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CEKBEHWPOBAHUE

= YcTaHOBJIEHHME MOCJIEI0BATEJIbLHOCTU HYKJIEUHOBBIX KUCJIOT (C
O6eJIKaMU TOKe MOXXHO, HO MHayve)
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https://www.thoughtco.com/dna-versus-rna-608191

4T0 KOHKPETHO

= IHK: cekBeHUpOBaTh BeCb F'eHOM

OTKyaa B34Tb FeHOM?

HyxHo BbIeinTh JJHK
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COMPLETING THE HUMAN GENOME

Researchers have been filling in incompletely sequenced parts of the
human reference genome for 20 years, and have now almost finished it,

with 3.05 billion DNA base pairs.
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0.3% of sequence might still have errors. Includes X but
not Y chromosome. Count excludes mitochondrial DNA. LU

https://www.science.org/toc/science/376/6588



A ECJIMW HE BECb 'EHOM?

= Kakue ¢pparmenTsl JJHK ecTb cMbIC/I CEKBEHUPOBATb?




JIK30M

= JK30HbI OEJIOK-KOJUPYIOIIHUX I'€HOB

= ~1-29 OT BCero reHomMa
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https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-020-00640-3
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CHIP-3EQ

= JIHK-6es0k

1. Chromatin crosslinking

X

2. Chromatin shearing

\

3. Immunoprecipitation

.{

4. De-crosslinking

5. Library preparation
=


doi:10.1007/978-1-4939-1346-6_2

HI-C

= JTHK-JTHK
Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Sequence using
restriction and mark pull down biotin paired-ends
enzyme with biotin Nhel

AAGCTT
TTCGAA

Lieberman-aiden et al., 2009



ATAC-SEQ

= JIOCTYIIHOCTb XpOMaTHHA

Isolate muchsi
(chromatin intact)

Expoes to Tns
franaposase

Sequence and identify
accessible regions

Isolate transposed
fragments and ampilify

ATAC-s0q paak

SHRRRONDGD

e
X

b £ Transcription factors ,.Q_-,_\‘}' TnS ransposase homedimer
@ Mucleosome ATAG-seq Tragment
c Enhancer Profmiaber

Call typa X
o
e
51
= w| |Collype ¥
=L

TFE Ty GeEneA EGGHH .»’-'l.
NPTEESION

~aCATAA.

TETCCCAGATAAGGAGAGGGCAGTGCCACCTACG
Matif for TF B

Transposition into native chromatin

b
Post-lransposition DNA fragment

t
TrnG-induced nick Initial axtension

at 72 °C

b
-
Ampitication and addition of
barcodes and adapler componants

|

Purfication of final
ATAC-seq lbrary

‘x___‘a f,f"

Sites of chromatin accessibility
defined by TnS inserion

m ATAC-saq fragment m TS commeon homaology region
== [7-Unigue TnS overhang
T barcode (Ad2)

= P7 flow call adapter

= S-Unique TnS owerhang
15 barcode (Ad1)
= PS5 flow cell adapter




RNA-SEQ

= CekBeHUupoBaHue PHK
= [llumina ymeeT ceKBeHUPOBATh TOJIbKO JJHK

= YTo flesiaTh?
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doi:10.7287/peerj.preprints.27283

THUIIblI PHK B KJIETKE

= ToTasibHaA
= MOJHA
= be3 ¢ppakuuu pPHK

= [lo pasmepy:
= MaJsibie (snRNA, microRNA, ...)

= [ITo BHYTPUKJIETOYHOM JIOKAJIU3AL WU
= fAnepHsblie
= [luTOIJIa3MaTU4YeCKUe




3AHEM YBbUPATb MPHK?

XIST — HakTUBaL KA X XpOMOCOMBI Y - ’
CaMOK MJIEKOMUTAIOIUX

Xist
Initiation of XClI

Engreitz et al., 2016




[TPOLECC

= [TogroToBka Hy>kHOU ppakuu PHK
= [I[poBepka kadyectBa PHK

= ObpaTtHadg TpaHckpunuus => k/[HK
= @parmenTanusa (~200-300 HyK)

= CeKkBeHUpOBaHue

= PennJiIMKu




ECLIP

= PHK-6eJi0k
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https://www.nature.com/articles/s43586-021-00018-1

MARIO

= PHK-PHK

Desired chimeric orndu
= Barcode
_.F’NAI-P.NA.? F



https://www.nature.com/articles/ncomms12023
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https://academic.oup.com/nar/article/48/12/6699/5849910

RD-SPRITE

" UHTEI'PaKTOMHMKA

Quinodoz et. al. Cell 2018
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doi:10.1093/bfgp/ely009
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ENSEQLOPEDIA

= http://enseqlopedia.com/

Enseqlopedia

Contribute to our growing

glossary of genomics.

NGS methods

s BN A-Protein Interactions

AGO-CLIP

CLASH

CLIP-Seq or HITS-CLIP
DLAF

eCLIP

hiCLIP

iCLIP

miR-CLIP

miTRAP

PAR-CLIP

PIP-Seq

Pol IT CLIP

RBNS

Ribo-Seq or ARTSeq
EIP-5eq

TERAP-Seqg

TRIBE

BrdU-CLIP
HiTS-RAP

irCLIP



http://enseqlopedia.com/

3AHEM

= 3a4yeM OMOMH(OPMATUKY 3HATh, YTO B IPOOUPKe?




OT 3TOI'O BCE 3ABUCHUT

= OT npoTOKOJIa MPOOONOATOTOBKH 3aBUCUT OUOUHPOPMATHUYECKUU
aHaJIu3

= Kakou 6paTh pedpepeHCHbIM FeHOM (MJIM He OpaTh?)
= Kak BbICTpauBaTh NPOTOKOJI 00pabOTKH JaHHBIX?
= Kakyto 3a/1a4y BooOIIe peniaem?

= Kak Jiy4d1iie BU3yaJIM3UPOBATh pe3ybTaThbl?



BCE CAEJIAHO /10 HAC
ENCODE

= https://www.encodeproject.org/

Functional genomics

Rush Alzheimer’s Deeply profiled cedl lnes

Protein knockdown (Degron) Human denars

Single-cell experiments



https://www.encodeproject.org/

ENCODE

Showing 17208 results
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4TO AAJIBIIE?

= Pe3ysibTaThl aHa/M3a:
= IupPpepeHIMaIbHO IKCIPECCUPYIOIHAECS TE€HBI

= TapreTbl TpaHCKPUNLIMOHHBIX PAKTOPOB

Hy»kHa Kakasi-To aHHOTalMsl, aHaJIU3 COMPeICTaBJIEHHOCTHU, IPOCTO
MHPOpMaIUs O TeHe UJIU OEJIKe, ...
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https://rnacentral.org/expert-databases
https://www.sciencedirect.com/science/article/pii/B9780128178195000048

GENECARDS

= https://www.genecards.org/

Jump to
section

Research
Products

Aliases Disorders Domains Drugs Expression Function Genomics Localization Orthologs

Paralogs Pathways Products Proteins Publications Sources Summaries Transcripts Variants
Antibodies Assays Proteins Inhib. RNA CRISPR Exp. Assays miRNA Drugs Animal Models
Clones Primers Genotyping

GeneCards Version 5.15 (Updated: Mar 27, 2023)

Total genes
HGMNC approved

415,866
43617
19,871
Hot genes 500

Category ©
Pratein-coding
Disease genes ncRNA genes

IncRMNAs

piIRNAs

miRMNAs

rRNAs

tRNAs

snoRNAs

SRP_RNAs

circRNAs

Other ncRNAs
Functional elements
Pseudogenes
Genetic loci
Gene clusters

Uncategorized

# of Genes
21,667
292,110
130,578
111,811
6,904
1,272
1,160
1,905
9,022
120
29,338
76,694
22,201
1,387
10
1,797



https://www.genecards.org/

TEHOMHBIU BPAY3EP

= https://genome.ucsc.edu/index.html

POPULAR SPECIES

\
Human Mouse Rat Zebrafish Fruitfiy

Search through thousands of genome browsers

Enter species, common name or assembly ID

Unable to find a genome? Send us a request.

Yeast

UCSC SPECIES TREE AND CONNECTED ASSEMEBLY HUBS

Human —
Chimp 4
Bonoba -
Gorilla ~
Orangutan —
Gibbon
Green monkey |
Crab-eating macaque
Rhesus ~
Baboon (anubis) |
Baboon (hamadryas)
Proboscis monkey — |
Golden snub-nosed maonkey
Marmoset
Squirrel monkey
Tarsier
Mouse lemur
Bushbaby
hMouze 5
Rat ~
Chinese hamster
Kangaroorat
Maked mole-rat
1

Fs

Human Assembly
[ Dec. 2013 (GRCh38/hgas) v |

GO
Position/Search Term ->

|Enter position, gene symbol or search terms |
Current position: chr2:25,160,915-25,168,903 A

Human Genome Browser - hg38 assembly

UCSC Genome Browser assembly 1D: hg38
Sequencing/Assembly provider ID: Genome Reference Consortiul
Assembly date: Dec. 2013 initial release; June 2022 patch release
Assembly accession: GCA_000001405.29

NCBI Genome ID: 51 (Homo sapiens (human))

NCBI Assembly ID: GCF_000001405.40 (GRCh38.p14, GCA_000(
BioProject ID: PRINA31257

Search the assembly:

B By position or search term: Use the "position or search term
marker names; or keywords from the GenBank description a

B By gene name: Type a gene name into the "search term" box,
information.

m By track type: Click the "track search” button to find Genom

Download sequence and annotation data:

B Using rsync (recommended)

m Using HTTP

m Using FTP

B Data use conditions and restrictions
B Acknowledgments

Assembly Details

The GRCh38 assembly is the first major revision of the human gen«
source for human genome assembly data submitted to GenBank. B
wversion confusion. Hence. the GRCh38 assemblvis referred tnas



https://genome.ucsc.edu/index.html

HUMAN PROTEIN ATLAS

= https://www.proteinatlas.org/

= He ToJIbKO protein

TISSUE BRAIN SINGLE CELL TYPE

e W™
I\
AN
-
BLOOD PROTEIN SUBCELLULAR

CELL LINE STRUCTURE


https://www.proteinatlas.org/

HUMAN PROTEIN ATLAS

APOB ‘. A RNA || RNA || RNA | RREAST
v Xf % iy g
ERAIN SINGLE CELL| |TISSUE CELL| | PATHOLOGY DISEASE IMMUNE ELOOD SUBCELL CELL LINE STRUCTURE | METABOLIC

SUMMARY TISSUE

PROTEIN SUMMARY

RNA DATA
ANTIBODY DATA Y

Tissue expression cluster’  Liver - Metabolism (mainly) Human regional specificity’ Not detected
Tissue specificity’ Group enriched (intestine, liver) Pig regional specificity’ Not detected
Protein expression' Distinct positivity in plasma. Mouse regional specificity! Not detected

) N
Adipocytes (Subcutaneous) Adipocytes (Visceral)

i ﬁ Adipocytes (Breast) 0 Hepatocytes

SUBCELLULAR}

Single cell type .
. Hepatocytes - Metabolism (mainl
expression cluster’ P n ( v

Cell type specificity’ Group enriched (Hepatocytes, Proximal enterocytes)

Main location’ Localized to the Vesicles, Cytosol




4TO AEJIATD

Ecau cpazy MHOI'O reHoB?

AHanu3 oboraieHuss HAbopoB

['eHbl aHHOTHPOBAHbBI U CTPYIIIIUPOBAHbBI

Hanpumep: y4acTBYIOT B onipeieJIeHHOM MeTab0JIM4eCKOM Ny THU

CTaTUCTUYECKHUH METO/I, KOTOPbIU ONIpeiesieT, YTO I'eHbl U3
3apaHee 33/laHHOT0 HAb0pa BCTPEYAKTCS B BallleM CITMCKE Yallle,
4yeM Bbl ObI 02KMAAJIU 110 CAyYalhHbIM IPUYHHAMU
(mepenpenacTaBJieHbl)




STRING

= https://string-db.org/

% STRING

Multiple proteins

Proteins by sequences

Proteins with Values/Ranks
Protein families ("COGs")
Pathway / Process / Disease MN&%
Annotate your proteome Ne¥
Organisms

Examples

Random entry

Search Download Help My Data

Single Protein by Name / Identifier

Protein Name:

Organisms:



https://string-db.org/

STRING

Node Color

&

colored nodes:

query proteins and first shell of interactors

white nodes:
second shell of interactors

Known Interactions

At from curated databases

99— experimentally determined

Predicted Interactions

Node Content

empty nodes:
proteins of unknown 3D structure

filled nodes:
some 3D structure is known or predicted

® D

>

¢

Others
gene neighborhood A textmining
gene fusions Ot co-expression
= - =

gene co-occurrence protein homology



STRING

@ Legend » %t Settings »

MNetwork

Summary view: shows current interactions. Nodes can be

moved; popups provide information on nodes & edges.

Experiments

Co-purification, co-crystallization, Yeast2Hybrid, Genetic
Interactions, etc ... as imported from primary sources.

Databases

Known metabolic pathways, protein complexes, signal
transduction pathways, etc ... from curated databases.

Y Analysis )

III-'
| IIU

=

w000t

Textmining

Automated, unsupervised textmining - searching for
proteins that are frequently mentioned together.

currently showing

BB Table > @ More @ Less

Cooccurrence

Gene families whose occurrence patterns across
genomes show similarities.

Coexpression

Proteins whose genes are observed to be correlated
in expression, across a large number of experiments.

Meighborhood

Groups of genes that are frequently observed in each
other's genomic neighborhood.

Fusion

Genes that are sometimes fused into single open
reading frames.



KEGG

= MeTabosInYeCKHe Ny TH

= https://www.genome.jp/kegg/kegg2.html

KEGG - Table of Contents

KEGG2 PATHWAY BRITE MODULE KO GENES COMPOUND NETWORK DISEASE DRUG

PMID, DOI, author, title, journal
Search references cited in KEGG | || Go |

Number of references (2023/4/1)
total 69,123 pathway 6,518 ko 27,728 qglycan 919 network 2,393

brite 444  genome 5,994  reaction 2,020 wvariant 1,366
module 1,089 agenes 3,023 enzyme 15,880 disease 10,211




KEGG

METABOLIC PATHWAYS
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Metabolismn 2
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Biosynthesis of

01100 551404




KEGG

P53 BIGMALING PATHWAY
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REACTOME

= MeTaboJ/In4yeCKHEe Ny TH

= https://reactome.org/

¢ .

Metabolism 4! / &_; 2.
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\ 5

~
| stz
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https://reactome.org/

GENE ONTOLOGY

THE GENE ONJFOlLOGYERESOIUNRCE

The mission of the GO Consortium is to develop a comprehensive, computational model of biological
systems, ranging from the molecular to the organism level, across the multiplicity of species in the tree of life.

The Gene Ontology (GO) knowledgebase is the world’s largest source of information on the functions of genes.
This knowledge is both human-readable and machine-readable, and is a foundation for computational analysis of

large-scale molecular biology and genetics experiments in biomedical research.
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http://geneontology.org/
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https://www.nature.com/articles/nrc2036

PUBMED

MEDLINE PubMed Production Statistics

MEDLINE Citations Indexed (Annual) 1,369,611 1,291,807 952,919 956,390 904,636
MEDLINE Citations Cumulative Total | 29,807,639 | 28,444,654 | 27,149,277 | 26,196,358 | 25,239,968
MEDLINE Journal Titles 5,282 5,282 5274 5,243 5,251
PubMed Citations (Annual) 1,714,780 1,733,089 1,514,199 | 1,366,447 | 1,329,148
PubMed Citations Cumulative Total 34,693,538 | 33,136,289 | 31,563,992 | 30,178,674 | 28,934,389
PubMed Searches 2.58 Billion | 2.57 Billion 3.3 Billion | 3.1 Billion | 3.3 Billion
Web/Interactive 1.283 Billion | 1.186 Billion | 1.076 Billion | 896 Million | 831 Million
Script/E-Utilities 1.303 Billion | 1.391 Billion 2.2 Billion | 2.2 Billion | 2.5 Billion



https://www.nlm.nih.gov/bsd/medline_pubmed_production_stats.html

YEM SAHUMAETCAH
bUOMHPOPMATHUKA CETI'OZIHA?

= AHa/IM3 MeJUIIMHCKUX U OUOJIOTUYECKUX JIaHHbBIX pa3HOOOpa3HOH
CrienipUKHU:

= AMUHOKHCJIOTHbIE U HYKJIEOTH/AHbIE N1OCAe40BAaTEJbHOCTH
= JBOJIIOLIUSA

= CTPYKTYpbl OMOJOTUYECKUX MOJIEKYJI

= PazpaboTka JieKapCTB

= [lonynsMoHHbIE UCC/IeIOBAaHUS

= Q6paboTka curHasoB (MPT, 337 ...)

= O6paboTKa N300paKEHUM (MUKPOCKOIIHS )




A EIIIE

= [I[poekTHpOBaHUe 6a3 JAHHBIX AJI XpaHEHUS HHPOpPMALIUU

= CHcTeMaTH3alMs JaHHbIX

= Pa3zpaboTKa ¥ CoOBepIllIeHCTBOBAHKE aJITOPUTMOB U IIPOrpaMM 11
aHaJiM3a OMOJIOTUYECKUX JAHHBIX

(v o
= HamucaHue cTaTeil, rpaHTOB, IATEHTOB PR BCOTEBE S o oMy
= PenieHsnpoBaHue NyOJUKaLUM

= Y4yacTue B KOHPEpPEHIIUAX U HAyYHAs1 KOMMYHHUKaIUsI
= [IpenogaBaHue

* BeaeHue JUIIJIOMHBIX U KYPCOBBIX IPOEKTOB
=  YTeHue 4yKUX CTaTeH
Camoo6pa3oBaHUe

[Touck ce64...

JlaBaiiTe 1o NOpPAAKY
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OTKyza 6epyTcs JaHHbIe?

Kakue oHU ObIBAIOT?

CKOJIbKO UX BOOOI1IE?

['ne oHu xpaHATCA?

Kak nx A0CTaBaATb, dHAJIU3UPOBATDb K YTO AJIA 3TOI'O HY?KHO 3HATb U YMeTb?

Kakol B 3TOM OMOJIOTUYECKHUH CMBbICJI?




bYAHU BUONHD®OPMATHUKA
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https://yulijia.net/slides/bioinfomatcis_for_medical_students/2019-08-16-A_beginners_guide_to_Call_SNPs_and_indels_Part_III.html#1

BU3YAJIM3ALIUSA

= Ba)xHbIM 3Tan aHa/M3a — Mpe/ICTaBJIeHUEe CBOUX Pe3y/JbTaTOB

= TabsinuKa -> KapTHHKA
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https://towardsdatascience.com/visualizations-with-matplotlib-part-1-c9651008b6b8
https://sites.duke.edu/rachelmeade/2022/01/20/useful-packages-for-data-visualization-in-r/

BCE TEYET, BCE MEHAETCA

= Bepcuu pedepeHcoB

= ba3bl JaHHBIX

= [IpoTOKOJIBI 06PAOOTKHU AAHHBIX
= AKTyaJIbHbIE IPOrPaMMbI

= UHTepdericbl cepBUCOB

= [lakeThl U mpoOrpamMmMmbl

= BCE MEHAETCA U ObHOBJIAETCA!

= Hy’»kHO UKCHUPOBATh BEPCUU U He MyTaTh UX B paMKax OJHOTO
IpoeKTa

= [ToMHHUTE O BOCIIPON3BOAMMOCTH




JTOMAILHEE 3A/IAHUE

= Bapuant 1

= B34Th JIDOOU MPOTOKOJI CEKBEHUPOBAHUS (CMOTPHUTE
, CTaThH, ...), HO He U3 JIEKLIUU

= Onucarep:

= O6uryto 3a7ja4y (M3y4eHUe CAauTOB CBSI3bIBAHUS TPAHCKPUMIMOHHbBIX
baKTOPOB, IPOCTPAHCTBEHHOW CTPYKTYPbl XPOMATHHa, ...)

= B o6buux yepTax (6e3 noapoobHocTen!!!) npobonoaroToBka u 06paboTka

= Kak ucnosib30Basii MeTO/, YTO MOKa3aJIu B paMKax 1-2 ctaTel (MILIUTE B
PubMed)


http://enseqlopedia.com/

JTOMAILHEE 3A/IAHUE

= BapuaHT 2

= BosbMmurte a060u reH (uckatb: HPA, GeneCards, Bukuneaus, ...)
= KpaTko onumuTe pyHKIHIO reHa

= Hanvre reH B reHOMHOM , IPUBEINTE KAPTUHKY

= [lomanTe Ha BXOJ, CEPBUCY

= [I[puBeUTE NOJYYEHHBIN I'pad (MOKHO YBEJIUYUTH)

= OnumuTe ero (Jito60u M3 8 BapHaHTOB BKJIAJ KU Viewers)

= Haraute nuH@OpMaI Mo o aHa/iM3e Balero cnucka ¢ nomouibio KEGG
(Bks1agka Analysis)

= [lonpobOyrTEe HHTEPNPETUPOBATD

= ECTb /1M BbIOPAHHBIN I'eH UJIM TeHHbIW IPOAYKT B ? Kakad y Hero
KJIeTOYHad JIoOKaJIu3alus?


https://genome.ucsc.edu/
https://string-db.org/
https://www.proteinatlas.org/

JOMAIIHEE 3AZIAHHUE

= [Ipu BbINIOJIHEHWH JOMAIIIHET 0 3a/laHUsI HEe CTECHSNTECh 100aBJISATh
WJLJIIOCTPALIUU U PaCCYyKIeHUs

= Bcsa uHngopMmarius, KoTopyto Bbl B351J1M U3 BHELIHUX UCTOYHHUKOB,
JI0JI>KHA CoJlep>KaTh COOTBETCTBYIOLIME CChIJIKU

= OdopmuTe fOMallHEE 3ajaHKe B BU/Je JoKyMeHTa (.pdf)

" AOMaH_IHee 3d/ldHHE GYAGT IIpOoBEPEHO, €CJIK IOHATHO, 9TO CAEJ/IAHO
= OnucaHa 3a/d4d: B 4Y€M 3aKJIIO4YaJIOCb 3aJJldHHUE

= [IoHATEH X0, pacCy>K/IeHUsI: YTO BbI CAeJ1a/H JIJisl BbITIOJIHEHHUSA 3aJaHHU

[IprcyTCcTByeT JiOTHKa U3JIOKEHUS: KaXK/l0€e Nocaeaylollee AeicTBUe
BbITE€KaeT U3 Mpe/blyILero

YkaszaHbl BCe CChIJIKW Ha BHEIIHUE UCTOYHUKHU
EcTh MUHMMaJIbHBIW aHaJIM3 (Balll COOCTBEHHbIM!) pe3y/ibTaTOB

HO! 3To He KypcoBas! be3 panaTtusma! PaccunThiBanTe Ha 2-4 CTpaHUILbI O



JTOMAILHEE 3A/IAHUE

= HazoBuTe nokyment FBB_MFK 2024 ZharikovaA(3ameHuUTh).pdf

= Ha mepBOM CTpaHUIlEe JOKYMEHTA YKAXKUTeE MOJIHOCThI CBOU
dbaMuIInI0, UM, KypC U PaKyJabTET

= OTnpaBbTe HA MOYTY:

= EcJIM eCcTh BOITPOCHI — HAITMIIHUTE MHe!


mailto:azharikova89@gmail.com
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