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MNOACHUNTEJIbHAA 3ATNMNCKA

Llenb v 3agayum yy4ebHON ANCUUNIIVHBI

Llenbto yyebHoOM ANCUUNINHBI ABNSETCA (DOPMUPOBaHME Y 00yUatoLLMXCS
HaBbIKOB 06PabOTKM M aHasiM3a TPAHCKPUNTOMHbIX AaHHbIX.

B pamkax MocTaB/ieHHOW Lenin 3agadaMm y4ebHOM ANCLMUNIIVIHBI SBNISETCH
M3yYeHMe K/YEBLIX (HOPMATOB [AaHHbIX, MPUMEHSEMbIX B TPAHCKPUMNTOMUKE,
6a30BbIX MPUHLMNOB KapTUPOBaHWUSA MPOYTEHWIA, METOAOB aHanmM3a 3KCrpeccum
FeHOB, a TaKXKe OCHOBHbIX METOA0B (DYHKLMOHA/IbHOrO aHam3a TPaHCKPUMTOMHbIX
[aHHbIX.

MecTo y4ebHOM AUCLUNNIVHBI B CUCTEME MOArOTOBKM Marmcrpa

YuebHas AUCUMNINHA OTHOCUTCA K KOMMOHEHTY yupexaeHnsa obpa3oBaHus
y4yebHOro nnaHa v BXOAMT B Y4yebHbIn Moaynb «Analysis of Genomic and
Transcriptomic Datax.

CBA3M  C ApYyruMn  y4yebHbIMW  OUCUMNIMHAMW, BKIOYas  y4yebHble
AVCLUMNIVHBI  KOMMOHEHTA YYpeXAeHUs BbICLLEro 06pa3oBaHus, AUCUUMINHDI
cneumanusalmmn n ap.

YyebHad nporpaMma COCTaBfieHa C Y4YETOM MEXMpPeLMETHbIX CBf3eil ¢
yuebHbIMK AucumnamHamm «Structural and Functional Organization of Genomes»,
«Fundamentals of Bioinformatics», «Introduction to R Programming» u
«Molecular Diagnostics».

TpeboBaHNA K KOMMETEHLNAM:

OcBoeHKe yyebHor amcumnamHel «Deep Analysis of Transcriptomics Data»
COBMECTHO C y4ebHon amcumnamHon «Molecular Taxonomy» 0/MKHO 06ecnevnTb
(hopmmnpoBaHMe cneumann3vpoBaHHoin komneTeHuMn CK-5 «BbITb CNOCOOHLIM
MPUMEHATL 3HAHWUA a/IrTOPUTMOB U NMOAXO0A0B, UCMO/b3YEMbIX B aHa/IM3e TEHOMHbIX
N TPAHCKPUNTOMHbIX AaHHbIX, 419 PELUeHNS MOJIEKYIAPHO-TeHETUYECKNX 3afay B
(byHOAMeHTa/IbHbIX W MPUKNAAHLIX  UCCNefoBaHUAX, BNafeTb  MeToamu
MOJIEKY/IAPHOI CUCTEMATUKI.

B pe3ynbTaTe 0CBOEHUS Y4eOHOM ANCUMMNHBI 00YYatOLWNIACA [O/KEH:

3HaTb:

- 6a3oBble (hopmathbl AaHHbIX, UCMONb3YeMble B TPAHCKPUMTOMUKE;

- KNHOYEBble NOAXOAbl W NPOrpaMMHble pelleHWs B KapTupoBaHUU
MNPOYTEHWI;

- OCHOBHble MOAXOAbl M MPOrpaMMHbIe PeLLeHMsi B aHa/M3e 3KCMpeccum
rEeHOB;

- MeToAbl (PYHKLMOHa/IbHOI0 aHa/13a TPaHCKPUMTOMHBIX JaHHbIX

YMeTb:

- [enatb NpefBapuTe/lbHY0 06paboTKy TPAHCKPUNTOMHbIX JaHHbIX;

- KapTupoBaTb MpoYTeHWd, Mosyvyaemble € nomoliblo OMUMKC-meTon0B
TPaHCKPUNTOMUKW;

- MPOBOAUTb aHaIM3 ANddepeHLaIbHON IKCNPECCU reHoB;



- [aenatb PYHKUMOHaIbHYH aHHOTaLMKO TPAHCKPUMNTOMHbBIX AaHHbIX;
- TBOPYECKM M 3IPPEKTUBHO WCMOMb30BaTb MOMyYEHHbIE 3HAHUA B
npoeccroHanbHOM AeaTeNbHOCTY

BMafIETh:
- 6a30BbIM HAOOPOM METO/0B aHa/IN3a TPAHCKPUNTOMHbIX aHHbIX;
- HaBbIKaMV NPUMEHEHWS S3blKa NPOrpamMMUPOoBaHns R ans pelueHns 3aaad

TPaAHCKPUTNTOMUKWN.

CTpyKTypa y4ebHOMN AUCLUNMINHDI

OuncumnnnHa m3yyaetca B 3 cemMecTpe. Bcero Ha u3yyeHue Y4yeGHOWN
ancumnaunHel «Deep Analysis of Transcriptomics Data» oTsefeHo:

- [ANA OYHOW (hopMbI MONYYeHUs BbICLLIEro obpasoBaHus - 198 yacos, B TOM
yncne 54 ayMTOPHBIX Yaca, U3 HUX: NeKuuMmn - 14 4yacoB, NPaKTUYECKMe 3aHATUSA -
10 vaca, ynpaB/iseMoil caMOCTOATeNIbHOW PaboTbl - 30 4acoB, B T.4. KOHTPO/b
ynpaB/seMoil camocTosATebHOM paboTbl (J0O) - 8 yacos.

TpyLOEeMKOCTb Y4eOHOIN ANCLUUMMHBI COCTaBNSET 6 3a4eTHbIX eAVHNL,.

dopma TeKyLLei aTTecTauum - 3K3aMeH.



CONTENT OF COURSE SYLLABUS

Section 1. Introduction
Topic 1.1. Transcriptomics as an integral part of modem molecular biology:
from objectives to fundamental and practical applications. Objects of
transcriptomics. Overview of experimental technologies in transcriptomics. The
relationship between object oriented and technology oriented approaches in
transcriptomics. Main data formats in transcriptomics.

Section 2. Pre-processing and alignment of short reads
generated by transcriptome-oriented high-throughput sequencing
Topic 2.1. Raw data formats. FASTQ file format. Base and reads quality
control. Alignment of reads. Alignment algorithms: merge sorting, spaced-seed
indexing with hash table, indexing with suffix array/Burrows-Wheeler
transformation. Local versus global/spliced alignment. Overview of alignment
software. Quality control of aligned reads. Storing aligned reads.

Section 3. Analysis of gene expression

Topic 3.1. Brief introduction into analysis of gene expression with RNA-
Seq data. Principal workflow of gene-level analysis. Read summarization and
count matrix. Filtering of data. Estimation of normalization, or scaling, factors.
Overview of current solutions. Variability of RNA-Seq data. Stabilization of data
variability. Heteroscedasticity of data and elimination of the mean-variance
relationships. Assessment and correction of batch effects.

Topic 3.2. Differential gene expression. Design matrix and matrix of
contrasts. Linear modeling: simple linear model versus generalized linear model.
Fitting of the linear models to experimental data. Calculation of the gene-wise
differences between conditions. Calculation of the concomitant statistics.
Adjustment of p-values. Parsing, consolidation, graphical representation and
saving the final results.

Section 4. Analysis of RNA splicing

Topic 4.1. Assembling of experimental transcriptomes. Formalization of the
problem. Types of transcriptome assembly: de novo assembly versus assembly
supported by annotation. De novo assembly: main algorithms, software overview,
advantages and limitations. Assembly supported by annotation: sources of
annotation, main algorithms, software overview, advantages and limitations.
Assessment of assembly quality. Annotation of assembled transcriptomes. Storing
of assembled transcriptome.

Topic 4.2. RNA splicing and differential RNA splicing analysis.
Introduction into RNA splicing phenomena. Alternative and differential splicing.
Splicing analysis at exon, exon-exon junction and full-length transcript levels.
Differential exon usage. Exon-exon junctions: definition, identification,
classification, differential usage during splicing. Splicing analysis at full-length



transcript level: main approaches, advantages and disadvantages. Comprehensive
annotation of splicing events.

Section 5. Functional annotation of transcriptomics data
Topic 5.1. Identification and annotation of the coding and non-coding RNA
transcripts. Gene co-expression networks and gene regulatory networks: definition,
types, algorithms of inferring and quality assessment. Analysis of gene ontologies
in transcriptomics. Enrichment analysis versus gene set enrichment analysis.
Pathway analysis in transcriptomics.



Section or topic #

[N
[N

2.1

3.1

3.2

4.1

4.2

EDUCATIONAL AND METHODICAL MAP OF COURSE
Full-time higher education scheme using distance learning technologies

Name of section or topic

Introduction
Introduction to transcriptomics
Pre-processing and alignment of short reads

Pre-processing of short reads. Alignment of short reads.
Analysis of gene expression

Analysis of gene expression

Analysis of differential gene expression
Analysis of RNA splicing

Assembling of experimental transcriptomes

RNA splicing and differential RNA splicing analysis

Functional annotation of transcriptomics data
Functional annotation of transcriptomics data
Total

Lectures

N

14

Number of classroom hours

Practical classes

10

Seminar classes

Laboratory classes

Managed independent work

Control of managed
independent work

i (40)

2
npo)
4
naoo)

6
30 (8 1O)

Knowledge control approaches

Testby LMS Moodle

Practical activity report.
Testby LMS Moodle

Testby LMS Moodle

Practical activity report.
Testby LMS Moodle

Practical activity report.
Testby LMS Moodle
Practical activity report.
Testby LMS Moodle

Practical activity report



NHPOPMALIMOHHO-METOONYECKAA HACTb

NepeyeHb OCHOBHOW NUTepaTypbl

1) KonyaHoB H. A. BsegeHve B MH(OPMaLUMOHHYIO 6MONOTNI0 U
OVMONH(OPMATMKY. YuebHoe nocobue ans CTyAeHTOB By30B. B 5-u Tomax. Tom 3/
H. A. KonuyaHos, O. B. BuwHesckuit, 4. . ®ypmaH. - Hosocmbupck: PULL HITY,
2015.-298 c.

2) MacTuuknin C. 3. CTaTUCTUYECKUA aHann3 1 BM3yanm3aums OaHHbIX C
nomowpto R / C. 3. Mactuukuin, B. K. LUuTnkoB. Xanpgeno6epr - JIOHOOH -
TonbatTy, 2014. - 401 c.

3) Mardis E. R. DNA sequencing technologies: 2006-2016 / E. R. Mardis. -
Nature Protocols. - 2017. - Vol. 12. - P. 213-218.

4) Reinert K Alignment of next-generation sequencing reads / K. Reinert,
B. Langmead, D. Weese, D. J. Evers. - Annual Review of Genomics and Human
Genetics. - 2015. - Vol. 16. - P. 133-151.

[NepeyeHb JOMONMHUTENIbHOM NUTEpaTypbl

1) Carbon S. The Gene Ontology resource: 20 years and still GOing strong /
The Gene Ontology Consortium. - Nucleic Acids Research. - 2019. - Vol. 47. -
P. D330-D338.

2) Cellerino A. Transcriptome analysis / A. Cellerino, M. Sanguanini. -
Scuola Normale Superiore, 2018.- 185 p.

3) Delgado F. M. Computational methods for gene regulatory networks
reconstruction and analysis: A review / F. M. Delgado, F. Gomez-Vela. - Atrtificial
Intelligence in Medicine. - 2019. - Vol. 95. - P. 133-145.

4) Holzer M. De novo transcriptome assembly: A comprehensive
cross-species comparison of short-read RNA-Seq assemblers / M. Holzer M,
M. Marz. - Gigascience. - 2019. - Vol. 8. - P. giz039.

5) Song Q. A. Computational analysis of alternative splicing in plant
genomes / Q. A. Song, N. S. Catlin, W. Brad Barbazuk, S. Li. - Gene. - 2019. -
Vol. 685.-P. 186-195.

6) Wang Y. Transcriptome data analysis. Methods and protocols / Y. Wang,
M.-an Sun. - Humana Press, 2018. - 238 p.

WNHTepHeT-pecypchbl

1) N'pnHes B. B. ABTOpcKMe BWAeONeKUMM Ha KaHase Transcriptomics
(www.youtube.com/channel/UCawOOgkL7GDS7¢cSsRJIpQgDg)

2) 'puHes B. B. AHanus TpaHckpunToma (s-transcriptomics.blogspot.com)

3) Mactnukmii C. 3. R: AHanmM3 1 Busyanmsaumsa faHHbIX (r-analytics.
blogspot.com)

4) BioStar (www.biostars.org)

5) RNA-Seq Blog (www.ma-seqblog.com)

6) SEQanswers (segqanswers.com)


http://www.youtube.com/channel/UCawOOgkL7GDS7cSsRJpQqDg
http://www.biostars.org
http://www.ma-seqblog.com

MepeyeHb PeKOMEHyEMbIX CPeACTB ANArHOCTUKN 1 METOAMKA
(hopMMpPOBaHNST UTOrOBOW OTMETKM

[N oUeHKM NPOMECCUOHANTbHBIX KOMMETEHLMI 00y4YatoLMXCA UCMOb3YeTCs
ClleyroLLMIA ANarHOCTUYECKUIA UHCTPYMEHTAPWIA:

- OTYET NOo 3a4aHMAM NPAKTUYECKOT 0 3aHATUS;

- TeCTMpOBaHue.

Mpy (hopMUPOBaHMN WUTOrOBOA OLEHKM WUCMO/b3YeTCH PEeMTUHIOBas OLeHKa
3HAHWA CTyAeHTa, Aatowas BO3MOXHOCTb NPOCAeAWTb U OUEHUTb AUHAMUKY
npouecca AOCTVMXKeHUs Leneil obydeHns. PopmMMpoBaHME OTMETKM 3a TEKYLLYHO
yCNeBaeMoCTb:

- OTYeTbl MO 3afaHNAM MPaKTUYeCKnX 3aHaTum - 20 %;

- TecTupoBaHue - 80 %.

B KayecTBe (hOpMbl TeKyLleil atTectauum no y4yebHOW AMCLMNIMHE
MCMNONb3YeTCs 3K3aMeH.

PeliTUHroBas OueHKa Mo AMCUMMINHE PacCUMTLIBAETCA HA OCHOBE OLIEHKU
TeKyLleil YCrneBaeMOCTU W 3K3aMeHaUMOHHON OLEHKM C Y4YeTOM WX BECOBbIX
KoathhmumeHToB. OueHKa MO TeKyllerh ycrneBaeMocTh cocTaBnser 40 9%,
9K3aMeHaLMOoHHasa oueHKa - 60 %. PelMTUHroBas OLEHKa BbICTABNSAETCA TOMbKO B
C/lyyae yCneLwHon chaym ak3ameHa (npu nony4veHnn 4-x 6annos v BbILLE).

MpyMepHBIA NMepeYveHb 3afaHni ANsa yrnpaBnsgemMon caMoCTOSATe IbHOM
paboTbl CTYAEHTOB

Pasgen 1. BBegeHue B gUCUUNINHY

1) OMWKC-meToAb! B TPAHCKPUNTOMUKE.

2)  Vcnonb3oBaHve MeTOA0B MOMEKY/IPHON 61010rMn B TPAHCKPUMTOMMKE.

3) OcHOBHbIe (hopMaThbl AaHHbIX, UCMOMNb3YeMble B TPAHCKPUMTOMUKE.

dopma KOHTpons - TectupoBaHue B cucteme LMS Moodle.

Pasgen 2. ba3oBble NPUHUUNBLI  KapTUPOBaHUSA  MPOYTEHWUH,
nosly4yaemMbIX B TPAHCKPUMNTOMHbIX UCCe40BaHNAX

4) OueHKa KayecTBa BbICOKOMPON3BOAUTE/ILHOIO CEKBEHPOBaHMA.

5) ANropuTMbl KapTUPOBAHWA MPOYTEHWIA.

6) KOHTposb KayecTBa KapTMPOBAHUSA MPOYTEHMWIA.

dopma KOHTpONA - TeCTUpoBaHue B cucteme LMS Moodle.

Pasgen 3. AHa13 3KCNpeccun reHoB B TPaHCKPUMTOMUKeE

7) Cymmapusaumsi MNpodYTEHUIA AN Ueneil  aHaimM3a  3KCrpeccum
MPOYTEHMNA.

8) Pa3nnuHble MeTOo/bl HOpManmn3aLumn 7 TpaHchopmMaumm
CYMMapUn30BaHHbIX MPOYTEHWIA.
9) PelieHune npo6em BbICOKOM BaprabeibHOCTH 7

reTepocKefacTUYHOCTU TPAHCKPUMTOMHbIX JaHHbIX.
10) MeTogbl CO0PKM TPAHCKPUMTOMOB.
11) MeToAb! KONIMYECTBEHHOWN OLEHKM 3KCNPECCU TPaHCKPUMTOB.
12) JInHeinHOe MOAenMpoBaHue B OLIEHKE 3KCMPecCcumn reHoB.
dopma KOHTpOSA - TecTupoBaHue B cucteme LMS Moodle.



Pasgen 4. MeTofbl (PyHKUVOHA/IbHOI0 aHa/M3a B TPAHCKPUNTOMMKE.

13) MeToab! OUeHKM KogupytoLlero noteHupnana PHK.

14) Mopgxodbl, wUcnofib3yemMble A9 OLUEHKM  a/IbTEPHATMBHOIO U
anddepeHumansHoro cnnaicmHra PHK.

15) MeToAb! PEKOHCTPYKLMM CETEN TeHHbIX PErynaumia.

16) MeToAbl PEKOHCTPYKLMM MONEKYNAPHBIX MYTEA.

17) T[eHHble OHTO/IOTMM U UX NCMO/Mb30BaHME B TPAHCKPUMTOMUKE.

dopma KoHTpons - TectmpoBaHue B cucteme LMS Moodle.

INpumMepHaa TemaTmka NpPakKTUYECKNX 3aHATUIN

1) AHanmn3 guddpepeHumanbHOR 3KCnpeccun reHoBs (2 vaca).
2) PyHKUMOHaNbHaA aHHOTaUMA TPAHCKPUNTOMHBIX AaHHbIX (2 Yaca).

OnuncaHne MHHOBALMOHHbIX MNOAX0A0B M METOAOB K NpenojaBaHuto
YyYeOHOM ANCUUNNHDI

Mpn  opraHuM3auum  06pa3oBaTe/lbHOMO  Mpouecca  UCMO/b3yeTcs
3BPUCT NYECKUIN NOAXOA, KOTOprVI npegnonaraet.

* OCYLUECTB/IEHME  OOYyYarOLWMMUCA  NIMYHOCTHO-3HAYMMbIX  OTKPbITUN
OKpY>KaroLLero mMupa;

* [IEMOHCTpaUuIo MHOroobpasns peLUeHni 00/bLUMHCTBA
npoeccroHasibHbIX 3aa4 U XKN3HEHHbIX NPo6/eM;

* TBOPYECKYID CamopeaM3auuio 0OyyaloWMXca B MPOLECcCe CO34aHus
06pa3oBaTe/bHbIX NPOAYKTOB,;

* MHAMBUAOYaAU3ALUMIO 00YyYeHUA 4epe3 BO3MOXKHOCTb CaMOCTOATENNbHO
CTaBUTb LENW, OCYLLECTBNATL pPedIeKCUio  COBCTBEHHOW 06pa3oBaTe/IbHOM
NeaTeNlbHOCTH.

Kpome 3atoro, B 06pa3oBaTe/lbHOM MPOLECCE UCMO/b3YETCA TaKXKE meT o
yuebHOW aguckyccuu, KOTOPbIA MNpeanofiaraeT yyactve obydvalowmxcs B
LieneHanpaB/eHHOM OOMEHEe MHEHUAMW, uAeAMU ANd  NpeabasneHus  u/unn
COrflacoBaHMA  CYLUECTBYHOLWMX MO3MUMIA N0  ONpeaeneHHorm  npobneme.
cnonb3oBaHMe 3TOr0 Metoda o6ecneyvBaeT MOSB/IEHWE HOBOrO  YPOBHSA
MOHUMaHUA WN3Yy4yaeMol TEMbl, MPUMEHEHME 3HAHWMA NPU PeLeHnn npobsem,
onpefeneHve CrnocoboB WX pelleHnsi. HakoHel, o06pa3oBaTe/ibHbIN npoLecca
BK/lOYAaeT MeTOobl W MPUEMbBI Pa3BUT NA KPUTMNUYECKOTO MblLneHusa, KOTOPbIE
NpeacTaBnsOT coboi cnucteMy, POPMUPYIOLLLYHO HaBblKM pPaboTbl C MHGOpMaLMeit
B MPOLIECCE YTEHUSI U MUCbMA; MOHMMaHMM UH(OPMaUMMA KakK OTNpaBHOro, a He
KOHEYHOr0 MyHKTa KPUTUYECKOTO MbILLIIEHWS.

MeToauueckne peKoMeHaaLmm
M0 opraHM3aLMmn camocTosiTe/IbHOM PaboTbl 06yYatoLLMXCS

[ns opraHm3aumMm CcamoCTOATE/IbHOM paboTbl 06yvaloLMXCA pa3paboTaH
NPUMEPHBIA MNepevyeHb TeM W 3adaHWiA, COCTaB/IEH CMMCOK PEKOMEHIYEMbIX



WCTOYHWUKOB MH(hopMaLuy (BKNOUast VIHTEPHET-PeCcYpChl), a TakKe OpraHn3oBaHa
paboTa Ha 06pa3oBaTe/lbHOM MopTane 61oNOrMYecKoro takynbTeTa BIry.

List of questions for the exam

1) Transcriptomics as an integral part of modem molecular biology.
Objects of transcriptomics.

2) Overview of experimental technologies in transcriptomics.

3) Main data formats in transcriptomics.

4)  Alignment of short reads. Alignment algorithms.

5) Overview of alignment software. Quality control of aligned short reads.

6) Storing aligned short reads.

7) Analysis of gene expression with RNA-Seq.

8) RNA-Seq short reads summarization. Filtering of data.

9) Estimation of normalization factors for RNA-Seq libraries. Overview of
current solutions.

10) Variability and heteroscedasticity of RNA-Seq data.

11) Linear modeling in transcriptomics.

12) Differential gene expression.

13) Assembling of experimental transcriptomes.

14) Annotation of assembled transcriptomes.

15) Analysis of RNA splicing analysis at exon, exon-exon junction and
full-length transcript levels.

16) Differential RNA splicing analysis.

17) Comprehensive annotation of splicing events.

18) Identification and annotation of the coding and non-coding
RNA transcripts.

19) Gene co-expression networks and gene regulatory networks.

20) Analysis of gene ontologies in transcriptomics.

21) Enrichment analysis and gene set enrichment analysis.

22) Pathway analysis in transcriptomics.
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