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o AMCUHUILJINHE: Anamn3 NGS naHHBIX yejloBeEKa
10 HANIPaBJIEHHIO: [Ipuknagaple MaTeMaTHKa U (pU3NKa
npo¢ujib NOArOTOBKHU: AnroputMudeckast OuoIoTus

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
IEHTpP 00pa3oBaTeNbHBIX MporpaMM DU3TEX-ITKOIBI OMOTOTUIECKON U METUIIMHCKOM

(buzuku
Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, hOpMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
Jekuuu: 15 gac.
ceMuHapsl: 15 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

KonmuecTBo KOHTPONBHBIX pa0oT, 3a1aHuil: 1

[Iporpammy cocraBui: ®.E. ®penkens, kaHA. OMOJ. HayK

[Iporpamma obcyxneHa Ha 3aceflaHuu IIeHTpa 00pa30BaTeNbHBIX MporpaMM DU3TEX-IITKOJIbI OHOTOTHYECKON U
MeauimHckor ¢usuku 08.06.2023



AHHOTANMA

JluciuruiiHa HarpaBJieHa Ha OCBOCHHE 0a30BBIX TEXHOJOTHH BBICOKOIIPOM3BOAMTEILHOTO CEKBEHUPOBAHMS.
CryneHT mociie 0OCBOEHHS Kypca OyJeT MOHMMarh OCHOBHBbIC (DM3WYECKUE MPHUHIIMIIBI, JIEXKAIUE B OCHOBE
TEXHOJIOTUH BBICOKOIIPOU3BOAUTEIIBHOIO CEKBEHUPOBAHUS, OCHOBHBIC AJNTOPUTMbI U CTPYKTYPhl IAHHBIX,
MpUMEHsIeMbIe TIPH cOOpke de novo TEHOMOB W TPAHCKPUIITOMOB, CTPYKTYPHOH aHHOTAI[MM TE€HOMHBIX
MOCIEAOBATEIbHOCTEH, KAPTUPOBAHUM YTCHUM, CTAaTUCTUYECKUE METOAbI, MPUMEHSIOIIUECS IMPU aHAJINU3E
JAHHBIX, TOJIYYEHHBIX C TIOMOINBIO BHICOKOTPOM3BOAUTEIHHOIO CEKBEHHUPOBAHUS, METOABI METa-aHalln3a,
METOJIbI COKpAIEHUSI YUCIIa TIEPEeMEHHBIX TP aHaiHu3€ OOJNBIINX MACCHBOB JAHHBIX, OCHOBBI 0alCOBCKOTO
aHaju3a JaHHBIX.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- ¢opmupoBaHue 0a30BbIX 3HAHMH 00 OCOOCHHOCTSX JAHHBIX M CTAaTUCTUYCCKOTO aHalu3a
pEe3yaBTaToOB, MONYYAaEMbIX C TOMOINBIO IUIATGOPM BBICOKOIIPOM3BOAUTEIHLHOTO CEKBECHUPOBAHUS, a
TAKKe IPAKTUYECKOE OCBOCHUE CTYJCHTAMH METOJIOB JUIS aHAIM3a OWOJIOTHYECKHX JAHHBIX M
KOMITBIOTEPHBIX METOAOB, pPa3pabOTKM METONOB /ISl aHajiM3a MJaHHBIX M TPUOOpPETeHHE WMHU
HPaKTUYECKOTO OIbITA.

3anauu QUCHUTNIHHBI
- (opmupoBanue 6a30BBIX 3HAHUI B 00acTH aHanu3a qaHHbIX NGS;

- o0yudeHHe CTyACHTOB IPHHLMIAM CEKBCHHUPOBAHUS, MX CHJIbHBIE CTOPOHBI U JIMMUTHUPYIOIIHE
(baxTopbl, OCHOBHBIM JaHHBIM PE3yJbTaToB cekBeHUpoBaHUs NGS M MHCTpyMEHTaMu Ul aHAJIN3a UX
Ka4eCTBa M OLIEHKU YCIIEITHOCTH NMPOBEIECHHOIO SKCIIEPUMEHTA.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

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

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

VYK-4.1 CnocoGen Bectu 0OMEH AeJI0BOM MHpopMannen B
YCTHOH W MUChMEHHOHN (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickoii ®enepanun M HE MEHEE YEM Ha OJHOM
HHOCTPAHHOM SI3bIKE

VK-4.2 Bmageer HaBLIKAMH, HEOOXOOUMBIMHM IS

VK-4 CriocoGeH NpUMEHSTH COBPEMEHHBIE HalUCaHUs, IHCBMEHHOIO IIEpEBOJAa U PEAAaKTUPOBAHMS

KOMMYHMKATHBHBIE TEXHOJIOTHH, B TOM YUCJIE  |Pa3IMYHBIX aKaJeMHYECKMX TeKCToB (pedeparos, occe,

Ha NHOCTPaHHOM(BIX) S3bIKe(aX), U1 0030poB, cTareil u T.1.)

aKaJIEMUYECKOTO U IPO(ECCHOHATIEHOTO YK-4.3 Criocoben NPEACTaBIIATh Pe3yNbTaTh

B3aUMOJICHCTBHS aKaJIeMMYeCKOH M TMPOpEeCCHOHANBHON NESTENbHOCTH Ha
Pa3IUIHBIX Hay4YHbBIX MEpOTIPHATHSIX, BKJTIOYast
MEKIyHapOAHbIE

VYK-4.4 CriocobeH HCIoNb30BaTh COBPEMEHHBIE CPENICTBA
WH(POPMALMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M IPO(eCcCHOHAIBHOTO B3aUMOAEHCTBHS

[IK-3.1 IloHumaer mnpuHOUIBI PabOTHl MCIOJIB3YEMOTO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢ NPUKITAHBIX TIPOTPAMM)

MCCIIEIOBATEICKAM H UCTIBITATEIIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3UPOBAaHHBIMH TTAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

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

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

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOEHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI
3HAThb!



- OCHOBHBbIC (M3WYECKHE MPHUHIUIBI, JIEKAIIHE B OCHOBE TEXHOJOTHH BBICOKOIPOHM3BOIAUTEIHHOTO
CEKBCHHPOBAHMUS;

- OCHOBHBIE QITOPHUTMBI W CTPYKTYpBI JIaHHBIX, MpHUMEHsieMble Mpu cOopke de novo reHOMOB H
TPAaHCKPUIITOMOB, CTPYKTYPHON aHHOTAIlMX T€HOMHBIX ITOCIIEI0BATEILHOCTEH, KApTUPOBAHWY YTCHUN;
- CTaTUCTHYECKUE METOJNbI, MPHUMEHSIONMECS TPU aHalIU3€ JaHHBIX, IONYYEHHBIX C TOMOIIBIO
BBICOKOITPOU3BOANTEILHOTO CEKBEHUPOBAHUS;

- BBIYMCIIUTEIBHBIC 33/1a41, BOSHHKAIONIUE MPU 00paOOTKE NAaHHBIX, MOTYYSHHBIX C HCIOJIb30BaHHEM
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.

YMETb:

- TPUMEHSTH OCHOBHBIC IIPOIPAMMHBIE CpPEACTBA, IPEAHA3HAYCHHbIE I OOpabOTKM JaHHBIX,
MTOJIyYE€HHBIX C UCTIOJIB30BaHUEM BBICOKOIIPOU3BOIUTEIBHOIO CEKBEHHPOBAHHS,

- IIPUMEHATh OCHOBHBIE AJITOPUTMHUYECKUE HUACU IS pa3pabOTKU HOBBIX METOJIOB M aJTOPUTMOB JIS
00pabOTKM JAHHBIX, TOMYYEHHBIX C UCTIOIB30BAaHHEM BBHICOKOIIPOM3BOJUTEIHLHOIO CEKBEHUPOBAHUSI.

BJIAJIETh:

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

- KyJIbTYypOH NOCTaHOBKM M MOJEIMPOBAHUS BBIYMCIMTENBHBIX 3a1ad 0O0pabOTKHM OHOMIOTHYECKUX
JAHHBIX, OJTYYCHHBIX C UCIOJIb30BAHUEM TEXHOJIOTHI BBICOKONPOU3BOAUTEILHOTO CEKBEHUPOBAHUS U
MEIUKO-OMIOTMYECKUX 3KCIEPUMEHTOB.

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

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

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
| Ctpykrypa OHOJIOTMUECKHX IaHHBIX H | 1 3
OTMCATEbHBIC CTAaTUCTUKU
2 AHanm3 conpsyKEHHOCTH NTPU3HAKOB 1 2 2
3 MHoromMepHbIe METOJIbI CTATUCTHYECKOTO 1 1 2
aHaiu3a
4 baiiecoBckas craTucTuka 1 1 2
5 TexHoIOTUN BBICOKONPOU3BOAUTEIIBHOTO | ) 3
CEKBEHUPOBAHHUS
6 OcHOBBI pabOTHl C KOMaHAHON CTPOKOH ) 1 )
Linux
7 ITpenobpaboTka pE3yJIbTaToB | 1 )
CEKBEHUPOBAHHUS
] de  novo cOopka  TEHOMOB | ) 1 3
TPaHCKPUIITOMOB
9 AHHOTaAMS § TFEeHOMHBIX | 1 3
MOCJIEI0BATEIbHOCTEH
10 |PecexBeHupoBanue 1 1 2
11 RNA-seq 1 1 2




12 |MerareHomuka 1 1 2
13 |ChIP-seq 1 1 2
Nroro yacos 15 15 30
ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

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

Cemecrtp: 1 (Ocennwii)

1. CtpykTypa OGMOJOTMYECKHX JaHHBIX U ONUCATENbHbIC CTATUCTUKU

Opranmzauus ¢aitnos u ynpasnenue aanHeiMu B nporpammax EXCEL, SPSS u STATISTICA.
OmnucarenbHble CTaTUCTUKU. HekoTopble mpHeMbl OBICTPBIX CTATUCTHYECKHX BBIYMCIICHUIL.
[IpoBepka craructudeckux runore3. TouHble U omocpenoBaHHble kputepud. Ommoku [ u 1l poxa.
MomHocTh Tecta. MHOKecTBeHHbIE cpaBHeHUs. KonTpons ommbok | poma. CtparTsl W mapajokc
Cumncona. Ilapamerpuyeckue M HemapamMeTpHUUECKHE KPUTEPUU CpaBHEHMA. JMCHEpCHOHHBIN
aHaJIM3.

2. AHanmu3 CONPS>KEHHOCTH MPU3HAKOB

Perpeccuonnsiii ananu3. AHamu3 ocTaTkoB. YacTHbIE Koppensiuu U KoHpayHepsl. ConpsikeHHOCTh
Ka4eCTBEHHBIX MPU3HAKOB. OTHOIICHUE IAHCOB U OTHOCHUTEIBbHBIN pucK. CTarncTika OMOMapKepoB.
OneHKH 9yBCTBUTENHHOCTH 1 crieinduuHocT Tecta. ROC-ananus.

3. MHOFOMCpHLIC METOABI CTATUCTUYCCKOI'O aHaJIn3a

MHOXECTBEHHBIN PETPeCCHOHHBIN aHann3. MeToabl COKpallleHHus 4ducia npenukropoB. [lapamokc
Opuamana. OueHKHM HacleIyeMOCTH W TeHeTHuYeckoro pucka. [Ipobmema «missing heritability».
®daxTopHBIA aHaM3. MeToN IIaBHBIX KOMIIOHEHT. MeTossl kinaccudukanuu. KiiactepHpiii aHamms.
JIMCKpUMUHAHTHBIN aHAIU3.

4. baiiecoBcKast CTaTUCTHKA

OrpaHn4eHHOCTh KOHIeNuu p-value. AHamu3 BOCHPOU3BOJUMOCTH PE3yJABTaTOB 3KCIIEPUMEHTOB.
BatiecoBckuit ¢akrop. [lpuopsl. CraTucThka B JMHUAEMHOJOTHU. AHaln3 OONBIIMX BHIOOPOK.
BaitecoBckue OIEHKH 4aCTOT PEAKUX COOBITUH.

5. TexHnonoruu BBICOKOITIPOU3BOAUTCIIBHOTI'O CCKBCHUPOBAHU

duzndeckue INPpUHOUIIBI W TEXHOJOTHYCCKHE PCHICHUA, MCIHOJIB3YIOMMUECAd B TEXHOJOTUAX
BBICOKOIIPOU3BOAUTCIIBHOT'O CCKBCHUPOBAHM. XapaKTepI/ICTI/IKI/I OCHOBHBIX HJ'IaT(bOpM
BBICOKOITPOU3BOAUTCIIbBHOT'O CCKBECHUPOBAHU.

6. OcHOBBI pabOTHI ¢ KOMaHIHOM CTPOKOH Linux

Komanynas obonouka Bash. YerpolicTBo ¢aiiioBoli ccTeMbI B ONIEpaIllMOHHBIX CHCTEMAaX CEMEHUCTBa
Linux. Komannsr cd, Is, pwd, cp, mv, rm, more, head, tail, grep. Pegaxrop vi.

7. Ilpeno6paboTKa pe3ynbTaTOB CEKBEHUPOBAHUS

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

8. de novo cOopka reHOMOB U TPAHCKPHUIITOMOB




Anroputmbl de novo cOopku, OcHOBaHHBIE Ha rpada jae bpeitHa u rpadax TepeKpbITHIL.
Oco0eHHOCTH TEHOMHBIX ITOCIIEIOBATEIBHOCTEH, 3aTpyAHAIoNMX cOOpKy. OIeHKa KayecTBa COOPKH.
[IpakTuyeckue acneKTsl OONBIIMX TEHOMHBIX MPOEKTOB. OCOOEHHOCTH COOPKH TPaHCKPUIITOMOB de
novo.

9. AHHOTaIUg TEHOMHBIX ITOCJIEI0BATEILHOCTEN

OCHOBHEBIE NOPUHOUIIBI TMOCTPOCHHUA aAJITOPUTMOB AHHOTAIWU. OLIeHKa Kay€CTBa aHHOTaIHH.
HpaKTI/I‘IeCKI/Ie ACTICKTBI IPUMCHCHU AJITOPUTMOB aHHOTAIUHN UIA 9YKApUOTHYCCKHUX I'CHOMOB.

10. PecexkBennpoBanue

KaprupoBanue urenuii Ha pedepeHcHbli TeHoM. IIpeoOpazoBanme bappoysa-Yunepa mms
KapTupoBaHus pujioB npu cekBeHupoanuu JIHK. Onenka kauectBa kaptupoBanusi. SNP calling.
Oco0eHHOCTH, BOSHUKAIOIIUE MPH JETCKIIMH COMAaTUYECKUX MYyTaLU.

11. RNA-seq

COOCHHOCTH KAapTUPOBAHUS YTCHHH, IONYYCHHBIX B pe3ylbrare -seq OJKCHEepHUMEHTa Ha
Oco0 , RNA
pedepeHcHbIi reHoM. MeTo/ bl HOpMalIu3aluy U aHaJIU3 SKCIIPECCUU TeHOB.

12. MerareHoMHKa

TaprerHoe cexBenupoBanue 16S pPHK. TakcoHoMudeckuil aHnn3 M aHajan3 OMOpPa3HOOOpa3wsl.
[TomHOMeTareHoMHOe CKBeHHpoBaHue. De novo cOopka 1 aHHOTAIUS TEHOB.

13. ChIP-seq

Bzaumopneiicteue JIHK u ©Oenka. Metonbt anst msydenuss JIHK-GemkoBoro B3zammojeicTBus,
MIPUMEHSIONTNECS IO MOSIBIICHUS BHICKOIIPOU3BOAUTENRLHOTO cekBeHupoBanus. ChIP — seq mpoToxoi.
OcnoBHbie MeTonbl aHanmu3a ChIP-seq naHHbBIX.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHE (MOIYJII0)

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

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas 1uTeparypa
[Ipenocrapnsiercs 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. - Germany: WILEY-VCH Verlag
GmbH &amp; Co, 2008
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)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIWM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHBI, JOKEH HAYUYUTHCS IPUMEHSATh TEOPETUUYECKUE 3HAHUS Ha MIPAKTHUKE.

B pe3ynpTare MU3ydC€HUA AUCHUIIIMHBI CTYACHT MOOJDKCH 3HAaTb OCHOBHBLIC OIPCACIICHHA, ITOHATUA.

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHOM caMoCTOsATeNbHOM paboThl cTyfeHTa. B mporpamme
Kypca MpHUBeIeHO HeoOxoaumoe BpeMs i paboTsl cryneHTa Haa Temoil. CamocrosrenbHas paboTa
BKJIIOYAeT B ce0s:

— YTEHHUE U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAHHOMN JINTEPATYPBI,

— mpopaboTKy y4yeOHOro marepuana (yueOHOM M HAydyHOW JUTeparype), MOATOTOBKY OTBETOB Ha
BOIPOCHI, IPEIHA3HAUEHHBIX [UI1 CaMOCTOSITEIbHOIO M3YyHEHHUs, Jl0Ka3aTelIbCTBO OTHAEIbHBIX
YTBEp>KJICHUH, CBOWCTB;

— IOATOTOBKY K DK3aMEHY.

PykoBOACTBO W KOHTPONb 3a CaMOCTOSATENBHOM paboTON CTygeHTa ocyuiecTBisieTcss B (opme
UHAUBUYaTIbHBIX KOHCYJIbTALUM.

BaxHo 10OWTHCS MOHMMAaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAYyeT OOpamiarbesi 3a KOHCYIbTAlUAMH K
JIEKTOPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: AnropurMudeckast OuOJIOTHs
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
IEHTpP 00pa3oBaTeNbHEIX MporpaMM DU3TEX-IIKOIBI OMOTOTUIECKON U METUIIMHCKOM

(buzukn
Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH artectanuu: 1 (oceHHUH) - DK3aMeH

Pa3zpatGoTunk: @.E. ®penkenb, kaH7. OMOI. HAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE
KOMMYHHKATHBHBIC TEXHOJIOTHH, B TOM YHCJIC
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS
aKaJIeMUYECKOro U MPoQecCHOHaTBEHOTO
B3aNMOJCHCTBUS

VYK-4.1 CnocobeH BecTn OOMEH JIeJI0BOM WHGpopMaiyel B
YCTHOH M MHUCBMEHHOHN (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuym M HE MEHEE YEM Ha OJHOM
WHOCTPAHHOM SI3BIKE

VK-42 Bnageer HaBBHIKAMHU, HEOOXOAUMBIMM  JUIS
HalMCaHUs, MHChMEHHOTO TIEPeBOAa W PEAaKTHPOBAHUS
Pa3TUYHBIX aKaJIEMUYECKHX TEKCTOB (pedeparoB, 3cce,
0030poB, cTarei u T.1.)

YK-4.3 Criocoben MIPENICTABIATh Pe3yABTATHI
aKaJIeMUYEeCKOM M TpOo(eCCHOHANBHON AEATEIbHOCTH Ha
pas3INYHBIX Hay4IHBIX MEpOIPUATHSIX, BKJTIOYast
MEKIyHapOAHbIE

VYK-4.4 CrnocobeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
MH(QOPMAIIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
aKaJIeMUYECKOTO U PO(EeCCHOHAIEHOTO B3aUMOJCHCTBUS

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeJOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETaMU TPUKJIQTHBIX
MporpaMm) B n30paHHON ITPEIMETHOM 00IacTH

[MK-3.1 TloHmmaeT NPUHOUIBI PabOTHI HCIOIBE3YEMOTO
000opynoBaHUs (crienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C HCIOIBb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIBTaTOB

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usyuenus aucuuiuinHbl «AHann3 NGS JaHHBIX 4elI0BeKay 00y4aromuics T0MKeH:

3HAThb:

- OCHOBHBIC (1)I/I3I/I‘I€CKI/IC IIPUHIUIIBI, JICKAIIUC B OCHOBC TEXHOJIOTHI BBICOKOITIPOU3BOAUTCIIBHOT'O

CCKBCHUPOBAHUA,

- OCHOBHBIE QITOPUTMBI M CTPYKTYpBI JAHHBIX, MpHUMEHseMble Mpu cOopke de novo reHOMOB H
TPaHCKPUIITOMOB, CTPYKTYPHOW aHHOTAallM¥ T€HOMHBIX [10CJIEJ0BaTeIbHOCTEN, KAPTUPOBAHUYU UYTCHUH;
- CTaTHCTHYECKHE METOABI, NMPUMEHSIONIMECS TPU aHaIu3€ [aHHBIX, IOJYYEHHBIX C IOMOUIBIO
BBICOKOIIPOU3BOJIUTENILHOIO CEKBEHUPOBAHUS;

- BBIYMCIIMTEIbHBIC 33/1a41, BOSHUKAIOIIUE NPU 00pabOTKe NaHHBIX, MOJYYEHHBIX C HCIIOJIb30BaHHUEM
BBICOKOIIPOU3BOJIUTENLHOIO CEKBEHUPOBAHUS;

- OCHOBHBIE METOJIbI OLIEHKH CTaTUCTHYECKON 3HAYUMOCTH;

- METO/IbI Y4eTa MHO)KECTBEHHOCTU CPaBHEHMH;

- MCTOJbI ME€Ta-aHaJIn3a,

- CTaTUCTUYCCKHUC XapPaKTCPUCTHUKH aCCOLIMATUBHBIX TCCTOB;

- ROC-ananus;

- METOJbI OLICHKH HACJICAYEMOCTU U TCHETUYICCKUX PUCKOB;
- MCTOJbI COKpallICHUA Y1CJia ICPCMCHHBIX IIPU AaHAJIU3C OOJIBIINX MACCUBOB JaHHBIX

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

- HNPUMCHATHL OCHOBHBIC IIPOrpaMMHBIC CpPCACTBA, IPCAHA3ZHAYCHHBIC JIA O6pa6OTKI/I JaHHBbIX,
INOJIYYCHHBIX C UCIIOJIb30BAHUEM BBICOKOIIPOU3BOAUTECIIBHOIO CCKBCHUPOBAHUAA,

- OIPpUMCHATHL OCHOBHBLIC AJITOPUTMUYUCCKUC UIACU I pa3p360TKI/I HOBBIX MCTOOB U aJITOPUTMOB JIA
06pa6OTKI/I JaHHBIX, ITOJYYECHHBIX C UCIIOJIb30BAHUEM BbBICOKOIIPOU3BOAUTCIIBHOTO CCKBEHUPOBAHUA.

BJIA1€Th:




- HaBbIKAMH OCBOCHUS ¥ 00paboTKH 00JIbII0r0 00bEMa HHPOpMAITHH;

- KyJbTYpOH TIOCTAaHOBKM M MOJCIMPOBAHUS BBIYHCIHUTEIBHBIX 3a1ad 00pabOTKHM OHOIOTHYECKUX
JaHHBIX, TOJTYYSHHBIX C UCIIOJIb30BAHMEM TEXHOJIOTHH BBICOKOIPOU3BOANTEIBHOTO CEKBEHUPOBAHUS U
MEIUKO-OMIOTHYECKUX SKCIIEPUMEHTOB.

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

Bo BpeMst TeKyIIero KOHTPOJIsl CTYACHT AOJKEH YMETh OTBETHTD Ha CIIEIYIOIINE BOIIPOCHL:
1. Muzaiin ChlP — seq sxcniepumenra.

2. OCHOBHBIE 3JIEMEHTHI BBIYMCIUTEILHOIO KOHBEWEpa, UCIONIb3YIOMIErocs Al 00paOdOTKU IaHHBIX,
nony4yeHHbIX B pesyasrare ChIP-seq skcriepumMenTa.

. OTHOIIEHNE IAHCOB U OTHOCUTEIIbHBIN PUCK

. MHOXXECTBEHHAs perpeccus U napajgokec @puamana
. MeTob! OLIeHKH ITyOIMKAMOHHOTO CABUTA.

. 'paduku-BOopoHKH.

. FDR-MeTon yueTa MHOKECTBEHHOCTH CPAaBHEHMI.
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. baliecoBckue OIIEHKH 4acTOT PeJKUX COOBITHH.
9. ITomrHOMETareHOMHOE CEKBEHHPOBAHHE.
10. TakcOHOMUYECKHI aHAIN3 U aHATTU3 OMOPa3HOOOpa3HsI.

11. De novo cOopka M aHHOTaUWs HAHHBIX, IOJIYYEHHBIX B pE3YyJbTaTe IOJHOMETAr€éHOMHOIO
CEKBEHHPOBaHUS.

Bo BpEMsA 3aHATHHI MOTYT HNPOXOAUTb UHTCPAKTUBHBIC O6CY)K,Z[€HI/I$I B HaTax Kypca, 4To 6YILCT SBIIATHCA
JIOMAIlTHUM 3aJlaHieM. B03MO)XHO BBINIOJHEHHWE IATEHTHOTO ITIOMCKAa B Kauye€CTBE CaMOCTOSITEIIHLHOM
3aga4u. YcnemHoe BEIIOIHEHHUE BCEX 3a,Z[aHHI>'I IO KypCYy U BBIIIOJIHCHUC KOHTPOJIBHBIX CPE30B 3HAHUH
AacT MPEUMYIIECCTBO HA SK3aMCHC.

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

1. OcHOBHEIE (I)I/IBI/IIIGCKI/IG IIPUHIUIIBI, JIC)KAIIUC B OCHOBC TCXHOJIOTHI BBICOKOIIPOU3BOAUTCIILEHOT'O
CCKBCHHUPOBAaHUA

2. TlokoneHus TEXHOJOTHUI CCKBCHUPOBAHMSI. OCHOBHEBIE MIPUHOUIIHNATIBHBIC OTIINYHWA TEXHOJIOTHH
CCKBCHUPOBAHUA BTOPOTO ITOKOJICHUA OT IICPBOTO.

3. OcHOBHBIE OIIMOKU B JAaHHBIX, BO3HUKAKOMHC IIPU HCIHOJIb30BAHUNU PA3JIMYHBIX ILJIATBOPM
BBICKOITPOU3BOAUTCIIBHOI'O CEKBCHUPOBAHUA

4. Anroput™Mbl cOOpKH de novo TeHOMHBIX IOCIIEIOBATEIbHOCTEH.

5. OCoOEHHOCTH TEHOMHBIX TIOCTIeIOBATEILHOCTEH, MPUBOSIIUE K TPYIHOCTSM Ipu cOopke de novo.
6. O1ieHKa KauecTBa TeHOMHBIX COOPOK.

7. OcobeHHOCTH COOPKHU TPAaHCKPUTITOMOB de novo.

8. O1eHKa KauecTBa TPAHCKPUTITOMHON COOPKH.

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

MIOCJIEI0BATEIILHOCTEM.

10. OweHka kayecTBa aHHOTALIUH.

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

12. SNP calling.

13. OcoOeHHOCTH JETEKIIMH COMAaTHYECKUX MYTAIllMii HA OCHOBE JAHHBIX BBICKOIPOU3BOIUTEIHLHOTO
CEKBECHUPOBAHUS.

14. JIn3aitn RNA-seq skcriepumeHTa.

15. OcHoBHBIE CITOCOOBI HOPMATH3ALMH SKCIIPECCUOHHBIX JaHHBIX.
16. Ananus nud. SKCIpeccuu.

17. TaprentHoe cexBeHnpoBanusa 16s PHK B MeTrareHomuke.

[Tpumep sK3aMeHAIMOHHOTO OMITeTa:
Buiet Nel.



1. OcoGeHHOCTH TeHOMHBIX TIOCTIeIOBATEILHOCTEN, MPUBOISIINE K TPYIHOCTIM Iipu cOopke de novo.
2. OneHka KkayecTBa TeHOMHBIX COOPOK.

Kpurepun onennBanus
Onenka ommyHo (10 0OamioB) - BBICTABISETCS CTYACHTY, TIOKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAHUS YYeOHOHM MNporpaMMbl AMCHUIUIMHBI, TMPOSBISIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSThH UX Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Onenka ommmuHo (9 ©0amioB) - BBICTABISIETCS CTYACHTY, IIOKa3aBIIeMy BCECTOPOHHHUE,
CHCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HaHUS Y4eOHON POrpaMMbl TUCIUIIIMHBI 1 YMEHUE
YBEPEHHO NPUMEHSTh MX Ha MPaKTHKE NPU PEIIEHHUH KOHKPETHBIX 3a/1ad, CBOOOJHOE M MPaBUIBHOE
000CHOBaHME MPUHATHIX PELICHUI.
Onenka ommmuHO (8 ©0amioB) - BBICTABISIETCS CTYACHTY, IIOKa3aBIIeMy BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI M YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.
Onenka xopoio (7 6amoB) - BEICTABISETCS CTYJCHTY, €CJIA OH TBEP/IO 3HAET MaTepuall, TPAMOTHO H
[0 CYIIECTBY M3J1araeT ero, yMeeT MPUMEHAThH IOJIyY€HHbIC 3HAHUS Ha MPAKTHKE, HO HEAOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomo (6 0aoB) - BEICTABISIETCA CTYACHTY, €CJIM OH TBEPIO 3HAET MaTepHall, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPUMEHSTH MOJTy4YeHHbIE 3HAHHMS Ha MPAKTUKE, HO JIOIyCKAeT B
OTBETE WJIM B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.
Omnenka xopomio (5 0aioB) - BBICTABISIETCS CTYJACHTY, €CId OH B OCHOBHOM 3HAaeT Marepual,
IPaMOTHO M IO CYIIECTBY M3JIaraeT €ro, yMeeT MPHUMEHSATh NOJIYUYCHHbIC 3HAHMS Ha MPAKTUKE, HO
JOIyCKaeT B OTBETE WM B PEIICHUH 3a/1a4 JOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.
OueHka ymoBIETBOPUTEIbHO (4 Oayna) - BBICTABIAETCS CTYAEHTY, IMOKa3aBIleMy (parMeHTapHBIH,
pPa3po3HEHHBIA XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapyLIEHUs JOTHYECKON MOCIeI0BaTeIbHOCTH B U3JIOKEHUHU IIPOrPaMMHOI0 Marepuaia, HO IPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE sl AajbHeimero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
Ouenka ynoBineTBOpUTENIbHO (3 Oayna) - BBICTABIAETCS CTYAEHTY, MOKa3aBIeMy (parMeHTapHBIH,
Pa3po3HEHHBIA XapakTep 3HaHWU, AOMycKaroulemy omHuOku B (popMynupoBkax 0a30BbIX NOHSATH,
HapyLICHUs] JIOTHYECKOM IOCIEeI0BaTEeIbHOCTH B M3JIOKEHHH IPOTPaMMHOIO Marepuana, ciabo
BJIaJle€T OCHOBHBIMH pa3aesiaMu yueOHOM MporpaMMbl, HEOOXOAUMBIMHU JUTSI adbHEUIIETO 00yUeHHS U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYalHH.
OueHka HEyJOBIETBOPUTENIBHO (2 Gaita) - BBICTABIISIETCS CTY/ICHTY, KOTOPBI HE 3HAaeT OOJblIel 4acTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOIMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIMIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTIOBBIX 3a]a4.
Onenka HeynosieTBopuTesbHO (1 Oamn) - BBICTABISETCS CTYACHTY, KOTOPBIM HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiine omuOK B GOpMYTUPOBKaX
0a30BbIX MOHATHH AMCLUUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHHS THIIOBBIX MPAKTHUYECKUX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesioIe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHUH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

HpI/I OPpOBCACHUU DK3aMCHA 06y‘laIOH_IeMYC$I OpeaoCTaBIIACTCA 40 MHHYT Ha IMOATOTOBKY.

Bo Bpemsi mpoBeneHusi 3K3aMeHa 0Oyvarommecs MOTYT IIOJIb30BaTbCsi MPOrPaMMON TUCLMILIMHEI,
KOHCIIEKTaMH JICKIUI 1 JIF000MH JAPyroi JINTepaTypoii.



