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EPEBAH




1. AHHOTALIHS

TexHonornn BLICOKOMPOU3BOAUTENILHOIO cekBenupopanus JIHK — CCKBEHHUPOBAHMUS
CJIE/IYIOLIETO M TPEThEro MOKOJIeH!s odecnieunsin OypHbIi pocT 06HEMOB GUOIOrHUECKUX TaHHbIX
M OTKPBUIM HOBBIC BO3MOMKHOCTH [UIs HecieoBaHuit B obnacTax MosiekynspHoii 6uonorum,
Onomesnumnel - - Guotexnosnornn.  Llupokuit  Kpyr mpHMeHeHMH — aHanM3a  JAHHBIX
CCKBCHUPOBAHMs B MCCJICJOBAHUN PETYJIALMM DKCIIPECCHH TI'€HOB, MEJMUMHCKON TreHOMMUKe,
OMOTEXHOJIOTMUECKHX TIPHIIOKEHUAX TPeOYET COracoBaHms (opmartos, cobmoaeHHs 0OIIMX
CTAaHAAPTOB  NPEICTaBICHUA  WH(POPMALMM, ¢  HCIOJNB30BAHMEM  «CHIPHIX»  JIAHHBIX
CEKBEHMPOBAHUS 1 pazpaboTKON 00IMX KOHBEHEPOB HX KOMILIOTEPHOH 06paboTKI H MOACIBHOI
uHTepriperaunn. llenb aHHOM JIMCLMIUIMHBL - O3HAKOMHTBL CTYAEHTOB C  OCHOBHBIMH
TEXHOJIOTHAMM  CCKBEHMPOBAHMS, MX MNPUMEHEHMAMM, KOHTPOJIEM KayecTBa, aHHOTALMM W
BU3Yaln3allMi TCHOMHBIX PE3YIbTaTOB, & TakkKe OOYUHTh MX CAMOCTOATENBLHO IPOBOIMTE
NEPBHHUIYIO 00paboTKY SKCIEPUMEHTOB, MCHOINbB3YS COOTBETCTBYIOUINE GHOMH(OPMATHUCCKHE
NPpOrpamMMel.

2. TpeGoBanusi K HCXOAHLIM YDPOBHSIM 3HAHHII H YMEHU I CTYIEHTOB

Hucuuinnna 6asupyercs Ha 3HAHMSAX, IPUOGPETECHHBIX CTYEHTAMMU [P M3YUEHUH
TEOPCTHYCCKUX U METOIMYECKHX OCHOB MOJICKYJIAPHON OMOJIOrMH, FEHETHKH, CTATUCTUKN U
MPOrpaMMHUpPOBaHMUS.

3. Ileab 1 3a1a4H AMCHUILIHHBI

Heab AMCHHNUIMHABL - 03HAKOMUTH CTY/ICHTOB C OCHOBHBIMH TEXHOJIOTHAMM CEKBEHHPOBAHNS,
MX NIPUMCHEHUAMH, KOHTPOJIEM KauecTBa, AHHOTALMK U BU3YAJIM3ALMK T€HOMHBIX PE3YJIbTATOB,
a TAloKe 00YUHTh HX CAMOCTOATENILHO MPOBOAMTH MEPBUUHYIO 06PaGOTKY IKCIIEPUMEHTOR,
UCTIONIB3YS COOTBETCTRYIOMINE OHMOMH(pOPMATHIECKHE TTPOrPaMMBL.

3aaauu IHCHHILIMHBI:

O3Hakomsienye ¢ TeXHOJIOTHAMH BBICOKOTIPOU3BOANTENBHOTO CEKBCHUPOBAHMS
O3HaKOMIJIEHHE ¢ OCHOBHBIMHM NPUMEHEHHAMH BBICOKOTPOM3BOANTEILHOIO CEKBEHHUPOBAH Usl
O3HakomJIeHHe ¢ OCHOBHBIMHM THITAMU F€HOMHBIX JAHHBIX U (opmaToB ux XpaHeHus

O3HakomieHue ¢ MCTOJaMH KOHTPOJIA KauyecTBa JKCIEPUMEHTORB BLICOKOTIPOU3BOJUTECIILHOIO
CCKBCHHPOBaHHWA

[pakTuueckas pabota ¢ 6azamu IAHHBIX HYKIEHHOBBIX KHCJIOT
[Tpakxrutieckas pabora ¢ nporpaMMami BEIPaBHHBAHMS KOPOTKUX [IPOYTEHMI
[Npaxruueckas pabora ¢ nporpaMMaMu MaHUIYISLUH FEHOMHBIX UHTEPBAJIOB

“paKTHLICCKaﬂ pﬂGOT’d C nporpaMmMaMi aHHOTAal KWK H BHU3YallM3allMM TCHOMHLIX JAHHBIX



4. TpeGoBaHHSI K YPOBHIO OCBOCHHSI COJIePKAHHSI IMCITA M HH bl

[Tocne [POXOHKACHHS NIUCUHIIJIMHBI CTYACHT JOIKEH:

3Hars:

[TpUHLMIIBI 1 OCHOBHBIE TEXHOJIOTUH BLICOKONPOM3BOAMTEILHOTO CEKBEHHPOBAHHS
OcHoBHbIE IPUMEHEHHS BBICOKOTPONU3BOAUTENILHOTO CEKBEHUPOBAHMS

JlocToMHCTRA M HEIOCTATKH CYILECTBYIOIMX MAATGOPM BEICOKOMPOU3BOAUTENLHOTO
CEKBEHUPOBAHUS

OcHoBHbIe pOPMATBI FEHOMHBIX JAHHBLIX W HHTEPBAJIOB

OcHoBHbIe 6a3bl JAHHBIX FEHOMOB U F€HOMHBIX JAHHBIX

OCHOBHBIE KPUTEPUH KAUCCTBEHHOI COOPKH I'eHOMOB

OcHoBHbIe CTpaTerny 1 nporpammbl uis de NOVo ceKBEHMPOBAHMUS, Pe-CeKBEHHPOBAHMS 1
[O3UIIHOHHBIX METO/I0B CEKBEHUPOBAH S

Ymers:

[TpoBOAUTE KOHTPOIIL KAYECTBA NPOYTEHMI]

Henonpzosars 6a3bl faHHbIX pedepeHCHBIX FeHOMOB

Hcenosib30BaTh NporpaMmbl MaHHITYJISLMK M AHHOTAIIMH TCHOMHBIX HHTEPBAJIOB
Mcnosb3oBats 1porpaMMbl BEIpABHHBAHHS KOPOTKHX NPOYTEHMI]
HMenonb3oBars nporpaMmel ¢60pKM M aHHOTALIMH I'€HOMOB

BusyannsznpoBath reHOMHbIE JaHHbIE

Kongsepruposath 1 npeobpazoBbiBaTh opMaThl FeHOMHBIX JIAHHBIX

Baajers:

KomaniHoi eTpokoit UNIX/Linux s MaHUMyISALUMM FeHOMHBIMM HHTEpBaamMu u Qaiinamu

NMPOYTCHUH
nporpammamu Samtools, Bedtools, IGV genome browser, FastQC
nporpammamu Bowtie2, Blast+, Picard tools, igvtools

S. O0beM JIMCHUILINHBI M BH/IbLI Y4eGHO0i padoThl Mo padouemMy yueOHOMY ILJIAHY

KosimuecTBo uacos 1o cemecrpam

Beer 9
9 o — o | —
Bujib1 yuetnoii padorni qaco | €M+ | — | ce | ce | cem | cem. | cem. | ceMm.
ce | M. | m. .
B
M.
1 2 3 4 5 6 7 8 9 10

1. O6was tpynoemiocts usyuenust | 108 | 108
JUCLIMIUIMHBL 110 CEMECTpaM, B T.
u.:

[.1. AyauropHble 3aHATHS, B T. U.: 36 36
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18

18
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1.1.2. Ilpaktuueckue 3auatus
TPEHUHIOBOI'0 THIIA, B T. U,

18

18

1.1.2.1. Obcyxenne
HPUKITAAHBIX TIPOCKTOB (C
3aLIUTOH Te3UCORB)

1.1.2.2. Keiicel (ananus
NPaKTHY., CUTYaLK1i)

Ll s2i3 Henosbie Urpol,
TPEHUHTH (a TaKxKe
POJICBBIE UI'PbI, UMHTALIKS
CUTYauMi)

1.1.3.Cemunapsi (a Takike
IPyNIoBbIE 00CYIACHUS )

1. 1.4 JTabopaTophble paGoThb
(npakTuyeck.
9KCIIEPUMEHTHI,
JIEMOHCTpALL. OIBITHI)

[.1.5.]Ipyrue Buibl ay IHTOPHBIX
3aHsATHIT: Mojeanposanue
UIPOBOTO B3aUMO/ICHCTBHS
(KOMIILIOTEPHBIH TpeHasKep)

1.2. CamocrositesnbHas pabora

72

72

2. Koneynbraumu

3. [l1uceMeHHBIE IOMATITTIHE
3aaHus

4. Konrposnbhelie paboThl

| 5. KypcoBble paboTh

6. Dcce u pedeparsi

7. PacuerHo-rpaduyeckue paboTel

8. llpyrue metoapl u popmel
3aHATHIH **

9. ®opma TeKyiero KOHTPOJIsi: HeT

10.@opma 1poMeKyTOYHOTO
KoHTpoist: KoHTponbHas
paboTa

11.®opma HTOroBOro KOHTPOIS:

3a4e

6. MeToanka hopmMupoBanus HTOroBOI OlEHKH

Pacmipesienietine Becos 1o Gopmam KOHTPOIIS 1 OLEHKH aKaJeMUIeCKOi yCIieBaeMOCTH

TCKYLIEro

KOHTpOJIsl B

Bec popmel

Bec dopmal
NPOMEKYTOUHOTO
KOHTPOJIS U

Bec utrorosnix
OLIEHOK
IPOMEKYTOUH

Bec ouenku
pe3yJIbTHPYIOLIIE
H OlleHKH




pe3yIbTHPYHOLLE
il olleHKe
TEKYILLEro
KOHTPOJIs1

pe3yabTupylomiei
OLIEHKH TEKYILETO
KOHTpOJIs B
MTOIOBOM OLIEHKE
NPOMEKYTOYHOTO
KOHTPOJIA

bIX KOHTPOJICH
B
pPe3yJILTHPYIO
1IeH OLIEHKe
MPOMENKYTOUH
Or'0 KOHTpPOJIA

MPOMEKYTOUHBIX
KOHTPOJIEH 1
OLIEHKH
HUTOTIOBOI'O
KOHTpOJIS B
pe3yJIbTHPYHOLLLE
i oueHKke
MTOrOBOIO
KOHTPOJIs

Bua yuebnoi
padoTLI/KOHTPOJISI

M1 | M2 | M3

M1 | M2

M3

KonTposnbhas pabora

Tecr

Kypcosas pabora

Jlaboparophbie
padoThl

[TuceMeHnnble
JIOMAITHUAEC 3a/1aHM s

Dece

Hpyeue popmur
Cemunap

Hpyaue hopmui
(Oobaesums)

Hpyeue dpopmu
(Dobacums)

Bee pesynsTupyioimeii
OLIEHKH TEKYIEro
KOHTPOJISl B UTOIOBLIX
OllEHKax
MPOMEKYTOUHBIX
KOHTpOJICH

0,5

Bec urorosoit oueHkn
1-ro
NPOMEKYTOUHOTO
KOHTPOJIS B
pe3yNLTUpYHOLLICH
OLEHKE

0,5




NPOMEKYTOUHBIX
KOHTPOJIEH

Bec utoroBoi orieHkn
2-ro
MPOMEKYTOUHOIO
KOHTPOJISl B
pesyJIbTUPYIOLLIEH
OLIEHKE
MPOMEKYTOUYHBIX
KOHTpoJIeH

Bec uTorosoii oneHku
3-ro
MPOMEIKYTOUHOTO
KOHTPOJISi B
pe3yIbTHPYIOLLEH
OLICHKE
MPOMEKYTOUHBIX
KOHTpOJIEH T. 1.

Bec pesynbTHpyrouiei
OLIEHKH
MPOMEKYTOUHBIX
KOHTpoOJIeil B
pe3yibTHpYIOLICH
OLIEHKE UTOTOBOIO
KOHTpPOJIS

DK3amMeH/3auer
(oueHKa HTOroBOro
KOHTPOJIs1)

0

=1

= [

= 1

7. Codeparcarnue OUCUURITUHDI;

7.1. Copepikanue pa3ie/ioB U TeM JHCHHTNIHHDI:

Tema 1. Beeenne B MoJieky1sipay o 610J10ruio 1 cekBennpoBanue. OCHOBHbBIE KOHIENIHH

MOJIeKYIApHOI Orooruu. 'eHOMBI 3yKapuoT 1 npokapHoT. KOMIOHEHTBI KJIETKH.
[onumepasnas nennas peaxkuus (HLLP). Tlpunumn cexpennposanus. CeKBeHUMPOBAHKE 110

Conrepy. O630p TeXHONOTHIT BBICOKOIIPOU3BOUTENBHBIX METOI0B CEKBEHHPOBAHMS.




Tema 2. OcnoBuble 321241 M IPHMEHEHHsT BLICOKON POU3BOHTEbHBIX METO0B
CEKBEHHPOBaHMsL. [[pUroTOBIEHHE TUITHYHOI GHOIMOTEKM UTA BHICOKOTPOM3BOAUTENLHOIO
CEKBEHMPOBAH M. OCHOBHBIE IPUMEHEHHS BBICOKOIIPOU3BOAMTEILHOIO CEKBEHUPOBAHHS.
Metoibl de novo: chopka reHOMOB U TPAHCKPUTITOMOB. MeTo/1bl PeceKBEHHPOBAHNS B
NPUMEHCHUH K r'eHOMaM 1 TpaHckpuntomaMm. [Tozuuuonnsie metosb: MNase-seq, DNase-seq,
ATAC-seq. [losnnmonneie metoast: ChIP-seq. MeTozbl onpeeseHus 3D-ctpykrypst JIHK: 3C,
4C, 5C, Hi-C.

Tema 3. Pabora ¢ 1aHHBIMH BBICOKON POH3BOANTEILHOIO CCKBECHHPOBAHHS: MIPOYTEHHS H
KOHTpOJIb KauecrBa. Pedepencubie renomel. @opmarsl FASTA u FASTQ. FeHoMHbie
unreppajibl. Popmar BED. Aunorauns renomos. ®opmarel GTF u GFF. Konrposs kayecTsa
ChipbIX npouTeHuii: FastQC.

Tema 4. Beipapnupanue npourennii. KoHuenuus u ajroputmel BbIpaBHHBaHUS
nocnenoparensHoctei. BLAST u ero apuantsl. @opmarsl SAM, BAM u CRAM.
Menonb3oBanue samtools.

Tema 5. CrarucTHKA BLIDABHUBAHMSI HA TEHOM M TpaHeKpunToM. CI0KHOCTE GUBIHOTEKH.
HyOmukars: npoutenuit u ux THILL. MyJIbTH-BBIPABHHBAHUS 1 BbIPDABHMBACMOCTb.
BbipasuuBanne na tpanckpuntom. Hure-cnienuduunocTs, sarpsisHeHue pudocomuoit PHK,
0COOEHHOCTH MOKPBITHS

Tema 6. I'enomuasi Busyaansauuns, Busyanusauus NOKPBITHS, HHTEPBAIIOB, M MPOUYTSHHH,
Samtools tview. I'enomurie Gpaysepst UCSC u IGV. Unjekcanus u susyannsaius BAM.
Dopmatsl /U1 0TOOpaKEHHS NOKPHITHA. YueT j1y6IuKaTos. OrobpaxeHue Bapualuii B reHOME.

Baskubie onmu 8 IGV. Menonb3oBanne 10MomHUTENbHBIX TPEKOB U aHHOTALMA. bpaysepoi
ExAc u GTEx.

Tema 7. Bsaumonpespamenue popMaToB JaHHBIX. D@opmMaTsl 118 OKPLITHA. DopMaTel s
nHTepBanos. @opmars! st annorauru, Y tuiantel UCSC.,

8. Yuebno-memoouuecroe obecnevenue oucyuniunv

8.1. Pexomenoyeman aumepamypa:

1. 1.B. PeGpukos. NGS: BbicokonponssomrensHoe cekpernposatie. BUHOM.
Jlaboparopus 3Hanuiio 2014
2. Istvan Albert. The Biostar Handbook: 2nd Edition.
https:/www.biostarhandbook.com/index.html
Adpeca anekmponnusix pecypcos

1. Cell Biology by the Numbers: http://book.bionumbers.org/

2. An Introduction to Molecular Biology:
https://en.wikibooks.org/wiki/An_Introduction_to_Molecular Biology

3. http://seqanswers.com/forums/index.php

4. hiy w.biostars.org/

I f

8.2. Mamepuanvno-mexnuueckoe obecneuenue OUCHURIUNDE



Kowmristorep, npoekrop, My ibTuMeAiiHbIC CpeacTBa, IPOrpaMMHOE ofecriedeHie 1 T. /1.




