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1 llesu 1 3a71a4u M3yYeHUSA TUCIUTLIHHBI
1.1 Ieap npenogaBaHusi AUCHHILIHHBI

O3HaKOMJIEHHE C OCHOBHBIMM METOJIaMH COBPEMEHHOH OMOMH(OPMATHKU U
UX TPAKTUYECKHUM TPUMEHEHHEM I PEUICHHs 3a7ad MOJICKYJSIpHOW OHOJIOruy,
TEeHETUKH, TCHOMUKH U TCHETUYECKUX TEXHOJIOTHM.

1.2 3apauu u3dyyeHus JUCUMIJIMHBI

3amaun U3y4eHUs TUCLUIUINHBI 3aKITFOYalOTCS:

- B (OpMUPOBaHMM y CTYAEHTOB IMpPEACTABICHHUS O CTPYKType M THIAX
JaHHBIX B OWOJIOTMYECKUX Oa3ax [aHHbBIX M (OPMHUPOBAHUU COOTBETCTBYIOIIMX
IPAKTUYECKUX HABBIKOB MTOMCKA M U3BJIEUEHUS HEOOXOAMMOM HH(pOpMALIH;

- B () OpPMUPOBAHNUN HABBIKOB OOpaOOTKH JAaHHBIX CEKBEHHPOBAHUS;

- B O3HAaKOMJIEHUU C MNPAKTUYECKUMHU NPHUIOKEHUSIMH OMOMH(OPMATUUYECKUX
METOJIOB JUId pPELIeHUs 3afad MOJIEKYJSIPHOM OHOJOIMH, T€HETHKH, I€HOMUKH U
TeHETHUYECKUX TEXHOJIOTUH.

1.3 IlepeyeHp NJIaHMPYeMbIX pPe3yJbTATOB OOy4YeHHMS] MO JAUCHUILINHE
(MOay/110), COOTHECEHHBIX € IJIAHMPYEeMbIMH Ppe3yJabTATAMH  OCBOCHMS
o0pa3oBaTeJIbHOM MPOrPaMMBbI

Koa n HaunmeHoBaHue MHOnKaTopa 3aI'IJ'IaHI/1pOBaHHbIe pe3ynbTtaTthbl o6yquM;| no ancuuninunHe
OOCTUXEeHNA KoMneTeHUunmn

OIIK-3: CnocoGeH NpuMeHATHh 3HAHHE OCHOB 3BOJIIOLIMOHHOI TeOpHH, HCNIOIb30BATH
COBpeMEeHHbIe NMPeACTABIEeHUS 0 CTPYKTYPHO-PYHKIIHOHAJIbHOWH OPraHu3aluu
reHeTH4YeCKoi MPorpaMMbl KUBBIX 00bEKTOB U METOIbI MOJIEKYJISAPHOI OMOI0TUH,
reHeTHKH U OMOJIOTHH PAa3BUTHS /ISl MCCJIEIOBAHUS MeXaHM3MOB OHTOTeHe3a H
(uirorenesa B npogeccHOHAIBLHOM 1eATEIBHOCTH

OIIK-3.6: JlemoHcTpUpyeT 3Harh: AITOPUTMbI BBIPAaBHUBAHUS
3HAHUS O CTPYKTYpE U QYHKIUHU | TIOCIIEI0BAaTEIBHOCTEH M METOIBI TOCTPOCHHS
OENIKOB U HYKJIEHHOBBIX KUCJIOT, |(HIOTEHETHYECKHX JICPEBHEB

IPUHIMIAX U MEXaHU3Max VYMeThb: OCyIIECTBIATh IONAPHOE U MHOXKECTBEHHOE
XpaHEeHHUs], IepelauH, BbIPaBHUBAHUE II0CJIEA0BATEIBbHOCTEN, CTPOUTD
U3MEHYUBOCTH, PEATU3ALMH U (buioreHeTH4YECKUE AEPEBbS Pa3HBIMU METOAAMHU
BOCIIPOU3BEACHMUS BnaneTs: HaBbIKaMM ITOCTPOECHMSI U QHAIN3A
reHeTh4Yeckoi nudopmanuy; (uIOreHeTHYECKUX IEPEBbEB

CTPOEHUH T€HOMOB Pa3HBIX
OpPraHU3MOB, CTPYKTYpPHO-
(GYHKIIMOHATEHOM OpraHu3aIim
T€HOB U TEHOMOB

OIIK-7: CnocoGeH NoOHUMAaTh NPUHLIMIILI Pa00THI COBpeMeHHbIX HHGOPMALIMOHHBIX
TEXHOJIOTMH H MCIOJIb30BATH X JJIA PELIeHUd 32124 NPogecCHOHAIBLHOI
AeSITEeJIbHOCTH;




OIIK-7.5: ITpumensiet 6a3oBbIe
3HaHHS COBPEMEHHBIX SI3BIKOB
IPOTrPaMMHPOBAHUS C LIEITTBIO
aHaJIN3a U MIPEICTaBIICHUS
pe3yiIbTaroB
podhecCHOHATBHON

3Harb: 6a30BBII CHHTAKCUC CKPUITOBOTO S3bIKA IS
paboThl B KOMaHAHOM cTpoke Linux

VYMeThb: mucarh CKpUNTHI JUIS 3aITycKa
OnoMH(pOPMATUIECKHIX TPOTPAMM

Brnaners: HaBbIkamu pabOTHI B KOMaHAHOW cTpoke Linux

JesATeTLHOCTH B 00JacTH
OMOJIOTHYECKHMX HAYK M B paboTe
¢ OMOIOTUYECKUMU Oa3aMu
JTAHHBIX

IIK-1: CriocodeH ocymecTBJIATH COOpP, 00pa0OTKY M AaHAJIM3 HAYYHO-TeXHUYECKOH
HH(pOpPMALHH JIsl pelieHHus 3a1a4 NPodecCHOHAIBLHOM 1eATeJILHOCTH B 00/1aCTH
OHOIOrMYeCKHX HAYK C HCIO0JIb30BAHHEM COBPEMEHHbIX HH(POPMALMOHHBIX

TEeXHOJOr i

[IK-1.1: Ucnonb3yet
OMOJIOTUYECKHE
npodeccuoHanbHbBIE 0a3bI
JTAHHBIX U CTIPAaBOYHBIC
CUCTEMBI, IPUMEHSIET
IIPUHIUIIBI AHATN3a HAYYHOU
uHGOpMAaINH TIPH PEIICHUN
3a1a4 podeccuoHATBHOM
NeSITeIbHOCTH B 00J1aCTH
OMOJOTMYECKUX HayK

3HaTh: OCHOBHBIE OMOIOTHYECKUE TPODECCUOHABHBIE
0a3bl JaHHBIX

YMeTh: OCyIIECTBIATh MOUCK OMOIOTHYECKIX
MTOCJICJIOBATEIILHOCTEH M HH(POPMAIIMH O HUX B
npodeccnoHaTbHBIX 0a3ax TaHHBIX

BiameTs: HaBBIKAMH ITOMCKA OMOIOTHYECKUX
MOCIIEZIOBATEILHOCTEH 1 aHalIM3a Pe3yIbTaTOB MOMCKA

[TK-1.4: Ucnonb3yeT 0a30BbIC
3HaHUs QyHIAMEHTATEHBIX
pa3ienoB MaTeMaTUKU U
OnonH(pOPMAaTUKH B 00BEME,
HE0O0X0IMMOM 7151 00pabOTKH
UHPOPMAIMH U aHATH32A
OMOJIOTMYCCKUX JAHHBIX, B TOM
YKCIIEe B COOTBETCTBUU C
3a71a4aMu TeHETHKHU, TCHOMUKH
Y TCHETUYECKUX TEXHOJIOTHI

3HaTh: OCHOBHBIE ATallbl 00pa0OTKH JTaHHBIX
CEKBEHHUPOBAHUS HYKJICOTHIHBIX TOCTIEI0BaTeIbHOCTEN
YMeTb: OCyIeCTBIATh COOPKY MPOCTHIX TEHOMOB
(mpokapuoTnueckux) de novo U aHATM3UPOBATh
MOJTyYCHHBIE

Brnanets: HaBbIKaMu 00pabOTKU pe3yIbTaToB
CEKBEHHPOBAHHS TEHOMOB IPOKAPUOT

1.4 Oco0eHHOCTH peaM3alMu IUCIUTLTAHBI

SI3BIK peanu3anuy IUCUUILIMHBL Pycckuil.

Hucuuruinaa (Monyiip) peanusyercs ¢ npumeHeaneM J0 u JJOT

URL-anpec u Ha3BaHuEe 3JEKTPOHHOTO oOywaromero Kypca: https://e.sfu-
kras.ru/course/view.php?id=32343 .




2. O0beM OMCHUIUIHMHBI (MOXYJIs1)

e
Bcero, | |
. 3aUeTHBIX
Bun yue6HO# paboThI —
(akam.gac)
KonrakTHas padora ¢ 0,89 (32)
npemnoaaBaTeseM:
3aHATUA JIEKIIMOHHOTIO TUIIA 0,44 (16)
MIPAKTHYCCKUE 3aHATHS 0,44 (16)
CamocrosiTesqbHas padora 1,11 (40)
o0yvyarommxcs:
KypCOBOE TIPOSKTHPOBaHKE
(KTT) Her
KypcoBas pabora (KP) Het




3 Conep:kaHue TUCUUIJINHBI (MOLYJIs1)

3.1 Paznenbl AMCUMILUIMHBI U BUBI 3aHATHI (TeMATHYECKU MJIAH 3aHATHIN)

KonrakTHas pabora, ak. 4ac.

3aHATUS CEMUHAPCKOTO TUIA

3aHsaTUA
CamocrosiTenpHas
JIEKIIUOHHOTO
No T Cemunaps! u/unu | JlaboparopHbie paborta, ak. yac.
/T Mozyuu, Temsl (pa3zieins) AUCUUIITHHBL [IpakTnyeckue paboTh! W/1Iu
3aHATUA [IpakTHKyMBI
B Tom B Tom B Tom B Tom
Bcero yncne B Bcero yucne B | Bcero yucne B Bcero 4ucie B
3NO0C anocC 3N0C 3UOC
1. Pa3znea 1.
1. Tema 1.1. BBenenue B 6nonndpopmaruky. Llenu u 3amaun
ounouHpopmarrku. buonornueckue 6a3bl TaHHBIX, TOUCK
nocneaoBarenbHocTel. [loaxoap! K cpaBHEHUIO
MOCJIEI0OBATENIbHOCTEN. AJITOPUTMBI BEIPABHUBAHUS,
ro0aTbHOE M JIOKaTbHOE BhipaBHUBaHue. BLAST.
4

Tema 1.2. MeTtoas! mocTpoeHUs (PHIIOTeHETHUECKUX
JepeBbeB. MeTo/1 MOMapHOro BHYTPUTPYIIIIOBOTO
Hes3BenieHHoro cpeanero (UPGMA), meton
npucoenunenus coceneit (NJ), MakcuManbHON MapCUMOHUU
(MP), meton makcumanbHOTO TIpaBaonoxoous (ML),
OaiiecoBckuit moaxon (Bayesian inference)




2. Tema 1.1. BelpaBHUBaHUE MOCIIEIOBATEILHOCTEM.
Marpuiipl 3aMeH. AITOPUTMBI BBIPABHUBAHUS
nocienoBarenbHocTedl. BLAST. Ananu3 pe3ynbTaroB
BbIpaBHHWBAHUS.

Tema 1.2. TTocTpoenue GpUIOTeHETHUECKUX JICPEBHEB.
[TocTpoeHue puIOreHeTHYECKUX 1€PEBHEB PABTUUHBIMU
METOJIaMH, UX PENAKTUPOBAHUE U UHTEPIIPETALS

3. Tema 1.1. Benenue B buonndopmaruky. Llean u 3anaqun
ouonHpopmaruku. bruomornyeckue 6a3pl TaHHBIX, TOUCK
nocJietoBarebHocTel. 11oaxonb! K CpaBHEHUIO
NoCJIeI0BaresIbHOCTEN. Marpuipl 3aMeH. AJITOPUTMBI
BBIPABHUBAHUS, TIIO0ATHHOE U JIOKATLHOE BEIPABHUBAHUE.
BLAST. Ananu3 pe3yibTaroB BhIpAaBHUBAHUS, OIICHKA
3HAYUMOCTH BBIPAaBHUBAHUSI.

Tema 1.2. MeToas! nocTpoeHUs (HUITOTEHETUYECKIX
nepeBbeB. MeTo/1 MOMapHOT0 BHYTPUTPYTIIOBOTO
HeB3BenieHHoro cpeanero (UPGMA), meton
npucoenunenus cocenet (NJ), MakcuMaTbHON TTapCUMOHUN
(MP), meTon MakcUMaIbHOTO mpaBaonoaoous (ML),
OaiiecoBckuit monxon (Bayesian inference). Busyanu3anmsi,
peaaKTUPOBaHKE, CPABHEHUE TOMOJIOTUI M UHTEPIIPETAIUS
pe3yJIbTaToB.
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2. Pazgea 2.




1. Tema 2.1. O6paboTKka TaHHBIX cCeKBeHUpOBaHus1. Dopmar
FASTQ. OummOku cekBeHHUpOBaHHsL. AHAINU3 KauecTBa
«CBIPBIX» JaHHBIX CEKBEHUPOBaHUS, (PUIbTpALIUS
NPOYTEHHI MO KaUueCTBY, YAAICHUE aIalTePOB.
Henosutapuiit SRA NCBI.

Tema 2.2. COopka 1 aHaTU3 TEHOMOB. AJNITOPUTMBI COOPKH
reHoMoB. OrieHKa kadecTBa cOOpku. [1oxomb1 K aHHOTAITH
TE€HOMOB.

2. Tema 2.1. O6paboTKa JaHHBIX CEKBEHUPOBAHMUS.
3HAKOMCTBO ¢ KOMaHHOM cTpoKo# Linux, 6a30BbIe
oTiepalyy, MPUHIUIIBI HAITMCAHWS CKPUIITOB. AHAIN3
Ka4eCTBA «CBHIPBIX» JaHHBIX CCKBEHUPOBAHMS, (PUIIbTpAITUS
IPOYTEHUH N0 Ka4eCcTBY, yaaaeHue anantepon. COopka
TCHOMOB Pa3JIMYHBIMHU acceMOJIepaMH.

Tema 2.2. Coopka u aHanmn3 reHoMoB. OIIeHKa Ka4yecTBa
MOJTHOTEHOMHOM cOOpKH, CpaBHEHUE ¢ pedepeHCOM.
AHHOTaIMs XJIOPOIIACTHOTO ¥ MUTOXOHIPHATBHOTO
reHOMa.




3. Tema 2.1. OGpaboTKa TaHHBIX CEKBEHUPOBAHUSI.
3HaKOMCTBO ¢ KOMaHIHOU cTpoko# Linux, 6a3oBbie
olepalyy, IPUHIMIBI HaUCcaHus ckpuntos. dopmar
FASTQ. OmmOku cekBeHHUpOBaHMsL. AHAINU3 KauecTBa
«CBIPBIX» JAHHBIX CEKBEHUPOBAHMSI, (PUIIBTPALIMS
IPOYTEHHI MO KaUueCTBY, YAAICHUE aIalTePOB.
Henosutapuii SRA NCBI. C60opka reHOMOB pa3IMuYHBIMU
accemOiepamu.

Tema 2.2. COopka 1 aHaTU3 TEHOMOB. AJITOPUTMBI COOPKH
reHoMoB. O1ieHKa KagecTBa COOPKH, CPaBHEHHUE C
pedepencom. [Toaxoapl K aHHOTAITMK TECHOMOB. AHHOTAIUS
XJIOPOIUIACTHOTO M MUTOXOHIPUATHHOTO TCHOMA.

10

3. Pa3nea 3.

1. Tema 3.1. CexkBenupoBanune PHK u o6paboTka

pesynbraroB. OcobenHoctu cexkBenupoBanus PHK (xIHK).
BripaBHMBaHME KOpOTKUX TipouTeHuil. SAM/BAM dopwmar.

[Touck Bapuanrtos, popmar VCF.

Tewma 3.2. Aranu3 quddepeHIHATPHON SKCIIPECCHU TEHOB.
RPKM, FPKM, nHopmanu3aius JaHHBIX, MHOKECTBEHHbIC
CpPaBHEHMSI, CTATUCTUYECKUN aHATU3 U BU3YyATU3aLUS
pe3ynbTaToB aHaMK3a TudPepeHITNATEHON SKCITPECCHH.
OYHKIUOHATbHAS AHHOTAIIHS TEHOB.




2. Tema 3.1. CexBenupoBanue PHK u o6paboTka
pe3ynbTaroB. AHaIN3 KaUeCTBA «CBIPBIX» JaHHBIX
cexkBenupoBanus kJIHK, dbunsTparus npourenuii mo
Ka4eCTBY, YAAICHUE aJanTepoB. BoipaBHUBaHNE KOPOTKUX
MPOYTEHUH.

Tewma 3.2. Ananu3 auddepeHnnaTbHON IKCIPECCUH TEHOB.
CrarucTuyecKkuil aHau3 U BU3yalIu3alus pe3yJbTaroB
a"anm3a TudPepeHInaTEHON SKCITPECCHH.
(I)yHKL[I/IOHaJILHa}I AHHOTalus rcHoB.

3. Tema 3.1. CexBenupoBanue PHK u o0pabotka

pesynbTaroB. Ocobennoctu cekBenupoBanuss PHK (xkIHK).

AHanu3 Ka4ecTBa «ChIPhIX» TAaHHBIX CEKBEHUPOBAHUS
kJIHK, ¢punpTparus mpouTeHnii o KauecTBy, yIAICHHE
azanTepoB. BelpaBHUBaHNE KOPOTKUX IIPOYTEHUMN.
SAM/BAM dopwmar. [Touck BapuanTos, popmar VCF.

Tema 3.2. Ananu3 auddepeHnaTbHON IKCIPECCUH TEHOB.
RPKM, FPKM, HOopMaiin3amus JaHHBIX, MHOKECTBEHHbIE
CpaBHEHUS, CTATUCTUYECKUH aHATTN3 U BU3yaTH3alus
pe3ynbTaroB aHanu3a nudQepeHmanTbLHON YKCITPECCHH.
QOyHKIMOHATbHAS aHHOTALUS TEHOB.
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4. Paznea 4.

1. Tema 4.1. Ilpunoxkenus: B reHoMuKke. MeauuuHcKas
remoMuka. Merarenomuka. Ilaneorenomuka. I eHoMmuka
OJTHOM KJIETKH.

Tema 4.2. [TpunoxeHus 111 MOJICKYJIIPHON OMOIOTHH.
ITonck MapkepHBIX ITOCIIEI0BATEILHOCTEN U AU3alH
npaiiMepoB.

10




2. Tema 4.1. ITpunoxenus: B reHoMuke. [1ogxopl kK aHan3y
MeTareHoMoB. OCOOEHHOCTH COOPKH T€HOMA OJTHOM KIIETKH.

Tema 4.2. IIpunosxeHust 11 MOJIEKYISIPHOM OHOI0THH.
ITorck MapKepHBIX MOCIIEI0BATEILHOCTEN U TU3aiTH
IIpaliMepoB.

3. Tema 4.1. Ilpunoxxenust B reHoMuke. MeauinHcKas
reaoMuka. Merarenomuka. Ilaneorenomuka. I eHoMuka
OJIHOH KIJIETKH.

Tema 4.2. [IpunoxxeHust isl MOJEKYJISIPHONH OHOJIOTHH.
ITorck MapKepHBIX MOCIIEI0BATEILHOCTEH U TU3aiTH
IIpaliMepOoB.

10

Bcero

16

16

40

11




4 YyeOHO-METOAMYECKOEe oO0ecmeYeHue TUCIHUMINHBI

4.1 ITeuaTHbIE U AJICKTPOHHDLIC U3IaAHUA:

1. Kyuynosa E. B., Oneiinukos b. B., Uepeguuuenko O. M.
[Tporpammuposanue. [IpouenypHoe nporpaMmupoBanue: yueOHoe nocodue
[1s ctynenToB OakanaBpuara o Hamp. 02.03.01. «Maremaruka.
Komnerorepnsie Haykn» |(Kpacnosipck: COY).

2. Hrnacumyty C. OcHOBBI OMOMH(OPMATUKU: IEPEBOJ C AHITIUHCKOTO
(MockBaMockBa: [R&C Dynamics] Perynsipaas u xaoTuueckas JUHAMHUKA
[PX]I)).

3. [Tonos B. B. I'eHoMuKa ¢ MOJIEKYIIpHO-TeHETUYECKUMU OcHOBaMu(MockBa:
URSS).

4. Jleck A., MuponoB A. A., llIssgac B. K. Beenenne B GuonHpopmaruky:
yue0. mocobwue: nep. ¢ anri.(MockBa: BUHOM, Jlaboparopust 3HaHUI).

4.2 JInieH3HOHHOEe U CBOOOIHO PacHpOCTpPaHsieMoe MPOrpaMMHOe
obecrevyeHue, B TOM YHCJIe 0T€YeCTBEHHOr0 POM3BOACTBA (IIPOrpaMMHoOe
obecneyeHune, HA KOTOPOe YHUBEPCUTET UMeeT JIMLEH3HUI0, a TAK:Ke CBOOOTHO
DacnpOCTDaHsieMoe MDOrDAMMHOe o0ecreyeHmne):

1. Jluuensupyemoe I10 - Microsoft Office. OtkpsiToe I10: WinSCP, Putty,
FASTQC, Trimmomatic, Spades, Bowtie2, R.

2.

4.3 UnTepHeT-pecypchl, BKIOYasA NpodeccHOHATbHBIEC 0a3bl TaHHBIX
U UH(OPMALMOHHbIE CIIPABOYHbIE CUCTEMBbI:

1. B pamkax u3yueHus: IUCIUILUINHBI 00y4JaronuMcs 00ecredeH JOCTYI K
COBPEMEHHBIM TPO(PECCHOHATBHBIM 0a3aM JTaHHBIX, HH()OPMAITTOHHBIM
CIPAaBOYHBIM U MOMCKOBBIM CHCTEMAaM:

2. —cBoboaHbI nocTyn B ceTh MIHTEpHET.

S ®oHa OLEHOYHBIX CPEICTB

OueHouHbIe CpeJCTBA HAXOJATCSA B MPUIIOKEHUU K paboyuM Mporpammam
JUCLUTUIMH.

6 MarepuajJbHO-TeXHMYECKas 0a3a, HeoOXoaMMasi 1JIfl OCYIEeCTBJICHUS
00pa30BaTeJIbHOIO Mpouecca mo AUCUUIJINHEe (MOLYJII0)

Heo0xoaumoe i1t peanu3zauuu AucuuIuiviel «buonndopmaruka» MarepuaibHO-
TEXHUYECKOe 00ecreueHne BKII0YaeT B ce0si: yueOHbIe ay JUTOPHH,
000pyI0BaHHBIE KOMITBIOTEpaMU C J0CTyoM B HTepHET, JOCKOH 1
BUJIEOITPOEKTOPOM.
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