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

YTBEPKAEHO
JupexTop meHTpa

A.C. MukyJieHKOB

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

o NMCHUILINHE: Mertonas! ananu3a gaHaeix NGS
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npopuiab NOArOTOBKH: ®u3nKa MepcreKTUBHBIX TEXHOIOTHUN: aJbTepHATUBHAS SHEPTeTHKA, HAyYHOE

IporpaMMHpOBaHue U (YHKIHOHAIBHBIE MaTEPUaIbI

OuzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku

kadeapa MHHOBALIMOHHOM (papMalieBTUKH, MEAULIMHCKON TEXHUKH U OMOTEXHOJIOTUHU
Kypc: 1
KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JInddhepeHimpoBaHHbIi 3a4eT
2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

AynutopHbIx yacoB: 90 Bcero, B TOM YHCIIE:
nexuuu: 45 gac.
ceMuHapbl: 45 vac.
naboparopHsbie 3ansaTus: 0 Jac.

CamocrositensHas pabora: 90 gac.

Bcero gacos: 180, Bcero 3au. en.: 4

[Iporpammy cocrasuin: A.B. Menep3aHoB, kaH. MeJl. HayK

IIporpamma o0cyxkIeHa Ha 3acefaHuu Kadeapbl HHHOBAIIMOHHOHN (apManeBTHKH, MEAMIIMHCKON TEXHUKH U
ouorexaonornu 04.06.2021



AHHOTANMA

Kypc cdokycrpoBan Ha 0COOCHHOCTSIX aHAJIM3a JJAHHBIX BHICOKOMPOU3BOAUTEILHOTO cekBeHupoBanus (NGS)
C MCIOJIb30BAaHUEM OCHOBHBIX METOJ0B OMOMH(OPMATUKU B CUCTEMHOM Ononornu. Ha kypce OyayT mogpoOHo
pa3o0paHbl 0COOCHHOCTH IJIaT(OpM CEKBEHHPOBAHUS, UX CHUJILHBIC CTOPOHBI W JIMMUTHPYIOIIHE (aKTOPHI.
Coymareny 1mo3HaKOMSITCS C OCHOBHBIMU JTAHHBIMH PE3YJbTaroB cekBeHupoBaHus NGS u mHCTpymMeHTamu
IUIS aHaJIM3a UX KauecTBa M OLEHKH YCIEIIHOCTH NPOBEAEHHOTO JKcrepuMeHTa. Taxxke OymyT pacKpbITHI
OCHOBHBIC TIOAXO/bI, HCIIOJB3YEMbIC ISl aHaJIM3a PAa3HBIX THIIOB JaHHBIX. Kypc paccuutaH Ha ciymiarene,
3HAKOMBIX C 0230BBIMU MOHATHAMUA OMOMH(OPMATHKH.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

Hare ctynentam QopmupoBaHue 0a30BBIX 3HaHHMN 00 OCOOCHHOCTSX JAHHBIX W CTaTUCTHYECKOTO
aHaJM3a  pe3yJbTaToB, IOJYYaeMBbIX C TOMOUIbIO  IDIATPOPM  BHICOKONIPOU3BOAMTEIHLHOTO
CEKBEHHpOBaHUs. [IpakTHUeckoe OCBOEHHE CTYJICHTAMH METOAOB JUIA aHalInW3a OHONOIMYECKUX
JaHHBIX M KOMITBIOTEPHBIX METOIOB, pa3paOb0TKH METOIOB ISl aHAJIHM3a JaHHBIX U MPHOOPETCHHE UMH
HPaKTUYECKOTO OIbITa

3anayu QUCHUNIHHBI
* (¢opmupoBanue 0a30BBIX 3HAHUN B 00NacTH aHanm3a JaHHbIX NGS;

* o0yueHHE CTYICHTOB NPUHIMIIAM CEKBEHHPOBAaHWUS, WX CHJIbHBIE CTOPOHBI M JIMMUTHPYIOILNE
(axTOpbl, OCHOBHBIM JaHHBIM PE3yJIbTaToB CeKBeHHpOoBaHMA NGS M MHCTpyMEHTaMH IS aHAJIU3a UX
Ka4eCTBa M OLIEHKU YCIIEIIHOCTH MPOBEIEHHOTO dKCIIEPUMEHTA;

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE
KOMMYHHKATHBHbBIC TEXHOJIOTHH, B TOM YHCJIC
HA UHOCTPaHHOM(BIX) sI3bIKe(aX), IS
aKaJIeMUYECKOro U MpoQecCHOHaTBEHOTO
B3aUMOJCUCTBUS

VK-42 Bnageer HaBBEIKAMHU, HCOOXOOUMBIMH IS
HalMCaHus, IMHCHhMEHHOTO TEpeBOfa W PEAaKTHUPOBAHUS
PasIUYHBIX aKaJIeMHYECKHX TeKCToB (pedeparoB, 3cce,
0030poB, cTarei u T.1.)

YK-4.4 CriocoOeH WCMONb30BaTh COBPEMEHHBIE CpEICTBA
WH(POPMALIMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M IPO(eCcCHOHAIEHOTO B3aUMOAEHCTBHS

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEICKUM H UCTIBITATEIIbHBIM
obopynoBaHueM (MprubOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TAKETaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHOIB3YEMOIO

00opynoBaHUs (crierManu3upOBaHHBIX MIAKETOB
MPUKIIAAHBIX TIPOTPaMM)
[K-3.2 Criocoben MIPOBOANTH SKCIIEPUMEHT

(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

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

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOEHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HATb.



- OCHOBHbIC (hM3MYECCKUE IMPHUHIIUIIBI, JIS)KAIIHUE B OCHOBE TEXHOJOTHH BBICOKONPOU3BOAUTEILHOTO
CEKBCHHPOBAHMUS;
- OCHOBHBIC aJTOPUTMBI U CTPYKTYpPbl JaHHBIX, TpUMEHsIeMble Tpu cOopke de novo reHOMOB H
TPAaHCKPUIITOMOB, CTPYKTYPHON aHHOTAIlMX T€HOMHBIX ITOCIIEI0BATEILHOCTEH, KApTUPOBAHWY YTCHUN;
- CTaTUCTHYECKHWE METOMbI, TMPUMCHSIOIIUECS MPH aHalu3e IaHHBIX, MOJYYCHHBIX C IOMOIIBIO
BBICOKOITPOU3BOANTEILHOTO CEKBEHUPOBAHUS;
- BBIYHMCIUTEIbHBIC 3312491, BO3HUKAIOIINE NIPpU 00pabOTKE JaHHBIX, TOJIYYEHHBIX C MCIIOIb30BAHUEM
BBICOKOITPOU3BOAUTEILHOTO CEKBEHUPOBAHUS;
- OCHOBHBIE METOZBI OI[CHKH CTATHCTHYECKOM 3HAYMMOCTH;
- METOJIbI YYeTa MHOXKECTBEHHOCTH CPaBHCHHIA,
- METOJbI META-aHAIIN3A;
- CTaTUCTUYECKUE XaPAKTEPUCTUKH aCCOIIMATUBHBIX TECTOB;
- ROC-ananus;
- METOJIbI OIEHKH HACJIETyeMOCTH U TEHETUIECKUX PUCKOB;
- METOJIBI COKpAIIEHHSI YKclia IIEPEMEHHBIX TP aHaIn3e OOJBIINX MACCHBOB JaHHBIX;
- METOJIbI KJTacCU(PUKAIIIY TaHHBIX;
- OCHOBBI 0aliCOBCKOT'O aHAJM3a JaHHBIX.
YMETh:

- TPUMEHSTH OCHOBHBIC IIPOIPAMMHBIE CpPEACTBA, IPEAHA3HAYCHHbIE I OOpabOTKM JaHHBIX,

MOJTYYEHHBIX C HCIIOJIb30BAHUEM BBICOKOTIPOU3BOAUTEIBHOTO CEKBEHUPOBAHMS;

- IIPUMEHATh OCHOBHBIE aJITOPUTMUYECKUE MU AJIS pa3paOOTKH HOBBIX METOOB U QJTOPUTMOB IS

00pabOTKU JaHHBIX, TOJYYEHHBIX C HCIIOIb30BAHUEM BBICOKOIIPOU3BOAUTEIBHOTO CEKBEHUPOBAHMS,
BJIAJICTh:

- HaBbIKAMH OCBOEHUS 1 00paboTKu 601b10r0 00bEMa HH(pOpMALH;

- KyJIbTypOH HOCTAaHOBKM M MOJAEIMPOBAHMS BBIUYUCIHMTENBHBIX 3a/7ad OOpabOTKH OMOIOTHYECKUX

JAHHBIX, MOJYYEHHBIX C MCIIOJIb30BAHUEM TE€XHOJOTHH BBICOKONPOU3BOAUTEILHOIO CEKBEHUPOBAHUS H

MEIUKO-OMIOTMYECKUX 3KCIEPUMEHTOB.

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

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

TpynoeMKOCTb 110 BUaM Y4eOHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 Crpykrypa OHONOTMYECKHMX HaHHBIX U 3 3 15
OIMCaTeNbHbIE CTATUCTUKU
2 AHanu3 CONpsHKEHHOCTH MTPU3HAKOB 4 4 15
3 MHoromepHbIe METOIbl CTATUCTUYECKOTO 4 4 15
aHaJM3a
4 BbaiiecoBckas cTaTucTuka 4 4 15
5 TexHOIOTHN BBICOKONIPOU3BOAUTEIEHOTO 4 4 4
CEKBEHHPOBAHUS
6 OcHOBBI pabOThl ¢ KOMaHIHOW CTPOKOU 3 3 3
Linux
7 [Ipeno6paboTka Pe3yNIbTaToB 3 3 3
CEKBEHHUPOBAHUS
3 de novo  cOopka  TEHOMOB U 4 4 4
TPaHCKPUIITOMOB
9 AHHOTaIUA } TeHOMHBIX 3 3 3
MOCJIEI0BaTEIbHOCTEH
10 |PecexBenmpoBanue 4 4 4
11 RNA-seq 3 3 3




12 |Merarenomuka 3 3 3
13 |ChIP-seq 3 3 3
Uroro wacos 45 45 90
[loaroroska k sK3amMeHy 0 gac.

OO01mas TpynoEMKOCTh 180 yac., 4 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 1 (Ocennwii)

1. CtpykTypa OGMOJOTMYECKHX JaHHBIX U ONUCATENbHbIC CTATUCTUKU

Opranmzauus ¢aisioB u ynpasinenue nanabiMu B nporpammax EXCEL, SPSS u STATISTICA.
OmnucarenbHble CTaTUCTUKU. HekoTopble mNpHEeMbl OBICTPBIX CTATHCTUYECKUX BBIYUCICHUH.
[IpoBepka craructuyeckux runore3. TouHsle U onocpenoBannbsle kputepun. Ommbdku 1 u Il pona.
MomHocTh Tecta. MHOXecTBeHHbIe cpaBHeHHUs. KoHTponb ommbok [ poga. Crparel u mapamokc
Cumncona. [lapamerpuueckue W HemapaMeTpUUECKHE KPUTEPUHM CpaBHEHUs. JlucriepcrOHHBII
aHaJIM3.

2. AHanmu3 CONPS>KEHHOCTH MPU3HAKOB

Perpeccronnsiii ananms. AHanu3 octaTtkoB. YacTHbIE Koppensanuu u KoHpayHaepbl. COnpsHyKeHHOCTh
KadeCTBEHHBIX MPU3HAKOB. OTHOIICHUE IIIAHCOB M OTHOCUTENBHBIN puck. CTaTHCTHKA OMOMapKEPOB.
OneHKH 9yBCTBUTENHHOCTH 1 crieinduuHocT Tecta. ROC-ananus.

3. MHOFOMCpHLIC METOABI CTATUCTUYCCKOI'O aHaJIn3a

MHOXECTBEHHBIN PETPeCCHOHHBIN aHann3. MeToabl COKpallleHHus 4ducia npenukropoB. [lapamokc
Opunmana. OneHKA HaCIEAyeMOCTH W TeHeTudeckoro pucka. IIpobrema «missing heritability».
®daxTopHBIA aHaM3. MeTon TIIaBHBIX KOMIIOHEHT. MeTonabl xinaccudukarmu. KnactepHsiii aHanmms.
JIMCKpUMUHAHTHBIN aHAIU3.

4. baiiecoBcKast CTaTUCTHKA

OrpaHn4eHHOCTh KOHIleNIHUH p-value. AHaINM3 BOCTIPOM3BOIUMOCTH PE3YJIETaTOB IKCIEPUMEHTOB.
BatiecoBckuit ¢akrop. Ilpuopel. CraTtucThka B SUHIEMHONIOTHHA. AHAIH3 OOJNBIINX BBIOOPOK.
BaitecoBckue OIEHKH 4aCTOT PEAKUX COOBITUH.

Cemecrtp: 2 (Becennuit)

5. Texunonoruu BBICOKOIIPOU3BOAUTCIIBHOTI'O CCKBCHUPOBAHU

duzndeckue NPUHOUIIBI W TCXHOJOTHMYCCKHUE PCHICHHSA, HCIOJb3YIOIUCCA B TCXHOJIOIUAX
BBICOKOIIPOU3BOAUTCIIBHOT'O CCKBCHUPOBAHM. XapaKTepI/ICTI/IKI/I OCHOBHBIX HJ'IaT(bOpM
BBICOKOITPOU3BOAUTCIIBHOT'O CCKBECHUPOBAHUA.

6. OcHOBBI pabOTHI ¢ KOMaHIHOW CTPOKOH Linux

Komanpnas obonouka Bash. YerpoiicTBo (haiinoBoii cucTeMbl B ONIEpallMOHHBIX CHCTEMaX ceMeicTBa
Linux. Komannsr cd, 1s, pwd, cp, mv, rm, more, head, tail, grep. Pegaxrop vi.

7. IlpenoOpaboTKa pe3ynbTaTOB CEKBEHUPOBAHUS

OcHOBHBIE ~ THNBI  OIIMOOK,  CBOMCTBEHHBIC  TEXHOJOTHSIM  BBICOKOIIPOU3BOIUTEIHLHOTO
cekBeHnpoBaHus. OCHOBHbIE (hopMaThl TaHHBIX. OIleHKa KayecTBa YTeHUH. TpuMMUHT.




8. de novo cOopka reHOMOB U TPAHCKPHUIITOMOB

Anroputmbl de novo cOopku, OcHOBaHHBIE Ha rpada jae bpeitHa u rpadax TepeKpbITHIL.
OcoOeHHOCTH TEHOMHBIX TTOCIIEIOBATEILHOCTEH, 3aTPYIHSIOMIX cOOpKy. OLeHKa KadecTBa COOPKH.
[IpakTuyeckue acrekThl OONBIIMX TEHOMHBIX MPOEKTOB. OCOOEHHOCTH COOPKH TPaHCKPUITOMOB de
novo.

9. AHHOTaIMg TEHOMHBIX ITOCJIEI0BATEILHOCTEN

OCHOBHEBIE OPUHOHUIIBI IMOCTPOCHUA aJITOPUTMOB AHHOTALUU. OLIGHKa Kay€CTBa aHHOTaIHH.
HpaKTI/I‘IeCKI/Ie ACTICKTBI IPUMCHCHU AJITOPUTMOB aHHOTAIUHN UIA OYKApUOTHYCCKHUX 'CHOMOB.

10. PecexkBennpoBanue

KaprupoBanue urenuii Ha pedepeHcHblii reHoMm. IlpeoOpasoBanue bappoysza-Yunepa s
KapTupoBaHus pujioB npu cexBeHupoBanuu JIHK. Omnenka kadectBa xaptupoBanus. SNP calling.
Oco0eHHOCTH, BOSHUKAIOIIUE MPH JETSKIIMH COMAaTUYECKUX MyTaLUi.

11. RNA-seq

OcoOCHHOCTH KapTHpPOBAaHUSI YTEHUH, NONYy4YeHHBIX B pe3ynbrare RNA-seq skcrepuMeHTa Ha
pedepeHcHbIi reHoM. MeTo/ bl HOpMalIu3aluy U aHaJIU3 SKCIIPECCUU TeHOB.

12. MerareHoMHKa

Taprernoe cexBenupoBanue 16S pPHK. Takconomuveckuit aHanmu3 u ananu3 OuopazHooOpaszusi.
[TomHOMeTareHoMHOE CKBeHHpOoBaHue. De novo cOopka 1 aHHOTAIUS TEHOB.

13. ChIP-seq

Bzaumopneiicteue JIHK u Oenka. Mertoasl anms msydenus: JIHK-OGenkoBoro B3amMoJieiicTBHSA,
MIPUMEHSIONINECS IO MOSIBIICHUS BRICKOIIPOU3BOAUTENRHOTO cekBenupoBanwus. ChIP — seq mpoToxoi.
OcnoBHbie MeTonbl aHanu3a ChIP-seq naHHbBIX.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

OcHoBHas nuTeparypa
ITpenocrasmnsiercs Ha kadenpe:
Biswas, A., Datta, S., Fine, J. P., Segal, M. R. (eds.) Statistical Advances in the Biomedical Sciences
Clinical Trials, Epidemiology, Survival Analysis, and Bioinformatics, 2008, WILEY-VCH Verlag
GmbH &amp; Co. KGaA, Weinheim, Germany
Statistical Human Genetics. Edited by Robert C. Elston. Springer Science+Business Media, LLC 2012
Phillip Compeau, Pavel Pevzner, Bioinformatics Algorithms: An Active Learning Approach 2014 Book
Xinkun Wang Next-Generation Sequencing Data Analysis 2016 Book
Ion Mandoiu, Alexander Zelikovsky. Computational Methods for Next Generation Sequencing Data
Analysis 2016 Book

JomnonHurensHas aureparypa



[Mpenocrasnsiercs Ha kademnpe:

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

Topics in Biostatistics. Edited by Walter T. Ambrosius2007 Humana Press Inc. 999 Riverview Drive,
Suite 208, Totowa, New Jersey07512

Agostino Di Ciaccio, Mauro Coli, Jose Miguel Angulo IbaQnez. Advanced Statistical Methods for the
Analysis of Large Data-Sets. Springer-VerlagBerlinHeidelberg, 2012

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCHMIIJIMHBI (MOTYJIs)

baza nannpix HanmonansHoro nHCTUTYTa cTaHaapTuzanuu u texnonoruu CIIA mno cBoiicTBam
coequnenuit: http://webbook.nist.gov/chemistry/

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o JMCuMILInHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

st wactu 3anstuii notpedyercsa Zoom. Google Drive myis qoctyna Kk MarepuaiaM Kypea.
[TpuBeTcTByeTCS HamMuue BO BpeMs 3aHATUI cMapT(GOHOB/HOYTOYKOB AJIsl y4acTHsI B UHTEPAKTHBHBIX
YIPaXHEHHUSX.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

B pasnmene nmarorcs ykazaHWS 1O OpraHU3alHUH JIEATEIHHOCTH OOYYaoIIErocs 110 OCBOCHUIO
JUCIATUTHHBL: TTOJTOTOBKE K ayJUTOPHBIM 3aHATHSM IJIEKIIMOHHOTO THIIA, CAMOCTOSTENILHOW PaOOTHI,
pEeKOMEHJAIMK 10 ONTHMAJILHOM OpraHM3alMK Ipolecca W3y4YeHHs Yy4eOHOro Marepuana
JCIATUTHHBI, CCBIIKA Ha METOJUYECKHE pa3/ieibl caiita Kadeaphl, CIMCOK METOJMYECKUX YKa3aHUH,
HCITIONIE3YEMBIX B 00pa30BaTEIHLHOM IIPOIECCE IO TAHHOW TUCITUTLINHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku

kadeapa MHHOBAIIMOHHON (papMalieBTHKHU, MEIUIIMHCKON TEXHUKH W OMOTEXHOJIOTUU
Kypc: 1
KBaJIMpUKALUS: MarucTp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (Becennwuil) - luddepeHpoBaHHblii 3a4€T

Pa3zpatGoTunk: A.B. Menep3aHoB, KaH[. Me/l. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-4 CriocobGeH mpuMeHsI T COBPEMEHHbBIE
KOMMYHHKATHBHBIE TEXHOJIOTHH, B TOM YHCIIE
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT
aKaJIeMHYECKOTO M PO(eCcCHOHAIBEHOTO
B3aUMOJICHCTBUS

VK-4.2 Bnageer HaBbIKaMH, HEOOXOOWMBIMHU IS
HAMKWCAHUSA, MUCHMECHHOIO TMEPeBOAa M PEAAKTUPOBAHUS
pa3IMUYHBIX aKaJeMHUYECKHX TeKCToB (pedeparoB, i3cce,
0030poB, cTaTe u T.1.)

VYK-4.4 CrocobGeH HCHOIb30BaTh COBPEMEHHBIE CPEACTBA
MH(QOPMAIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
aKaJIeMUYECKOTO U MPO(EeCCHOHAIEHOTO B3aUMOJCHCTBUS

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
HCCIIeJ0BATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLUATN3UPOBAHHBIMU MTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIONB3YEMOTO

00opynoBaHUs (crierMan3upOBaHHBIX MaKETOB
MIPUKJIAJAHBIX TPOTPAMM)
IK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT

(MonenupoBaHKUe) C MCIOJIb30BAaHMEM HCCIIEI0BATEIBCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIlleHUBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

2. Iloka3areim OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC UBYUCHUA TUCHUILIJIMHBI «MCTOI[BI aHaJin3a JaHHBIX NGS» O6y‘laIOHIPII>'IC$I JOJIKCH:

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 I10CJIE0BaTeIbHOCTEN, KAPTUPOBAHUYU UYTCHUH;

- CTAaTUCTHYCCKUEC MCTOAHbI,

IMIPUMCHAIONIUCCA TIPpU QaAHAJIU3C [JAHHBIX, TIOJIYYCHHBLIX C IIOMOIIbBIO

BBICOKOTIPOU3BOAUTCIIBHOTO CCKBECHUPOBAHMS

- BBIYUCJIUTCIIBHBIC 3a/1a4y, BOSHUKAIOIIUC IIPU o6pa60TI<e JAaHHBIX, IMOJYYCHHBIX C HCIIOJIb30BAHUCM
BBICOKOTIPOU3BOAUTCIIBHOTO CCKBECHUPOBAHMS

- OCHOBHBIC MCTO/bI OLICHKH CTaTUCTUYCCKOU 3HAYMMOCTH,

- METOAbI YUCTa MHOXXCCTBCHHOCTH CpaBHeHHﬁ;

- MCTOJbI ME€Ta-aHaJIn3a,

- CTaTUCTUYCCKHUC XapaKTCPUCTHUKH aCCOLIMATUBHBIX TCCTOB;

- ROC-ananus;

- METOJbI OLICHKH HACJICAYEMOCTU U TCHETUICCKUX PUCKOB;
- MCTOJbI COKpalICHUA Y1CJia ICPCMCHHBIX IIPU daHAJTINU3C OOJIBIINX MACCUBOB JaHHBIX;

- METO/IBI KJTaCCU(UKAIINN JAHHBIX;
- OCHOBBI 0aliCOBCKOI'0 aHaJIn3a JaHHBIX.
YMeTh:

- HNPUMCHATHL OCHOBHBIC IIPOrpaMMHBIC CpPCACTBA, IMPCAHA3ZHAYCHHBIC IJIA O6pa6OTKI/I JaHHBbIX,
INOJIYYCHHBIX C MUCIIOJIb30BAHUEM BBICOKOIIPOU3BOAUTEIIBHOIO CCKBCHUPOBAHUAA,

- OIPUMCHATb OCHOBHBIC AJITOPUTMHUYCCKUC UJACHU IJIA pa3pa60TKH HOBBIX MCTOJOB U AJITOPUTMOB JIA
06pa6OTKI/I JaHHBIX, ITOJYYCHHBIX C UCITIOJIb30BAHUEM BBICOKOIIPOU3BOAUTEIIbLHOIO CEKBEHUPOBAHUA

BJA€Th:

- HaBbIKAMH OCBOCHUS ¥ 00paboTKH 00JIbIIOr0 00bEMa HHpOpMAITHH;
- KyJIBTypOH TOCTAQaHOBKM W MOJAEIHPOBAHMS BBIYUCIUTEIBHBIX 33/a4 OOpaOOTKH OMOJIOTHYECKHX
JaHHBIX, TOJYYCHHBIX C UCIIOJIb30BAHMEM TEXHOJIOTHI BBICOKOIIPOU3BOANUTEIBHOIO CEKBEHHUPOBAHUS U

MG,E[I/IKO—GI/IHOFI/I‘IGCKI/IX OKCIICPUMCHTOB.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MpOBOAUTCS YCTHBIH ONpoC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMH WM B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.




4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. OcHOBHEIE (I)I/I3I/I"ICCKI/IG NPUHIUIIBI, JICKAIIUC B OCHOBC TEXHOJIOTHI BBICOKOTIPOU3BOAUTCIIBHOT'O
CCKBCHHUPOBAaHUA

2. TlokoneHHs TEXHOJIOTUH CCKBCHUPOBAaHUA. OcHOBHEBIE NPUHOUIINAJIBHBIC OTIMYUA TEXHOJIOTHH
CCKBCHUPOBAHUA BTOPOTO ITOKOJICHUA OT IICPBOTO.

3. OcHoOBHBIE OIIMOKU B JAaHHBbIX, BO3HUKAKOMHC IIPU HCIHOJIb30BAHUU PA3JIMYHBIX ILJIATBOPM
BBICKOITPOU3BOAUTCIIBHOTI'O CEKBCHUPOBAHUA

4. Anroput™Mbl cOOpKH de novo TeHOMHBIX IOCIIEIOBATEIbHOCTEH.

5. OCoOEHHOCTH TEHOMHBIX TIOCTIeIOBATENILHOCTEH, MPUBOSIIUE K TPYIHOCTSM Ipu cOopke de novo.
6. OrieHKa KauecTBa FTeHOMHBIX COOPOK

7. OcobeHHOCTH COOPKHU TPAaHCKPUTITOMOB de novo.

8. O1eHKa KauecTBa TPAHCKPUTITOMHON COOPKH.

9. OcHOBHBIE METO/IbI, UCTIONIB3YIOMINECS TPU AHHOTAI[H T€HOMHBIX

MIOCJIEI0BATEILHOCTEM.

10. OweHka kayecTBa aHHOTALUH.

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

12. SNP calling.

13. OcoOeHHOCTH JETEKIIMH COMAaTUYECKUX MYTAllMii Ha OCHOBE JAaHHBIX BBICKOIIPOU3BOIUTEIHLHOTO
CEKBECHUPOBAHUS.

14. In3aitn RNA-seq skcriepumeHTa.

15. OcHoBHBIE cITOCOOBI HOPMATH3ALMH SKCIIPECCUOHHBIX JTaHHBIX.
16. Ananus nud. sKCIpeccuu.

17. TaprentHoe cexBeHnpoBanus 16s PHK B MeTareHomuke.

18. ITomHOMETareHOMHO€E CEKBEHUPOBaHNE

19. TakcoHOMHUYECKHIA aHATTN3 U aHATU3 OMOPa3HOOOpasHsl.

20. De novo c6opKa U aHHOTAlUA [JAaHHBIX, IIOJYYCHHBIX B PC3YyJbTaTC INOJHOMCETAICHOMHOTI'O
CCKBCHHUPOBAaHUA

21. JIuzaiin ChIP — seq akcriepiuMeHTa.

22. OCHOBHBIE JIEMEHTHI BBIYUCINTEIHLHOTO KOHBEHepa, NCIONb3YIONErocs st 00paboTKH
JaHHBIX, TIOJTy4eHHBIX B pe3yiabrare ChIP-seq sxcniepumenra.

23. OTHOILIIEHHUE IIAaHCOB M OTHOCHUTENBHBIN PUCK

24. MHoOXxecTBeHHas perpeccus u napaaokc Opuamana

25. MeTospl OlleHKH MyOnruKaimoHHOTo caBura. [ paduku-BOpOHKH.

26. FDR-MeTon yueTa MHOXECTBEHHOCTH CpaBHEHUH

27. BaiiecoBcKkre OLIEHKH YacTOT PEIKUX COOBITHIA

Kpurepun onennBanus
Onenka ommuyHO (10 OGamnoB) - BBICTABISICTCSl  CTYAGHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 00OCHOBAaHHE
HPUHATHIX PELICHAMN.
Onenka ommyHo (9 0amwioB) -  BBICTABISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEMaTU3UPOBaHHBIC, [NTyOOKHE 3HAHUS YIeOHON POrpaMMbl TUCIUIIIMHBI U YMEHUE
YBEPEHHO NPUMEHITh UX Ha MPAKTHUKE MPHU PELICHUH KOHKPETHBIX 3ajiad, CBOOOAHOE W MPaBUIIBHOE
000CHOBaHME MPUHATHIX PELICHUI.
Onenka omm4yHO (8 0amwioB) -  BBICTABISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.
Ouenka xopouio (7 6aIoB) - BBICTABISETCS CTYICHTY, €CIM OH TBEPJO 3HAET MaTepHaj, TPaMOTHO M
[0 CYIIECTBY H3J1araeT ero, yMeeT NPUMEHSTH MOJy4YeHHbIC 3HAHMS HA MPAKTHKE, HO HEAOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.



Onenka xopomio (6 6ayuIoB) - BBICTABIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[I0 CYILLIECTBY H3JaraeT €ro, yMeeT NPUMEHATh IOJIY4YEHHbIE 3HAHUS Ha IPAKTUKE, HO JIOIYCKaeT B
OTBETE WM B PEIICHUH 3a/1a4 HEKOTOPbIE HETOUHOCTH.

Onenka xopomio (5 0aiIoB) - BBICTABISETCS CTYJCHTY, €CIM OH B OCHOBHOM 3HAaeT MaTepuall,
TPaMOTHO M IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHSTH IOJy4YCHHbIC 3HAHUS Ha INPAKTUKE, HO
JOITyCKaeT B OTBETE MJIM B PELICHHH 3a/1a4 JOCTAaTOYHO OOJIBIIOE KOJINYECTBO HETOYHOCTEH.

OrneHka yIOBICTBOPUTENHHO (4 Oamna) - BBICTABISIETCSl CTYJACHTY, MOKa3aBileMy (parMEeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH Oa30BBIX MOHSITHMH,
HapyULIEHUs JOTNYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUH IIPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIE pa3leibl 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 3HaHWMW, JOMycKaloulemMy OomHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0BAaTEeIbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYallHH.

OueHka Hey10BIETBOPHUTENBHO (2 Oaa) - BEICTABISETCS CTYJCHTY, KOTOPBIi He 3HaeT OOoJbIIeH YacTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYCHHBIE 3HAHUS NPH PEIICHUN
THUIIOBBIX 33/1a4.

Onenka HeynosieTBopuTesbHO (1 Oamn) - BBICTABISETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omnOKy B (GOpMYITUPOBKAX
0a30BbIX TOHATHH AUCLHUIUIMHBI W BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu mpoBenennu yctHoro auddepeHmpoBaHHOro 3aueTa o0yyaromemMycs npenocrasisercs 60 MUHYT
Ha noaroroBky. Ompoc oOywaromerocsi mo Owiery Ha yCcTHOM Au(@epeHHHpOBaHHOM 3avyeTe He
JIOJKEH NPEBBIIIATH OJIHOTO aCTPOHOMMUYECKOI0 yaca.



