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)

o AMCHUIIJIMHE: Anamm3 AAaHHBIX BBICOKOIIPOU3BOAUTCIIBHOTO CCKBCHUPOBAHUS
0 HANIPaBJICHUIO: buorexnonorus
IIpO(l)](lJIb MnoATrOTOBKMU: bromeaunuHckre TEXHOIOr N

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-1.5 CnocobeH co3nmaBarh NpOrpaMMHBIE CPEACTBA M
0a3pl JAHHBIX, HCIOJb3yeMble B OWOWHXKCHEPHUH W
OnomH(pOpMaTHKe

IK-1.3 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAHUA H3y4aeMBIX
SIBIICHUI W MPOLIECCOB, OIICHUBATh KAUeCTBO pa3paboTaHHON
MOJENN

I1K-1 Cnocob6en craButh, popmannzoBsiBath 1 |[1K-1.2 CmocobeH HCHONB30BaTh — CIIEIUATU3NPOBAHHEIC
pelars 3a/a4y, B TOM YUCIIE pa3padaTbiBaTh U |3HaHUS (yHAAMEHTAIbHBIX Pa3Ae/ioOB MaTeMaTHKH, (pU3HKH,

HCCIICIOBAaTh MAaTEMAaTHUCCKHE MOICIIH XUMUU ¥ OWonormm Il TIOCTAaHOBKH M pPEUICHUS
U3y4YaeMbIX SABJICHUN U MPOLIECCOB, CACTEMHO  |HAYYHO-HCCIIEOBATEILCKUX 3a7a4 B obacTu
aHAIM3UPOBATh HAYYHbIC TPOOJIEMBI, OMYYaTh |OHMOUHXKEHEPUHU M OMOUH(POPMATHKU

HOBBIC HayIHBIC PC3YIIbTaThI [IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH

nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TemaTHdeckoi o0macTu cBoed mnpodeccruoHaTbHON
NEeSTENbHOCTH

[IK-1.4 CrnocobeH NpUMEHATh TeopeTHueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

[IK-3.1 Ilonumaer npuHOUNBI pPabOThl HCHOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TIPOTPaMM)

IMK-3.3 CnocobeH oIleHHBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB




11IR-5 LHHOCOOCH LHIPOWPECCCUOHAJIbHO PdOOT1dlb €
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBaHueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3UPOBAaHHBIMH TTAKETaMH PUKIIAHBIX

IMK-3.5 CnocobeH npuUMEHSITh METObl OMOWMHXKECHEPUH U
OnovH(OpPMAaTUKKA I TONYYCHHS]  OMOJOTUYECKUX
00BEKTOB C IeJICHANPABICHHO N3MEHEHHBIMH CBOMCTBAMHU

IK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

porpamMmm) B U30paHHON TpeMETHON 00JIaCTH

[1K-3.4 CrocobeH caMOCTOSTENbHO HAXOIUTh U OCBAaWBaTh
HOBbIe HMH(MOpPMAIMOHHBIE M TPOTPAMMHBIC PECYpChl B
obnacti OMOWHXeHepHur U OnonH(OpPMaTHKN

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)

B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HaTh:
- OCHOBHBIC (DM3MYECKHE TPUHIUIILI, JEKAINUE B OCHOBE TEXHOJOTUW BBICOKOTIPOU3BOIUTEIHHOTO
CEKBEHHPOBAHMUS;
- OCHOBHBIE AJITOPUTMBI U CTPYKTYPHI NaHHBIX, NMPUMEHsEeMbie Tpu cOOpke de Novo TeHOMOB H
TPAHCKPUIITOMOB, CTPYKTYPHON aHHOTALlMK T€HOMHBIX ITOCIIEI0BAaTeIbHOCTEHN, KAPTUPOBAHNUHU YTEHUH;
- CTAaTUCTUYECKUE METOJbI, MPUMEHSIIONIMECS MpPU aHaIU3€ AAHHBIX, TOJYYEHHBIX C IOMOIIbIO
BBICOKOIIPOM3BOAUTEIFHOTO CEKBEHUPOBAHUS;
- BBIYMCIUTENBHBIC 3a7a49, BOSHUKAIONINE NIPpU 00pabOTKe MaHHBIX, OTYYEHHBIX C UCIOJIB30BAHUEM
BBICOKOITPOU3BOAUTEIHFHOTO CEKBEHUPOBAHUSI.

YMETh:
- TPUMEHITh OCHOBHBIE MPOTPaAaMMHBIE CpEACTBA, MpeAHA3HAYCHHBbIC JUIsi OO0paOOTKW JaHHBIX,
MOJIYYEHHBIX C UCTOJIb30BAHUEM BBICOKOIIPOU3BOAUTEIHHOTO CEKBEHUPOBAHUSI;
- IPUMEHATh OCHOBHBIC AJITOPUTMUYECKHE UICH JUI Pa3paOOTKH HOBBIX METONIOB M ajJTOPUTMOB IS
00pabOTKN JaHHBIX, MTOIYYCHHBIX C UCTIOIh30BAaHUEM BBICOKOIIPOU3BOIUTEIIEHOTO CEKBEHUPOBAHMS.

BJIAJICTh:
- HaBBIKAMH OCBOEHUS OOJBIIOTO 00BEMa MHPOPMAITIH;
- KyJIbTYpOH IOCTAaHOBKH M MOJEITUPOBAHUS BBIYMCIUTEIBHBIX 33734 OOpaOOTKH OMOJIOTHYECKUX
JAHHBIX, MIOJYYEHHBIX C HCMOJIb30BAHUEM TEXHOJIOTUN BHICOKOIPOU3BOUTEILHOIO CEKBEHUPOBAHUSL.

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

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 TexHOJOrnu BBICOKOIPON3BOJUTEIBHOTO 1
CEKBEHUPOBAHHUS
) OcHOBBI pabOTHl C KOMaHIHOH CTPOKOH 1 1
Linux
3 ITpenobpaboTka pEe3yabTaToB 4 )
CEKBEHUPOBAHHUS
4 de novo  cOopka  TEHOMOB | 4 )
TPAHCKPUIITOMOB
5 AHHOTaIUA § T€HOMHBIX 4 )
MOCJIEI0BATEIbHOCTEH
6 PecexBennpoBanne 4 2
7 RNA-seq 4 2
8 MerareHomuka 4 2
9 ChIP-seq 4 2




Wtoro wacos

30

15

HO,I[FOTOBKa K 3K3aMCHY

0 gac.

OO01mas TpynoEMKOCTh

45 ygac., 1 3au.ex.

4.2. CopaepxaHue TUCHUILTUHBI (MOYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. TexHonornu BBICOKOTIPOU3BOAUTCIIBHOT'O CCKBECHUPOBAHUA

®uznyecknue MNPUHLIUNBI M TEXHOJOTHYECKHE PEIICHHs, HCIONB3YIOIUEcs B TEXHOJOTHAX
BBICOKOIIPOU3BOJIUTENLHOTO CEKBEHUPOBaHMUS. XapaxkTepuCTUKU OCHOBHBIX  IUIarhopm
BBICOKOITPONU3BOAUTEIBEHOTO CEKBEHUPOBAHUS.

2. OcHOBBI paboTHI ¢ KOMaHIHOM CTpOoKOH 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

OcHOBHEBIE THIIbI OI_HI/I6OK, CBONCTBEHHBIC TEXHOJIOTHUAM BBICOKOIIPOU3BOAUTECIIBHOT'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 TIOCTIEIOBATEILHOCTEH, 3aTPyAHSIOMUX cOopKy. OrieHKa KadecTBa COOPKH.
[TpakTHyeckue acrekThl OOJIBIINX TeHOMHBIX MPOEKTOB. OCOOEHHOCTH COOPKU TPAHCKPUNTOMOB de
novo.

5. AHHOTAIMSI TEHOMHBIX ITOCJIEA0BATEIbHOCTEH

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

6. PecexBenupoBaHue

KaptupoBanue urenuii Ha pedepeHcHbli reHoMm. [IpeoOpazoBanue bappoyza-Yunepa s
KapTupoBaHus punoB npu cekBeHupoanuu JJHK. Onenka kauectBa xaptupoBanus. SNP calling.
Oco0eHHOCTH, BO3HUKAIOLINE TPH JETEKIUH COMAaTHUECKUX MyTalui.

7. RNA-seq

OCOOCHHOCTH KapTHpOBaHWs UYTEHWH, TONYy4YeHHBIX B pe3ynbrare RNA-seq skcriepuMeHTa Ha
pedepeHcHbI reHoM. MeTobl HopMalln3alui U aHAJIN3 SKCIPECCUH TEHOB.

8. MeTtareHOMHUKa

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

9. ChIP-seq



Bzaumoneiicteue JIHK u OGenka. Metombr mist usydenus JIHK-OenxoBoro B3ammojeiicTBus,
MIPUMEHSIOIIMECS 10 MOSIBIICHHSI BHICKOTIPOU3BOANUTENBLHOTO cekBeHupoBanus. ChIP — seq mpoToko.
OcHogHbie MeTob! aHanm3a ChIP-seq maHHBIX.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

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

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
ITpenocrasmnsiercs Ha kadenpe:
1. Phillip Compeau, Pavel Pevzner, Bioinformatics Algorithms: An Active Learning Approach 2014
Book
2. Xinkun Wang Next-Generation Sequencing Data Analysis 2016 Book
3. Ton Mandoiu, Alexander Zelikovsky. Computational Methods for Next Generation Sequencing Data
Analysis 2016 Book

JomnonHurensHas aureparypa

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

7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

Hayuno-6ubnuorpaduueckre u naTeHTHIC 0a3bl JaHHBIX B 00J1aCTH (PU3UKO-XUMHUYECKON OHOIOTHH,
JoCTyTHBIE 1o ceTh MHTepHeT B OecrarHoM pexkume - Science Citation Index (Web of Science),
Medline (PubMed), Hayunas snexrponnas oubnmuorexa (HOb), Poccuiickas matentrast b/ ®I'Y
OUIIC u amepuxanckas narentHas bl USPAFULL; anexTpoHHBIE agpeca KPYMHBIX HAyIHBIX
U3aTeNbCTB, NPEAOCTABIISIOUINX JOCTYI K TIOJIHBIM TEKCTaM TEKYIIUX U apXUBHBIM BBITYCKaM 3THX
KYPHAJIOB.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NporpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Hoctyn B UnTepHet, UNIX cepBep ¢ OTAEIbHBIM aKKayHTOM JUIsl KayKJIOTO CTyAeHTa. /[ yacTu
3aHATUi notpedyercs Zoom. Google Drive anst moctyna k matepuanam Kypca. [IpuBercTByercs
HaJIN4Ue BO BpeMs 3aHATHUH cMapT(OHOB/HOYTOYKOB ISl Y4aCTHs B MHTEPAKTUBHBIX YIIPAKHEHUSX.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, W3ydYarolmMi JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3YIbTAaTe U3YyUYCHUA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIPCACICHUSA AUCHUIIINHBI,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI pPCHICHUS pa3JIMYHbIX 3a4a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENILHOM Pa0OTHI CTYJICHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOM JINTEPaTyphl;



— TpopaboTKy y4eOHOro MaTepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOATENBHOTO U3yUEHUS;

— peUICHUC 3a1a4, npcajraraCMbiX CTyACHTAM Ha 3aHATUAX,
— INOATOTOBKY K BBIITIOJIHCHUIO 3a,[[aHPII7[ TeKyu[efI n HpOMe)KyTO‘lHOﬁ aTTCCTalum.

[loka3zarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLIAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOINPOCOB, ClexyeT oOpamarbcs 3a KOHCYIBTALMSMU K
MIpenoAaBaTesio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEeMAaTHUKOU 3aHATHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPaBJIEHHIO: buorexnonorus
npo¢ujib NOATOTOBKH: buomMeaunuHCKUE TEXHOIOTUN
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadenpa OMOMH(POPMATHKYN U CUCTEMHOUW OMOJIOTHH
Kypc: 1
KBaJU(PUKAHA: 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 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CACTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[MK-1.5 CnocobeH co3naBarh MpOrpaMMHBIE CpPEACTBA W

0a3pl JAHHBIX, HWCHOJb3yeMble B OHWOMHXCHEPHH H
OroMH(pOpMAaTHKE

[IK-1.3 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCAaHMA H3ydaeMbIX

SIBIICHUW W TPOIIECCOB, OLIEHWBATh Ka4eCTBO pa3pabOTaHHOM
MOZEIIN

[IK-1.2 CnocobeH HWCHONB30BaTh CHEIHATH3UPOBAHHEIC
3HaHHA (YHIAMECHTAIBHBIX Pa3esioB MaTeMaTUKH, (hU3UKH,
XUMHUM ¥ OHOJNIOTMM JJIs1 TOCTAaHOBKM W  pEIICHHS
HayYHO-HCCIIEI0BATEILCKIX 3ajaq B obnactu
OMOMHXXEHEPUHU B OMOUH(POPMATHKU

[MK-1.1 CnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.4 CrnocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN

IMK-3 Cniocoben npodeccnonaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
o0opynoBaHueM (MprubOpamMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TTAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl
[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIONB3YEMOTO

000opynoBaHUs (cienmanu3upOBaHHBIX
MIPUKJIAJAHBIX TPOTPAMM)

IIaKCTOB

[IK-3.3 CnocoOeH oOneHMBaTH TOYHOCTh IOJyYEHHBIX
AKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaToOB

IMK-3.5 CnocobeH npuUMEHSTh METObl OMOMHXKECHEPUH U
OnovH(OpPMAaTUKKA I TONYYCHHS]  OMOJOTHYECKUX
00BEKTOB C IeJICHANPABICHHO N3MEHEHHBIMH CBOMCTBAMHU

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

[1K-3.4 CrnocobeH caMOCTOSTENIbHO HAXOIUTh U OCBAaWBaTh
HOBbIe HMH(MOpPMAIMOHHBIE M TPOTPAMMHBIC PECYpChl B
obnacti OMOWHXeHepHur 1 OnonH(OpMaTHKN

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pe3yIbTare U3Yy4YCHHUA AUCHUIIIAHBI «AHanu3 JAAaHHBIX BBICOKOIIPOU3BOAUTCIIBHOTO CCKBCHHUPOBAHUI)

00yJaromuiics JOKeH:

3HATb:

- OCHOBHBIC Q)HSI/I‘ICCKI/IE IIPUHIMUIIBI, JICKAIIUE B OCHOBC TEXHOJIOTHI BBICOKOIIPOU3BOAUTEIIBHOT'O

CCKBCHUPOBAHUS;

- OCHOBHBIC QJITOPUTMBI M CTPYKTYpHl IaHHBIX, NpPHUMEHsAEMbIe Ipu cOopke de novo reHOMOB H
TPAaHCKPUIITOMOB, CTPYKTYPHON aHHOTALlMW T€HOMHBIX MOCIIEN0BATENBHOCTEN, KAPTUPOBAHNUHN YTECHU;

- CTAaTUCTHYCCKHE MCTOIbI,

IMPUMCHAIOINUECA IIpU aHAJIM3€ [JaHHBbIX, IIOJYYCHHBIX C IIOMOIIbBIO

BBICOKOIIPOU3BOAUTCIILHOTI'O CCKBCHUPOBAHUS
- BBIYUCJIHUTCIIbHBIC 3aJa4U, BOSHUKAIOIINUE TIPpU o6pa60TKe AaHHBIX, MMOJTYYCHHBIX C HUCIIOJIb30BAHHUECM
BBICOKOIIPOU3BOAUTCIIBHOI'O CCKBCHUPOBAHU.

yMeTh:

- HNPUMCHATHL OCHOBHBIC IIPOrpaMMHBIC CpPCACTBA, IPCAHA3ZHAYCHHBIC JIA O6pa6OTKI/I JaHHBbIX,
INOJIYYCHHBIX C UCIIOJIb30BAHUEM BBICOKOIIPOU3BOAUTEIIBHOIO CCKBCHUPOBAHUAA,

- IPUMCHATb OCHOBHBIC AJITOPUTMHUYCCKUC UJACHU JIA pa3pa60TKH HOBBIX MCTOAOB U AJITOPUTMOB JIA
06pa6OTKI/I JaHHBIX, ITOJYYECHHBIX C UCIIOJIb30BAHUEM BbBICOKOIIPOU3BOAUTCIIBHOTO CCKBEHUPOBAHUA.

BJA€Th:




- HaBBIKAMH OCBOEHUS 00IBIIOT0 00BhEMa HHPOPMAITNY;
- KyJIbTypOH TOCTAQaHOBKM W MOJAEIHPOBAHMS BBIYUCIUTEIBHBIX 33/a4 OOpaOOTKH OMOJIOTHYECKHX
JaHHBIX, IOJIyYCHHBIX C HCIOJIb30BAHUEM TEXHOJIOTHI BBICOKOIIPOU3BOIUTEIILHOTO CEKBEHHPOBAHMUSL.

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

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

1. OcHOBHEIE (I)I/IBI/IIIGCKI/IC HOPUHIHIIBI, JIC)KAIIUC B OCHOBC TEXHOJIOTHI1 BBICOKOIIPOU3BOAUTCIIBHOT'O
CCKBCHHUPOBAaHUA

2. TlokoneHHS TEXHOJOTHM CCKBCHUPOBAHUA. OCHOBHBIE NPUHOUIINAIBHBIC OTINYUA TEXHOJIOTUI
CCKBCHUPOBAHUA BTOPOTO ITOKOJICHUA OT IICPBOTO.

3. OCHOBHBIC OIIMOKU B JAaHHBIX, BO3HUKAIOIMUC MPHU HCIHOJb30BAHUU PA3JINIHBIX HJ'IaT(i)OpM
BBICKOITPOU3BOJUTCIIBHOI'O CEKBCHUPOBAHUA

Anroput™bl cO0opkr de NOVO TeHOMHBIX MOCIIEI0BATEIBHOCTEMH.

OcCo0EHHOCTH TeHOMHBIX TIOCIIeIOBATEILHOCTEH, MPUBOSIIUE K TPYIHOCTSM Ipu cOopke de novo.
OneHka KayecTBa FTeHOMHBIX COOPOK

OcobeHHOCTH COOPKHU TpaHCKPUTITOMOB de novo.

NS .

OueHka KauecTBa TPAHCKPUIITOMHON COOPKH.

9. OCHOBHBIE METO/IbI, HCHONB3YIOIINECS IPU AHHOTAIIMU TeHOMHBIX [TOCIIeI0BATEIbHOCTEA.
10. OweHka kayecTBa aHHOTALIUH.

11. KaprupoBanue urenuit Ha pedepHcHbIi reHoM. [Ipeobpazosanue bappoysa-Yunepa.

12. SNP calling.

13. OcoOeHHOCTH JIETEKIIMH COMAaTUYCCKUX MYTAlMil HAa OCHOBE JAaHHBIX BBICKOIIPOW3BOIUTEIHLHOTO
CEKBECHUPOBAHUS.

14. JIn3aitn RNA-seq skcriepumeHTa.

15. OcHoBHBIE cITOCOOBI HOPMAIH3ALMH SKCIIPECCUOHHBIX JaHHBIX.
16. Ananus nud. sSKCIpeccuu.

17. TaprentHoe cexBeHnpoBanus 16s PHK B Merarenomuke.

18. IlomHOMETareHOMHO€E CEKBEHUPOBAaHNE

19. TakcoHOMHUYECKHIA aHATTU3 U aHAIU3 OMOPa3HOOOpasHsl.

20. De novo c6opKa U aHHOTAlUA [JAaHHbIX, IOJYYCHHBIX B PC3YyJbTaTC INNOJHOMCETAICHOMHOTO
CCKBCHUPOBAaHUA

21. JIuzaiin ChIP — seq skcriepiuMeHTa.

22. OCHOBHBIE DJIEMEHTHI BBIUMCIUTEILHOTO KOHBEWEpa, NCIOIb3YIOMIErocs isi 00padOTKH JaHHBIX,
nmoirydeHHbIX B pesyisrate ChlP-seq sxcnepumMenra.

Bo Bpemst 3aHATHII MOTYT IPOXOANTH HHTEPAKTHBHBIE OOCYKACHUS B yaTax Kypca, 4To OyJeT sSBIATHCS
JOMAIIHUM 3aJaHieM. BO3MOXXHO BBINOJHEHHE MATEHTHOTO IOMCKa B KAaueCTBE CaMOCTOSITEIBHON
3a7a4d. YCHEIIHOe BIOJHEHUE BCEX 3a/IaHUi 110 KypCy U BBIITOJHEHHE KOHTPOJIBHBIX CPE30B 3HAHUIM
JlaeT MPEUMYIIECTBO Ha dK3aMeHe B U PepeHIIMPOBAHHOM 3aueTe.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

1. OcHOBHEIE (I)I/IBI/IIIGCKI/IC HOPUHIHIIBI, JIC)KAIIUC B OCHOBC TEXHOJIOTHI BBICOKOIIPOU3BOAUTCIIBHOT'O
CCKBCHHUPOBAaHUA

2. TlokoneHHS TEXHOJOTHMA CCKBCHUPOBAHUA. OCHOBHBIE NPUHOUIINAIBHBIC OTINYIUA TEXHOJIOTUI
CCKBCHUPOBAHUA BTOPOTO ITOKOJICHUA OT IICPBOTO.

3. OcCHOBHEBIE OIIMOKU B JAaHHBIX, BO3HUKAIOMMUC IHPU HUCIIOJB30BAHWU PA3JIMYHBIX ILIATBOPM
BBICKOITPOU3BOAUTCIIBHOTI'O CEKBCHUPOBAHUA

4. Anroputmbl cOOpPKH de novo TeHOMHBIX TIOCTIeIOBATEILHOCTEH.

5. OcobeHHOCTH TEHOMHBIX MOCIIE0BaTeILHOCTEH, MPUBOASAIINE K TPYAHOCTSIM MpH cOopke de novo.
6. OrleHKa KauecTBa TeHOMHBIX COOPOK

7. OcobeHHOCTH COOPKH TPAHCKPUNITOMOB de Novo.



8. OrueHka KayecTBa TPAHCKPUIITOMHOM COOPKH.

9. OcHOBHBIE METO/bI, UCIIOJIb3YIOIIUECS IIPU AHHOTALMU T€HOMHBIX [10CJIEA0BATEIbHOCTEH.
10. OweHka kayecTBa aHHOTALUH.

11. KaprupoBanue urenuit Ha pedepHcHbIi reHoM. [Ipeobpazosanue bappoysa-Yunepa.

12. SNP calling.

13. OcoOeHHOCTH IETeKIHMU COMAaTH4YEeCKUX MyTalMii Ha OCHOBE JAHHBIX BBICKOIIPOM3BOAUTEIHLHOTO
CEKBEHUPOBAHHUA.

14. In3aitn RNA-seq skcriepumeHTa.

15. OcHoBHBIE cITOCOOBI HOPMAIH3ALMH SKCIIPECCUOHHBIX JTaHHBIX.

16. Ananus nud. sKCIpeccuu.

17. TaprentHoe cexBeHnpoBanus 16s PHK B MeTarenomuke.

18. IlomHOMETareHOMHO€E CEKBEHUPOBaHNE

19. TakcoHOMHUYECKHIA aHATTU3 U aHAIU3 OMOPa3HOOOpasHsl.

20. De novo cOopka W aHHOTaUMsA JAAaHHBIX, TOIYYEHHBIX B pE3yJbTaTe IOJIHOMETar€HOMHOTO
CEKBEHUPOBaHUS

21. JIuzaiin ChIP — seq skcrieprMeHTa.

22. OCHOBHBIE JIEMEHTHI BBIYUCINTEIHHOTO KOHBEHEpa, UCTIONb3YIOMIErocs Uil 00pabOTKH TaHHBIX,
nony4yeHHbIX B pesyasrare ChIP-seq skcriepumenTa.

[Tpumeps! OuIETOB:

bunerNe 1

[TotHOMETareHOMHOE CEKBEHHPOBAHNE

buter Ne2

Onenka KauecTBa aHHOTALIUH.

Bbuer Ne3

SNP calling

buner Ne4

Huzaita ChlIP — seq skcniepumMeHTa

Buer Ne5

Onenka KauecTBa TEHOMHBIX COOPOK

buner Ne6

XapaKTepuCTUKHA OCHOBHBIX MJIaT(HOPM BHICOKOIIPOU3BOAUTEIBHOTO CEKBEHUPOBAHHS.

Kpurepuu onieHuBanus
Onenka ommyao (10 OamnoB) - BBICTABIISIETCSI  CTY[ACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JTaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka ommyHo (9 OamioB) -  BBICTAaBISIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSATh UX Ha MPAKTHKE PU PEIIeHHH KOHKPETHBIX 3a7a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
HPUHATHIX PELICHAMN.
Onenka omm4yHO (8 0amwuioB) -  BBICTABISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, IIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.
Ouenka xopouio (7 6ayIoB) - BBICTABISETCS CTYICHTY, €CIM OH TBEPJO 3HAET MaTepHaj, TPaMOTHO M
[0 CYIIECTBY H3J1araeT ero, yMeeT NPUMEHSTH MOJy4YCHHbIC 3HAHMS HA MPAKTHKE, HO HEAOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomuro (6 6ayuIoB) - BBICTABIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHATh IOJyYCHHBbIC 3HAHMS HA MPAKTHKE, HO JOMYCKAeT B
OTBETE WJIH B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.
Onenka xopomio (5 0aiIoB) - BBICTABISETCS CTYJCHTY, €CIM OH B OCHOBHOM 3HAaeT MaTepuall,
TPAaMOTHO ¥ IO CYIIECTBY HM3JIaraeT €ro, yMeeT NMPHMEHATH IOJyYeHHbIC 3HAHWS Ha IpPaKTHKE, HO
JOIyCKaeT B OTBETE WM B PEIICHUH 3a/1a4 IOCTaTOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.



OrneHka yIOBIETBOPUTENHHO (4 Oamna) - BBICTABISICTCSl CTYJACHTY, MOKa3aBileMy (parMEeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapyULIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUN TPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Omnenka ymoBieTBOpUTENbHO (3 Oamna) - BBICTABISIETCSl CTYJACHTY, MOKa3aBileMy (parMEeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWM, JOMycKaloulemy omHOKH B (QopMyaupoBKax 0a30BbIX MOHATHH,
HapyLIEHUs] JIOTHYECKOM IOCIEe0OBAaTEIbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3lielaMu y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYalHH.

OueHka HEy10BIETBOPHUTENBHO (2 Oaa) - BEICTABISAETCS CTYJACHTY, KOTOPBII He 3HaeT OoJbIIeH YacTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYCHHBIE 3HAHHS NPH PEIICHUN
THUIIOBBIX 33/1a4.

Onenka HeynosieTBopuTesnbHO (1 Oamt) - BBICTABISIETCS CTYACHTY, KOTOPBIM HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BbIX TOHSATHH AUCLUIUIMHBI W BOOOIIE HE MMEET HABBIKOB PEIICHUS THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu mpoBenennu yctHoro auddepeHupoBaHHOro 3aueTa odyyaromemycs npenocrasiusercs 30 MUHYT
Ha 1oAroToBKy. Onpoc o0ydaromerocs: 1o OMIeTy Ha YCTHOM SK3aMeHE He JTOJDKEH MPEBbIATh OHOTO
aCTPOHOMMUYECKOI'O yaca.



