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NMOACHUTEJIbHAA SATMTMCKA

Llenn v 3agaym y4ebHON ANCUUN/INHDI

Llenb yye6HOW gncumnanHbl - (OpMMUpoBaHKE Y CTYAEHTOB MpeACcTaBeHni 0
COBPEMEHHbIX NMOAX0AAaX K aHanm3y O6MoIormyecknX AaHHbIX C OCHOBHbIM aKLEHTOM
Ha [JaHHble, TeHepupyemble COBPEMEHHLIMU TEXHONOTMAMU BbICOKONPOU3BOAUTENb-
HOro cekBseHupoBaHua QHK.

3afaun y4ebHOMN AUCLMNINHBI:

1) 03HaKOMWUTb CTYAEHTOB C TUNaMmy 6MONOTMYECKUX [aHHbIX M OWMOOK B
HUX, cnocobammn UX NpeacTaBNeHUs N XPaHEHUs, BU3yannsayuu;

2) 03HaKOMWUTb CTYAEHTOB C 4acTO WUCMONb3yeMbIMU anropuTMamMuy aHanmsa
AaHHbIX BbICOKOMPOW3BOAMTENIbHOIO CEKBEHMPOBAHWS;

3) chopmmpoBaTh YCTOMUYMBbLIE MPAKTUYECKME HaBbIKW aHanm3a fJaHHbIX Bbl-
COKOMPOW3BOANTENILHOTO CeKBEHWPOBaHWA, BKIOYAasA COOPKY U aHHOTALMIO TeHOM-
HbIX MOC/eA0BaTe/IbHOCTEN, KapTMPOBaHMe AaHHbIX BbICOKONPOM3BOAUTENLHOIO Ce-
kBeHnpoBaHna OAHK (NGS) Ha petepeHCHble NOCnefoBaTe/lbHOCTU C Pa3INUHbIMK
BapMaHTaMu MOCNeAyoLLero aHanmsa;

4) 06bACHUTbL OCHOBHbIE MPUHUMMNLI U CHOPMMPOBATL 6a30Bble HaBbIKM aHa-
Nn3a perynaTopHbIX NocneaoBaTelbHOCTER;

5) 06BACHUTL OCHOBHbIE MPUHLMMBLI U chopMUpoBaTh 6a30Bble HaBbIKW aHa-
nun3a 6e/IKOBbIX MOCnefoBaTe/IbHOCTeN;

6) copmmnpoBaTb NpefCcTaBieHe 0 POAM BUOMH(OPMATUKN N ee MecTe B CO-
BPEMEHHbIX BUONOrMYECKUX UCCNef0BaHUAX.

MecTo y4ebHOMN ANCUMNAVHBI B CUCTEME NOArOTOBKM Marucrpa
Y4yebHas gucumUnInHa OTHOCUTCH K rocyfapCTBEHHOMY KOMMOHEHTY y4e6Ho-
ro nnaHa v BXoauT yuyebHbln moaynb «Bioinformatics and Programming».

CBA3N ¢ Apyrummn yyebHbIMU AUCUMNANHAMK, BKAKOYas yyebHble gncymnnin-
Hbl KOMMOHEHTa YUpeXAeHMs BbICLLEro 06pa3oBaHuns, AUCUUNANHBI Ccnelnanmnsaymm
n ap.

Y4yebHass nporpaMma cocTaB/ieHa C YYETOM MeXMNpPeAMETHbIX CBA3eN € yyeb-
HeiMn gucumnnmHamu «Introduction to R Programming», «Practicals on Cell and
Molecular Biology», «Deep Analysis of Transcriptomic Data».

TpeboBaHMA K KOMMNETEHLNAM
OcBoeHne yuebHoi amcumnnmHbl «Fundamentals of Bioinformatics» coB-
MECTHO C y4yebHon aucumnnanHon «Introduction to R Programming» fo/mKHO obec-
neynTb (hopmMMpoBaHWEe KOMMNETEHUUA yrny6neHHOW npoeccMoHarbHON Komre-
TeHUnn YIK-3 «Bnagetb METOANYECKUMY NpueMammn 6MonHMOpMaTUKKN, anropuT-
MamMmn 06pabOoTKM pasHbIX TUNOB MOJIEKYNSAPHO-OMOOTMYECKUX faHHbIX, HAaBblKaMu
nporpammMunpoBaHns, MaTeMaTUyeCcKoro 1 CTaTUCTUYECKOro aHanmsa faHHbIX».
B pe3ynbTarte 0CBOEHUS YUEOHON ANCUNNANHBI 06YYatOLMACSA AO/KEH
3HaTh:
-0CO6EHHOCTU TEXHONOrNiN BbICOKOMPOU3BOAUTENBLHOIO CEKBEHUPOBAHUSA W
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reHepupyemMbiX UMW AaHHBbIX;

- (hopmaTthbl 3anuncK AaHHbIX 1 CNOCOBbI NX BM3yann3auum

-6a30Bble aNropuUTMbl CPaBHEHWSl, BblIPaBHMBAHUS U KapTUPOBaHUS HYK/eo-
TUAHbIX U 6ENKOBbIX NOCNEA0BATENbHOCTEN, a TAKXKE 0COGEHHOCTU UX NMPUMEHEHUS

- 0COGEHHOCTU CTPOEHUS KOAUPYOLL X " PErYNATOPHbIX
nocnefoBaTeNbHOCTEl B FeHOMax Mpo- 1 ayKapuoT
YMeTb:

- OCYLLECTBUTb NPaBW/bHbIV BbIGOP MPOrpaMMHOro o6ecneyeHns Ans aHanmsa
NCXOAs M3 MOCTaBNEHHOW 3afaun, XapakTepa JaHHbIX U HAIMYMS BbIYUCAUTENbHbIX
pecypcos;

- KOPPEKTHO OLEHUTb KaYeCTBO UCXOAHbIX JaHHbIX U pe3ynbTaTbl UX aHaNN3a;

BNafeTh:

- COOTBETCTBYIOLLEV TEPMUHONOTMEN N MOHATUIHLIM annapaToM;

- HaBblKaMun paboThbl C MOMEKYNSAPHbLIMU 6a3aMMW AaHHbIX, BK/OYas BbIFPY3KY U
3arpysky 60/bLLUMX MacCUBOB JaHHbIX U UX aHaN13a OHMaiiH

- KOMMNbKOTEPHLIMI NPOrpaMMaMy aHann3a HyKneoTUAHbIX U GeNKOBbLIX Moc/e-
[0BaTE/IbHOCTE.

CTpyKTypa y4ebHON ANCUNM/INHDI
AuncuymnnnHa mndyvaeTtcs B 3-M cemecTpe. Bcero Ha m3yyeHume yyebHoOn guc-
unnanHel «Fundamentals of Bioinformatics» oTsefeHo:

- ANS OYHOWN (hopMbl NOMYYEHUA BbICLLIEr0 06pa3oBaHuMs - 108 yacos, B TOM
yncne 36 aygMTOPHbIX YacoB, U3 HUX: NeKuun - 12 yacoB, NPaKTUYECKUE 3aHATUS -
10 vacoB, ynpaBnsieMOil CamMOCTOATEe/IbHON paboTbl - 14 4acoB, B T.4. KOHTPONb
yrnpaBnsgemMon camocTtosTensHon paboTel (AO) - 8 yacos.

TpyAoeMKOCTb Y4eBHON ANCUNNINHBI COCTABNSET 3 3a4ETHbIE eMHULIbI.
dopma TeKyLleli aTTecTalum - 3K3ameH.



CONTENT OF EDUCATIONAL MATERIAL

Part 1. Introduction. Biological information resources

The subject of bioinformatics, its goals, objectives and methods. Sections of
bioinformatics.

The ways of presenting information on nucleotide and protein sequences: Fas-
ta, Genbank, PDB formats. Fastq and fast5 formats for recording sequencing results.
NGS Sequence Read Archive data repository: its features, information analysis and
retrieval. Ways to visualize large amounts of sequencing data.

Classification of molecular databases. Primary, secondary, curated databases.
Main databases of nucleotide and protein sequences (GenBank, EMBL, SwissProt,
TrEMBL, PIR). Database redundancy problem and its solutions. Databases with
structural and functional information (PDB, SCOP, Prosite, ProDom, PFAM, In-
terPro). The advantages of organism-specific databases. Bibliographic databases as
a source of functional information and their integration with molecular databases.

Options for accessing databases, ways to search for information and tools for work-
ing with them.

Part 2. Comparison of nucleotide and protein sequences

Molecular evolution and criteria for comparing nucleotide and protein se-
guences. Amino acid substitution matrices. Algorithms and programs for pairwise
and multiple sequence alignment. Search for homologous sequences in nucleotide
and protein databases: BLAST and FASTA software packages.

The use of hidden Markov models for describing conservative sequences and
searching for homologs in databases.

Modelling of and searching for conservative motifs in nucleotide and protein
sequences.

Part 3. Analysis of high throughput DNA sequencing (NGS) data

Features of data obtained using various sequencing technologies (lllumina, py-
rosequencing/lon Torrent and nanopore/SMRT sequencing). Raw sequencing data
filtering and preprocessing.

de novo and reference-based genome sequence assembly. Assembly algorithms
and genome assembler programs. Obtaining complete assemblies: the problem of
repeats. Assembly quality parameters and their estimation.

Annotation of genome sequences. ldentification of coding and regulatory se-
quences, different types of repeats.

Mapping NGS data to reference sequences. Algorithms and programs for map-
ping various types of data. SAM and BAM formats. Interpretation and use of infor-
mation bits of sam/bam files. The samtools package.

Analysis of polymorphism. The vcf format and tools for working with it.

Analysis of metagenomic data: assessment of species diversity, identification
of pathogens, markers of virulence and antibiotic resistance.

Systematics of prokaryotes based on genomic data. The indicator of the aver-
age nucleotide identity as a taxonomic criterion. Pangenome and its analysis.
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Principles of calculating RNA structures. Identification of regulatory RNAs
and their targets.

Part 4. Analysis of regulatory information

The structure of regulatory sequences in DNA, their features in pro- and eukar-
yotes. Methods for representing conservative sequences: consensus, weight matri-
ces, and hidden Markov models. Visualization of regulatory motifs in the form of a
logo.

High-performance regulatory sequence analysis methods: ChlP-seq, Exo-seq,
Genomic Selex, etc. and analysis of the data produced.

Analysis of regulatory information in silico. Databases with regulatory infor-
mation (Jaspar, RegulonDB, CollecTF, Prodoric, RegPrecise). Algorithms and pro-
grams allowing to search for regulatory sequences (promoters, terminators, tran-
scription factor binding sites) in eukaryotic and bacterial genomes.

Part 5. Analysis of protein sequences

Protein amino acid sequence statistics. Motives and domains, their identifica-
tion. Protein folding, prediction and modeling of protein structure, prediction of the
function and cellular localization of proteins. Metabolic databases. KEGG Encyclo-
pedia and its use.

Protein-Protein Interaction Analysis: the STRING Database.

Short history of genome research. Overview of methodology and concept evo-
lution. Historic landmarks, remaining questions and emerging problems.
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COMPARISON OF NUCLEOTIDE AND
PROTEIN SEQUENCES
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3auwmTa oTyeTa 0 BbIMOSHEHUN NPAKTUYECKOW
paboTbl, pehepat (NpeseHTaUUSA)
NHanBuayanbHbli NpoeKkT Ha obpasoBaTesib-
HoM nopTane LMS Moodle, 3awmnta oTyeTa o
BbIMO/THEHUW NPaKTU4ecKon paboThl, pedepar
(npeseHTayuns)
TecToBble 3afjaHuA, pelleHne CUTYaLUNOHHbIX
3ajay Ha ob6bpasoBaTenbHOW noptane LMS
Moodle, 3awWwnta oTHeTa 0 BbIMO/HEHNM NpaK-
TuU4Yeckon paboTbl, pedepaT (Mpe3eHTaLKA)
TecToBble 3afiaHNSA, pelleHne CUTYaLNOHHbIX
3ajay Ha obpasoBaTesibHON nopTane LMS
Moodle, 3aWwmMTa oT4eTa 0 BLIMNO/ITHEHUUN NpPaK-
TU4YecKon paboTbl, pedepaT (Mpe3eHTaLKA)
TecToBble 3afaHNsA, pelleHne CUTYyaLnoHHbIX
3ajay Ha obpasoBaTenbHOM nopTtane LMS
Moodle, 3awmta oTHeTa 0 BbINOJIHEHUN NpaK-
TU4ecKon paboTbl, pedepaT (Mpe3eHTaLMA)



NH®OPMAUMNOHHO-METOANYECKAA HACTb

MepeyeHb OCHOBHOW NMUTepaTypbl

1. Introduction to bioinformatics / A. Lesk — Oxford University press, 2019. -
408 p.
2. Next Generation Sequencing / J. Kulski (Ed.). IntechOpen 2016. - 448 p.

MepeyeHb AONONMHUTENBHON NUTepaTypbl
1. Brown T.A. Genomes 4/ New York: Garland Science, 2017. - 544 p.
2. Molecular Biology of the Cell. 6th edition / Alberts B, Johnson A, Lewis J, et al.
New York: Garland Science, 2014. - 1464 p.
3. Bioinformatics: Sequence and Genome Analysis / David W. Mount, Gold Spring
Harbor Laboratoty Press. 2004. - 565 p.

Pecypcbl HTepHeT
National Center for Biotechnology Information https://ncbi.nlm.nih.gov
UniProt https://uniprot.org
European Bioinformatics Institute (EMBL-EBI) https://www.ebi.ac.uk/
ExXPASy https://www.expasy.org
RegulonDB https://www.regulondb.org
RegPrecise http://regprecise.sbpdiscoverv.org: 8080/WebRegPrecise/
Internet resources for molecular biologists https://molblol-tools.ca

No gD

lNepeyeHb peKOMEHAYEMbIX CPeACTB ANarHOCTUKN U METOANKA
(HOpPMUPOBaHNA NUTOrOBOM OLIEHKN

B KayecTBe CpefACTB AMArHOCTUKM MPOBOAWUTCSA KOHTPOJb YrnpaBisieMOi ca-
MOCTOSATENbHOW paboThbl B BUAE PeLleHns 3afay OTKPbITOro M 3aKpbITOro Tuna, co-
OTBETCTBYHOLWMX BblIOpaHHOMY pasfeny Kypca. Takxe npefyCMOTPeHO MPOMeXy-
TOYHOe TeCTUPOBaHWE MO OTAEe/bHbIM TeMam y4ebHOW AUCLMMINHBI.

MTorosas oueHkKa opmmpyeTcsi Ha OCHOBE OLEHKW TeKyLlel yCneBaeMocTu
(c BecoBbIM KoathpumuymeHTom 0,3) M 3K3aMeHaLMOHHOW OLEHKU (C BECOBLIM KO3(-
(mumneHtom 0,7). OueHKa TeKyllei ycneBaemMoCTU CKafblBaeTcs U3 Cnegyrowmx
COCTaBAKOLLUX:

- cpegHuin 6ann no 3agaHnsm YCP (pasgenst 2-5) - 30 %,

- OLeHKa paboTbl Ha MPaKTUYEeCKMX 3aHATUAX - 40 %,

- NPOMEXYTOYHOEe TecTupoBaHme (cpeaHuin 6ann) - 30 %.

CTyAeHT LOoNYyCKaeTCs K 3K3aMeHY Mpu YCOBUN NONOXUTENbHOW (He MeHee 4
6annoB) OUEHKWN TeKylleil ycrnesaemocTu. B cnyyae nponycka nekumu CTyfeHT
[O/MKEeH NOArOTOBUTL pethepaTUBHYIO paboTy (Npe3eHTaumMo) No TeMe NponyLeH-
HOro 3aHATUSA.


https://www.ebi.ac.uk/
http://www.expasy.org
https://www.regulondb.org
http://regprecise.sbpdiscoverv.org:_8080/WebRegPrecise/
https://molblol-tools.ca

MpyMepHbIN MepeyeHb 3a4aHu 418 YNpaBiseMon CamMOCTOATEIbHOM
paboTbl 0by4aroLLMXCA

Part 1. Biological information resources (4 4)

PelwnTb NpeanoXeHHbIA nepevyeHb NPaAKTUKO-OPUEHTUPOBAHHBLIX CUTYaLMOH-
HbIX 3aga4. CobpaTb BCe [aHHble, HEOOX0ANUMbIE A8 CNeAYHOLLIMX 3TarnoB.

CDoplvla KOHTpPONA - 3alinTa OTYeTa O BbIMO/IHEHUN I'IpaKTI/I‘-IeCKOI7I pa60TbI.

Part 2. Comparison of nucleotide and protein sequences (24 + 24 O)

PewnTb NpeAoXKeHHbIN nepeyeHb NPakTUKO-OPUEHTUPOBAHHbLIX CUTYaLMOH-
HbIX 3a4a4. OTBETUTb Ha BOMNPOCHLI B TECTOBOW (DOpMeE.

dopmMa KOHTPONS - pelleHus 3afaHuii, npeacTaBeHHble Ha 06pa3oBaTeflb-
Hom nopTasne LMS Moodle.

Part 3. Analysis of high throughput DNA sequencing (NGS) data (24 40O)

PelinTb NpeanoXeHHbIl nepeyeHb MPaKTUKO-OPUEHTUPOBAHHbIX CUTYaLNOH-
HbIX 3afa4. OTBETUTb Ha BONPOCHLI B TECTOBOW (hopMe.

dopma KOHTPONSA - PeleHns 3afaHunii, npeacTaBneHHble Ha 06pa3oBaTeb-
Hom nopTane LMS Moodle.

Part 4. Analysis of regulatory information (24 4O)

PelwnTb NpeanoXeHHbIA nepeyeHb MPakTUKO-OPUEHTUPOBAHHbLIX CUTYaLMOH-
HbIX 3afad. OTBeTUTH Ha BOMpPOCHI B TecToBOWM cbopme.

dopma KOHTPONS - pelleHns 3afaHunil, npeacTaBneHHble Ha 06pa3oBaTenb-
Hom nopTane LMS Moodle.

Part 5. Analysis of protein sequences (24 JO)

PellnTb NpeAnoXeHHbI NepeyeHb NPaKTUKO-OPUEHTUPOBAHHbIX CUTYaLMOH-
HbIX 3a4ay. OTBETUTb Ha BONPOCHI B TECTOBOI (hopMe.

dopma KOHTPONSA - pelleHns 3agaHuii, npeacTaBneHHble Ha 06pas3oBaTefib-
Hom nopTasne LMS Moodle.

MNprMmepHaa TeMaTMKa NPaKTUYeCKNX 3aHATUI
(2 yaca Kaxkaoe)

MpakTtnyeckoe 3aHATMe Ne 1. Molecular databases: data formats and information
retrieval.
MpakTnyeckoe 3aHATME Ne 2. Hidden Markov models of biological sequences.
MpakTnyeckoe 3aHatTne Ne 3. Analysis of NGS data.
MpakTnyeckoe 3aHaTne Ne 4. Molecular taxonomy and pangenome analysis.
MpakTnyeckoe 3aHaTHe Ne 5. Analysis of regulatory information



OnucaHne MHHOBALUVOHHbIX MOAXOA0B K NpenogaBaHMio
YUEOHOM AUCLUNM/INHDI

Mpu opraHusauum o6bpa3oBaTeNbHOro Mpouecca UCMo/b3yeTcs MNpPakTUKO-
OPUEHTUPOBAHHbIN NOAX0/, KOTOPbLIV NpeAnonaraer:

- OCBOEHME coAepXaHMe 06pa3oBaHUs Yepes peLleHns NpakTMYecknx 3ajay;

- NpUobpeTeHNe HaBbIKOB 3PPEKTUBHOIO BbIMOMHEHUS Pa3HbIX BUJ0B NpPO-
(hecCMOHaNbHOW AeATeNIbHOCTU;

- OpUeHTaLMI0 Ha FeHepPUpPOBaHUe MAEN, peannsaumto rpynnoBbIX CTyAeHYe-
CKMX MPOEKTOB, Pa3BUTUE NPeANnpPUHUMATENbCKOW KYNbTYpbl;

- UCNO/Mb30BaHMNI0 NpoLeayp, CnocoboB OLeHMBaHMA, DUKCUMPYHOLWMX chop-
MUPOBAHHOCTb NPOGECCMOHANIbHBIX KOMMETEHLMIA.

Mpu opraHusaumm 06pa3oBaTeNIbHOr0 MpoLecca Takke MCNOoNb3ykTCca Me-
TOAbl 1 NPUEMbI Pa3BUTUS KPUTMYECKOTO MbILLIEHUS, KOTOPblE NPEACTaBASOT CO-
6o cuctemy, OPMUPYIOLLYHO HaBbIKM paboTbl C MHGOPMaLMeli B NpoLecce YTe-
HUS U NUCbMa; NOHUMaHUM UH(OPMALIMKN KaK OTMNPABHOrNO, a He KOHEYHOT0 NYHKTa
KPUTWUYECKOTO MbILLNEHNS.

MeToanyeckme peKomMmeHaauum no opraHu1saunm
CaMOoCTOATE/IbHOW PaboTbl 00yYatoLLMXCA

Mpn n3yyeHUn yyebHOW AUCUUNAMHLI PEKOMEHAYETCS UCMO/Mb30BaTb Clie-
Aayrouime Hopmbl CaMOCTOSATENIbHON PaboThl:

- nouck (nogbop) v 0630p NUTepaTypbl N 3NEKTPOHHbLIX UCTOYHUKOB MO UH-
AVBMAYaNnbHO 3afaHHOM Npobieme y4ebHOW ANCLUNNHDI;

- NOArOTOBKA K MPaKTUYEeCKUM 3aHATUAM;

- MOAroTOBKa M HanucaHue petepaToB, AOKIaA0B, 3CCe U Npe3eHTauuin Ha
3aflaHHble TEMbI;

- NOArOTOBKA K 3K3aMEHY.

Mpun cocTtaBneHun 3agaHnin YCP no y4dyebHOW aucumnanHe HeobXoamMmo
npefyCMOTPeTb BO3pacTaHWe MX CMOXHOCTWU: OT 3afaHunii, popmMupyoLwmx gocTa-
TOYHbIE 3HAHMA NO U3YYEHHOMY Yy4YeOHOMY maTtepuany Ha ypoBHEe y3HaBaHMA, K
3aflaHnAM, (hOPMMPYIOLLMM KOMMETEHLUN HA YPOBHE BOCMPOM3BEAEHNSA, U fanee K
3afaHnaM, (OpMUPYIOLWMM KOMMNETEHUMU Ha YPOBHE MPUMEHEHWUS MONYYEHHbIX
3HaHWMN.

TeMbl pedepaTUBHbBIX PaboT U NpeseHTaumin

1. Second generation DNA sequencing: specifics of short read data analysis

2. Third generation DNA sequencing: specifics of long noisy read data analy-
Sis

3. Error rates of modem sequencing technologies and quality control of se-
guencing data

4. Genome assembly: potential problems and how to avoid them

5. Genome annotation: automated and manual approaches

6. Organism-specific biological molecular databases: common trends in data
organisation and cross-links

7. Algorithms and programs for online database search: how to balance speed
and precision.
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8. ldentification of coding regions in pro- and eukaryotic genomes
9. Genome-wide inference of transcription factor binging sites

10. Genome-wide inference of promoters

11. Genome-wide inference of transcription terminators

12. Building correct gene models: de novo and data-based approaches

13. Repeats and eukaryotic genome assembly

14. IS sequences in prokaryotes: structure, diversity and complications to ge-
nome assembly

15. Software packages for pangenome analysis

NpUMepPHbIA NepeveHb BOMPOCOB K 3K3aMeHY

1. Presenting information about nucleotide and protein sequences: Fasta, Gen-
bank, PDB record formats, fastq and fast5 formats for sequencing data.

2. NGS Sequence Read Archive (NCBI): data structure and possible usage&

3. Visualizing large amounts of genomic data% methods and applications.

4. Classification of molecular databases. Primary, secondary, curated data-
bases. The main databases of nucleotide and protein sequences.

5. Databases with structural and functional information.

6. Bibliographic databases as a source of functional information and their inte-
gration with molecular databases.

7. Molecular evolution and criteria for comparing nucleotide and protein se-
guences. Amino acid substitution matrices.

8. Algorithms and programs for multiple sequence alignment.

9. Search for homologous sequences in nucleotide and protein databases:
BLAST and FASTA software packages.

10. The use of hidden Markov models for describing conservative sequences
and searching for homologs in databases.

11.Overall quality and main characteristics of the data obtained using various
sequencing technologies (lllumina, pyrosequencing / lon Torrent and na-
nopore). Improving downstream analysis with filtering and data
preprocessing.

12. De novo assembly of genomic sequences: algorithms and basic programs

13. Reference-based genome assembly: algorithms and basic programs.

14.0btaining complete genome assemblies: the problem of repetitive sequences
and finishing algorithms.

15. Annotation of genomic sequences. ldentification of coding and regulatory
sequences, different types of repeats.

16. Mapping NGS data to reference sequences: algorithms and programs appro-
priate for different data types.

17.SAM and BAM formats. Interpretation and use of information bits of sam /
bam files.

18. Analysis of polymorphism. The vcf format and tools for working with it.

1



19.Analysis of metagenomic data: assessment of species diversity, identifica-
tion of pathogens, markers of virulence and antibiotic resistance.

20.Systematics of prokaryotes based on genomic data. Average nucleotide iden-
tity as a taxonomic criterion.

21. Pangenome analysis: algoritms and possible uses.

22. The principles of calculating the structures of RNA. Genome-wide inference
of regulatory RNA and their targets.

23. The structure of regulatory sequences in DNA, their features in pro- and eu-
karyotes.

24. Ways to represent conservative sequences: consensus, weight matrices, and
hidden Markov models. Visualization of regulatory motifs in the form of a
logo.

25. High-performance methods of regulatory sequence analysis: ChlP-seq, Exo-
seq, Genomic Selex and others; analysis of the received data.

26. Analysis of regulatory information in silico. Databases with regulatory in-
formation (Jaspar, RegulonDB, CollecTF, Prodoric, RegPrecise).

27. Algorithms and programs for the search for regulatory sequences (promot-
ers, terminators, transcription factor binding sites) in eukaryotic and bacteri-
al genomes.

28. Protein motifs and domains, their identification.

29. Protein folding, prediction and modeling of protein structure,

30. Prediction of the function and cellular localization of proteins.

31. KEGG Encyclopedia and its use.

32. Protein-Protein Interaction Analysis: the STRING Database.
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