demepanbHOEe TOCYAapCTBEeHHOE OIOKeTHOE YUPEeKIeHHE
« HanpoHAIBHBIA MeJHIMHCKHN HCCIEN0BAT &/IhCKHH HeHTp iMeHn B.A. AiiMasoBa)

MuHHCTEPCTBA 34paBooXpaHeHH I Poccriickon Deeparii
(OI'BY «HMHII mm. B.A. AmmvazoBa» MuH3paBa Poccrm)

HMHCTUTYT MEJUITMHCKOI'O OBPA3OBAHNUA

COI''TACOBAHO YTBEPXJAIO
3aMeCTHTEIIL JHPEKTOPa JIUpeKTop
HMHCcTHTYTa MEIMITHHCKOr0 00pa3oBaHMsI HMHCcTHTYTa MEIMITHHCKOr 0 00pa30BaHMsI
110 YUeOHOH H MeTOAHYECKOH padorTe, OI'bY «HMHWUIL] um. B.A. AiMazoBa»
JeKaH JIeyeOHoro (paxKyinpTeTa Munsapasa Poccuu
I'.A. Kyxapuuk E.B. IlapMoH
«20» sauBapsa 2026 T.

PABOYAZA ITPOI' PAMMA

JIHCITHIIJTHHA BUONH®OPMATHUKA

ChoenuaJMrer 1mo
CIIeNHAJIBHOCTH

HaHMEHCEaHF & JHCITHITITHHEI

30.05.03 MemmuHckas KHOepHeTHKA

Kadeapa/moapasaeienue

Ko CIIeqHAlIEHOCTH H HaHMEHOEAHHE

Kadeapa MaTeMaTHKH, 0OHO(PH3HKH H HHPOPMANNOHHbIX
TEXHOJIOT HH

HaHMeHOBaHH e KadeqpblTIoapa3neleHH

dopma o0yueHHSA OYHASA
I"'ox HaOopa 2026
Kypc 2
Cemectp 4
JaHATHA JIeKIIHOHHOI0 THIIA 30 yac.
3aHATHA CEMHHAPCKOIO THIIA 48 4ac.
Bcero ayauropHoii padoThI 78 4gac.

CamocTtosTe/ibHAA padoTa (BHeayauTopHasi) | 30 uac.

DopMa NPOMEKYTOYHOH ATTECT AHH IK3aAMeEH - 36 yac

O0man TpyaoeMKOCTb JHCITHILIHHbI 144 gac/ 4 3a4. e],.)

Cankr-IleTepOypr
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PaGouas mporpaMmMa JUCIIHIUIHHEL pa3padoTaHa B COOTBETCTRHH C:

— IIprkazom MHHHCTEPCTBA HAVKH H BEICIIEro o0pazoBaHMA Poccurickon @Deaepaiin Ne
1006 ot 13.08.2020r. «O0 yTBRepXAcHHH (ellepalbHOIO TOCYJapCcTBEHHOIO 00pa30BaTEIIbHOIO
CTaHJapTa BBICIIErO O0pa30BaHHMS — CIEHHATIHTET IO crelaabHOCTH 30.05.03 MegumuHckast
KHOEePHETHKA»;

— IIpukasoMm MunHtpyga Poccrmm ot 04 aerycra 2017 Ne6lOH «OO0 yrBEpKICHHH
IIpo)eCCHOHATIBPHOI O cTaHAapTa «Bpay-KHOepHETHKY,

— JIOKAIIbHBIMH HOPMAaTHBHBEIMH aKTaMH [[eHTpa AlIMa30Ba;

— yue OHBIM IUIAHOM ITO crierfHanbHOCTH 30.05.03 MeamimHcKas KHOepHETHKA.

CocraButeu pado4yeil NporpaMMbl

YueHad
Ne DaMHIHA, HMHA,
CTEeNEHb, 3aHHMaeMaf JOIXKHOCTh MecTo padoThl
/1 OT4Y€eCTBO
3BaHHE
1. Koporeera Onecsq K.T.H., JOLEHT |3aBeIyroIHil Kademapoil OI'BY «HMMHI]
BiammipoBHa MaTeMaTHKH, OHO(DH3UKH H . B A. ATMazoBay
HH(}OPMAI[HOHHBIX M3 apaBa PoccHu
TEXHOIIOTHI
2. baxtHHa AHHA - aCCHCTEHT KadeIphl OI'BY «HMHUI] . B A.
BamimoBHa MaTeMaTHKH, OHO(DH 3MKH H Amvaszopa» MHH3IpaBa
HH(}OPMAITHOHHBIX PoccHm
TEXHOJIOTHI

Pabouas rporpamMma paccMoTpeHa H oJjo0peHa Ha 3acelaHHH Kadeapbl MaTeMaTHKH, OHOPH3HKH H
PaGouyas rporpamMma paccMoTpeHa H oJjo0peHa Ha 3aceJaHHH KadeIphl MaTeMaTHKH, OHO(DH3HKH H
HH()OPMAITHOHHBIX TEXHOJIOTHI

«11» HOs1Ops 2025 1., IIPOTOKOJI Ne 3.

3aBeyIONTHIT Kadeapoi O.B. Koporeera

JIMCT COI'VIACOBAHHUA

COI'JTACOBAHO
JlexaH nedyeGHOro (paKynbTeTa ['.A. Kyxapunk
3aBe VIO IIEHTPOM Pa3sBHTHI 00pa3oBaTEIbHON Ccpeapl MHCTHTYTa
MEMIIHHCKOr 0 00pa30BaHH H.H. IleTrposa
3aBe VIO Y4eOHO-METOAHYECKHM OT/IETIOM I[EHTPA Pa3BHTHI
o0pazoraTenbHOH cpebl MHCTHTYTa MEIHITHHCKOro 00pa3oBaHH I M.A. OBeukHHa
3apeayron OHOMHOTEKON MHCTHTYTA MEIHITHHCKOrO 00pa3oBaHmsI E.A. Heuaera

PaGouas mporpamMma paccMoTpeHa M oxoOpeHa Ha 3acelfaHHH Y4eOHO-METOMMYECKOrO COBETA
HMHucTtHTyTa MeguIHCKOro odpasoBaHusa OI'EY « HMHUIL] mm. B.A. AnmmazoBa»y MuH3sapasa PoccHu

«20» ssaBapa 2026 r., mporokon Ne 01/2026.



Coxpaimenus

[lenTp AmMazoBa — (elepalbHOE TIOCYJapCTBeHHOE OIOKETHOE YupexaeHHe «HaloHambHBIH

MEIUIIHHCKHI  HCCIeJOBATeIIbCKHIL  IIEHTP
3apaBooxXpaHeHH s Poccrrickon QDeepalii
[II] — rmpakTHYecKas IIoAroTOBKa

Komier eHmumn:

YK — yHHBepcanbHasI KOMIIETEHIH S

OIIK - obmenpodeccHoHanbHAS KOMITETeHI[HS
[TIK — rpodeccrnoHanmbHasa KOMITETEHIHS

MK — HHAHKATOP JOCTIDKEHHS KOMITETEHI[HH

OneHoYHbIe MATEPHAIBI:

KB — KOHTPOILHEIE BOIIPOCHI

T3 — TeCTOBEIE 3aJaHH

K3 — KOHTPOJIbHEIE 3alaHHs]

[IH — rpakTHYeCcKHe HaBBIKH
[II] — rmpakTHYecKas IIoAroTOBKA

l[ — TEMbI AJIA ITOATI'OTOBKIH YCTHOI'O JOKIIadd C HpEBEHT&HHEﬁ

P — TeMBI 11 MOATOTOBKH pedepaTa

IlosscHHTe/IbHAA 3aNIHCKA K pﬂﬁﬂ‘lﬁﬁ nporpamMme TNCIHILIHHBI

HMCEHH

B.A. Amvazora»

MHUHIICTEPCTRA

PaOouass mporpaMma JHCIIHIDIMHBEL «bromH(QoOpMmarHKa» pa3zpaboTaHa B COOTBETCTBHH C
Npo()eCCHOHAIIBHBIM CTaHZAapToM «Bpau-knOepHeTHK» (YTBEpKIeH IIpHKa3oM MHHHCTEpCTBa
TpyZa H corHanbHOH 3amuThel PO ot 4 aprycra 2017 1. Ne 610H) 1 ©I'OC BO 110 CIeI[HaIIEHOCTH
30.05.03 «MemgmiuHckasd KHOepHETHKa», a Takke OPHEHTHPOBaHA HA CMEJKHBIE CTaHIAPTHI
OmonHkeHepHH H OHoHH(popMaTHKH (DI'OC 06.05.01).

JIMCIMIUINHA pa3BHBAeT HABBHIKH PaOOTHI ¢ pealbHBIMH OHOMETHITHHCKHMH JaHHBIMH (NGS,
IIPOTEOMHKA), YTO HEOOXOAUMO JJII HHTEPIIPETALIHH T€HOMHBIX HCCIIEJOBAaHHI B JHATHOCTHKE H
Teparmi. IIpakTHyecKHe 3aHATHS BKIIOYAIOT aHalIH3 IOCIEMOBATEIILHOCTEH, BH3YaIH3aI[HIO
NAaHHBIX, MOJEIHPOBAHHE CETEH M ITPOrpaMMHpPOBAHHE, MOAEIHPYS KIIHMHHYECKHE CI[EHAPHI.
CaMocTosTelIbHasg padoTra IpearonaraeT padoTy ¢ OOIe OCTYITHEIMH OHOMeIHIIHHCKIME Oa3aMIil

JAaHHBIX.



1. HEJIb 1 3AJJAYH U3YYUEHNA N CIHHIIJINHDBI

[{enpro gucipmimmHel « bHonmH(pOpMaTHKa» SBISeTCS (POPMHpPOBAHHE Y OOYYAFOIHXCS CHCTEMHBIX
3HAHII O MeTOJlaX aHalHM3a OHOIOTHYECKHX JaHHBIX H X IIPHMEHEeHHH B KIIHHHYEeCKOH MeJIHI[HHE
H IEPCOHAIM3HPOBAHHON Teparnuu. [lomydyeHne OCHOBOIIONIAraroIX CBEACHIMII O COAEPKaHHH H
BO3MOJKHOCTSX OHOHMH(OPMATHKH H ITPHMEHEHHS €€ METOJOB K pelleHHIO ()yHIaMeHTaIbHBIX H
ITPHKIIATHBIX ITPOoOIIEM MOIEKYIISPHON OHOIIOTHH, MOIEKYISPHON I'eHETHKH, KIIETOYHOH OHOIOTHH,
SKOJIOTHH H 3aJa4, BOSHHKAIOIINX Ha CTHIKE 3THX HayK ¢ MaTeMaTHKOH H HH()OPMaTHKOH.

Jamaun H3YYUCHHA JHUCIHIL/IHHBI.

1. OcBoeHHe 0a30BBIX ITOHATHH OHOHH(OPMATHKH, MOIEKYISIPHOH OHOIOTHH H KIHOYEBBIX
OMOIIOrHYeCKHX 0a3 JaHHBIX.

2. DopMHpOBaHNHE HABBIKOB CTAaTHCTHYECKOIO aHamm3a, paboTel C «OMHKC»-JAaHHBIMH H
HHTEIPATHBHOI'O aHAJIH34.

3. HsyuyeHHe METOMOB CTPYKTYPHOIO MOJIEIHPOBAHHMS, aHalIH3a OHOIOIMYECKHX CETEH H
CHCTEMHOI O ITOAXO0/A.

4. TlpnoOpeTeHHe NpaKTHYeCKHX yMeHHH ITporpammupoBaHHsI (Python, R) um mpumeHeHHS
MAIIIMHHOTO 00y4YeHHS A1 OHOMEeHIMHCKIX 3a1au.

IL1annpyembie pe3yJbTaThl 00YUeHH S M0 JHCIHILIHHE:

B pesynsmame uzyvuenus npocpammul OUCHUNIUNHBL ¥ obyuarouezoca QopmMupyomcs cieoyioujile
KOMNemeHyLiL.

YK-1 (VK-1.2)

OIIK-2 (OIIK-2.3)

OIIK-6 (OIIK-6.2)

OIIK-9 (OIIK-9.2)

[TK-11 (TIK-11.1, ITK-11.2, TTK-11.3)

2. MECTO JUCIHHUII/IMHBI B CTPYKTYPE OBPA3OBATEJILHOM ITPOI'PAMMOBI
JlucimIuniHa BXOIHT B Biok 1. «JIHCIIHITIIHMHEL (MOZIYIH)» Y4eOHOr0 IJIaHa IO CIIEIHAIbHOCTH
30.05.03 MemumuHCKas KHOEPHETHKA, B eT0 003aTeIIbHYIO YacTh.

JIMCIMIUIMHA H3y4YaeTcsI Ha OCHOBE paHee OCBOEHHBIX JHCIIHIDIHH/TIPAaKTHK Y4eOHOTO TUIaHa:
—  XHUMHA
— buonorug
—  buoxymnog
— I'Hcromorus, I TOIOrHs, 3SMOPHOIOr HS
— MareMaTHUYeCKHH aHaIH3
— JIMCKpeTHasg MaTeMaTHKa H MaTeMaTHYeCKas JTOTHKa
—  HudopmaTtnka
— (DH3HKa
— OCHOBBI OpraHM3alH HayYHBIX HCCIIEA0BaHHH
— BeposaTHOCTHBIE METOIBI aHAIH3a H ITIAaHHPOBAHH MEAHIIHHCKOI O SKCIIEPHMEHTA

— Hu(popMaliHOHHEIE TEXHOIOTHH
JlucipIomiHa obecIieynBaeT H3yUeHHEe MOCIE ] VEOIMHX JHCIIHITIHH/TPaKTHK Y4eOHOrO IIaHa:

— MaremMatHueckoe MOACIIHPOBAHHC OHOIIOTHYECKHX ITPOLCCCOB

—  MemmmHcKkie HH()OPMAITHOHHBIE CHCTEMBI
—  KOMIbIOTEPHBIH aHAIH3 MEIHI[HHCKHX JAHHBIX H H300paKeHHH

— HenpoHHBIE CETH B MEIHIIHHE



3. TPELOBAHUA K PE3YJIbTATAM OCBOEHUA /INCIITUITJINHBI

B pe3ynpTaTe 0CBOSHHS ITPOrpaMMbl JHCIHIUINHBL Y 00y4YaroIerocs ()OpMHPYIOTCS CIIeIYIOIIHE KOMIIETEHIIHH, YCTaHORJIEHHBIE ITPOTrPaMMOH

CIICIHAJIMTCTA.

KoJ 1 HauMeHOBaHHe
KOMIIETEHIIHH

Koag u HaumMenoranue /1K

IL.1TaHupyeMble pe3yJibTAaThl 00yUeHHs (MOKAa3aTe/IH 1A
OIl€HHB aHHSA)

OueHouHbIe MaTepPHAJIbI,
PORepA0II[He Pe3yJibTaThI
00yUeHns

YK-1

Crioco0eH OCYIIECTBIATH
KPHTHYE CKIT aHAJIH 3
ITPOOIeMHEBIX CHTYAIII
HA OCHOBE CHCTEMHOT O
IIOAXO0/a, BEIpabaTkIBaTh
CTpaTerHo JeHCTBHI

YK-1.2. lIpmveHaeT
CHCTEMHBII ITOAX O/, IIPH
IDIAHHPOBAHHH H PEIIEHIH
3a/1a4 B IIpodpeCcCHOHATBH O
obmacTi

3HAeT:
L

OCHOBHBIE 3Tallbl THIIOBBIX OHOHH(OpMAaTHUYeCKHX TaiTIIaiiTHOB
(KOHBellepOB aHaIIH3a). OT IMePBHYHBIX JaHHBIX (FASTQ) mo
OHOJIOTHUECKOH HHTePITPeTAIIH .

[ [pHHITHITEI OPraHH3aIHH H B3aHMOCRBI3H OHOIIOT HYECKHX 0a3
JTAHHBIX (TIEpPBIYHBIE, BTOPHYHbIE, OHTOJIOTHH ).

KOHIIEIINIE0 HHTETPALIH PA3HOYPOBHEBEIX JAHHBIX (¢« OMIKC) )
IS TIONTYUEHIA IeIIOCTHOH KapTHHBI GHOJIOTHYECKOTo ITpoliecca
JUTH 3a00JIeBaHH .

JIIIT TEKYIIETO KOHTPOIL:
KB

714 TpoMe K YTOUH O
aTTeCTAIlHH:

T3

YMeer:
e COCTaBJATE IIOCIIE IOBATeILHELI IINIaH (AT OPHIM ) IefCTBHIT IId
pellleHHd CTaHIapTHOH OHOHH(OpPMATHYE CKOI 3aJauH
(HarmprMep, aHam3 U epeHIHATBHON SKCIIPECCHH T'€HOB HIII
IIOHCK TOMOJIOTOB).
e BrOHpars 1 000CHOBEIBATE BEIOOP COOTBETCTBYIOIETO
IIPOT PAMMHOI' O HHCTPYMEHTAPIA LA KakK [OT 0 STala aHAIIH3a.
OIIK-2 OIIK-2.3. Co3maeT MOJelIH 3HaeT: J714 TEKYIIEro KOHTP OIS
CrocoOeH BRISBIIATE H IATOJTOTHUYECKHX COCTOMHIH e OCHOBHEIE HCTOUHHKH MOTEKYIIPHBIX JTAHHBIX NI KB
OILIEHITBATh 1IN VIVO H 1n Vitr MOJeTHpOBaHHA 3a00lIeBaHInT (0a3bI TeHEeTHUECKHX BapHAHTOR J[71 TIpoMe K YTOUH Oif
MOpPG o VHKIH OHAIIE HEIE, ClinVar/OMIM, maHHbIe 3KCITpeCCHH IIpH ITatoxoriax n3 GEO). | aTrTecTarfm:
(PH3HOIIOTHYECKHE e Iloaxodrl K HAeHTH(HKALII IpaiiBe pHBIX TeHOB M ITAaTOTeHHBIX | T3
COCTOSHHA H CHTHAIIbHBIX ITYTeil Ha OCHOBE aHAIH3a
ITAaTOIOTHUECKHE BBIC OKOITPOH3BOIHTE b HbIX TaHHBIX.
ITPOIIECCHI B OPTraHH 3ME e [IPHHIMIIEI ITOCTPOEHHA H aHAIH3a MOJIEKYIIPHBIX CETell
YeIOBeKa, MOJEIHPOBATE (B3aHMOIEIIC TBHIT) 1A H3YUeHII MeXaHH 3MOB KOMITIIEKCHEIX
ITAaTOIOTHUECKHE 3a00JIeBaH L.
COCTOSAHIA 111 VIVO H 11 VYMeer:

VILTO IIPH IIPOBe/Ie HHH
OH OMe JTHIHH CKHX
HCCIIe JOBAHHIT

M 3pneKaTh M PIUILTPOBATH JaHHbIE, PelIeBAHTHEIE I
KOHKPETHOTO ITaTOIIOT HUECKOT' O COCTOSHIA, H3 00IIeOCTYITHBIX
OnomHGOopMAaTHUE CKILX PECYPCOR.

ITpoBOIHTE ()YHKIHMOHAIBHEII aHam3 (o0oraieHne TeHHBIX
HAaOOPOR ) [T BEIARIEHIIA OHOJIOTHYECKHX ITPOIECCOB,
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HAPYIIIEHHBIX ITPH 3a00IIeBaHIH.

HHTepIIpe THPOBATh Pe3yIbTaThl CETEBOr 0 aHATH?3A LT
dOpPMYIIHPOBAHHA THIIOTE3 O KITHUYEBHIX y31Iax H
B3aHMOJIEIICTRILIX B MOJIEIPYyeMOM ITaTOJIOTHYECKOM
COCTOSAHHH.

OIIK-6 OIIK-6.2. OcyIIeCcTBILIET 3HAeT: JII TEKYILETO KOHTPOILA:
CriocoGeH ITOHITMATE TIOH CK HH()OPMAITHH C e APXHTEKTYPY H HasHaueHHe KIIOUeBRIX MeXKTYHAapPOHBIX KB
ITPHHIIIIEL PaOOTEL HCITOIb30BAHHEM OnonH@opmarmoHHEIX pecypcoB (NCBI, EBI, UCSC Genome J1I1A IIpoMe K YTOUH O
HH(pOPMAIHOHHBIX HH( OPMAIHOHHO- Browser, UniProt, STRING). aTTeCTAI[HH
TEXHOIIOT HI, KOMMYHHKAITHOHHBIX e dopmarsl 6Homoruyeckix qaHHbIX (FASTA, FASTQ, GFF, 13
o0ecIIeuHBaTEL TeXHOJIOT'HI H PECYPCOB VCF, SRA) H ITPHHIHITEI p"dﬁDTLI C HIIMI.
HH(OPMAIHOHHO- GHOMH (OPMATHKH UL e CHHTaKCHC H MeTOIHKY 3((eKTHBHOTO ITOHCKA B
TEXHOIIOI' HHECKYTO TpodeccHOHATBH O CIIeIHAI3HPOBAHHEIX 0a3ax JAaHHBIX C HCIIOIb30BaHHEM
IOIEPAKY B 00IacTH e ATEIBHOCTH CIIOKHEBIX 3aI[POCOB.
3/[PABOOXPAHEH LT, VMeer:
IIPHMEHALEL CPEACIBA ¢ [IpoBOMTE LieTIEHAIIPABIEHHEII IIOHCK H H3BIIEKATh
HH()OpMAIHOHHO- IIOCIIe JOBATEIFHOCTH T'e HOB/OIKOB, aHHOTAIHH, JTaHHEIE
KOMMY HIHKAIHOHHBIX 9KCIIEPUMEHTOB H JIHTEPATYPHBIE CCBUIKH.
TEXHOIOIHH 1 pecypehl ¢ KOPPEKTHO HCIIOIB30BATh AITOPHTMEL TOMOIOTHUYECKOTO TIOHCKA
OIOIH () OpMATHKH B (BLAST) IyIs yCTaHOBIEHHS 3BOJEO LIHOHHEIX H
TPO(eCCHOHAIBHOM ()YVHKIHOHATHHBIX CBA3EI.
e ATEIBHOCTH;
® (CaMOCTOATEIbHO HAXOUTH, 3aTPYAKATh H IIOATOTABIHBATE I
BBITIONIHATE TPeOOBAHH A .
Ny aH A 3a YOI YHEIe HAa0OPHI TaHHBIX, CBI3aHHEIE C
HH(pOPMAIHOHHOI } i}
Ipoge CCHOHAIL HOM 3a1ayei.
6e30ITaCHOCTH
OIIK-9 OIIK-9.2. OcyIIecTBIIIET 3HAeT: JII TEKYILETO KOHTPOILA:
OCYIIECTBIIAET IpoecCHOHATLHYIO ¢ (OCHOBHBIE ITPHHITHITEI OOPAIIeHHA C IIEPCOHATFHEIMH JTAHHBIMI, KB
ITpO()eCCHOHAIBH VIO e ATEIIBHOCTH B BKIIr0Uasd reHeTHyeckHe (@3-152 «O mepcoHaIbHBIX JTaHHBIX) ). 714 TpoMe K YTOUH O
ACATCIIEBHOCTE B COOTECTCTEHH C e [IpaBOBEIE M 3THUECKIE HOPMBI PabOTHI ¢ OHOMATEPHATIOM H dTTECTAITHH.
COOTBETCTBHH C JeHCTBYIOIITHMH ITPaBOBBIMH TAHHEBIMH ITAITHEHTOR B HCCIIE TOBATEh CKIX I[eTIIX T3
e HCTB YFOLIIIMIT HOPMaMH (FMHQOPMIIPOBAHHOE COrIacHe, X elbCHHKCKAA JAeKIapari).
IIPABOBRIMH HOPMaMH e [Iparmia HCITOB30BAHNA JAHHBIX M3 ITYOTHUYHBIX PEIIO3HTOPHER
(JIHIIEH3HH, YCIOBHA TOCTYIA, TPeOOBAHHA K I[HTHP OBAHHIO ).
YMmeert:

OmnpeiensaTs HeoOXOTHMOCTE H IOPATOK ITOTYUeHH I 3THUe CKOTO
0J00peHI A ML INIAaHHPYEMOT 0 HCCIIe JOBAHH C

OHOMe THITHHCKHMH JAHHBIMH.

[IpHMeHATE METOMEI Ae-HAeH THPHKAIIHI H 003 ITHUHBAHILT
JTAHHBIX IIPH padoTe ¢ KIIMHAYeCKIMH FIIH T'e HOMHBIMH
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HaOOpaMH.
CoOmro1aTh IHIEH3HOHHEBIE COTTAIEHHA H KOPPEKTHO
O()OPMIIATE CCHUIKH HAa HCTOUHHKH JAHHBIX B HAYUHBIX OTUETAaX.

I[TIK-11

Croco0eH ILIaHHPORATH
Me THK 0-OHOIOTHUYECKOe
HCCIEIOBAHHE, BHE IPATEH
Pe3yILTATHL B IIPAKTHKY
C HCIIOIb30BaHHEM
MeTOJIOB

MaTe MaTHYeCKOH
CTATHCTHKH H

IOKA3AaTe ILHOMH

Me JTHI[HHBI.

ITK-11.1. Pa3pabarsiBaeT
MeTO/IHKH IIPOBE/IeHH A
MeTHKO - OHOIIOT HYEeCKIX
HCCIeIOBAaHNIT HA OCHOBE
IIPHHIRIIOB JOKAa3aTellbHOI
Me JTHITHHBI.

3HAeT:

CTaHIapTHL OICAHIA SKCIIEPHMEHTOR C

BBIC OKOITPOH3BOIHTe b HBIMH JaHHEIMH (MIAME, MINSEQE).
[ [pHHITHITE TIIAHHPOBAHIA IKCIIEPHMEHTA, BKIIFOUASL PAaCUéT
pa3Mepa BEIOOPKH H /IH3AIH CpaBHEeHHA TPYILIL.

KpurepHu Aoka3aTelsHOCTH B OHOHH(POPMATHKE
(cTaTHCTHYEeCKAad 3HAUMMOCTD, OHOTOTHUeCKasd PeTUTHKAIHA,
BALHJALA HA HE3aBHCHMEBIX JAHHBIX).

JJI TeKYIero KOHTPOIA:
KB

J1I1 IPOME K YTOUH O
aTTeC TaL[HH

T3

YMeeT:
e OIeHNBATh aJIeKBAaTHOCTh H BOCITPOM3BOIHMOCTE
OITyOMMKOBAHHBIX OHOHH(OPMAaTHUECKHX MeTOTHK.
e @opMyIHpPOBAThH YETKHE, IIPOBEPIEMBIE HCCIIEIOBATEIb CKIE
THITOTE€3bI, KOTOPEIE MOT'YT OBITH ITPOTECTHPOBAHBI C TIOMOIILEO
BBIUHCIHTEIBHEIX MeTOJIOB.
[TK-11.2. OGpabaTeBaeT 3HAaeT: J[714 TEKYIIEro KOHTPOI A
3K CIIEPHMEHTAIILHEIE e Ba30BBOI CHHTAKCHC H OCHOBHEIe OHOMHOTEKH sS3b8IKa Python KB
JaHHBIe H aHATH3HPYET (BioPython, pandas, NumPy, SciPy, scikit-learn) nm R J1I1 IPOME K YTOUH O
PE3YIBL TAaTEl MEHKO- (tidyverse, Bioconductor) mis o0paboTKH OHOIOT HUe CKHX aTTECTALHH
OHOIIOr HYeCKHX TAHHBIX. T3
HCCIIeTOBAHHH C ¢ (CTaTHCTHYECKHE MeTOMIBI, IPHMEeHACMBIE I AHAIH3a <« OMHKC»-
HCITOJIb 30BaHHEM TaHHBIX (t-TecT, ANOV A, perpeccHOHHBII aHamn3, FDR-
CIICITHAITHIHPOBAHHEIX KOPpeKIH jg[) ]
A3BIKOB IIPOrpaMMHPOBaH HAL, e [IprHIrmel 3 eKTHRHON BH3YVAIH3AIHH JAHHBIX C
CTATHCTHHE CKILX ITAKETOR. HCIIONb30BAaHHEM CIIEI[HATH3HPOBAHHEIX OHOIMIMOTEK
(matplotlib/seabom, ggplot2).
YMeeT:

ABTOMATH3HPOBATH II€ PBHUHYE 00Pa0OTKY JAHHBIX:
UTEHHeE/3allHCh (ail1oB, (PIUIL TpaIito, ImpeodpazoBaHie
¢opmaroR.

ITpOBOMITE CTATHCTHYECKITT aHATH3 JAHHBIX (PacuéT
OICaTeIbHBIX CTATHCTHK, IPOBEPKA THIIOTE3, IIOCTPOEHHE
MOJIENEN ) H KOPPEKTHO HHTEPIIPe THPOBATh p-values H
TOBEPHTEILHEIE HHTEPBAJIEI.

Co3maBaTh HHPOpPMATHBHEIE TPAHKH H IHarpaMMBl 11
IIPeICTABIEHIA PE3YIFTATOR AHATH3A B HAYUHEIX OTUETAX.
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IIK-11.3. BHegpsaeT
Pe3yIb TAThl Me THKO-
OHOIIOTHUeCKHX
HCCIIeIOBAHHIL B

3K CIIEPHMEHTAIILHYI0 H
KIIHIUECKYE0 IIPaKTHKY

3HAET:
&

YMeeT:

MeToIbI IlepeBoa Pe3yiIbTaTOB OHOHH(POPMATHUECKOTO aHaTH3a
B OHOIOIrHYeCKH H KIIMHHYECKH HHTEPIIPETHPYEMYE (OPMY.
[IyTH BaJOAI[HH BEIUHCIHTEIbHBIX IIPeICKa3aH il
3KCIIepHMeH Talk HbIMH MeTodaMH (I11]P, BecTe pH-OIIOTTHHT H
ap.).

B 03MOKXHOCTH H OrpaHHuYeHH I OHMOHMH()OpPMATIYECKHX
HHCTPYMEHTOR UL ITOI]Te PAKH IIPHHATHA KIIHHYEC KX

PelleHrd! (HalTpHMep, HHTePIIPeTAIHA BApHAHTOR HeICHOTO
3HAUEHH).

['eHepHpPOBATh H3 Pe3yILTATOB aHAJI3a CITFCKH T'eHOB-
KaHIHIAaTOB, OHOMAapKepOB IIIH TepareBTHYE CKIIX MHIIIeHE]T,
IIPHT OJTHEIE IS SKCIIEPHMEHTAIBHOH ITPOBEPKH.

["OTOBHTP OTUYET IJIHM 3aKIFOUEHHe 10 pe3yihTaTaM aHalHn3a,
ITIOHATHOE I OHOJIOr OB H KIIMHHIICTOR, C YKa3aHHeM CTeIleHH
JTOCTOBEPHOCTH H OTPaHYeHHIT MeTO/IOB.

OreHHBaTh KIMHHYECKYI0 3HAUHMOCTh OOHAPY KeHHBIX
reHeTHYeCKHX BapHAHTOB HIIH IIaTTe PHOB SKCITPEC CHI,

HCIIONIB3VA CIICITHAILH3HPOBAHHEIE KIITHHHYCCKHE 0askl HAHHBILX
(ClinVar, CIViC).

JIIT TEKYIEro KOHTPOI L
KB

JI1 TpoMe K YTOUH O
aTTeCTAIHH:

T3




4. COAEPKAHUE JUCIUIIJIMHLI, CTPYKTYPHPOBAHHOE IIO TEMAM
(PAAEJIAM) C YKA3AHHUEM OTBEJAEHHOI'O HA HHX KOJIMYECTBA
AKAJIEMNYECKHX YACOB 1 BUJ1OB 3AHATHH

4.1 O0beM MHMCIMILIHHbI B aKaJeMHYeCKHX 4YacaX, BbIIeJIEHHBIX HA KOHTAKTHYIO padory
o0yuanmxcss ¢ TMpenoJaBarejieM H HAa CaAMOCTOATEAbHYI BHeAYAHTOPHYIO padory
odyJaronmmxcs

Kon4uecTB 0 4acoB
TpygoeMKOCTE B Kypc -2
Buj yueOHo# padoThI aKaJeMHYeCKHX
qacax ceMecTp - 4

KoHTakTHas padoTa 00y4aloIUXcs C IpenoJaBareieM 79 79
(BCero)
13 HHX:

3AaHATHI ITeKIIHOHHOI0 THIIA 30 30

3aHATHI CEMHHAPCKOI' O THIIA 48 48
CamocTosiTe/iIbHasi BHeayTHTOpHAasA pabora (Bcero) 30 30
IIpoMexXyTOUHAA aTTeCTAI[HI — YK3aMeH 36 36
Oo01as TPyJ0eMKOCTh JHCIHH ILTHHbI 144 yaca/4 3.e. 144 yaca/4 3.e.

13 Hux Ha 111 6 6

4.2 Coaep:kaHne JUCHHILIHHbIL, CTPYKTYPHPOBAHHOE IO pPa3JesiaM ¢ YKa3aHHEM OTBeJIeHHOI0
HA HHX KOJIHYeCTBAa AKaJeMHIeCKHX YACOB H BHA0B 3aHATHII

KoHTakTHasA padoTa, akaJeM. 4
HaumeHnoeanmne CaMocTosITellb Hast I3 HUX HA
3aHATHA 3aHATHSA BHeayJHTOpHAas Bcero
PA3ACIOB AHCIAILTAREL - b e nimonnOTO CEMHHAPCKOr o paboTa e
THIIA THIIA

Kypc -2 cemecTtp—4
Pazmen 1. Beemeniie 1
(pyHIaMeHTATbHBIE 6 12 6 24 2
OCHOBEI OHOMH(})OPMATHKH
Pazmen 2. bHOIOrHUECKHEe
0asEl JAaHHBIX H 6 12 6 24 2
TIEPBHYUHBIH aHAIH?3
Pazmemn 3.
CTaTHC THUYe CKHIT aHAIH 3 6 12 6 24 )
H BH3YaIH3AI[H A
OHOMe IHIHH CKIX JAaHHBIX
Pazmen 4.
BIIDIH{@DPMTIHca B 6 g 6 20 5
Me THI[HHE TIPHKIIAaHEIE
acIleKTEI
Pazmen 5.
IlepcrieKTHBHEIE
HaIlpaBIeHILI H 6 4 6 16 -
VIIyOIIEHHBIE METO/IBI B
OHOMH(OPMATHKE.

Bcero 3a cemectp 30 48 30 108 6

HUTOT'O 30 48 30 108 6




4.3 Temarn4vecknii IUIAH 3aHATHII JJeKIIHOHHOTO THIIA (10 ceMecmpam)

IlepeueHb KOOOB

aImIapaTHbIe TMATPOPMEL H
HHCTPYMEHTAILHEIE CPE bl

ITOJOOHBIX CHCTEM H KOMAHIHOH CTPOKH IS
IpoecCHOHAILHOH PaOOTHI.

OneHouYHEIe
No HanmeHOBaHHe TeMbI UK, MaTepHAasbI s
a/n J— Yachl KpaTKkoe coaep:kaHue 3aHATHA (¢hopMHpPYEMBIX B TeKyIIero
npoijecce OCBOeHHs KOHTDOJIA
TeMbI
Kypc- 2 cemecTtp - 4
Paznen 1. Beenenne n ¢pynHgaMeHTAIbHbIe OCHOBLI OHOHH (bOpMaTHKH
1. Tema 1.1 BuonHgopmMarinka 2 1. Omnpenenenrie GHOMH(OPMATHKH KaK VYK-1.2 KB
B CHCTEMe Me[HIIHHCKOH MEJKIHCIIHIDIHHAPHOH HAYKH Ha CTBIKE OHOIIOTHH, OIIK-6.2
KHOEPHETHKIL: ITPe/IMeT, MeJTHITHHBI, HH()OPMAaTHKH H MaTEMaTHKH.
3d/iaH, HEPCIICKTHBEL 2. KiroueBble 3amaui; XpaHEHHE H OpraHH3aLIHs
OHOTOrHYECKIX JaHHBIX, CPaBHEHHE
IIOCIIeJOBATEIILHOCTEH, IIPeiCKa3aHNe CTPYKTYPHL H
(PYHKIIHH, aHAJIIH3 «OMHKC »-JaHHBIX.
3. Pomnp OHOMH(OPMATHKH B COBPeMEHHOH MeJIHIIHHE: OT
TeHOMHKH H IIEPCOHAIIM3HPOBAHHON TEPAITHH J10
SITHJIEMHOIIOTHH H Pa3pabOTKH JIEKAPCTB.
4. KparTkHii HCTOPHYECKHI 0030p.
5. llepcrieKTHBEI pa3BHTHA OOIACTH H MECTO MEJTHUIIHCKOIO
KHOepHETHKA B OHOMH(] OpMaTHYECKHX ITPOEKTaX.
2. Tema 1.2 MonexyIapHO- 2 1. lleHTpampHas JorMa MOIEKYIISIPHOH OHOJIOTHH. OIIK-6.2 KB
OHMOIIOTHYeCKIE OCHOBEI ['eHeTHYeCKII KO H €TI0 BEIPOKIECHHOCTS.
6IIDIEI¢DPM§»TIEGI3 Or 2. Crpykrypa reHoma. [IoHITHS reHOTHITA H (DeHOTHIIA.
HERIpAILHOM AOIMEL 3. TuIel GHONIOTHYECKHX JAHHBIX H HX I (QPOBOE
MOIEKYIAPHOMH OHOMOrHI K npeacTaBiaeHue: rmocnegoparensHocTH JJHK/PHK,
AHHBIM. AMIHOKHCJIOTHBIE TTOCIIEIOBATEIIBHOCTH OEIKOB,
TPEXMEPHBIE CTPYKTYPHI.
4. T'eHeTHYecKasd H3MEHYHBOCTD. MYTAI[HH H HX 3HAUEHHE
JUISI SBOJIFOIIMH H MEHUIIHBI.
5. CBs3b MEXKIY MONEKYIISPHBIM ITPOIIECCOM H (haijIoOM Ha
JUICKe: KaK OMOJIOTHYECKOE 3HAHHE IIPEBPAINAETCS B
OOBEKT BRIUHCIIMTEIILHOI'O aHAIIH34.
3. | Tema 1.3 ITporpaMmHO- 2 1. OO030p onepalfHOHHBIX CHCTEM: BaxKHOCTh Unix/Linux- [IK-11.2 KB
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OHOMH)OPMAaTHIECKOTO 2. SI3pIKH NMporpaMMHpOBaHH S B OHoHH(popMaTHKe: Python
aHaIH3a (YHHBEpCaIbHOCTh, OHOMHOTeKH) H R (cTaTHCTHYEeCKHIT
aHaIH3, BH3yamHu3aips). X skocucTeMsl (BioPython,
Bioconductor, tidyverse).
3. HHTerpHpoOBaHHEBIE CPeABl pa3padOTKH H aHam3a: Jupyter
Notebook, RStudio. KoHiiempis BocIpon3BOHMOCTH
HCCIIeJOBAHII.
4. VYmpapieHHe ITaKeTaMH H 3aBHCHMOCTSMH: Conda,
Bioconda, pip. KoHTeiHepH3aIms A1 cCO3qaHHs
IIEPEHOCHMBIX BBIYHCIIHTEILHBIX CPEL.
5. JIOCTVYII K BEIYHCIIHTEIILHEIM PECYPCaM.

Pa3zaed 2. buojornyeckue 0a3bl JAHHBIX H NePBHYHBI AHAJIH3

4 Tema 2.1 CHcTeMaTHKa 2 1. Hepapxus 1 THITEI OHOIOrHYeCKHX 0a3 JaHHBIX: OIIK-6.2 KB
OMOMOTHYECKUX TaHHBIX: TIEPBHYHEIE aPXHUBBI, BTOPHYHEIE Oaskl,

KITaCCHQHKAIHA, (pOPMATHI CTIEIIHAJTH3HPOBAaHHEIE PECYPCHI.
XPAHCHILL 1 2. KumroueBnle hopMaTsl (haiios.
METARHQOPMAIH. 3. CTpyKTypa H CEMaHTHKA MeTaJlaHHBIX. CTaHJAapTh
OITHCAHHS 3KCIIEPHMEHTOB.
4. OHrOnorHH B OHOJIOIHH KaK CITOCO0 YHH(PHIHPOBAHHOIO
OITHCAaHHS (PYHKITHIH I'€HOB H IIPOJIYKTOB.
5. Crparernu 3(p()eKTHBHOIO IIOHCKa H H3BIIEYEHHS JaHHBIX.

S Tema 2.2 AT OPHTMEI 2 1. IloHsATHE rOMOIIOTHH. SBOMIOIHOHHASL H (pyHKIHOHaIbHag | OIIK-6.2 KB
CpaBHEHHA OHONOTHYeCKHX 3HAYHMOCTE ITOHCKa I'OMOJIOT'OB. [IK-11.2
HDCHEﬂDBﬂTEHBPFJDCTEfﬁ 2. TouHBIE aITOPHUTMEI BEIPABHHBAHHS: METOBI
TOMOITOIHHECKIIH TTOHCK 1 JIMHAMHYECKOIO IIporpaMmMuposanis (Humgenmana-

MHOMECTBEHIOE Bynmra, Cvuta-Barepmana).
BPIPABHIBAHIE. 3. DOBPHUCTHYECKHE AT OPUTMEL. [ IpHHITHIT pabOoTEI, STaIlbI.
P P PHHITHIT P ;
4. MHOXeCTBEHHOE BBIPAaBHHBAHHE ITOCIIEIOBATEIILHOCTEN,
ero Ba;KHOCTH JIJIS (DIIIOreHETHYECKOr O aHaJIn3a H IIOHCKa
KOHCEPBAaTHBHBEIX MOTHBOB.
5. Busyammszais M aHaini3 pe3yiIbTaTOB BeIPAaBHHBAHIAL
Hcmons30BaHi e BEIPpaBHHBAHIIT I ITPeICKa3a I
(YHKIIHH H CTPYKTYPHI.

6 Tema 2.3 2 1. O0630p ocHOBHBIX ITIaT(PopM NGS: TeXHOIOTHH CHHTE3a YK-1.2 KB
B BICOKOITPOH3BOHTETBHOE (Illumina) 1 HaHOMOpPOBOrO cekBeHHpoBaHHA (Oxford [IK-11.1
cexBeHnpopamue (NGS) : Nanopore). UX cpaBHHTEeIIbHBIE XapaKTePHCTHKH. [IK-11.2
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ITPHHITHIIEI TeXHOIOTHIT,
(popMAaThI JTAHHEIX H 3TAIIkI
IIePBHUHOIO aHAH34.

4.
5.

Dopmat FASTQ: cTpykTypa 3armcH (HIeHTHPHKATOp,
TIOCIIeJOBATEIIbHOCTD, Pa3eIHTENIb, KaueCTRO).
CTaHIapTHLIN ITaHIUIaNH IIEPBHYHOrO aHamm3a NGS-
JTAaHHBIX: KOHTPOJIb KauecTBa, 0Ope3Ka H (DHIIbTPaIlHs
IIPOYTEHHI.

KapTHpoBaHHe ITpoyTeHHIl Ha pe()epeHCHBIH I'€HOM.
Busyamizaigis pe3yiabTaTOB KapTHPOBAHH S H OCHOBHEIE
METPHKH Ka4eCTBa SKCIIePHMEHTA.

Pa3gen 3. CtaTHcTHYeCKHH AaHAJH3 H BH3YAJIM3AI[HA OHOMeIHIIHHCKHX JAHHbIX

7

Tema 3.1. OCHOBEI
CTATHCTHKH UId aHaIH3a
"OMHKC" -IJAHHBIX.

2

1.

Oc0o0eHHOCTH «OMHKC»-JaHHBIX. OOIIBIIAST Pa3sMEPHOCTD,
IIYM., KOPPEIIHPOBAHHOCTD ITPH3HAKOB, HeOOXOIHMOCTE

HOPMaJI134aIlIH.
OrmHcaTelnbHasI CTaTHCTHKA H HCClIeJOBATEIb CKHI aHal?3

IaHHBEIX. [IpoBepKa pacipeieeHII.

OCHOBEBI ITPOBEPKH CTATHCTHYECKHX THITOTES.
[IpuMeHeHHe t-TecTa M ero HeltTapaMeTPHYeCKHX aHAJIOT OB
JUISI CPAaBHEHHS IBYX T'PVIIIL.

[IpoGrnema MHOXKeCTBEHHOI O TECTHPOBAHH S H METOLEI €0
KOPPEKIH.

BBejieHIe B IHHEHHBIE MOJIEITH M JHCIIEPCHOHHBIH
aHaIIH3.

IIK-11.1
[IK-11.2

KB

Tema 3.2. BusyamHzamua
OHONMOTHUYECKHX JAHHBIX:

IIPHHITIIIEL H HHCTPYMEHTHI.

KOTrHUTHBHEIE OCHOBBI BOCIIPHSTH S BU3YalIbHOMH
HH@opMaIH. I IpHHIEIIE 3¢ (PeKTHBHOH H YeCTHOH
BH3YaIIH3aIlHH 110 TaTH.

BerOop THIIa rpadHka B 3aBHCHMOCTH OT 3aJa4d H
JTAHHBIX.

PaboTa c IIBETOM: I[BETOBBIE MOJIEIH, TEMAaTHYECKHE
ITAIIHTPEL, JOCTYIIHOCTS JJIS JallbT OHHKOB.

OcHOBHBIE OHONMHOTEKH JJ19 BH3yanH3aui B Python i R.
X cpaBHHTEILHEIE ITPEHMYILECTBRA.

Co3laHHE CIIOKHBIX, MHOT'OITAHEIIbHBIX PHCYHKOB JJIS
HAYYHBIX ITYOITHKAIHH H OTYETOB.

IIK-11.1
[TK-11.2

KB

Tema 3.3. BreneHHe B
TPAHCKPHUITTOMHBIT aHATH?3

(RNA-seq).

[lemm u 3agaun RNA-seq: aHamm3 qudpepeHIHaIbHOH
SKCITPECCHH T€HOB, BRISBIICHIE allbTEPHATHBHEIX
BAPHAHTOB CIUIAMCHHIA, OOHAPYKEHHE HOBBIX
TPAHCKPHIITOB.

YK-1.2
IIK-11.1
[IK-11.2

KB
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5.

OCHOBHBIE 3Tarnkl aHamiza RNA-seq: KOHTpOJIb KauyecTBa,
KapTHPOBaHHE Ha TeHOM/TPaHCKPHIITOM, ITOACYET YTESHHIH
Ha T'eHBbl.

Hopmannsariis JaHHBIX 1S KOPPEKIHMH TEXHHYECKHX
BapHAL[HH.

CraTHCTHUYECKHE METOABI IS BEISIBIEHH
mi(depeHIIHATBHO SKCIIPECCHPYEMBIX T€HOB.
HMHTepripeTaliiisa pe3yiabTaToB.

OVYHKIIHOHAIBHEIN aHaIH3 Pe3YIIbTAaTOB.

Pasnea 4. IIpukaagnbie acnmekTbl OMOHH

10

11

Tema 4.1 MemmaucKaa
reHOMHKA H
IePC OHAJIH3H POBAHHAA

Me JTHITHHA.

Tema 4.2 buonH(popMaTHKa
B SITHAEMHOIOTHH H
oOIleCTRE HHOM
3IPAaBOOXPaHEHHH.

2

(l)ﬂpMﬂTHHH B MEJHIINHE H aHAJIH 3 OHOJIOrHYeCKHX CHCTEeM
1.

KiIMH4ecKkoe CeKBEHHPOBAHHE: JTHATHOCTHYECKIE
ITAaHEIIH, SK30MHOE H ITOJIHOT€HOMHOE CEKBEHHPOBAHHE.
KoHgeliep aHami3a reHeTHYECKHX BapHAHTOB:
(PHIBTPAIMSL, aHHOTAIHS, IIpeJicKa3aHHe ITaTOreHHOCTH.
[IpriMeHEHIIE B OHKOJIOTHH . aHAJIH3 COMAaTHYEeCKHX
MYTALHIH, OITPeIETIeHHe TepalleBTHYeCKHX MHILIEHEH,
OTCJIEKHBAHHE KJIOHAIIBHOH 3BOIIOLMH OITYXOJIH.
(DapMaKOoreHOMHKA: BIIHSIHHE F'eHETHUECKIX BapHAHTOB Ha
MeTaOoJIH3M H 3(p(eKTHBHOCTD JIeKapCTB.

OTHYECKHE, ITIPABOBBIE H COLHAIbHBIE ACTIEKTHI
MeTHITHHCKOH I'e HOMHKH: KOH(H/IeHI[HAJIbHOCTD,
JTHCKPHMHHALI L, HHPOPMHPOBAaHHOE COITIACHE.
["'eHOMIKa HH(EKIIMOHHBIX 3a00JIeBaHHI: OTCIIEKHBaHHE
BCITBIIIEK, PEKOHCTPYKIIHA ITYTEH IepeJauyl, H3YUeHHE
SBOJIFOLMH ITaTOr' eHOB.

AHamH3 MeTareHOMHBIX JaHHBIX JJI HCclleJOBaHHI
MHKpOOHOMa YeJIOBEKa M er0 POIIH B 3J0POBLE H OOJIE3HH.
HMHTerpalgisgs reHOMHBIX JaHHBIX C SITHAEMHOIOTHYeCKOH
HH(}OpMaIHeH B CHCTeMaX BITHIeMHA[30pa.
BromH(popmaTHKa B ITpoeKTax ITOMYIISIIHOHH OH
TEHOMHKH . BBISBIIEHHE TeHeTHUYeCKHX (PAKTOPOB PHCKA
CJIOJKHBIX 3a00IeBaHIH.

Pors 6monH(pOpMaTHKH B OTBETE Ha ITI00aIbHbIE BEI30BHI
(TTaHeMHH, aHTHMHKPOOHAS Pe3HCTEHTHOCTD ).

OIIK-2.3
OIIK-9.2
[TK-11.3

YK-1.2
OIIK-2.3

KB

KB

12

Tema 4.3 BeeJeHie B aHAIH 3
OHOJIOTHUYECKHX CeTel H

THIeI OHOIIOTHYECKHX CeTeH: CeTH OelIoK-0elIKOBBIX
B3aHMOJEHCTBHH, MeTa0OJIMYECKHE, PETYIISTOPHEIE

YK-1.2
OIIK-2.3

KB
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HHTET PAIlHEO
MYIFTHOMHECHBLX TAHHBIX.

(TpaHCKPHITLHOHHEIE, CHTHAJIbHBIE).

VMICTOUYHMKH JaHHBIX IS ITOCTPOEHHS CETEH H Oa3kl
TAHHBIX. (DOPMATEHI IIPEACTABIICHH I CETEH.
Tornmonornyeckie CBOMCTBA CETEH: CTEIIEHH Y3IIOB,
IIEHTPAJIBHOCTD, KIIaCTEPH3AIHS, OIIPEAEIIEHHE MOIYIIEH.
CTpaTeruy HHTerpali pasHOPOIHEIX JaHHBIX
(TeHOMHKa, TPaHCKPHIITOMHKA, ITPOTEOMHKA):
KOPPEISIIHOHHBIN aHAJIM3, COBMECTHAS KIIACTEPH3ALIS.
[IpuMeHeHHE ceTeBOro Moaxoaa A1 HAeHTH(PHKALHH
IpaHBEPHBIX I'eHOB 3a00/IeBaHHH H ITOHHMAHH ST
MEXAHH3MOB JICHCTBHS JIEKAPCTB.

Paszaeda S. Yriy0oJi€éHnble MeT0db1 B OHONHGOpMATHKe

Tema 5.1 BreeHe B 2 1. OCHOBHBIE ITOHITHS. [IK-11.2 KB
MAIlTHHHOe 00yUeHIe JiIsT 2. Kiroudesrwle 3Tarnsl paboyero mporecca: IMoAroToOBKa H [IK-11.3
GHOME IITHHCKHX 3a/at. npeno0padoTKa JaHHBIX, BRIOOP MOJIenH, 00yUeHHe,
BaJIMAI[M, OL[EHKA KaueCTRa.
3. O030p KIacCHYECKHX aJIT OPHTMOB.
4. TIpuMepHl IPHWIOKEHHUH B OHOMEIHITHHE.
5. BaXHOCTh HHTEPIIPETHPYEMOCTH MOAEIeH H O0PBOHI ¢
repeodyUeHHEM.
Tema 5.2 AlropHTMITYE CKHE 2 1. 3amaua cOopku reHoma: de novo mudo. cOopka I1o YK-1.2 KB
OCHOBEI aHATH3a T'€HOMA. OT pedepency. I'padrl Ae BpoliHa kak OCHOBa ajlr OPHTMOB IIK-11.2
COOPKH K aHHOTAIIMIL. COOPKH. [IK-11.3
2. OweHka KadyecTBa cOOpkH: MeTpHKH NS0, L0, mmomHoTa,
3arpsi3HEHHE. basel JaHHBIX 3TAJIOHHBIX T'€HOMOB.
3. IlpeackaszaHHe I'€HOB. ITOHCK OTKPBITHIX PaMOK
CUHTHIBAHHS, HCIIOIB30BAHHE CKPHITEIX MapKOBCKIX
MOJ(eTIEH H BHEIIHHX JaHHBIX.
4. (DYHKIIHOHAIbHAS aHHOTAI[H I FeHOMA: ITIOHCK TOMOJIOT OB,
IIpeJicKa3aHie JOMEHOB OEJIKOB, COIIOCTABIEHHE C
OHT OJIOTHSIMI.
Tema 5.3 IlepesioBrIe 2 1. Metozmpl nmpeacKa3zaHisI BTOPHYHOH H TPETHYHOH OIIK-2.3 KB
METOJIEl B CTPYKTYPHOM CTPYKTYPHI OelKa. [IK-11.3
OHOMH(OpMAaTHKE: OT 2. T'omomoruyeckoe MOAEIIHPOBAHHE: ITPHHIHIIEI, KITFOUEBEIE
TI'OMOIOI'HYECKOT'O STAIIBI.
MOJIETHPOBAHILT K Al- 3. PeBomonis B IpeacKazsaHHH CTPYKTYPHBI: aJlr OPHTMBI
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ITPpEACKA3aHHID .

r1yOoKoro ooyueHus. [IpuHImm padboTel, OlleHKa
JIOCTOBEPHOCTH.

JIOKHHT (CTBIKOBKA) MOIEKYI: METOABI ITPeicKa3aH I
B3aHMOJ[eHCTBH A OelloK-IHTaHd H OelloK-0elIoK.
BHpTYalIbHEIN CKPHHHHT B JTH3aHHE JIEKAPCTB.

AHaIH3 BIHSHHA MyTaLHH Ha CTPYKTYPY H CTaOHJILHOCTE
Oenka. Mcromp30BaHIe MOTEKYISIPHOH JTHHAMUKH IS

H3YYEHH S (DYHKI[HH.

Bcero 3a cemecTp

30
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4.4 TemaTH4yeckHil ILIAH 3aHATHII CEMHHAPCKOro THIIA (10 cemecmpam)

FASTA, m3BiIeyeHHA HIeHTHPHKATOPOB H
IIocIeTORaTe IbHOCTE.

2. Peammzarmd QyHKIIIT 11 aHAIH 34
ImociegoparebHOCTEN JIHK: mmoacuér
HYKIEOTHIHOI'O COCTABa, BEIUNCIEHHE
GC-cocTaea, IIOHCK MOTHBOB, IIEPEBOJ B
KOMIUIEMEHTAPHYEO L[EITh, TPAHCKPHIIIHA.

3. CoxpaHeHHe pe3yIbTAaTOB aHAIH3a B
tabmmryHoM opmare (CSV).

IlpakTHUeckas NOJAr oTOBKA:
1. HammcaHue 1 OTIaJKa CKPHIITOB Ha

®opma Hacer, Ilepeuens MK, O1eHOYHEBIE
IIPOB€eHHA E TOM
Ne HanMeHOBaHHE TeMEI (hopMHpPYEMBIX B MaTepHaJbl J/1d
3aHATHA qHciie KpaTkoe cogep:kaHie 3aHATHA
TEeMBI 3aHATHSA mpoliecce OCBOeHUA TEKYILEro
CEeMHHAPCKOro Ha TeMEL KOHTPOJLA
THIA™ II11
Kypc- 2 cemecTp - 4
Pasnen 1. Beegenue H (pyHJaMeHTAJIbHbI€ OCHOBBI OHOHH (POPMATHKH
TeMma maGopatopHas | JJabopaTopHasd padoTa 4 KpaTKkoe coaep:kaHie 3aHATHS [IK-11.2 KB
1.1 pabora 1.1. Pa3zpepTrIBaHIE ITexs: OCBOHTE 0a30BEI€ HABEIKH Pa0OTH B
pabouero OKpyxKeHHA KOMAaH JTHOI CTPOKE H Pa3BEPHYTH OCHOBHOE
OmonmH@opMaTHKA. IIPOrPaAMMHOE OKPYKEHHE.
3aauH:
1. PaboTa B KOMaHHOII cCTpoKe Linux:
HaBHTAIHA 110 (pafIOBOI cHCcTeMe, padoTa C
(pairaMH H KaTaxorami, KOHBeepEI.
2. YcTaHOBKa H HACTPOHKA MeHE [DKepa
nmakeToB Conda. Co3aHHe H30IHPOBAHHOL O
OKPYXKeHHA L1 OHOHH(POPMATHKH.
3. YcraHOoBKa ocHOBHEIX OHOmMHOTEK Python
(BioPython, pandas, matplotlib, seabom) u
3aIryck Jupyter Notebook.
Tema maboparopHasd JlaGopaTopHasd paGoTta 4 KpaTKoe coaep:kaHue 3aHATHA [IK-11.2 KB
1.2 pabota 1.2. OcHoBrI Python n3 HHX | Ilefib: HAyuUHThCA HCIIONB30BaTh Python s OI1K-6 .2
L1 OHOHH() OPMATHKH: 2 Ha | YTEeHH, 3aIlHCH H aHaIn3a OHOIOTHYEeCKHX
o0paboTKka ITII | maHHBIX B popMaTe FASTA.
OHOIIOTHUEeCKHX 3adaun:
IIOCIIE JOBATEIL HOCTEH. 1. Hammcanne cKpirra g UTeHn gaitna
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Python B cpene Jupyter Notebook.

2. PaboTa co CTpYKTypaMH JaHHEBIX (CTPOKH,
CIDICKH, CIIOBAPH) I XPaHEeHA
OHOIOrHYeCKOH HH()OPMAIIHH.

3. Peamm3amig IoIb30BaTelh CKHX ()YHKIHI
1A PelleHH I THITOBBIX 3aJa4 aHAaTH3a
nociemoarembHOCcTe JIHK/PHK.

TeMma maGopatopHas | JJabopaTopHasd padoTa 4 KpaTKkoe cogep kaHHe 3aHATHSA OIIK-6.2 KB
1.3 pabGoTa 1.3. ARTOMATH3AIH I IleJ1b: OCBOUTH ITPOTPAMMHBIH JOCTVII K
cOopa TaHHEIX: paboTa O0azaM JaHHBIX NCBI 111 aBTOMaTHYECKOT 0
¢ NCBI uepes3 TTOMCKa H 3arPy3KH HH(POPMAIIHH.
Biopython Entrez. 3amaun:
1. Hcnoms3oBaHue Moy Bio.Entrez
IUIS IIOMCKA T'€HOB I10 KIIFOYEBBIM
CJIOBaM.
2. lIporpammHoe H3BIIEYEHHE H ITAPCHHT
HH(POPMAIHH O HaIJeHHBIX 3aITHCSIX
(MIeHTH(PHKATOPEI, OTTHCAHHS).
3. ABTOMarH4YecKas 3arpyska
HYKJIEOTHIHBIX WIH OSJIKOBBIX
rIociaegoBaTeIbHOCTeN 110 X ID B
dpopmate FASTA.
Pasznen 2. BHoJornueckne JanHbie H 0a3bl JAHHLIX.
TeMma maGopatopHas | JJabopaTopHasd padoTa 4 KpaTKkoe coaep:kaHie 3aHATHS OIIK-6.2 KB
2.1 pabora 2.1. ' oMOIOrmyecKHit H3 HIX | Lleab: HAyUHTHCA IIPOBOJUTE ITOHCK TOMOIOIOB | JTK-11.2
IIOHCK C 2 Ha | H HHTePIPeTHPOBATh Pe3yIbTATHL.
HCIIOIB30BAHIEM III1 Jamaun:
BLAST: Be®- 1. IlpoBenenne moncka BLASTp uepes

HHTEePQeric i
IIPOr PAMMHBLIT JOCTYIL.

BeO-mHTEepdeiic NCBI a1 3alaHHOTO
Oenka. AHAIIN3 pe3yIbTAaTOB: OIleHKa E-
value, IpolleHTa HIEHTHYHOCTH,
BRIPABHHBAHH .

2. Aptomarmzard rmorucka BLAST c
HCITONIB30BaHIEM YTHIIHTEI KOMAH JTH O
cTpokH blastp min cxpuira Ha Python.

3. OWIbTpaIHI H COXPaHEHHE
Pe3YIBETATOB IIOHCKA B

CTPYKTYPHPOBAHHOM BHJIE.
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IIpakTHYecKas NOAr OTOBKA:

1.

DopMIpoBaHHE KOPPEKTHBIX 3aIIPOCOB
K amropuTMy BLAST uepe3 BeO-
HHTep(eiic H KOMaHIHYIO CTPOKY.
[TapcHHT H aHAH3 TEKCTOBBIX
PE3VIILTATOB IONCKA (Ta0IIHII,
BHIPABHIBAHHIT) 1A H3BIIEUEHHN A
3HAYHMBIX TIapaMeTPOB.

Kpuriueckas oleHKa pe3yIbTaToB
TOHCKA, (PIIIbTPAIA
TTOKHOTIIOIOAKHTEIFHBIX COBIIAIEHII.

Tema
2.2

maboparopHasd
pabota

JlaGopaTopHasd paGoTta
2.2. KoHTpOIE
KauecTBa TaHHEIX NGS
(FASTQ).

KpaTKoe coaep:kaHHe 3aHATHA

Iles1b: OCBOHTE METOIBI OI[€HKH H II€ PBHUHOM
00palbOTKH CHIPHIX JAHHBIX CEeKBEeHHPOBAHILA.
Jamaun:

1.

3anyck FastQC Ha IpeIoCTaBIeHHOM
(paitne FASTQ. MHTe pripeTalfnis
rpadHKOB KauecTBa, COMleP/KaHILA
HYKIEOTHIOB, aJaIllTEPOB H JIP.
Hamucanme ckpuirra Ha Python s
6azoBoro a”Hamiza FASTQ: mocTpoeHie
rpaduka pacrpeeaeHHa KauecTBa 110
ITO3HINIAM, IIOACUET CpeIHEero KauecTra.
BroronHeHne oOpe3KH aJalTepoB H
(hIUTH TPAIHH HH3KOKAUeCTBEHHBIX
ITPOUTEHII C TIOMOIIBI YTHIHTEI
Trimmomatic Wi aHamora.

YK-1.2
[TK-11.1
[IK-11.2

KB

Tema
2.3

taboparopHasd
pabora

JlaGopaTopHasd paboTa
2.3. KaptuporaHue
IIPOUTEHIIT HA

pe hepeH CHBIIH T eHOM
(IIpaKTHYECKOe
BBEICHIHE).

KpaTKoe coaep:KaHHe 3aHATHA

IlesIhb: ITONYUHTE IIPAKTHUECKOE IIPE ICTARIIEHHE
00 5Tare KapTHPOBAHM A B aHam3e NGS.
Jamaun:

1.

3.

HHexcoBaHHe ped)epeHCHOTO TeHOMA (B
¢opmate FASTA) ¢ momoIrpro bowtie2-
buld.

KapTupoBaHe TPOUTEHHI H3
ournrieHHoro FAST Q-daitna Ha
pedepeHCHBIT TeHOM € IIOMOIIBEO
bowtie2.

KonHgeprarg BEIXogHoro SAM -(paitia B

YK-12
IIK-11.2

KB
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B AM -¢opMmar, ero COpTHPOBKA I
HHJIEKCAI[HA ¢ HCIIOIb30BaHHeM samtools.
BH3yamm3ama pe3yIasTaToB B IGV.

Paznen 3.

MeToabl aHAIH3Aa JAHHBIX H CTATHCTHKA B ﬁHDHHq)DpMﬂTHEE

Tema
3.1

taboparopHasd
pabora

JlaGopaTopHasd paboTa
3.1. Pa3sBeouHmIil
aHaIH3 H
BH3VATH3AIHA JaHHBIX
3KCITPECCHH TEHOB.

4

KpaTKoe coaepKaHHe 3aHATHA

]_[E.]'[L: HAYVUHTLCH HCCIIETOBATE H

BH3VAILHIHPOBATE TaOIIMUHBEIe OHOMe JHITHHCEKIIE

TAHHLIE.
Jamaun:

1.

3arpyska TabIInlel JAaHHBIX SKCITPECCHIH
reHoB ((opmar CSV) B pandas
DataFrame. PacueTt 0a30Bo0il
OIDICATENBH O CTATHCTHEH.

ITocTpoeHIe OCHOBHBIX THIIOB I'PadHKOB
mig ED A THCTOTpaMME] pacIIpe IeIeHH I
3KCIIpeccHH, box-plot mid cparHeHHS
rpyrr, scatter plot T oIeHKH
KOPPETIAL[HH Me KTy TeHaMH.
BrOronHeHNe H BH3yaTH3auia PCA
(MeTOJ ITTaBHBEIX KOMITOHEHT) {14 OIeHKI

TPYIITHPOBKH 00Pa3I0B.

IIK-11.1
IIK-11.2

KB

Tema
32

naboparopHasd
paboTa

JlaGopaTopHasd paboTta
3.2. AHanus

mig ¢ epe HIHATBH Ol
SKCIIpecCHH TeHOB (Ha
CMOJIEITHPOBAHHEBIX
JTAHHBIX).

KpaTKoe coaep:kaHue 3aHATHA
Ilenb: OCBOHTE 0a30BEIOI CTATHCTHYECKHIT

IIOIX 0T I BEIABIIEHHI 3HAUHMO
H3MEHIOIITHXC A TeHOB.
Jagaun:

1.

Hopmanuzaiug JaHHBIX ITOACcUETa
(HarpmMep, Impeodpa3oBaHIe B
log2(CPM+1)).

[TpuMeHeHHe t-TecTa (IWIH eT0
HellapaMeTPHYe CKOI'O aHaJIora) I
IIOTIAPHOT O CPABHEHH A IPyIOT 00pa3IioB
(HarpuMep, KOHTPOIb VS. JTeUEHHE).
Koppekinid monydeHHBIX p-value Ha
MHOKECTBEHHOE TeCTHPOBAHHE.
Bizyami3aisa pe3yIbTaToB C
roMoIrpr Volcano plot.

YK-1.2
[TK-11.1
[IK-11.2

KB

Tema
33

nabopaTopHasd
pabora

JlabGopaTtopHasd paboTta
3.3. OYHKIHOHAIEHBI

KpaTKkoe comep:kaHHe 3aHATHA

]_[E.]'[L: HAYVUHTLCH HHTECPIIPETHPORATE CIHICKIH

OIIK-2.3
[TK-11.3

KB
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aHaJIH3 Pe3yIIbTATOB:
oborareHie reHHEIX
HabopoB (GSEA).

TeHOB, BEIABIIAA 3a/le HCTBOBAHHEIE
OHOIIOr MUeCKHEe ITYTIH.
Jamauu:

1. IloAaroToBKa paHXHPOBAHHOIO CITHCKA
TE€HOB 1A aHaIH3a.

2. Hcrmons3oBaHie BeO-HHCTPYMEHTA HIH
oubmotexu R/Python s aHammsa
oOorareHnsa Gene Ontology TepMITHOB
H KEGG mmyTem.

3. HHTeprpeTala H BH3YyalH3aIlid

pe3yIsTaToB. QOpPMYIHPOBKA
OHOIOTMYECKOT O 3aKIIHOYe HILA.

Pasgen 4. CTpyKTYpHas H CHCTeMHas OHOMH(pOPMATHKA
TeMma TabopaTopHas JlaGopaTopHasd paboTa 4 KpaTKoe coepkaHHe 3aHATHS OIIK-2.3 KB
4.1 pabota 4.1. AHanmz 1. Hesasb: mprHoGpecTH HABRIKH PpabOTHI C OT1K-9 2
reHeTHUEeCKHX KIIMHHYECKH 3HAYMMBIMH T€HOMHBIMI TTIK-113
BapHaHTOB H3 VCF- TTAHHBIMH.
(paitra. 2. 3ajgauu:
3. IlapcuHr H (b TpaLa BapHaHTOBR H3 V CF -
(pailna ¢ HCIIOIb30BaHHeM pandas HIH
cyvci2. @Ik TPEL 10 KaYeCcTRY, IITyOHHE
ITOKPEITHS, YACTOTE B ITOITYILALIFH.
4. AHHOTHpOBaHHE OT(HIIHTPOBAHHBIX
BAPHAHTOB € IIOMOILBIO JIOKATBHON 0a3sl
IUTH OHJIAIH-CEePBHCA.
5. IIoHCK H3BECTHOHN KIHHHYECKOH 3HAUNMOCTH
oToOpaHHEIX BapHaHTOB B Oaze ClinVar.
[ToaroToBKa KpaTKOro OTUETA IT0 HAHOOIEE
3HAUHMEIM HAXOIKaM.
Tema naboparopHasd JlaGopaTopHasd paboTta 4 KpaTKoe cogep:KaHie 3aHATHA OIIK-2.3 KB
4.3 paboTa 4.2. 1locTpoeHIie H 3 HHX | Ilesdb: ocBONTE 0a30BEIE METOIBI CETEBOIO YK-12
aHaIM3 ceTH OeI0K- 2 Ha | aHAIM3a I BEIABIEHIA KIFOUYEBEIX OEIIKOB.
OeJIKOBEIX 111 Jagaun:
B3aHMOIeICTBHIL. 1. Ilomy4deHHE CETH B3aHMOJEHCTBHI 11

CITHCKA T'e HOB-KAHTHIATOB C
HCIIONB30BAHIEM 0a3bl TAHHBIX
STRING.

2. Bmsyamm3zaigid ceTH H pacuéT 0a30BEIX
TOIIOJIOrHUe CKIX XapaKTEePHCTHK C
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IIOMOIIL 0 OHOMHOTeK networkx u
matplothib 8 Python.

3. Brisgeunenue Hanmbonee
BBICOKOCBSA3aHHBIX Y3IIOB B CETH H HX
()YVHKIHOHAIIBHBIIT aHAIH3.

IIpaKkTH4YecKas MOIAr OTOBKA:

1. M3BlIeUeHHe JaHHBIX O B3aHMOJIEIIC TBHAX H3
ITyOHMYHBEIX 0a3 JTaHHBIX yepe3 APIL

2. IlocTtpoeHnie rpaOBEIX MOJIEIIEl
OHOIIOTHUECKIX CeTel C HCIIOIb30BaHHEeM
OHOMHOTEK aHaTH3a IPadoB.

3. BHIUICIeHIe H HHTepIIpe Tl
TOITOJIOTHYECKHX XapaKTe PHCTHK CETH LA
BHISBIIEHI A KIIFOUEBBIX IEMEHTOR.

Pa3nen S. MamnHHOe 00y4eHHe H por paMMHbIe HHCTPYMEHTHI B OHOHH (popMaTHKe

Tema nabopaTopHasdt JlaGoparopHasd paboTta 4 KpaTKoe coaep:KaHHe 3aHATHA IIK-11.2 KB
5.1 pabota 5.1. IIpakTHUECKOE 1]k MONYUHTE e PRI OIBIT ITOCTPOEHIT H TTK-113

BBe/ICHIE B MAIIHHHOE BAJH TAITHH IIPOCTOI MOJIETH MAIIHHHOTO

o0yueHHe: o0yUueHm 4.

KIIACCH]IK Al 3aaun:

00pasIoB IT0 JaHHEIM 1. IToarororka IIPH3HAKOBOT O

SKCIIPECCHI. IIPOCTPAHCTRA. OTOOP TEHOB C

HaMOOIBINEI THCIIEPCHEIT,
MACIITaOHPOBAHHE JTAHHBIX.

2. PazpmeneHne JaHHBIX HA OOYUYAIOIIYEO H
TECTOBVEO BEIOOpPKH. O0yUeHIHe MOJEIH
KiIaccudukaropa.

3. OrreHka xauecTBa MOJIEIH HA TeECTOBOMH
BEIOOpKe. HHTe pIpeTalia BaKHOCTH
IIPH3HAKOB.

Bcero 3a cemecTp 48

* Dopmol npo6ed eHIA 3AHAINILL CEMUHAP CKO20 MU
RPAaKniYecKoe 3auAne, ceMUHAap, IabopamopHan paboma, cUMVIAYLIOHHOe 3aHANIIe, KILUHIYeCKoe 3aHANIIE, HAVYHO-NPAKNIIYEeCKoe 3aHANIEe, KPVeaslli CHION, MACHe P-KIIaCcC,
KOMIOKELIVM.
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4.5 Coaep:kaHie BHeAYIHTOPHOI cAMOCTOAT €JIbHOM PadOThI

No
/1

TeMBI U CIHILJTHH bI

KoaHuecTBO
JACOB

Copepskanue
CaAMOCTOAATE/ILHOH
padoThI

IlepeueHb
HIK,
(hopMHpPYEMBIX
B mpolecce
OCBOECHHA
TE€MbI

OuneHOYHEBIE
MaTepPHAJIbI
b A §
TeKYIIEero
KOHTPO.IA

Pa3nen 1. Beegenue H pyHJaMeHTAIbHbIe OCHOBbI OHOHH (OPMATHKH

Tema 1.1
BronHgopMaTHEa B
CHCTeMe Me HI[HHCKOM
KHOepHEeTHKH: IIpeIMeT,
3aJlauH, IePCIEKTHREL

2

CaMOCTOSITEIbHbIH
TTIOHCK H aHaIIH3 2-3
COBPEMEHHBIX
HAayYHBIX 0030POB (Ha
PYCCKOM HIIH
AHTTIHIICKOM) O
IIPHMeHEHHH
OHOHH()OPMATHKH B
KOHKPETHOH 00IacTH
MeTHITHHBI (HaITpHMED,
OHKOJIOTH,
HH(EKI[HOHHEIE
OoIe3HH,
HeHpoJieTeHepals).
[loaroToBka
CTPYKTYPHPOBAHHOL O
KOHCIIEKTA C
BBIJIeIIEHHEM
KIIFOUEBBIX 3aJa4,
METOJOB H BBI30BOB.

YK-1.2
OIIK-6.2

KB

Tema 1.2 MonexynapHO-
OHOIIOTHUECKHE OCHOBEI
OHOMH(pOPMATHKH . OT
HEHTPATLHOM JTOTMEI
MOJEKYILIPHOH OHOIIOT HH
K JaHHBIM.

Pabota ¢ oHIaiH-
CHMYJISTOPOM IJIH
3alayHHKOM. PeltleHHe
3aJa4 Ha
TPaHCKPHIIHIO,
TPAHCIISLIIO, TIOHCK
OTKPBITBIX PaMOK
CUHTBIBAHHS, PACYET
MOJIEKYIIIPHON MaCCBI
OelKa ¢ IMoCiIeYIOIIEH
aBTOMaTH3allHeH
pemens Ha Python.

OIIK-6.2
[IK-11.2

KB

Tema 1.3 IIporpammHo-
armrapaTHeie IWIaT(hOPMEL H
HHCTPYMEHTAIBHBIE CPE JIBI
OHOMH(OPMATHYECKOTO
aHaIH3a

YcTaHOBKa U
HACTPOHKA Ha JIMYHOM
KOMITBIOTEPE HIIH B
BHPT YaJIlbHOH MaIIlHHE
MHHHMAaJIbHOTO
pado4yero OKpyKeHH.
Harmcanne
HHCTPYKI[HH I10
PasBEPTHIBAHHIO.
PerlieHre TeEXHIYECKHX
IpO0JIEM, CBSI3aHHBIX C
3aBHCHMOCT SIMI

[IK-11.2

KB
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ITAKETOB.

Pasznen 2. buojornyeckne 0a3bl JAHHBIX H NNePBHYHLIA AHAJIN3

Tema 2.1 CHcTeMaTHKA 2 HccnegopaHue OIIK-6.2 KB
OHOIIOTHYeCKHX JAHHBIX: CTPYKTYPHI PEATbHOTO
KTacCHQHKAIIA, (OpMATEHI GenBank mm UniProt
XPaHEHHA H (1)3,}”[]_[&.
MeTaNH( OPMAILILL CaMOCTOSTEILHOE

COCTaBIIEHHE

"IImaprajixky’ -

CIIPaBOYHHKA IO

OCHOBHBIM

TEraM/IIOJLIM

¢popmatoB FASTA,

FASTQ, GFF.

CO3HEHHE CKPUIITA JITIS

H3BJICUEHHU S

OIPEIEIIEHHOM

MeTaHH(p OpMAI[HH H3

(aria.
Tema 2.2 AT OpHTMEL 2 Teopernueckoe OIIK-6.2 KB
CPaBHEHILT 5HDHDI‘H‘IfCIGIK H3YUEHHE allTOpHTMa IIK-11.2
TOCII€JOBATENBHOCTEN: Hummvana-Byrrma.
rOMOIIOr'HYe CKHIT ITONCK H BEIMOJHEHHE PYUHOTO
MHOKECTBEHHOE BBIPABHHBAHHS [BYX
BEIPABHIIBAHIE. KODOTKHX

IIOCIIeJOBATEIIBHOCTEN

C 3aJJaHHOH MaTpHIIEH

mrpadoB. Hammcanme

IIH aHaJI3

YIIPOINEHHOIO KOJa,

PEaIH3VIOIIEr O OJHY

3 cragmii BLAST.
Tema 2.3 2 M3ydeHne ¢popMaToB YK-1.2 KB
BEICOKOIIPOH3BOTHTEIBHOE NGS-gaanpx (FASTQ, | IIK-11.1
cexBeHIpoBae (NGS): BAM); aHamH3 [TK-11.2
ITPHHITHITEI TEXHOIIOI'HH, JTeMOHCTPAIHOHHBIX
(hopMAaTHI TaHHBIX H 3TAITkI TataceTos B Galaxy
IIEPBHYHOTO aHAIN?3A.

platform
Paszgen 3. CtarHcTHYeCKH Il aHAJIA3 H BH3YAJIH3AIHA OHMoMeJHIIHHCKHX JAHHbIX
Tema 3.1. OCHOBEI 2 PerrieHue 3amad Ha [TK-11.2 KB
CTAaTHCTHKH I aHaI3a TIPHMEHEHHE t-
" OMHKC" -TTAHHBIX. KPHTEPHSL TIOCTPOEHHE

IIOBEPHUTEIILHBIX

HHTEPBAIIOB IS

OH OO HYECKHX

JTAHHBIX.
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Tema 3.2. Buzyanusaiug
OHOIIOTHUeCKHX JTAHHBIX:
TIPHHITHITEL H
HHCTPYMEHTEL.

Kpurnueckui pazoop
TUIOXOH BH3YaIH3aI[HH
13 HAYYHOH CTaThH HJIH
HOBOCTHOT'O ITOPTAaJa.
Co3aHue

aTllb TEPHATHBHOTO,
KOPPEKTHOI'O BapHaHTa
TOro ke rpaj)HKa
HCIIONIb30BAHHEM
matplotlib/seaborn mm
goplot2 ¢
000CHOBaHHEM BEIOOPA
THITA JHAIPaMMBI U
I[BETOBOH ITAIIHTPEI.

[TK-11.1
[IK-11.2

KB

Tenma 3.3. BerejeHHe B
TPaHCKPHITTOMHBIN aHATH?3

(RN A-seq).

CaMoOCTOgTelILHOe
H3y4YeHHe (popMaTa
(paiyIOB BEIPaBHHBAHH I
SAM/BAM. PenieHue
3aJa4 Ha
HHTEPIIPETALHIO 3THX
TIOJIEH.

YK-1.2
[TK-11.1
[IK-11.2

KB

Pasznen 4. [Ipukiaaaabie acnekT bl 0HOHH(POPMATHKH B MeJHIHE H AHAJIN3 OHOJIOTHYeCKHX

CHCTEM

Tena 4.1 MemopHckasd
TeEHOMHKA H

IIePC OHAM3HPOBAHHAS
Me THITHHA.

2

M3yueHHe CTPYKTYPHL H
HHTepPetica 0a3bl

naHHeIX ClinVar.
IloHck H aHaTH3
3armrcen 1
KOHKPETHOI'O T'eHa:
KJIaCCH(PHKAIH I
BapHAHTOB, aHAJIH3
IIOKAa3aTelIbCTB.
(O3HaKOMIIEHHE C
TEKCTOM
HH(pOpMHPOBaHHOI' O
COrTIacHs JJIS
reHeTHYECKOrO
TECTHPOBAHH S U
BERISBIICHHE B HEM
KIIFOYEeBBIX ATHKO-
TIPABOBBIX ITYHKTOB.

OIIK-2.3
OIIK-9.2
[IK-11.3

KB

Tema 4.2
BronHgopMaTHEa B
SITH e MHOJIOTHH H
00IIIeEC TBe HHOM
3IPABOOXPAHEHHH.

PabdoTa ¢ JaHHBIMI
npoekra GISAID nm
Nextstrain amsa
OTCIIeKHBAaHHI
SBOIIOLHH IIITaMMOB
BHpYca. [locTpoeHne u
aHaJIN3 YIIPOIIEHHOIO
IepeBa Ha OCHOBE
IIPEJIOCTABIIEHHBIX
BbIPDaBHHBAHHI.

YK-1.2
OIIK-2.3

KB
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Tema 4.3 BeeneHue B 2 CaMOCTOSTeIbHAST OITK-2.3 KB
aHaIIH3 OHOIOTHYEeCKIX pabora ¢ 6a30ii YK-1.2
ceTell H HHTErPaIfHIO maHHBIX STRING:
My ThTHOMHKCHBIX TAHHBIX. ITIOCTPOEHHE CETH I
HeOOIBIIIOro CIIHCKa
TE€HOB, H3YYEHHE THIIOB
IOKA3aTEIbCTB
B3aHMOJIEHCTBHH.
Paznen S. Yriy0/1€HHbIE MeTOIbI B OHOHH(OPMAT HKE
Tema 5.1 BeejieHue B 2 TeopeTHueckoe [TK-11.2 KB
MAIITHHHOE O0yYeHHe JUL n3ydyeHne KoHrermpi | [IK-11.3
OFLOMe IIIHHCKHX 3a/1ay. epeobydeHHs ’
HEZ OO0 YUEHHS.
[IpakTHYecKkoe 3a1aHHe
I10 pa3elIeHIIo Habopa
ITAHHBIX Ha
00 y4aroIyro/
TeCTOBYIO/BaJIHIALHOH-
HYIO BEIOOPKH.
Tema 5.2 2 M3yuenne (popmara YK-1.2 KB
ATIT OPHTMHYE CKHE OCHOBEI ¢aitta cOopkm reHoma | [TK-11.2
AHAII3a TEHOMA: OT (FASTA) H MeTpHK
COOPKH K aHHOTAIIIH. KauecTBa (NS0, L50).
AHamnsz oTuéTa
nporpaMMel QUARST
IUISI OL[EHKH KauecTRa
IBYX Pa3HBIX cOOPOK
OJTHOI'O TeHOMa.
Tema 5.3 IlepeiOBEIE 2 PaboTa ¢ 6a30il OIIK-2.3 KB
MeTO/IBI B CTPYKTYPHOH naHHEIX PDB: momnck [TK-11.3
OHoHH(]OPMATHKE: OT CTPYKTYPHI GeTIKa,
TOMOJIOTHYE CKOT O AHAIIN3 &6 AHHOTALHIL
MOJENHPOBAHHA K Al- HCITONTb30BaHHE BeO-
TIpe ICKA3AHHEO . g
HHTepdelica I
IIPOCTOH
BU3YaIH3al[HH.
Bcero: 30

Oo0Opa3oBaTesibHbIE TEXHOJIOTHH, HCI0/Ib3Y€eMble NPH H3YY€HHH JHCIHMILIHHDL
1. TpagminoHHBIE 00pa30BaTEIbHBIE TEXHOJIOTHH
2. HMHpopmaimoHHBIe TeXHOIOIHH (0a3a ¢ 3IeKTPOHHOH OHOIMHMOTEeKOH/MEeTOAHYECKHE MaTepHalIbl I10
mucimiuinHe B cucTeMe MOODLE/TectupoBanne B cucteMe MOODLE u ap.)
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5. OPTAHM3AIINA TEKYHIETO KOHTPOJIAA 1 ITIPOMEXYTOUYHOH ATTECTAITNH

5.1 1IpoBeaeHHe TeKYILIEro KOHTPOJIA Mo TeMam/pasaeaaM JHCIHILUIHHbI

Kol OuneHouyHLIe
Tema/pazgen NpoBepsieMbIX | MaTepHAaJIbI JJIA Pe3y/ibTaThl BBLINOJTHEHHA 3aJaHHI 110
IH CIHILJTHH bI KOMIIeTeH IHH TeKyliero TeMme/pazaeny*
nH/AK KOHTPO.IA
Pasnen 1. Beemenne | YK-1.2 KB [TpeacTaRIeHbl KOHCIIEKT JIEKIII M (aill ¢
B OnomHpopMaruky | OITK-6.2 pe3yIsTaraMH 1abopaTOPHOI paboTHL.
IIK-11.2
Pazmen 2. YEK-1.2 KB IIpecTaBIeHsl KOHCIIEKT JIEKIIIT H (paill ¢
BHOIOTHYeCKHE OIIK-6.2 pe3yiIbTaTaMH 1a00paTOPHOI PabOTHI.
TAHHEIE M 63kl IIK-11.1
JTAHHEIX. [TIK-11.2
Paznen 3. MeToas1 YK-1.2 KB IIpeicTaBIeHEI KOHCIIEKT JIEKIIIT H (paiii ¢
AHAIN3A TAHHEIX H OIIK-2.3 pe3ylIsTaraMu 1abopaTOpHOH paboTHI.
CTATHCTHKA B ITIK-11.1
OHOHH(OpMATHKE IIK-11.2
IIK-11.3

Pazmen 4. YVEK-1.2 KB IIpecTaBIeHEI KOHCIIEKT JIEKIINT H (paiii ¢
CTPYKTYypHAI I OIIK-2.3 pe3yIbsTaTaMH 1adopaTOPHOI PaboTEL.
CHCTEMHAA OITK-9.2
omomHdopmaruka | [IK-11.3
Pazmen 5. YEK-1.2 KB [TpeacTaRIeHbl KOHCIIEKT JIEKIII M (aill ¢
M allmHHHOe OT1K-2 3 pe3yabTaTaMi 1adopaTOPHOI padoTHI.
OOyUeHIEe 1 [IK-11.2
TIPOT PAMMHEIE [IK-11.3
HHCTPYMEHTHL B
OnonHgoOpMaTHKE

*Tema/pazoen cuumaenics oc€OeHHOIL NPIL GLINOIHeHIILL 6CeX 3A0aHIl

3.2 IIpoBeeHHe NPOMEKYTOYHOH ATTECTANHHA 10 JHCIHILITHHE
DopMa NPOMEKYTOYHOH ATTECTAIHA 110 JUCIIHILIHHE — Y)K3aMeH.

JTanbI NpoBeJeHN A MPOMEKY TOYHOM ATTeCTAIHM:

ATTecTalHs MPOXOJUT B (pOpMe KOMITbIOTEPHOI'O TECTHPOBAHHS IT0 CIIy4ailHOH BEIOOpKe 30 3aaHHit
(3amaHIsI H3 KaKH0H TeMbl). TecToBasg 6a3a cofep kit 122 3amaniii. BpeMsa Ha BBIITOTHEHHE TECTOBOIO
3agaHnsa 40 MHHYT.

S.3. Kpurepnu onleHHBAHHA NMPOMEKYTOYHOH aTTeCTAIHH

Bug zaganus «HeyaoB.J1.» «YIOBJL» «X OpOIII0» «OTJIHYIHO»
T3 - 69 % H MeHee 70-79 % 80-89 % mpaBwmbHEIX | 90-100%
OreHka ITPABIIBHEIX IIPABIIBHBIX OTBETOB IIPABHIBHEIX
BBITIOJHEHH A OTBETOR OTBETOB OTBETOBR
TeCTOBOT O
3aJ[aHH A

Tumosblie 3aaaHu A 1A nposepkH popmuposanus K Ha npoMe:KYTOYHOH ATTeCTAIHHA
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Jaganue

JTaJI0H O0TBeTAa

IIpoBepsieMbIe
HJIK

Buibepume ooun npaeuns nulii omeem.

Kakoi 13 nepeyrcieHHBIX 3TallOB SABJIIETCS
3aKJIFOYHTEIIBHEIM B THIIOBOM IManIUIanHe aHaiH3a RNA-seq?

a. KoHTpons kayectBa praoB (FastQC).

b. BelpaBHHBaHHE PHIOB Ha peepeHCHBI reHOM
(alignment).

c. [Topcuer wmcma puaoOB, MPHIIIEIIIHXCS Ha KaKIbIH I'eH

(read counting).
d. OyuximoHambHEIH aHam3 (GO, KEGG enrichment).

e. bromnormueckas HHTCPIIPETAILIHA PC3YIIbTATOB.

e

YK-1.2

Buibepume ooun npaeiins nulii onmeen.

Kaxoil THIT OHOIOrHYeCKOH 0a3bl JaHHBIX (B COOTBETCTBHH C
KIIacCH()HKaI[HEH II0 COAEPKaHHIO) IIPeJOCTaBIISIET
CTPYKTYPHPOBAHHOE OIMHCAHHE OHOJIOTHYEeCKHX ITOHSITHH H
OTHOIIEHHH MeKIY HUMH (HaIlpHMEp, «T'€H YYaCTBYET B
rporiecce»)?

a. OHTonorus (HarpuMep, Gene Ontology).

b. IlepBruHbni apxXHB (HarrpuMep, SRA).

c. baza maHHBIX MocIegOBAaTELHOCTEH (HAIIPHMED,
GenBank).

d. Baza maHHBIX OelIKOBEIX CTPYKTYP (Hampumep, PDB).

e. CripapoyHas 6asa (Harpumep, KEGG Pathway).

YK-1.2

Bblﬁépﬂﬂi&? HECKOJNIbKO NP AGLTLHBLX ONGENIOEG.

Kakme U3 IepeuHClIeHHBIX YTBEPKIASHHH XapaKTepH3YIOT
KOHIIETIIHIO HHTEr PaIlHH MYJIbTHOMHKCHBIX JAHHBIX JITIS
ITOIIYUYEHHS LETOCTHOH KaPTHHEI 3a00JIeBaHHT?

a. [103BONISET MTONMYYHUTE JAHHEIE TOIIEKO 00 OTHOM YVPOBHE
MOJIEKYIIIPHOH OpraHH3alHH (HaIlpHMeD, TOJIBKO O TEHOME).
b. I1o3BOISIET BRIIBHTH IIPHYHHHO-CIECTBEHHBIE CBSI3H

Me KTy H3MeHEHHSIMH Ha Pa3HbIX YPOBHSX (HaIlpHMED, TeHOM
— TPAHCKPHIITOM —> ITPOTEOM).

c. TpebyeT ImpHUMeHEHHS CIIEIHAIBLHBIX CTaTHCTHYECKHX H
BBIYHCIIHTEIIBHBIX METOIOB IS COBMECTHOI'O aHAIM3a
Pa3HOPOIAHBIX JaHHBIX.

d. ITo3BomnseT HaeHTH(HIIHPOBATh KIIFOUEBEIE IpaliBepPHBIE
T'€HBI U ITaTOr€HHEBIE ITYTH Ha OCHOBE COITIACOBAHHBIX
H3MeHEeHHH .

e. OrpaHHYHBAETCS aHAIIH30M JAHHBIX, TIOJTYUYEHHBIX
HCKIFOUHTEILHO OJHHM METOJOM CEKBEHHDOBAHHA.

bed

YK-1.2

Bblﬁépﬂﬂi&? HECKOJNIbKO NP AGUITLHDBIX ONGENIOEG.

J71s pelleHN S 3aJa4d 110 aHAIH3Y JH((epeHIIHaTIbHONH
BKCIIPECCHH I'eHOB M3 JaHHBIX RN A-seq HCClIeqoBaTeo
HeOoOXOMHMO ITOCTIEAOBATEILHO BBINIONHNTE CIIEAVIOIIHE
STAaIlbl:

a. [locTpoeHne TpexmMepHOH MOEIH OelIKa.

b. Kontpoms kadectBa pHa0B (FastQC).

bde

YK-1.2
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c. I'oMonornueckoe MoeIHpPOBaHHE CTPYKTYPHI OellKa.

d. BelpaBHHBaHHE PHJIOB Ha pedepeHCHBII reHoM (STAR,
HISAT?2).

e. CTaTHCTHYECKII aHaITH3 JH(PepeHIHaTIbHOH SKCITPECCHH
(DESeq2, edgeR).

f. TIpoBefieHHE SKCIIEPHMEHT AJIbHOH BaTHAAIHH METOIOM
ITLP.

Yemanosume coomeemcmeatie medxcoy muunom YK-1.2
buouHpOopMmamiueckoil bazvl OAHHBIX U eé ONLICAHLIEM.
12
Tt OIHcaHue
OHOHH(OPMAaTHYECKOH OnonH(popMaTHUeCKOi 0a3bl d|b
0a3bl JaHHBIX IaHHBIX
1 | baza maHHBIX a | Gene Expression Ommbus
IIOCIIEAOBATEIIBHOCTEH (GEO) — comepkuT
OITHCAHHS YCIIOBHH
SKCITEPHMEHTOB, THIIEI
00pasIOB, ITPOTOKOJIHI.
2 | ApXHB CHIPBIX b | Sequence Read Archive
JTAHHBIX (SRA) — XpaHHT
SKCIIEPHMEHT OB HeoOpaOoTaHHBIE JaHHBIE
BBICOKOITPOH3BOAHTEIIBHOIO
cekBeHHpoBaHHA (FASTQ).
3 | Onronoruyeckasa 6aza | ¢ | Gene Ontology (GO) —
JTaHHBIX IIPeIOCTABIISET
CTaHJapPTH3HPOBAHHBIH
CIIOBAPh TEPMHHOB IS
OIMHCAaHHUA () YHKI[HI I'€HOB.
4 | Basza maHHBIX d | RefSeq — comgepxur
MeTaHH(pOpMaIHH 00 STaJIOHHEIE,
SKCITEPHMEHTE AHHOTHPOBAHHBIE
ITOCIIEOBATEILHOCTH
TeHOMOB, T€HOB H O€JIKOB.
Yemanosume npaeunvuyio nocnedoeanieib Hocniv 5nanoe 1364527 YK-1.2
MUNO0E020 NAIINIALIHA AHAN3A 2eHOMHBIX 6APLAHINOE (O
CHIPBIX OAHHBIX 00 UHNEePHpenaljiiiL).
1. KorTpoms xadectBa puoB (FastQC).
2. Busyanmmzainsa B reHoMHOM Opayzepe (IGV).
3. BerpaBHHBaHHE Ha pedpepeHCHBI reHOM (BWA).
4. Annoranmg BapuaHToB (SnpEff, VEP).
5. OuIbTpalsa H IPHOPHTH3AIHSI BApHAHTOB.
6. Ber3oB BapHaHToB (GATK).
7. BHonmornyeckasi H KIIHHHYECKAs HHTePITPeTaLH L.
Yemanoeume npasunshyio nociedoganens HOCHb OeLicmeLil 254136 YK-1.2
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Npil NAHUPOEAHLILL BLLOUHBOPpMamiiiecko20 aHanu3d ons
NpOoGepKiL 2UNONe3bl O CEA3L 2eHa ¢ 3ab01e6aHUeM.
1. IToHcK IMyOIMMYHEIX JaHHBIX 00 3KCIIPECCHH I'eHa B HYKHOH
TKaHH Y OOIBHBIX H 370PpoBHIX (B GEO).
2. QopMyIHPOBKA YeTKOH OHOIOrHYEeCKOH/KITHHIYECKOH
THITOTE3EL.
3. [IpoBeneHne (PYHKIHOHAILHOIO aHAJIH3a JJIS BEISIBICHH
BOBJIeUYeHHEBIX ITyTeH ((GO-aHamm3).
4. BerOop MeToa aHaIH3a (HallpHMep, IH(depeHIHaIb HaS
SKCITPECCH).
5. OnpepeneHne HeOOXOMHMBIX THITOB JaHHBIX (HaIIpHMeD,
RNA-seq).
0. CraructHyeckasg oOpadboTKa JaHHBIX H BH3YaJIH3al[H

| PE3YILTATOB.

Yemanoeume npaeunvnyio nozuueckyio nociedoeamensiocns | 214635 YK-1.2
NpiL NOCMPOeHLLL MOOeil BLON02UYeCKOTl CLICHIEMbl HA OCHOGe
LUHmMez2paruil OaHH bix.

1. COop u npegobpaboTKa PasHOYPOBHEBBIX JaHHBIX
(TeHOMHBIX, TPAaHCKPHITTOMHBIX ).

2. DOpMYIIHPOBKA IMPOBEPSAEMOH THITOTESRI O paboTre
CHCTEMBEL.

3. Busyanuszaius ceTH B3aHMOJIEHCTBHIL H €€

TOITOJIOr HUECKHI aHAJIH3.

4. IToctpoeHHe CeTH MOJIEKYIISIPHBIX B3aHMOICHCTBII
(HarmpuMep, OeITKOBO-0ETKOBEIX).

5. BeIZIBHJKEHHE TIPOTHO30B H ITITAaHHPOBAHIE
SKCIIEPHMEHTAIbLHOH BaJIH Jal[HH.

0. MHTerpaiis JaHHBIX B CETh H BBIJEIIEHHE KIIFOUEBHIX

MO VIIEH.

Januwiime UM NPULAzamensHoe 6 UMeHUNENb HOM nadexce pacipeencHias | YK-1.2
eOLH CIGEHHOM HliCle.

[ TpHHIIHIT OpraHH3aIiH HH(POPMAIIHH, IIPH KOTOPOM JaHHEIE
pacIipeielieHsl MeXXIY B3aHMOCBSI3aHHBIMH, HO
HE3aBHCHMBIMH HCTOYHHKAMH, Ha3BIBAETCSA Oaza
JTAHHBIX.

Januuiime UM cyujecneunieibHoe 6 UMeHUmeabHoM nadedice | UHTETPaTHBHBIN | YK-1.2
eOUH CIGEHHOM HliCIe.

HPGHECG 00BeIHHEHH S H COBMECTHOI'O aHaIM3a JaHHBIX
I'CHOMHKH., TPAaHCKPHIITOMIKH, ITPOTCOMIEH H JPYI'HX
COMITKC }}-}@GEHEﬁ HAa3BIBACTCA dHaJIH?3.

OneHo4yHbIe CpeACTBA MO AUCHHILINHE (TIPHIOKeHHE 1 K pabodei ImporpaMmMe ).
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6. XAPAKTEPHCTHKA MH®OPMAITHOHHO-OBPA3BOBATEJILHOH CPEJBI

B MO co3maHa H pyHKITHOHHPYET 3IeKTPOHHAS HH(] OpMaI[HOHHO-00pa3oBaTelIbHasd cpejia (Janee
- DUOC), BkIrovaronas B ce0s 3IeKTPOHHBIE HH(POPMAIFIOHHBIE PECYPCHI, JIEKTPOHHBIE 00pa30BaTeIbHEIE
pecyperl. SHMOC obecrieynBaeT OCBOSHHE O0OYVYAOIIMMICSA 00pa30BaTEIbHAIX IIPOrpaMM B ITOIHOM O00BeMe
HE3aBHCHMO OT MeCTa HaXOXKJIeHHS OOYYalOIXCS ONeKTPOHHBIE OHOIMOTEKH OOECIEYHBAIOT JOCTVII K
nmpodeccHOHAIbHEIM ~ 0a3aM  JaHHBIX, CIIPABOYHBIM H TIOHCKOBBIM CHCTEMAaM, a TakKXke HHBIM
HH()OpMAaIHOHHBIM PECYPCaM.

6.1 IIporpammnoe obecnevenne, npodeccnoHaIbHbIe 0a3bl JAHHBLIX, HHPOPMALIHOHHbIE CIIPABOYHbIE
CHCTeMb], pecypchbl HHPOPMANHOHHO-TEJIeKOMMYHHKAITHOHHOMH ceTH «IIHTepHeT», HeoOXoqUMbIE 151
OCBOEHH A U CIHILTHHbI

1. IIporpammHoe odecneyeHne, HCIOJIb3yeMoO€e MPH OCYHIECTBJIEHHH 00pPa30BaTeJIbHOIO Ipomecca 1o
THCHHUILTHHE:

OrnepanpoHHas cucTeMa Astra Linux

[Taker OpenOffice

[Taker LibreOffice

NETOP Vision Classroom Management Software

OO6pasoparenbHeIH moptan CI'bY «HMMUIL] . B. A. Anmazosa» Munsapara Poccuu
https://moodle-new.almazovcentre.tu

CAEB «HMpOuc 64» - cucTeMa aBTOMaTH3aIl[HH OHONHOTeK. OneKTpoHHEI Karanor APM «Uurarens» n Web-
HpOuc

2. lIpojeccnonayibHble 0a3bl JAHHBIX, HCIOJb3YeMble IPH OCYHIECTBJIEHHH 00pa3oBaTeIbHOIO
mporecca no JMcuuILIHHE:

OnekTpoHHas OubnuoreyHas cucrema «MenminHckas oudnunoreka « MEDLIB. RU»

(www. medlib. ru)

CHUC «MedbaseGeotar» (https://mbasegeotar.nu/)

OBC «byxkary (https://www.books-up.ru)

OBC «IOpaitr» (hitps://urait. 1u/)

OnexrponHas 6uonnoTteka «IIpodu-JIné CrerJInty» (https://speclit. profy-lib.1u)

OBC «JIanp» (hitps://e.lanbook.com/)

US National Library of Medicine National Institutes of Health (https://pubmed.ncbi.nlm.nih. gov/)
Hayunas snextponHasg ounomioreka (http://elibrary. ruw/)

3. Pecypchbl HH(popMAIIHOHHO-TeJIEKOMMYHHKAIHOHHOH ceTH «HTepHeT», He00X0qHMbIE 11
OCBOEHHA JHCIHILTHHDL

ITonckoBrie cHcTeMmbl Yandex (http://www.yandex.ru/)

MyIETHMEIHIHBI CIIOBaph MepeBoAa cI0B oHNMaitH MymsTHTpaH (hitp://www.multitran.ru/)
YHuBepcHTeTcKasg HH)p opMaroHHas cuereMa POCCH A (hitps://wisrussia.msu.u/)

[Tyormmkaipm BO3 Ha pycckom sieike (https://www. who.int/rw/publications/i)

MexayHapoaHble pyKoBozAcTBa 1o MeauiaHe (hitps:/www.gwidelines.gov/)

ODenepaabHasa AMeKTPOHHAS MeJHITHHCKasI OnomHoreka (DOMDB) (hitp://www.femb.ru)

Bong u ee neyeHne (Www.painstudy.ru)

US National Library of Medicine National Institutes of Health (www.pubmed.com)

Pycckii MeIHITHHCKHI JKypHaI (WWW.IIm].1u)

MuHHCcTEPCTBO 3ApaBooxpaHeHHsI Poccuiickon @enepanpy (Www.rosminzdrav.ruw/mimstry/inter)
KubepJlenmtka — 3To HayyHas 3lIeKTpoHHasg 6nonnoreka (https://cyberleninka.ru)

Poccuiickas rocynapcTBeHHass OHOMHOTeKa (Www.rsl.1ru)

30



6.2 Ilepevenn yueOHOM JIUTepaTyYphbl, HE00X0JHMOH I8 0CBOEHH A JHCITHILIHHBI

1. CredanoB, B.E. buonmndgopmarnka : yyeOHHK I  akaJeMHYyeckoro  OakanaBpHaTa /
B. E. CredanoB, A. A. Tyny0, I'. P. MaBpomnyno-Cronapenko. — Mocksa : M3parensctBo HOpair,
2025. — 249 ¢. — (Bricmee oopazoBaHHe). — ISBN 978-5-534-20194-9. — TekcT : 3NeKTPOHHBIN
// ObpazoBaTenbHasd mm1atgopMa FOpaiir [caiit|. — URL: hitps:/urait.rw/bcode/557766

2. buotexuomorusd. IlpakTHyeckmii Kypc: VYYeOHHK H TPAaKTHKYM JJIS BY30B/ IIOI pelaKIHeH
A. A. KpacuomranoBoii. — MockBa : HMzmarenmsctBo [Opaiit, 2025.— 174 c. — (Bricmiee
oOpazoBanue). — ISBN 978-5-534-20448-3. — TekcTt : »ruekTpoHHBIH // OOpa3oBaTellbHas
riatdopma FOpant [caiit|. — URL: hitps:/urait.rw/bcode/569089

3. KarmakoB, II.C. buomerpusa: vyueOHHK J19 By3oB/ Il C.Karmakop, B.II. ['aBpmieHKo,
A. B. bymos ; mog obmen pegakiuer 11. C. KatMakora. — 3-e u3f., nepepad. u gomn. — MocCKBa :
M3patenscrBo HOpaiit, 2025. — 186 ¢. — (Bricmiee oOpazoBanue). — ISBN 978-5-534-15732-1. —

Texkcr :  »mekTpoHHBIH  //  OOpaszoBarenbHasg — rardgopma  HOpaiit  [calit]. ——
URL: https://urait.rw/bcode/565172

4. KoncrantuHoBa, E.B. Teopns rpadoB: anreOpandeckasd TeopHs: VYYeOHHK [JII BY30B/
E. B. KoncrautnHoBa. — MockBa: HzmatenscrBo IOpaiit, 2025.— 123 c¢. — (Bricimee

oopazoBanue). — ISBN 978-5-534-20172-7. — TekcT : »uekTpoHHBI // OOpa3oBaTellbHas
matdopma FOpait [caiit|. — URL: https:/urait.rw/bcode/569211

5. MepmmuHckas podororexHuka / mox pex. O. O. SAnymeBnya. - Mocksa : 'DOTAP-Memua, 2023. -
384 c¢. - ISBN 978-5-9704-7503-4, DOI:. 10.33029/9704-7503-4-ROB-2023-1-384. - URL:
https://www.rosmedlib.ni/book/ISBN9785970475034 . html

0. brnomemmipiHckas HH@popMaTHKa. KOMIbIOTEpHBIE IIPIJIOKEHHS B 3APAaBOOXPAaHEHHH M
OHoMeIMITHHE . PYKOBOACTBO / 1mox pex. O. X. Iloptmdda, JIx. Jx. UmvmnHo, orB. peax. M. .
Yanr; niepesox ¢ aHrin. mmox pex. I'.0. Ymymbexkoson, A.H. Hapkesmua, P.C. KosmnoBa. - Mocksa :
['DOTAP-Menmna, 2024. - 744 c¢. - ISBN 978-5-9704-8204-9, DOI: 10.33029/9704-8204-9-BIN-
2024-1-744. - URL: https://www .rosmedlib.nv/book/ISBN9785970482049 html

7. Memmmackass HHPOpMaTHKAa B OOIECTBEHHOM 3J0POBbE H OpraHH3allHH 3PaBOOXPaHEeHHS.
HarmoHammpHOEe pykoBOAcTBO / I ped. I'. O. Yaoymbekora, B. A. Menmuk. - 3-e u3a. - Mockaa :
['DOTAP-Menna, 2022. - 1184 ¢. (Cepnsa "HarmoHamsHbeIe pyKoBoAcTBa") - ISBN 978-5-9704-7023-
7. - Tekcr : snextponHbli // URL : https://www.rosmedlib.m/book/ISBN9785970470237 html

8. Iapuk, I'' H. HMHpopmaTHka H MeJHIIHHCKas cTaTHcTHKa / 1mon pex. I H. I{apuk - Mocksa :
['DOTAP-Menna, 2017. - 304 c. - ISBN 978-5-9704-4243-2. - Tekct : snexrpoHHbIi // URL :
https://www.rosmedlib.n/book/ISBN9785970442432 html

6.3 HEpE‘IEHb HOPMATHBHO-IIPABOBbIX JOKYMCHTOB, HEﬂﬁXﬂ,[[HI\-‘IhIK JJIH OCBOCHHH JHCIITHILIJINHLI.

DenepanbHbni 3akoH oT 21.11.2011 No 323-D3 (pex. ot 24.04.2023) «O06 ocHOBaxX OXpaHBI 3TOPOBbS
rpaxgaH B Poccuiickon Megepariimy.

DenepanbHbLi 3aK0H 0T 27.07.2006 Ne 152-D3 (pex. ot 14.07.2022) «O nmepcoHaIbHBIX JAHHBIX).

OenepanbHbl 3aK0H 0T 03.07.2016 Ne 242-D3 «O BHeCEHHH H3MEHEHHH B OTJIEJIbHBIE 3aKOHO AT eJILHEIE
akThl PO B 4aCcTH CO3IaHHI HAI[HOHAIIBHOH CHCTEMBI T€HOMHOH HH()OPMALIHH.
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7. YHEBHO-METO/IMYECKOE OBECIITEYHEHHE JITUCIHHHUITJINHBI

Y4eOHO-MeToJHUeCKHE MATEPHAIbI
DOneKTPOHHAS BepCHA ITpe3eHTAaIMi, MeTOAHUeCKHe peKOMeHIaIlHH H y4eOHO-MeTOIHUYEeCKHe TTOCOOHS I
JIEKITHOHHBIX H IIPaKTHYECKHX 3aHATHH pa3MenieHHas B Moodle-new htips://moodle-new.almazovcentre.1u

8. MATEPHAJIbHO-TEXHHNYECKOE OBECITEYHEHHUE JHUCIIAII/IITHbBI

JIns  ocymiecTBIeHHs 0O0pa30BaTelIbHOIO IIporecca II0 JHcHHIUmMHe «bronmH(popMaTHKa»
IIPpOrPpaMMBl  BBEICIIIETO O0pa3oBaHHSA - CIEIHAIHTET 110 cherHaabHOCTH 30.05.03 MemumuHckasn
KnoepHeruka I[eHTp AJIMa3oBa pacIriojlaraeT MaTepHaIbHO-TEXHHYeCKOH 0a30H, COOTBETCTBYIOIIEH
JNEHCTBYIOIHMM TIPOTHBOIIOKAPHLIM ITpaBHIaM H HOpMaM H oOeclleYHBarolleH ITPOBeJcHHE BCEX BHIOB
TUCLIUIUIHHAPHON H MEXKIHCIHIUIHHAPHON IIOATOTOBKH, ITPAKTHYECKOH H Hay4YHO-HCCIEI0BATEIbCKOH
pabor o0Yy4YarOIMXCS, ITPEAYCMOTPEHHBIX YUeOHOH JTHCIHMIUTHHOMI.

[IoMerneHHs IpeAcTaBIsIOT COOOH Y4ueOHBIE ayAHTOPHH MJIS IIPOBEJcHHS VYYeOHBIX 3aHSTHH,
IIPEAYCMOTPEHHBIX IIPOrpaMMOH JHCIHIUIMHEI «bHOMH(OpMaTHKa», OCHAIeHHBIe OO0OpYAOBaHHEM H
TEXHHYECKHMH CpeJcTBaMH OOYUYEeHHS, COCTaB KOTOpPBIX ompenensgercd B IIpwmokeHnn 2 K paboueH
IIPOrPaMME.

[IoMerneHHsa 1 caMOCTOSATENBHOH padoThl OOYYAKOIIHXCSA OCHAIEHBl KOMITBIOTEPHOH TEXHHKOH C
BO3MOXKHOCTBIO TIOAKIIOUEHHS K ceTH «lHTepHeT» M ol0ecnieyeHHEM JOCTYVIIA K 3IeKTPOHHOH
HH(]popMaIHOHHO-00pa30BaTeIbHON cpejie I{eHTpa AMa3zoBa.

9. KAJIPOBOE OBECIIEYEHHE JUCIHHUII/INHDBI

Peanmmzanmsa nucipnUmHbel «buonHpopmaTHka» oOecreyHBaeTCs IeJarormuecKuMH pPabOTHHKAMU
IlenTpa AmmMasoBa, a TakKe JTHI[aMH, IIPUBIeKaeMBIMH [[eHTpoM AMa30Ba K pealn3al[HuH JHCIAIUIMHEL Ha
HMHBIX YCIIOBHSIX.

10. OCOBEHHOCTH OPI'AHHM3AIINHN OCBOEHHUA JUCIHHIIJIMHEBI VI HHBAJIMIIOB H
JINI] C O’ PAHHYEHHBIMH BO3IMOKHOCTAMHM 3/ 10POBBA

OcCBOEHHE AUCIHIUIMHEL HHBAIMJAAMHA H JHIAMH C OrPaHHYEHHBIMH BO3MOXKHOCTSIMH 3JO0POBBS ITPH
HeOOXOJHMOCTH OCVIINECTRIISIETCS KadeApoH ¢ HCIOIb30BaHHEM CIIEI[HAIBHBEIX MeTOJOB OOYYeHHS H
TUTAaKTHIECKHX MAaTepPHalIOB, COCTABJIEHHBIX C YYETOM OCOOEHHOCTEH IICHXO(H3HYECKOTO Pa3BHTHSL
HHIUBHYaJIbHBIX BO3MOKHOCTEH H COCTOSHHS 30POBbS TAKHX 00y4arOIHXCs (00y4aroIIerocs).
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1o gucirrumiae «bMONMH®OPMATHKA»

IHACIIOPT
OIHEHOYHLIX CPEJICTB

B pesyabrare H3y4eHH A JHCHHILIMHbI Y 00y 1aromerocs (JopMHPYIOTCH CJIeAYIONIHE KOMIIET eHIHH:

VK-1 (YK-1.2)

OIIK-2 (OIIK-2.3)
OIIK-6 (OIIK-6.2)
OIIK-9 (OIIK-9.2)

[TIK-11 (IIK-11.1, [IK-11.2, IIK-11.3)

IIpoBepsieMble
kommeTeHnun u /K
(KoabI)

KpurtepHun olnjeHNBaHAA 00pa30BaTeIbHbIX

pe3yJbTaT OB

MeTtoabl
KOHTPO.JIS

OneHo4vHbIE
MAaT epHAJIbI

YK-1.2. [IpumeHser
CHCTEMHBIH ITOIXO IIPH
TUTaHHPOBAaHHH H
PELIEHHH 3a]1a4 B
IpodecCHOHATbHOM
o0nacTu

3Haer:
>

(OCHOBHBIE 3TaIbl THIIOBBIX
OHOMH(pOpMaTHYECKHX ITaHTUIAaHHOB
(KOHBEHEPOB aHAJIN3a). OT IIEPBHYHBIX
naHHBIX (FASTQ) mo GHomornyeckoi

HHTEPITPETALH.
[ [pHHITMITEI OpraHH3aIH H
B3aHMOCBS3H OHOJIOTHYeCcKHX 0a3
TAaHHBIX (TIEpBHYHBIE, BTOPHYHLIE,
OHTOJIOTHH ).

KoHIemno HHTerpam
Pa3sHOYPOBHEBBIX JAaHHBIX («OMHKC) )
IUTSL TIOITYYEHHS 1EJIOCTHOH KapPTHHEI
OHOIIOrHYECKOI'0O Ipollecca HIH
3a001eBaHH .

VYMeer:

COCTaBIIATh ITOCIIEAOBATEIILHEBIN ITIaH
(aJITOPHTM) AeHCTBHIL I PelleHH
CTaHJapTHOH OHOHH(OPMATHYEeCKOH
3aJaud (HallpHMep, aHaJIH3

TH(} pepeHIHaIbHOH SKCIPECCHH TE€HOB
HJIH TIOHCK T'OMOJIOTOB).

Br16upars 1 0O0OCHOBBIBATE BEIOOD
COOTBETCTBYIOIIETO ITPOrPAMMHOIO
HHCTPYMEHTAPHS JJI KaXKIOr'0 3Tarla aHa3a.

TecTHpoBaHue
KOHTpOILHEIE
BOITPOCHI

T3
KB

OIIK-2.3. Co3maet
MOJIeITH
ITaTOJIOTHYECKIIX

COCTOSHEI 111 VIVO H 1N
vitr

3Haer:

(OCHOBHBIE HCTOYHHKH MOJIEKYILIPHBIX
TAHHBIX JJIS MOJIETTHPOBAHHS
3a0oneBaHH (0a3bl FeHETHYECKHX
BapHaHToB ClinVar/OMIM, naHHbIE
SKCITPECCHH ITPpH MaToIormax u3 GEO).
[Tomxob1 K HeHTH(DHKAL[HH
IpaiBepPHBIX T€HOB M ITaTOT€HHBIX
CHTHAJIBHBIX ITYTEH HA OCHOBE aHAIM3a
BBICOKOITPOH3BOAUTEIBHBIX JaHHBIX.

[ [pHHIIIBL TOCTPOEHN S M aHATTH3a
MOJIEKYIISIPHBIX CETEH
(B3aNMOJIEHCTBHIT) 715 H3YUEHHST
MEXAHH3MOB KOMITIIEKCHBIX

TecTHpoBaHue
KOHTpOIIbHEIE
BOITPOCEI

T3
KB
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3a00IeRBaHII.

YMeert:

M3BiekaTh H (pHIILTPOBATh JaHHBIE,
pelleBaHTHBIE I KOHKPETHOTO
ITaTOJIOrHYEeCKOI0 COCTOSHH S, H3
OOMIEIOCTYITHBIX OHOHH(pOPMaTHYECKHX

PECYPCOB.
[IpoBOANTH () YHKITHOHAIILHBIH aHAIIH3

(oOoramnieHne reHHbIX HA0OPOB) IS
BEISIBJIEHHSI OHOIIOTHYECKHX ITPOIIECCOB,
HapyIIeHHBIX ITPH 3a00IeBaHHH.

HMHTepnpeTHPOBaTh pPe3yIbTaThl CETEBOIO
aHaM3a 1711 OPMYITHPOBAHH S THITOTES O
KITIOYEBBIX Y3IaX H B3aHMOEHCTBHSIX B
MOJIEITHPYEMOM ITaTOJIOrHYECKOM COCTOSIHHH.

OIIK-6.2. 3Haer: TecTupopaHie T3
OCYINECTBISET ITOHCK e ApPXHTEKTYPY H HasHauYeHHe KIIOUeBbIX | KOHTPOIBHEBIE KB
HH(OpMAIH ¢ MEKIYHAPOIHBIX OHOHH(OPMAI[HOHHBIX | BOIIPOCHI
HCITOJIb30BAaHHEM pecypco (NCBI, EBI, UCSC Genome
MH(pOpMaIHOHHO- Browser, UniProt, STRING).
KOMMYHHKAITHOHHBIX e @opmMaThl OHOIOrHYECKHX JTaHHBIX
TEXHOJIOTHH H PECYPCOB (FASTA, FASTQ, GFF, VCF, SRA)
OHOHH(OPMATHKH IS ITPHHIAITEI PAaOOTEI C HUMH.
PO eCCHOHATBHOI e (CHHTAKCHC H MeTOJHKY 3(p(]EeKTHBHOIO
ACATCIIbHOCTH IIOHCKa B CIIEIHalI3HPOBaHHEIX Oa3ax
ITAaHHBIX C HCIIOIB30BAaHHEM CIIOKHBIX
3aIIPOCOB.
Ymeer:
e [IpoBOmUTE IIeNEHAIIPARIIEHHBII TTOHCK
M MU3BJIEKATH ITOCIIEIOBATEILHOCTH
reHOB/O€eNKOB, aHHOTALHH, JJaHHbIE
SKCIIEPHMEHTOB H JIHTepaT YPHBIE
CCBLIIKH.
e KOpPPEeKTHO HCIIOINL30BaTh allT OPHTMEI
romonorudyeckoro moucka (BLAST) s
YCTAHOBJIEHH S 3BOJIFOIIMOHHBIX U
() YHKITHOHAJILHBIX CBSI3EH.
CaMOCTOSTEIBHO HAXOIUTh, 3arPyKaTh H
IOATOTABIHNBATE JIJIS aHAIN3a ITYOIIMYHBIE
HaOOPBI JaHHEIX, CBSI3aHHBIE C
Npo()eCCHOHAIBHOH 3aadei.
OIIK-9.2. 3Haer: TecTupoBaHe T3
OCVYILECTBIISET e (OCHOBHBIE ITPHHI[HITEI OOPAIeHH C KoHTpOnbHBIE KB
TIpoeCcCHOHATLHYIO IIEPCOHATIPHBIMH JTAHHBIMH, BKITFOYAS BOITPOCHI

HJEATCIIBHOCTD B
COOTBSTCTBHH C

JIEN CTBYIOIIHMHI
IIPABOBBIMH HOPMaMI

reHeTH4eckHe (O3-152 «O
MTePCOHATBHBIX JAHHBIX) ).

[IpaBOBBEIE M STHYECKIE HOPMBI PaOOThHI
¢ OHOMaTepHaIOM H JaHHBIMH
MTaI[HEHTOB B HCCIIeN0BATENb CKIX I[EJIIX
(MH( OpMHPOBAHHOE COITIACHE,
XeIbCHHKCKas JeKIapaliis).

[TpaBmIa HCITOIBE30BAaHUS JAHHBIX H3
ITYOITHYHBIX PEIIO3HTOPHER (JIHMI[EH3HH,
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YCIIOBHS JOCTYITA, TPeOOBAaHNS K
IIHTHPOBAHHIO).
YMeer:

e Ormpenensars HeoOXOAHUMOCTh H ITOPSAIO0K
ITOITYYEHHI STHYECKOTO OHO0pEHH A 14
INIAHHPYEMOTO HCCIIELOBAHUS C
OMOMEIUIITHCKHMH JTaHHBIMI.

e [[pHMEHSTH METOMBI JIe-HIeHTH() HKALHH
1 00e3THYNBaHH S JaHHBIX ITIPH paboTe ¢
KIHHHYECKHMH HIH T'e HOMHBIMH
HaOOpaMH.

CoOmrof1aTh JHIEH3HOHHBIE COrTIAIIEHH S U
KOPPEKTHO O(OPMIISTH CCBIIKH Ha HCTOYHHKH
TAHHBIX B HAYUHBIX OTYETAX.

[TK-11.1. 3Haer: TecTupoBaHue T3
PaspaOaThIBaeT e CTaHIapTHI OIFCAHNS SKCIIEPHMEHTOBR ¢ | KOHTPOIBbHEBIE KB
METOJIHKH ITPOBEIcHU A BBICOKOITPOM3BOAUTEIFHBIMH JaHHBIMH | BOIIPOCHI
MEIUKO - (MIAME, MINSEQE).
OHOIIOr MU ECKHX . Hp]:]}]]_[}]]'[m ITIAHHPOBAHH 1
HCCIIEZIOBAHHI Ha SKCIIEPHMEHTA, BKIIIOYas pacueT
OCHOBC IIPHHITHIIOB pasMepa BEIOOPKH H JH3aHH CPABHEHHSI
J0Ka3aTeIbHOH TPYIIIL
MCHIHHBL. e KpHTepHH JOKa3aTeIbHOCTH B
OononH(popMaTHKe (CTaTHCTHYECKAS
3HAUMMOCTh, OHOJIOTHYEeCKas
perUIHKaIisd, BaIaaliis Ha
He3aBHCHMBIX JAHHBIX ).
YMeer:
e OIlleHHBATh aJEKBATHOCTD H
BOCITPOH3BOJHMOCTE OITYOIMKOBAHHBIX
OHOHH()OPMATHYECKHX METOJHK.
D OpMYIIHPOBATE YETKHE, IIPOBEPSIEMBIE
HCCIIEA0BATEIBCKIE THIIOTE3BI, KOTOPBIE MOI'YT
OBITH IIPOTECTHPOBAHEI C IIOMOIIBIO
BBIUHCIINTEIBHBIX METOIOB.
[TK-11.2. 3Haer: TecTupoBaHue T3
OGpabaTrIBaeT e DBa3oBbIi CHHTAKCHC H OCHOBHBIE KoHTponbHbIE KB
SKCIIEpUMEHTAJILHEIE oubnnorekH s3p1ka Python (BioPython, | BOIIpOCEI

JAHHBIE H aHAIH3HPYET
PE3VIIBTATEI MEIHKO-
OHOIIOrHYeCcKIX
HCCIIeIOBAHHH C
HCIIONIB30BAaHHEM
CITEITHATIH3HPOBAHHBIX
SI3BIKOB
IIPOrpaMMHPOBAHH L,
CTaTHCTHYECKHX
[IAKETOB.

pandas, NumPy, SciPy, scikit-learn) mim
R (fidyverse, Bioconductor) s
00paboTKH OHOJIOTHYECKHX JaHHBIX.

e (CTaTHCTHYECKHE METOEI,
IIPHMeHSIEMBIE JJISI aHAIIM3a «OMHKC »-
maHHBIX (t-TecT, ANOVA,
pPErpecCHOHHBIN aHaim3, FDR -
KOPPEKIIHS).

e [IpuHITHITEI () (PeKTHBHOM
BH3YaIM3al[HH JJaHHBIX C
HCIIOIb30BAHHEM CITEI[HATH3HPOBAHHEBIX
omonnorek (matplotlib/seaborn,
goplot2).

YMmeer:
* ABTOMATH3HPOBATh IIEPBHYHYIO
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00paOOTKY JaHHBIX: YTEHHE/3aITHCh
(paiinoB, (PHILTPAIHIO, ITPeo0pa3oBaHHE
( OpMaTOB.

[IpoBOIHUTE CTaTHCTHYECKHI aHAIIH?3
TAHHBIX (Pacy&T OIHCcaTelbHBIX
CTaTHCTHK, IIPOBePKa THITOTE3,
IIOCTPOEHHE MOJIETIEN) H KOPPEKTHO
HHTEPIIPETHPORATh p-values n

I OBEPHTEIIbHbIE HHTEPBAIIbI.

Co3maBaTh HH()OpMaTHBHBIE I'Pa(pHKH H
JTHar paMMBI IS IIPEACTaRIeHN S PE3YIIbTaTOB
aHaJII3a B HAYYHBIX OTYETAX.

IIK-11.3. BHeapser
PE3YIILTAThl METHKO-
OHOIIOr HUEeCKHX
HCCIIeJOBAHHH B
SKCIIePHMEHTAIBHYIO H
KIIHHHYECKVIO
IIPAKTHKY

3HaeT:

MeTo bl TIepeBoia PE3YIIbTATOB
OnonH(OpMaTHYECKOr O aHaJIH3a B
OHOJIOTHYECKH H KIIMHHYECKH
HHTEPIPETHPYEMYIO (DOPMY.

[IyTH Baymarii BEIYHCIHMTEIHbHBIX
IIpeAcKa3aHil 3KCIIEPHMEHT alIbHBIMH
MeTomamH (1I1{P, BecTepH-OJIOTTHHT H
Ip.).

B0O3MOXHOCTH 1 Or'paHHYEHH S
OnoHH(pOpMaTHYECKHX HHCTPYMEHTOB
IUISI TIOAMEPAKKH TIPHH SITHS
KIIHHHYECKHX PeIleHHI (HallpHMED,
HHTEPIIPETAIIS BAPHAHTOB HESICHOTO
3HAYCHH).

YMeert:

["eHepHpOBaTh U3 Pe3yIILTAaTOB aHAJIH3a
CITHCKH I'eHOB-KaHIHIaTOB,
OHOMapKepOB HIIH TepareBTHYECKHX
MHIIIEHEH, ITPHTOAHBIE JJIS
AKCIIEPHMEHTAIbHOM ITIPOBEPKH.
["OTOBHTE OTYET HIIH 3aKIFOYEHHE I10
pe3ylIbTaTaM aHaJIH3a, IIOHSATHOE IS
OHOJIOTOB M KIIMHHHITHCTOB, ¢ YKa3aHHEM
CTEIIEHH JOCTOBEPHOCTH H
OrpaHHYEHHH MeTOOB.

O1leHHBaTh KIIHHHYCCKYIO 3HATHMOCTD
GﬁHﬂp}"}I{EH}[HX I'CHETHYCCKIIX BAPHAHTOB HIIH
IIATTCPHOB 3KCITPECCHH, HCITOJIb 3V

CIelHaTH3HPOBaHHbIe KITHHHYeCKHE Ga3bl
nanHbIX (ClinVar, CIV1C).

TecTHpoBaHHE
KOHTpOILHEIE
BOITPOCHI

T3
KB
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O EHOYHBIE MATEPHAJIBI JIVIA TEKYHIEI' O KOHTPOJIA

Paznen 1. BBeaenne n ¢pyHaaMeHTAJIbHbIE 0CHOBBI OHOHH(OPMATHKH
Tema 1.1. brnonaopMaTHKA B CHCTeMe MeJHITHHCKOH KHOePHETHKH

[TpoBepsembie komMmeTeHIMH 0 MJIK (komer), ¢ opMIpyeMbIe TIPH H3YYEHHH TEMBI:
YK-1.2, OIIK-6.2, [IK-11.2

KGHTPGHLHLIE BOIIPOCHI ITO TEME.

Ne i/

JagaHue

IIpoBepsieMbIe
HJIK

KoHTposbHblil Bonpoc: O0BACHUTE, B UeM 3aKIF0YAeTCA MeK JHCIHIUIHHAPHBLT
xXapakrep OHOHH(pOPMATHKH. [IpHBe qHTe KOHKPETHRIT IIPHMED 3aJauH, JIId
pelleHHd KOTOPOi HeoOXOHMEI 3HAHHA KaK H3 001acTH OHOIOIHH, TaK H H3
HH(OPMATHKH.

STalloH oTBeTa: bHoHH}opMaTHKa — 3TO MeKTHCIHIUIHHAPHAA HAyKa Ha CTBIKE
OHOIOTHH (MOJIEKYIIApHAad OHOIOIHA, TeHeTHKA, Me/IIIHHA ), HHPOPMAaTHKH
(arropuTMBI, 6a3kl JAHHBIX, ITPOrPaMMHPOBAHIE ) H MAaTeMAaTHKH (CTATHCTHKA ).
[TpHMep 3agaul: IIOHCK I'€HOB, acCOIHHPOBAHHBIX ¢ 3a001eBaHHeM, B

ITOTHOT €HOMHBIX JAHHBIX (GWAS). JI114 3Toro He 00X0MIMO OHOJIOTHUECKOE
IIOHIMAHI e TIPHPOIEI 3a00lIeBaHN A, 3HAHHE CTPYKTYPHI TeHOMA, a TaKke YMeHHe
IIPHMEHATh CTAaTHCTHYECKHE METOBI H BEIUICIHTEIIbHbBIE all OPHTMEBI 11
00pabOTKH MIJIITHOHOB Te HETHUECKHX MAPKEPOB.

YK-1.2
OIIK-6.2

KoHTpobHBII Bonpoc: Ha30BHTE TPH KIFOUYEBEIE 3aJaul OHOHH(OPMATHKH,
CBA3aHHBIE C XpaHEHHEeM H 00pabOTKON OHOMOT MUECKHX JAaHHBIX, H KPAaTKO
ITOACHHTE KaXKIYIO.

OTal0H oTBeTa: 1) Opranmzaifiii 0 XpaHeHHe JTaHHbIX: CO3/IaHHe
CTPYKTYPHPOBAaHHEIX 0a3 MaHHBIX (HanmpuMep, GenBank, PDB) mid HyKiIe OTHIHEIX
IIOCIIETIOBATeIbHOCTEH, OeMKOBEIX CTPYKTYP, aHHOTAaIIl. 2) CpaBHEHHE
IIOCIEeJOBATEIIFHOCTEH: BRIPABHHBAHHE I ITOHCKA TOMOIIOL OB, YCTAHOBIIEHHS
SBOIIOIHOHHEIX CBA3eil H Impe acKa3zaHid yHKIH (amropHTMel BLAST, Clustal).
3) AHAIH3 «OMHKC»-TAaHHBIX: HHTETPAIII H CTATHCTHUECKAad 00paboTKa JaHHBIX
I €eHOMHKH, TPAHCKPHITTOMIKH, IIPOTEOMHKH I IO YUeHHI IIETOCTHOM
OHOIOTHYECKOH KapTHHEL.

OIIK-6.2

KoHTpoabHbI Bonpoc: OIMHUIITE POk OHOHHPOPMATHKH B COBPEMEHHOI
IIEPCOHATH3HPOBAHHOH MeTHIIHE . KaKie THITHI JAHHBIX AaHAI3HPYIOTCS I
IToA0Opa HH AHBH Ty AT HOIT Te parrim?

OTAJIOH OTBeTa: B IepcoHATH3HPOBAHH O MeTIIHHe OHOMH(pOpPMaTHKA
aHATH3HPYET HHIUBHIYAIbLHEIE T€HOMHBIE JAHHBIE MMAI[HEHTA I
ITPOTHO3HPOBAHNA 3(P(PEKTHBHOCTH H PHCKOB TePatHi. AHAIM3HPYIOTCS: 1)
J{aHHEIE TTOTHOTEHOMHOT O HIH 3K30MHOI'0 CEKBEHHPOBAHNA I BELABIEHII
ITaTOT €HHBIX M (papMaKOTeHe THUE CKIIX BapHaHTOB. 2) J[aHHEIe TPAaHCKPHIITOMIKH
(RINA-seq) OIyX0Im 14 OIfpeIelle HILA ITOATHIIA 3a00IeBaHid H BEIOOpa
TapreTHOr O IIperapara. 3) JJaHHsle 0 COMATHYSCKHX MY TaAI[IAX B OHKOIOTHH JIJIA
10/100pa HHIHOHTOPOB KOHKPETHBIX CHIHAThHBIX ITyTEH.

YK-1.2

KoHTpoabHbIHA Bonpoc: [ToueMy Me THIHHCKOMY KHOepPHETHKY HeOOX OJ[HMBI
HaBBIKH OHOMHQOpMATHKH? [IpHBe/IITe ITpHMep MPOeKTHOI pad0oTH Ha CTHIKE 3THX
oOmacTeid.

OTaloH oTBeTa: M eHITMHCKIOT KHOepHeTHK padoTaeT ¢ Me THIHH CKHMH
JTAaHHBEIMH H CHCTeMaMH. BHOHH()OpMaTHKA IIpeI0CTARIIAeT eMy HHCTPYMEHTHI JIJLA
aHallH3a MOJIEKYILIPHO-TeHeTHUECKHX JAaHHBIX, KOTOPEIE CTAHOBATCA
HeOTheMIIEMOI YacThI0 31eKTPOHHOI HCTOPHI OOJIe3HH H CHCTEeM ITOJIePKKH
BpaueOHBIX peleHHii. [IpHmep mpoekTa: pa3paboTka alropHTMA 1A HHTeTPalfHi
TAHHBIX T€HOMHOT'O CeKBeHHPOBAHH A ITAI[HEeHTA C er0 KIHHHYeCKHMH

YK-1.2
I1IK-11.2
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ITOKa3aTeAMI B Me THITHHCKOI HH(POPMAITHOHHOMN CHCTeMe I aBTOMATHUE CKOT O
(OPMIPOBAHHA CITHCKA ITOTEHIHATBHO 3 (eKTHBHBIX IEKapPCTB C YUeTOM
BO3MOKHBIX TIOOOUHBIX 3¢)(PeKTOB.

Lh

KoHTpoJbHBII Bonpoc: KakHe OCHOBHBIE BEI30BEHI (IIPOOIIEMEI ) CTOAT ITePe
OHOHH(OPMATHKOI B CBA3H € IIOCTOSAHHBIM POCTOM 00beMa TeHEPHPYEMBIX

OHoMe THITHHCKHX TaHHBIX (Big Data)?

OTa/I0H oTBeTa: OCHOBHEIE BRI30BHL: 1) XpaHeHHe H MepeJaya JaHHbIX
OTPOMHEIE pazMeprl (pailioB RAW maHHbIX NGS (TepadaiiTsl).

2) BeluHCIHTeIbHAA CJI0KHOCTh: HeO0OXOHMOCTE B MOIIHBIX KIacTepax H
3((PEeKTHBHBIX alTOPHTMAaX JJI1 aHanH3a. 3) HHTerpanusa pa3HOpPOAHbIX JAHHbIX
00OBeIHHeHIE TeHOMHBIX, KIIHHITYE CKIX, BH3YaTH3al[HOHHBIX JTaHHBIX.

4) BocupoH3BOAHMOCTE H CTAHJAPTH3AIHA: HeOOXOHMOCTh YeTKHX
ITPOTOKOMIOB aHam3a H ormHcanid (MIAME, MINSEQE). 5) HaTepnpeTamnusn
Pe3yJIbTATOB: IIEPEBOJ BEIUHCIHTENbHEIX HAX0JOK B OHOTOTHUECKH H KIHHHYECKH

SHAYIMBIC BEIBO/IEI.

YK-1.2

Tema 1.2 MoJiekyJIapHo-0HOI0rHYeCKI€ 0CHOBBI 0HOHMH(OPMATHKH

[TpoBepsiemebie komMmieTeHIHMH H M J[K (komsr), ¢ opMIpyeMbIe TIPH H3YYEHHH TEeMBI:
OIIK-6.2, IIK-11.2

KGHTPGHLHLIE BOIIPOCHI ITO TEME.

Ne i/

JagaHue

IIpoBepsieMmbIe
HJIK

KoHTpoabHBIi Bonpoc: OIUIIHTE ITyTh IIpeo0pazoBaHia OHOIOTHYECKOIO
IpoIfecca B 00BEKT BEIUHCIHTEIFHOI' O AHAMI3A COTTIACHO «IEHTPATBHOM IOrMe) .
KaKyro ImocneioBaTelIb HOCTh MBI IIONy4YaeM B (pailiie Iociie TPaHCKPHILIIH reHa?
2TalIoH oTBeTa: COINIacHO IeHTPAIbHOII JoTMe, HH(OpMAaIH A ITepeJaeTca OT
JJHK x PHK (TpaHCKpIOiigid), a 3aTeM K OelIKY (TpaHCIAmi). s
BEIUNCIHTEIBHOIO aHaIH3a OHOIOrHUeCKHIT IIPOIeCC (IKCIIPeCcCHI T'eHAa)

oI poBeBaeTCA. I10Cie TPAaHCKPHII[HH T'eHa B KIeTKe 00pa3yeTcd MOJIeKyla
MPHK. B GnomHgopmarnyeckoM (aitne (Hampumep, FAST A) MBI moxydaeMm
CTPOKY CHMBOIIOB — HYKIIEOTHIHYIO ITOCIIeOBATEIRHOCTE 3TOH MPHK,
3anncaHHyr Oykeamm A, U, G, C.

OIIK-6.2

KoHTpoJBHEIA Bonpoc: UTo Takoe reHeTHUYECKII KOJT H B UeM 3aKIIFOYaeTC I eT0
BEIPOKIEHHOCTH ? Kak 3TO CBOHCTBO VUHTHIBAETCA IIPH OHOHH(}OpMATHYECKOM
ITOHCKeE I OMOJIOT HUHBIX O€IIKOBBIX IIOCIIEOBATEIBHOCTE?

OTAJIOH OTBeTa: | eHeTHUEeCKH I KOJ — 3TO IIPABHIIO COOTBETCTBHI MEXKTY
TPOIKOI HYKIIe OTHAOB (KOomoHOM) B MPHK I KOHKpEeTHOIT aMITHOKHCIOTOI B
Oenke. Ero BEIPOXKIEHHOCTh O3HAYAET, UTO OONBIIIHCTBO aMIHOKHCIIOT
KOJHPYROTCA Ooee YeM OJTHHM KOZOHOM. [IpH ITOoHCKe TOMOJIOTOB Ha YPOBHE
6enxor (BLASTp) 3To CROIICTBO He CO3MaeT IIpodiaeM, TaK Kak CPAaBHHBAKOTC
AMHHOKFHCIIOTHBIE ITOCIIE AOBATEe ML HOCTH. OTHAKO IIPH ITOMCKe Ha YporHe JJHK
(BLASTN) 1 mpH Ipe IcCKa3aHii T'eHa He 00XO0 MO VUHTEIBATE BEIPOKIEHHOCTS,
TaK KaK OJHA H Ta K€ aMHHOKHCIOTHAA IIOCIeAOBATEbHOCTh MOKET OBITE
3aKOJIHPOBAHA PA3HEIMH HYKIIE OTHTHEIMI.

OIIK-6.2
I1IK-11.2

KoHTpoabsHbIii Bonpoc: Kakie oCHOBHEIE THIIEI (ailIOBEIX (JOPMATOR
HCITONIB3YIOTCA 1A IIPEJIC TABIEHH A IIEPBHYHBIX OHOIOTMUECKHX JAaHHBIX? J[1d
KaKHX Ieneil Hcrmonk3yrTca popMarsl FASTA, FASTQ nu PDB?

OT1an0H orBeTa: 1) FASTA: TexcToBBIT (hopMarT 14 ITpeaCTaBIeHIT

HYKIIE OTH/IHBIX IUIH AaMHHOKHCIIOTHBIX ITOCIIEOBATENBHOCTEN (HIeHTH(HKATOP H
IIOCIIEJOBATEIBFHOCTE ). MCIIONMb3yeTCA LA XPaHEeHH A STAIOHHBEIX T€HOMOB, T€HOB,
OenkoB. 2) FASTQ: dopMmaT g XpaHeHH A JTaHHBIX CeKBeHHPOBaHHA (NGS),
COIEPAHT HIEHTH(HKATOP, ITOCIEIOBATENBHOCTE, PA3JIETHTENb H CTPOKY OIIEHOK
KauecTra (Phred score) mig kaxmgoro Hykineotnga. 3) PDB (Protein Data Bank):
(dopMaT I XpaHEHHA TPEXMEPHBIX CTPYKTYP OHOIOT HYE CKHX MAKpPOMOIIEKY
(6emxor, JTHK), cofiepAHT KOOPHHATEL aTOMOB.

OIIK-6.2

KoHTpoabHblii Bonpoc: OOBACHHTE, YeM OJHOHYKIEOTH JHBI IIOTHMOPHH3M

OIIK-6.2
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(SNP) oTimiyaeTcs OT MYTal[HH ¢ TOUKH 3PEHIA YaCTOTHI BCTPEUae MOCTH H
OHOIOTHUECKOI 3HAUMMOCTH. KaK 3TH BapHAaHTEHI IIPeACTaBICHEL B
OmonH(OpMAaTHUe CKHX 0a3ax JAHHBIX?

JTaaoH oTBeTa: SNP — 3T0 TOUEUHENT BAPHAHT, IIPHCYTCTRVEOILHI B ITOITYJLAIHI
¢ yacToToil 0omee 1%, YacTO HEHTPATHHEIIN HIIH HMEFOIIHIT c1a0bnt

(heHoTHITIUE CKIOT 3(ppekT. MyTamusa — 310 Golee peaKoe H3MEHEHHE, YACTO
ACCOI[HIPOBaHHOe ¢ 3a0oneBaneM. B 0azax maHHRIX (HampuMep, dbSNP mid
rmomMopgH3MoB, ClinVar Iid ImaToreHHeIX BapHAHTOB) OHH aHHOTHPYROTCA C
yKa3aHHeM KOOPAHHATEI B TeHOMeE (XPpOoMOCOMa, TIO3HINIA), alllellell (HallpHMep,
A>@), 4aCTOTHI B ITOITYJLAIIH H KIHHHYECKOIH 3HAUNMOCTH.

KoHTposbHbI Bonpoc: IIpeacTaBpTe, UTO YV BaC €CTh aMIHHOKHCIOTHAA
ITOCIIEIOBATENIFHOCTE HeH3Be CTHOTO Oelnka. OIMIIITe e PRELT JTOrHUe CKIOT IIar
LA TIpe ICKa3aHH A eT0 BO3MOKHOH (PYHKIIH C HCIIOTh30BAHHEM
OHOHHGOPMATHYE CKILX METO/IOB.

OTa/0H oTBeTa: ITepBrIil H HanOoOIee pPacIpoOCTPAHEHHEBII IITar —

ITPOBEJIEHHE OMOJIOrHYeCKOT 0 MOHCKA C IIOMOIIBEO

anroputMa BLASTp (Protein BLAST). HenspecTHad GeIkoBast
ITOCIIEIOBATENIFHOCTE ((query) cpaBHIBaeTCA ¢ 0a3aMH JaHHBIX AaHHOTHPOBAHHBIX
OeIKOBEIX IIOCIIEIOBATELHOCTeI (Hampmep, Swiss-Prot). Hammmuie 3HauimMoro
cxoacTra (HI3KHi E-value, BICOKAA cTelle Hb HAEHTHYHOCTH) ¢ OeIIKOM H3BECTHOI
() YVHKIQIH IT03BONAET IIPeION0KHTh, UTO HCCIIe IyeMBIil 6e 10K HMeeT CXOKYH HITH

POICTBEHHYH (QYVHKIIHIO.

OIIK-6.2

Tema 1.3 IIporpaMMHo-anmapaTHbIe IIAT(OPMEBI H HHCTPYMeHTAIbHbIE Cpebl

[Tporepsemebie komMmeTeHIMH 0 MJIK (komsr), ¢ opMIpyeMbIe TTPH H3YYEHHH TEMBI:
OIIK-6.2, IIK-11.2

KGHTPGHLHBIE BOIIPOCHI ITO TEME.

Ne i/

Jaganue

IIpoBepsieMmbIe
HJIK

KoHTposabHblil Bonpoc: IToyeMy g mpode CCHOHATBHON padoThH
OnomHgopMaTHKA yacTo IpeanoururentHa OC Linux/Unix, a He Windows?
[TpHBemITE IBE IIPAKTHYECKHE ITPIYUHHEI.

OTanoH oTBeTa: 1) KomaHaHas cTpoka H CKpHIIToBaHHe: B Linux MoIHaa n
rubkxasg KoMaHaHad obomouka (bash), mo3BoILAroINad 1eTKO aBTOMATH3HPOBATH
IaiTUIaitHel aHaIn3a, 00heHH A1 MHOKECTBO KOHCONBHBIX YTIIHT (HAIlPHMED,
samtools, bedtools) B ckpiIrTeL. 2) YpoljeHHOe YIIPaBJeHHe MAaKeTaMH |
3aBHCHMOCTAMM . MeHeKephl MaKkeToB (apt, yum, conda) IIO3BONAIOT JIETKO
yCTaHABIIHMBATh H OOHOBJIATH THIC TUH HAYUHEBIX TTAaKETOB H OHOIHOTEK, UTO
KPHTHUHO 1A BOCIIPOM3BOIIMOCTH aHAIH3a.

OIIK-6.2
IIK-11.2

KoHTpoabHbIii Bonpoc: CpaBHUTE 5KocHCcTeMBI Python n R i 3amau
OHoMH(pOPMATHKH. B UueM OCHOBHOE ITpeMYyIlecTBO Python, a B yem — R?
2TaJoH oTBeTa: Python — yHHBepCalbHENT I3BIK ¢ YETKHM CHHTAKCHCOM. ET0
IIPEHMYIIECTBO — IIMHPOKad 3KOCHCTEMA I OOIIEro aHAIIM3a JaHHBIX (pandas,
NumPy), manomHoro obyueHns (scikit-learn) n peG-pazpabotki. EnbimoTeka
BioPython mpegocTaBige T HHCTPYMEHTHI I PA0OTH ¢ OHOIOT HUeCKIIMIT
TAHHBIMH. R — S3BIK, CO3MAHHEBNI LA CTAaTHCTHUYECKOI'O aHAIH3a H BH3YaIH3al[HH.
Ero KIro4eBoe IIPEHMYIIEeCTBO — MOIIHBIE H CIIEI[HATH3HPOBAHHBIE TTAKEeTHI LT
aHalm3a « OMHKC»-TaHHBIX (Bioconductor: DESeq2, edgeR) i rmpoaBHHYTOIT
CTaTHCTHYEeCKOM rpaduxm (ggplot2).

I1IK-11.2

KoHTpoasHbIii Bonpoc: Yto Takoe Jupyter Notebook 1 B ueM 3aKIIr0YaeTC A €T0
OCHOBHOE ITPEHMYVIIIECTBO I HCCIeIOBATENb CKOMH paboThl H 00yUeHHA 110
CPABHEHHIO C 3aITyCKOM OOBIUHBIX CKPHIITOB?

OTal0H oTBeTa: Jupyter Notebook — 3T0 mHTepakTHBHAA BeO-cpeia, KOTopas
IIO3BONAET OOBETHHATH B OJTHOM JTOKYMEHTE HCIIOMHAEMBIH KO (AUEiTKH C
Python/R), TEKCT ¢ pa3MeTKOI, YPaBHEHIA, BH3VATH3AIHH H MyIbTHME THA.

I1IK-11.2

40




OCHOBHOE ITPEHMVIIECTBO — HHTEPAKTHBHOCTh H BOCIIPOH3BOJUMOCTE. MOKHO
BREITOMHATE KO ITO IIaraM, cpa3y BHIeTh pe3yiabTar (Tpadiki, TaOaHIk) H
COIIPOBOKIATh €I'0 IOAPOOHBIMH TEKCTOBBIMI ITOSACHEHHSIMH, UTO HIealbHO 1A
ITPOTOKOIMHPOBAHN A AHAIIH3a, CO3/JaHHA OTYETOB H YUeOHBIX MaTepPHAIOB.

KoHTpoJIbHBI Bonpoc: 3aueM B OHOHH(OPMATHKE HCIIOIh3VIOT MeHe K ePhI
IIAaKETOB H BHPTYAIbHbIE OKPYKEHHA, Takie Kak Conda? OIIIimTe THITHYHYEO
mpobaeMy, KOTOPYEO OHH TIOMOT Q0T PEIHTH.

OTaN0H oTBeTa: OHH pelaroT IIpodileMy KOH(UIHKTA 3aBHCHMOCTell . Pa3Hble
OHOMH(pOpPMATHUE CKHE ITPOrpaMMEl MOT'YT TpeOOBATh pa3HbIe, HeC OBME CTHMEIE
BEPCHH OJIHHX H TeX ke OnOmoTek (HarpmMep, Python 2.7 vs 3.10). Conda
IIO3BONIAET CO3ABATh H3OIMHPOBAHHEIE BHPTYAILHEIE OKPYKEHH TSI KaK 0T 0
IIPOEKTa, B KOTOPEIX MOKHO VCTAHABIHBATEL HYKHEIE BEPCHH ITAKETOB, HE BIIAL Ha
CHCTEMY HIIH IPYTHE IIPOEKTEI. DTO FapaHTHPYET BOCIIPOH3BOIHMOCTE aHAI3a.

OIIK-6.2
I1IK-11.2

LA

KoHTpoJBHBIA Bonpoc S: OIMHINITE IIPOCTOH MAaiTIIaiH H3 TPeX IIIaroB B
KOMAHTHOI CTpoKe Linux mid mojacuyeTa o0Iero KoIm4ecTBa CTPOK (IIPOUTEHII) B
FASTQ-¢aiine H coOXpaHeHH I 3TOr0 YHCIA B OTHEIBHBIN TeKCTORKII (haii.
JTAJIOH OTBeTA:

bash

# 1. Iloocuem cmpox e g aiine reads.fastq (kaxcooe npoumeHue 3aHumaen 4
cmpoxii)

# 2. Jlenenue Ha 4 0na nonydeHUA YUCAA NP OUNeHUTl

# 3. 3anuco pesyrwmama e gaiin count. ixt
wc -l reads.fastq | awk '{print $1/4 }' > count.txt

IIK-11.2

Pasznen 2 buogornueckne 6a3bl JAHHBIX H NePBHYHLI AHAJIN3
Tema 2.1 CucreMaTHKA OHOJIOTHICCKHX JAHHBIX

[TpoBepsembie komMmeTeHIMH 0 MJIK (komer), ¢ opMIpyeMbIe TIPH H3YYEHHH TEMBI:
OIIK-6.2, IIK-11.2

KGHTPDHLHBIE BOIIPOCHI ITO TEME.

Ne i/

Jaganue

IIpoBepsiembIe
HJIK

KoHTpoIbHBIA BONPOC: B UeM KIIFOUEBOE pa3miuie MeK Iy IePRHUHBIMI
(primary) H BTOpHYHBEIMH (secondary) 6azamMu OHOTOrHYe CKHX JTaHHBIX?
[TpHBeITE I10 OTHOMY IIPHMEPY KakKI0H KaTer OPHIL.

OTalloH oTBeTa: IlepBHUHBIe Da3bl APXHUBHPYIOT CHIPhIE, HeoOpaboTaHHbIE
SKCIIePHMEHTAIbHbIE JAHHBIE, JTEITOHHPOBAHHBIE aBTOpaMH. IIpmvep: SRA
(Sequence Read Archive) gt manasix NG S, PDB miug cTpykTyp. BropuuHble
(KypHu pyemsle) 0a3bl cofepxar oOpadboTaHHYI0, AHHOTHPOBAHHYIO H
HHTETPHPOBAHH Y0 HH()OPMAIHIO, H3BIEUEHHYEO H3 IIEPBHYHBIX JTaHHBIX. IIpHMep:
RefSeq (KypHpyeMbIe 3TATOHHEIE ITOCIIE IOBATENHOCTH T€HOB H OEIIKOB),
UniProtKB/Swiss-Prot (aHHOTHpORaHHEIE OeIIKOBBIE ITOCIIE IOBATEIEHOCTH C

OITHCAHHEM () YHKIIHH).

OIIK-6.2

KoHnTposabHblii Bonpoc: Yto takoe Gene Ontology (GO) i 1 KakHX Iieleil OH
HCITONB3YeTCA B OHOHH() OpMATHYECKOM aHAITH3E?

2OTanoH oTtBeta: Gene Ontology (GO) — 3T0 cTaHIAPTH3NPOBAHHAA OHTOIOTHA
(KOHTPOIIMPYEMBII CIIOBAPS) I YHH(PHIIHPOBAHHOTO OIHCAHHA ()YHKI[HIT TeHOB H
HX IIPOAYKTOB. OH COCTOHT U3 TPeX aclekKToR: bHoiornueckuii

nponecc (BP), MoaekyaspHaa ¢yHknus (MF) n Knerounas

komimoHeHTa (CC). GO Hcronb3yeTcd M QVHKIHOHAT,HO aHHOTAIHH T€HOB H,
YTO OCOOEHHO BAKHO, IA (PYHKIHOHAIBHOI0 000rameHus — CTaTHCTHYECKOI O
BEIIBIIEHHA GO-TEPMHHOB, KOTOPEIE HEIIPOIIOPITHOHATBHO YACTO BCTPEUAIOTCA B
33/IaHHOM CITHNCKE TEHOB (HAIIPHMED, cpeau TH(PepeHIHATEHO
SKCIIPECCHPYEMBIX), UTO AaeT OHOMOrHYe CKYH HHTEPIIPETAIIE0 Pe3YIIhTaTOB.

OIIK-6.2
I1IK-11.2

KoHTpoabHblil Bonpoc: Kakie o03aTeIbHBIE IO CONEPAKNUT Kak Iad 3aIlch B
opmare FASTQ? KpaTko oInMIImTe Ha3HAUeHIHe CTPOKH C OLIEHKOI KauecTBa.
OT1anoH orBera: Kaxmasa sarmick FASTQ cocTonT H3 4 cTpok: 1) HeHTH(HKATOP

OIIK-6.2
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(HaurmHaeTcs ¢ (@), 2) HykneoTHHAL IOCIe IOBATEBFHOCTE, 3) Pasmennrens
(00BI4HO +), 4) CTpoKa OIleHOK KayecTBa. CTpoKa KauecTBa COIEPAKHUT CHMBOIILL,
KaKIbI H3 KOTOPBIX COOTBETCTBYET HYKIEOTHAY B CTPOKE 2 H KOJHPYET €TI0
BepoATHOCTH OMOKH (Phred score). 3To mmo3BoIdeT QHILTPORATE

HH3KOKQUECTBCHHEIE ITPOYUTEHIA Ha 3TAllE IIPE I[DﬁpﬂﬁDTEII TaHHBIX NGS.

KoHTposbHbIil Bonpoc: /{11 Uero HyAKHbI MeTaJaHHbIE B KOHTEKCTE
OHOTOTHUECKHX 3KCIIEPHMEHTOR BBICOKOTO ITOTOKA (NG'S, MIKPOUHIIEI )?
[TpHBemITE IPHMEDP CTAHAAPTA, OIIHCHIBAOIIET O MITHHMAIHHYI0 HHPOPMAIHIO O
TAKOM HKCIIEPHMEHTE.

OTAJIOH oTBeTa: MeTaJlaHHbIe OICHIBAOT YCIOBHA, ITapaMeTPEl H METOBI
ITPOBEJIEHHA SKCIIEPHMEHTA, UTO KPHTHYE CKH BaKHO JIJII BOCIIPOH3BOJHMOCTH,
HHTEPITPETAIMH H IIOBTOPHOT O aHATH3a JAHHBIX. be3 HHX JaHHBIe TEPAIOT
HayuHVI0 IIeHHOCTE. [IprMep ctanmapta — MINSEQE (Minimum Information
about a high-throughput Nucleotide SEQuencing Experiment), KOTOpsLl
perIaMeHTHPYeT, KaKyro HH(POPMAIIE0 HeOOXOMIMO IIPEIOCTABHTE ITPH
ITyOIHKAIH JAaHHEIX NGS.

OIIK-6.2

KoHTpoabHbIi Bonpoc: Kakyro HH()OPMAIHIO, TIOMHMO KOOPIHHAT, COIEPAHT
¢opmatr GFF/GTF (General Feature Format) H 1 KaKoii I[eITH OH
IIPEHMYIIECTBEHHO HCIIONB3YETCA B TEHOMHOM aHalIH3e?

OTalloH oTBeTa: [1OMIIMO KOOPAIHAT H THIIA IIPH3HAKA (HAIlpHMeED, TeH, 5K30H),
GFF/GTF comepxuT HHpOpMAIHEO O IeIH (strand), paze cunTeiBaHuA (frame) n
aTpuOyTax (HampuMmep, ID reHa, Ha3paHue, Parent-CBA3H 1A TPAHCKPHIITOB H
3K30HOB ). DTOT (JOPMAT HCIIOIb3YVETCA I XPAHEHH A CTPYKTYPHOI aHHOTAI[HH
TeHOMA H CIIYAHT KapTOi A KapTHPOBAHIA IIPOUTEHHI, IIOICUeTA IIOKPBITHA H
BH3VAIM3AIMH JAHHEIX B TEHOMHEIX Opaysepax.

OIIK-6.2

Tema 2.2 AnropuarMbl CpaBHeHHA OHOIOTHYECKHX MOC/IE0BATEIbHOCT €H: TOMOJIOT HIeCKHil IMONCK H

MHORECTBCHHOC BbIDABHHBAHHE

[Tporepsemebie komMmeTeHIHMH H MJ[K (komsr), ¢ opMIpyeMbIe TIPH H3YYEHHH TEeMBI:
YK-1.2, OIIK-6.2, IIK-11.1, IIK-11.2

KGHTPIDJILHBIE BOIIPOCEI ITO TCMC.

Ne i/

Jaganue

IIpoBepsieMmbIe
HJIK

KoHTpobHBIH Bonpoc: B UeM OCHOBHOE OTIIHYHE SBPHCTHYECKOIO
anropurMa BLAST 0T TOYHOr o alnropuTMa JIHAMIYECKOT O
IIPOrpaMMHPOBAHHS JJI BeIpaBHHBAaHHA (HarpuMep, CyvuTa-BarepmaHa)?
Kakoe mpakTHyecKoe IMIPeEUMYIIECTBO 3TO gaeT BLAST?

JTAJIOH oTBera: AJmropurM CMura-BarepMaHa rapaHTHPOBAaHHO HAXOIHT
ONTHMAJIFHOE JIOKaIbHOe BRIPpaBHHBAHHE, HO paboTaeT MeiieHHO (O(n*m)).
BLARST gBngercsa sBpHCTHUYECKHM: OH HE IapaHTHPYET OITHMAIIbHOCTH, HO
paboTaeT Ha MOPSAKH OBICTPEE 3a CUEeT ITOMCKA KOPOTKIX TOYHBIX
COBITaZleHHH (seed) ¢ TOCTIeIYIOIHM PAacIIHPEHHEM. 5TO ITO3BOISIET
IIPOBOJUTE ITOMCK B OTPOMHBIX 0a3ax JaHHBIX 3a IIPHEMIIEMOE BPEMH,
JKEPTBYS IPH 5TOM ITOJIHOTOH I KpaHHe OTJaJIEHHBIX TOMOIIOTOB.

OIIK-6.2
[TK-11.2

KonTtpouabnHbni Bonpoc: Uto Takoe E-value (oxHgaeMoe 3HaUeHHE) B
pesynbTaTax nmoHucka BLAST M Kak ero npaBHILHO HHTEPIIPETHPOBATE?
[IpuBeauTe pHMep HHTEPITPET AL

JTaJIoH oTBera: E-value — »T0 MaTemMaTHYeCKOE OKHJaHHE KOIIHYECTRA
CIIVYAIHBIX COBITAJEHII C TAKHM K€ IIH JIVYIIIM score B 0a3e JaHHBIX
ITaHHOr O pasMepa. YeM HHke E-value, TeM 3HauHMee pe3ynbsTar. Hampimep,
E-value = 1e-10 o3HayaeT, 4TO TaKOe CIIy4aiHOEe COBIAJleHHEe OKHIAeTCs
OIHH pa3 Ha 10 MIUIIMapa 0B ITOMCKOB, YTO CBHIETEILCTBYET O BBICOKOM
CTAaTHCTHYECKOH 3HAUNMOCTH H BEPOSATHOH OHMOIIOIHYECKOH TOMOIIOTHH. E-
value > 1 0OBIYHO cCUHTaeTCSI He3HAYHMBIM.

OIIK-6.2
[IK-11.2

KoHTpoJbHbIi Bonpoc: 3auyeM B OHOHH(pOPMAaTHKE HCITOIb3YeTCs

OIIK-6.2
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