUCHHUA OUCHUIITIAHBI «AHanu3 AaHHBIX BBICOKOIIPOU3BOAUTCIBHOTO CCKBCHHUPOBAHUI

00yJarouics JTOIDKEH:

3HAThb:

- OCHOBHBIC (1)I/IBI/I‘IGCKI/I€ HOPUHIMIIBI, JIC)KAIUC B OCHOBC TCXHOJIOTHI BbBICOKOIIPOU3BOAUTCIILEHOT'O

CCKBCHUPOBAHUA,

- OCHOBHBIC AJTOPUTMBI M CTPYKTYpbl JAaHHBIX, IpUMEHseMble Ipu cOopke de novo reHOMOB H
TPaHCKPUIITOMOB, CTPYKTYPHOW aHHOTAallM¥ T€HOMHBIX I10CJIEJ0BaTeIbHOCTEN, KAPTUPOBAHUY UYTCHUM;

- CTAaTUCTHYCCKUEC MCTOAHbI,

IMPUMCHAIONIUCCA TIPpU QaAHAJIU3C [JAHHBIX, TIOJIYYCHHBIX C IIOMOIIBIO

BBICOKOTIPOU3BOAUTCIIBHOTO CCKBECHUPOBAHMS
- BBIYUCJIUTCIIBHBIC 3a/1a4y, BOSHUKAIOIIUC IIPU 06pa60TI<e AAaHHBIX, MOJYYCHHBIX C HCIIOJIb30BAHUCM
BBICOKOITPOU3BOAUTCIIBHOT'O CCKBECHUPOBAHU.

yMeThb:

- TPUMEHSTH OCHOBHBIC IIPOIPAMMHBIE CpPEACTBA, IPEAHA3HAYCHHbIE I OOpabOTKM JaHHBIX,
MTOJIyYE€HHBIX C UCTIOJIb30BaHUEM BBICOKOIIPOU3BOIUTEIBHOIO CEKBEHHPOBAHHS;

- IIPUMEHATh OCHOBHBIE aJTOPUTMUYECKUE MU AJIS pa3paOOTKH HOBBIX METO/IOB U QJTOPUTMOB IS
00pabOTKM JAHHBIX, TOMyYEHHBIX C UCTIOIB30BAaHUEM BBICOKOIIPOM3BOJUTEIHLHOIO CEKBEHUPOBAHUSI.

BJaJeTh:

- HaBbIKAMH OCBOEHUS 00JpII0T0 00BhEMa HHPOPMALINY;
- KyJIbTYypOH MOCTAaHOBKM W MOJAEIMPOBAHMS BBIYUCIHUTENBHBIX 3a7ad OOpabOTKH OMOIOTHYECKHX
JAHHBIX, IOJIYYEHHBIX C HCITOJIb30BAHUEM TEXHOJIOTHUI BHICOKOIIPOM3BOAUTEIBHOTO CEKBEHUPOBAHUS.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJIIO

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

1. OcHoBHBIE (DH3HUECKHE MPHUHIUIIBI, JIEKAIINE B OCHOBE TEXHOJIOTHUH BBICOKOIIPOU3BOIUTEIHLHOTO

CCKBCHUPOBAHUMA

2. TlokojeHHS TEXHOJOTUM CCKBCHUPOBAHUA. OCHOBHBIE OPpUHOUIIAAJIBHBIC OTINYHA TEXHOJIOTHI1
CCKBCHHUPOBAHUA BTOPOTO IMOKOJICHHUS OT IIEPBOTO.




3. OcHoBHble OMMOKM B JaHHBIX, BO3HUKAIOIIUE IPH MCHOIb30BAHUU PA3IMYHBIX IUIaT(GopM
BBICKOIIPOU3BOUTEIBHOIO CEKBEHHPOBAHHUS

AnropuTtmbl cOopku de NnOVO TEHOMHBIX MOCIIEA0BATSILHOCTEH.

OCOOCHHOCTH TeHOMHBIX TIOCIIECIOBATEILHOCTEH, MPUBOSIIUE K TPYIHOCTIM Iipu cOopke de novo.
OrieHKa KayecTBa TEHOMHBIX COOPOK

OcobeHHOCTH COOPKHM TPaHCKPUTITOMOB de novo.

® N R

OneHka KauecTBa TPAHCKPUIITOMHON COOPKH.

9. OcHOBHBIE METO/bI, HCIIONB3YIOIIUECS IPU AaHHOTALUY T€HOMHBIX [10CJICA0BAaTEIbHOCTEH.
10. Ouenka KauecTBa aHHOTALUH.

11. KaprupoBanue urenuii Ha pedepHcHblil renoM. [Ipeobpazosanue bappoysa-Yunepa.

12. SNP calling.

13. Ocobennoctu JCTCKIIMN COMATUYCCKHUX MYTaL[I/Iﬁ Ha OCHOBC HOAHHBIX BBICKOIIPOWU3BOAUTCIBHOIO
CCKBCHHUPOBAaHUA.

14. Iuzaitn RNA-seq skcriepumenTa.

15. OcHoBHBIE CLIOCOOBI HOPMATU3ALUU SKCIIPECCUOHHBIX JaHHBIX.
16. AHanu3 mud. SKCIpeccuu.

17. TaprentHoe cexBenupoBanus 16s PHK B meTarenomuxe.

18. IlomHOMETareHOMHOE CEKBEHHPOBAHKE

19. TakcoHOMUYECKHI aHAIN3 U aHATTU3 OMOPa3HOOOpa3HsI.

20. De novo cOopka M aHHOTaUUS HAaHHBIX, IOJIYYEHHBIX B PpE3ylbTaTe IOJHOMETareHOMHOIO
CEKBEHHMPOBaHU

21. Ju3zaitn ChIP — seq sxcriepuMeHTa.

22. OCHOBHBIE 3JIEMEHTHl BBIUMCIIUTEIILHOTO KOHBEWEPa, UCHOIB3YIOLIETrocs sl 00padOTKM AaHHBIX,
nony4yeHHbIX B pesyasrare ChlIP-seq skcriepumMenTa.

Bo Bpemst 3aHATHII MOTYT IPOXOANUTH MHTEPAKTUBHBIE OOCYKAEHUS B yaTax Kypca, 4To OyJeT sSBIAThCS
JOMallHUM 33JaHueM. BO3MOXXKHO BBINOJHEHHE MAaTEHTHOTO IOHWCKA B KA4ECTBE CaMOCTOSITEIBHON
3a1auy. YCIEIIHOE BBINOJHEHUE BCEX 3aJlaHUM 10 KypCy U BBIIOJIHEHUE KOHTPOJIBHBIX CPE30B 3HAHUM
JlaeT IPEUMYIIECTBO Ha SK3aMeHe U T PepeHIIMPOBAHHOM 3aueTe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JISI IPOBEAEHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

1. OcHoBHBIE (DU3HUECKUE MPHUHIUIIBI, JIEKAIINE B OCHOBE TEXHOJIOTUH BBICOKOIIPOU3BOIUTEIHLHOTO
CEKBECHHUPOBaHUSA

2. TlokojeHHS TEXHOJOTUM CCKBCHUPOBAHMUA. OCHOBHBIE OPUHOWUIIAAJIBHBIC OTINYHA TEXHOJIOTHI1
CCKBCHUPOBAHUA BTOPOTO IMOKOJICHHUS OT IIEPBOTO.

3. OCHOBHBIE OIIMOKH B AaHHBIX, BO3HHUKAIOMIUEC IIPpHU HCIOJb30BAHUN PAa3JIMYHBIX IIJIATBOPM
BBICKOITPOU3BOAUTCIIBHOTO CCKBCHUPOBAHU

AnropuTtmbl cOopku de NOVO TEHOMHBIX MOCIIEA0BATSILHOCTEH.

OCOOCHHOCTH TeHOMHBIX TOCIICIOBATEILHOCTEH, MPUBOSIIUE K TPYIHOCTIM Ipu cOopke de novo.
OrieHKa KayecTBa TEHOMHBIX COOpPOK

OcobeHHOCTH COOPKHU TPaHCKPUTITOMOB de novo.

® N R

Onenka KauecTBa TPAHCKPUIITOMHON COOPKH.

9. OcHOBHBIE METO[bI, HCIIONB3YIOIIUECS IPU AaHHOTALWN T€HOMHBIX [T0CJICA0BAaTEIbHOCTEH.
10. Ouenka KauecTBa aHHOTALUH.

11. KaprupoBanue urenuii Ha pedepHcHblil reHoM. [Ipeobpazosanue bappoysa-Yunepa.

12. SNP calling.

13. Ocobennoctu JCTCKIIMN COMATUYCCKHUX MYTaL[I/Iﬁ Ha OCHOBC HOAHHBIX BBICKOIIPOW3BOAUTCIBHOIO
CCKBCHHUPOBAaHUA.

14. Iuzaitn RNA-seq skcriepumenTa.

15. OcHoBHBIE CLIOCOOBI HOPMATU3ALNUU SKCIIPECCUOHHBIX JaHHBIX.
16. Ananu3 mud. SKCIpeccuu.

17. TaprentHoe cexBenupoBanus 16s PHK B meTarenomuxe.

18. IlomHOMETareHOMHOE CEKBEHHPOBAHUE



19. TakcoHOMUYECKHI aHAIN3 U aHATTN3 OMOPa3HOOOpa3HsI.

20. De novo cOopka M aHHOTaUUS MAaHHBIX, IOJYYEHHBIX B PpE3y/lbTaTe IOJHOMETareHOMHOIO
CEKBCHUPOBAHUS

21. Ju3zaitn ChIP — seq sxcriepuMeHTa.

22. OCHOBHBIE JIEMEHTHI BBIYMCIUTEIHLHOTO KOHBEHEpa, UCIIONB3YIOMIErocs st 00pabOTKU JaHHBIX,
nony4yeHHbIX B pesyasrare ChIP-seq skcriepumMenTa.

[Mpumeps! OUIETOB:

bunerNe 1

[MomHOMETareHOMHOE CEKBEHUPOBAHHE
buner No2

Onenka KauecTBa aHHOTAIUH.

buner Ne3

SNP calling

buner N4

Huzaita ChIP — seq skcniepumMeHTa
buner Neo5

OrneHka KauecTBa TeHOMHBIX COOpPOK
buner Ne6

XapaKkTeprucTUKA OCHOBHBIX MIaT(HOpPM BHICOKOTIPOU3BOAUTEIBHOTO CEKBEHUPOBAHMS.

Kpurepun onennBanus
Onenka ommyao (10 OamnoB) - BBICTABIISIETCSI CTYACHTY, I[TOKa3aBIIEMy BCECTOPOHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW NPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Onenka omm4yHo (9 0amwioB) - BBICTAaBISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.
Onenka omm4yHO (8 OamwioB) -  BBICTABISIETCSl  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HA MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIBHOE 00OCHOBAHHE MPUHATBHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopouio (7 6ayuIoB) - BBICTaBIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[0 CYIIECTBY M3JIaraeT e€ro, yMeeT NPHUMEHSTH MOJy4YECHHBIC 3HAHHWS Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYYCHHBIEC PE3YIIBTATHI.
Onenka xopoio (6 6ayuIoB) - BHICTABISIETCS CTYACHTY, €CIIH OH TBEPJIO 3HAET MaTephall, TPAMOTHO H
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa NPAKTHUKE, HO JIOIYCKaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka xopomo (5 0aiIoB) - BBICTAaBISIETCS CTYIACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHITh IOJyYeHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbILIOE KOJTUYECTBO HETOYHOCTEH.
OneHka ymoOBIETBOPUTENBHO (4 Oama) - BBICTABISETCS CTYACHTY, NOKa3aBlleMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCTIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Jielibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4yeHus, U
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
Onenka ymoBieTBOpUTENbHO (3 Oama) - BBICTABISETCS CTYACHTY, MOKa3aBlleMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHUH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbHOCTH B H3JIOKEHHHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3JesiaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUIS JaJIbHEHIIEro o0y4eHus U
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEeYIOBIETBOPUTEILHO (2 6ajuia) - BEICTABISIETCS CTYIEHTY, KOTOPBIN HE 3HAeT OoiblIeii yacTu
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MIPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.



Ouenka HeynoBieTBopuTenbHO (1 Gayur) - BBICTABIAETCS CTYAEHTY, KOTOPBI HE 3HA€T OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX MPAKTUYECKHX
3a/1ad.

5. MeTonuueckune MaTepuasbl, Onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu mpoBenennu yctHoro nuddepeHunpoBaHHOTO 3a4deTa o0ydaromemycs npegocrasisercsa 30 MUHYT
Ha noArotoBKy. Omnpoc o0yyaromierocs 1o OMIeTy Ha YCTHOM 9K3aMEHE He JOJDKEH IPEBBIIIATh OJJHOTO
aACTPOHOMMYECKOTO Yaca.



