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CEKBEHHUPOBAHUE

= YTO Takoe CeKBeHUpOBaHUe?



CEKBEHUPOBAHME

= YcTaHOBJIEHHME MOCJIE0BATENBHOCTHA HYKJIEMHOBBIX KU CJIOT (C

O6eJIKaMU TOKe MOXXHO, HO MHayve)
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https://www.thoughtco.com/dna-versus-rna-608191

OCHOBHBIE JTAIIbI
UCCJIEIOBAHUS

= [[po6onoAroToBKa
= CeKkBeHUpOBaHue

= buonHpOpMaTHUIECKUH aHAIU3

O 4yeM OyZ1IeEM TOBOPUTH?



OCHOBHBIE JTAIIbI
UCCJIEIOBAHUS

=-[Ipo6onoaroroBkKa

= CeKkBeHUpOBaHue

= buonHpOpMaTHUIECKUH aHAIU3



JIJI HAYAJIA 4y

= [lepes cekBeHHpPOBAHHWEM JIFOOBIM CIOCOOOM HEOOXOJUMO
Bb11eJIUTh U 0UUCTUTh JIHK vy PHK - oTKyza ux B3ATh?




OTKYIA /Q

= JIto6ag TKaHb XXHBOT'0 UJIU MEPTBOT0 OpraHu3Ma (KpoBb, MOYa,
MbIllIeYHbIe BOJIOKHA, GparMeHThbl UJIH LieJible OpTaHbl, ...)

buorncus - IIPpUXKHU3HEHHOE B3ATHE KJIETOK HNJIN TKaHeu

ByKKaJIbHbIM Ma30K — COCKOO 3MHUTEJINS C BHYTPEHHEN CTOPOHBI
EeKH




RNA-SEQ - BULK
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doi:10.7287/peerj.preprints.27283

RNA-SEQ - SINGLE CELL
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https://www.nature.com/articles/s12276-018-0071-8

THUIIbI PHK

= MaTpuuHble/nHPopManuoHHble PHK - MPHK - mRNA
= TpaHcnopTHble PHK - TPHK - tRNA

= pubocomanbHble PHK - pPHK - TRNA

= MUKpPOPHK - microRNA

= MaJsble uHTepdepupywiue PHK - MuPHK - siRNA
= MmaJible ggepHble PHK - MaPHK - snRNA

= MaJible gpbiliKoBble PHK - MaAKPHK - snoRNA

= PIWI-cBa3biBawiue PHK - nuPHK - piRNA

» puvHHble HeKoaupyuue PHK - njHkPHK - IncRNA
= 3HxaHcepHble PHK - 3PHK - eRNA

= KoJiblleBble PHK - circRNA

= npoMmoTtopHble PHK - PROMPTSs



OPAKIINHA PHK B KJIETKE

= ToTasibHad

= [TIOJIMA

= be3 ¢ppakuuu pPHK

= HoOBOCMHTE3HMpOBaHHbIE

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

= [ITo BHYTPUKJIETOYHOM JIOKAJIU3ALUH:
= fAnepHrblie
= [luTOIJIa3MaTU4YeCKUe
= AccolMupoBaHHbIE C XxPOMAaTHUHOM




3AHEM YBbUPATb PPHK?

XIST — HakTUBaL KA X XpOMOCOMBI Y - '
CaMOK MJIEKOMUTAIOIUX

Xist
Initiation of XClI

Engreitz et al., 2016




3AHEM

= BOT 3T0O BOT BCe 3HaTh OMOMHPOPMATUKY ?



3AHEM

= BOT 3TO BOT BCe 3HaTb OMOMHPOPMATUKY ?

= OT o pOoOHOT0 MTOHMMAHUS TOTO, YTO HAM JJaHO Ha BXOJ, ¥ KaKYI0
3a/jlayy MBI pellaeM, MOJIHOCTbIO 3aBUCAT BCe JaJIbHEULLIUE
ororHpopMaTHiecKue maru!!!



TKAHECITEHUDOHUYHOCTD
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https://link.springer.com/article/10.1186/s12859-020-3407-z

APOB100 C - )
A P O B APOB48 C )
Translation
{ hY
 APOB87 mRNA E A |
K J
Translation
RROESS ¢ [— )
APOBS87 ( - .

*ApoB100 (AnonaunonporteunH B-100): CuHTesnpyetca
WUCKNOYMTENIbHO B nevyeHU. OH ABNAETCA OCHOBHbIM
CTPYKTYPHbIM HENKOM NMNONPOTEMHOB O4EHb HU3KOM
nnotHoctu (JIMOHM) n HM3KoM nnoTHOCTM (JIMHM).

ref

ApoB48 (AnonunonpotenH B-48): CuHTe3supyeTca
TO/IbKO B KULLEYHUKE (B MPOKCMMA/IbHOM OTAeNe

TOHKOW KULWKK). BXOoAUT B COCTaB XMIOMUKPOHOB,
TPaHCMOPTUPYIOLWMX NMULLEBbLIE XKUPbI.

©


DO  - 10.1038/mt.2012.264

BEPHEMCH

« K JIHK

= 3ayeM cekBeHUpoBaTh JHK?




[IPOEKT «'"EHOM HEJIOBEKA»

= Havasiu B 1990 roay
= [TpuHsaao ydyactue 18 cTpan
= 2001 - «<4yepHOBOE OKOHYAHME ITPOEKTA»

= ~10 et u 3 mupa $
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™ Closing in on a complete
n - human genome p.a2

/

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



3AHEM...

= ... /10 CHX [IOp CEKBEHUPYIOT '€ HOMbI?



A ECJIMW HE BECb 'EHOM?

= Kakue ¢pparmenTsl JJHK ecTb cMbIC/I CEKBEHUPOBATb?




JIK30M

= JK30HbI OEJIOK-KOJUPYIOIIHUX I'€HOB
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https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-020-00640-3

MAKPOMOJIERYJ/IAPHDBIE
B3SAUMOJAENCTBHA




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
- IHK-JTHK

Crosslink DNA Cut with
restriction
enzyme

AAGCTT
TTCGAA

Lieberman-aiden et al., 2009

Purify and shear DNA;  Sequence using
pull down biotin paired-ends

Fill ends Ligate
and mark
with biotin Nhel

AAGCTIAGCTT




ATAC-SEQ

= JlIOCTYIIHOCTb XpOMaTHHA

a |solate nuchsi Expose to Tns

{chromatin intact) franaposase Tranaposition into native chromatin
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ECLIP

= PHK-6eJi0k

| Preparation of cross-linked cell lysate | — | Purification of specific cross-linked RNA fragments —— cDNA library sequencing and analysis ‘

| Caovalent protein—RMNA cross-linking
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https://www.nature.com/articles/s43586-021-00018-1

MARIO

= PHK-PHK



https://www.nature.com/articles/ncomms12023
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= PHK-ZIHK
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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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ENSEQLOPEDIA

= http://enseqlopedia.com/

Enseqlopedia

Contribute to our growing

glossary of genomics.

NGS methods

s BEINA-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
RIP-Seq

TRAP-5eq

TRIBE

BrdU-CLIP
HiTS-RAP

irCLIP



http://enseqlopedia.com/
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 donars

Single-cell experiments



https://www.encodeproject.org/
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, ...




PASHOObLPASHUE BA3 JAHHbIX

~sENA  €lensembi
GENCODE X

O, § oS
@GeneCa
HG

£PDBe

“Rfam General Genomic
|L resources
sﬂ,o.qpy é "0'“& _ Internet databases,
_wl al or Integrated view WermBase
‘é&'&e\ RNcl)\ﬂtIypes @ﬁon-coding m Organisms & FlyBase KE genome browsers\
 TarBase e SRy Genes
[ Momics ' @ MEY G, "ames/symbols | «= Karyotyps bande
=) B codes, IDs E.Ensembl 7 |I.)
(T Genome Browser | <— Chromosomal
o thcieedia - DNA, RNA, —, coordinates
y proteins Bl cenome Data viewer :
GENES B LncBase IDs & ) <«— Sequences, motifs
silval¥  NONCODE T T
€lensembl BioMart Custom scripts - access via APIs
UCSC-GB Table Browser | mm e Vo
JTO ellle JaJIeKO He Bce = Galaxy ,

OTaTvcrna ::,i’ MySé} @ ,

Multiple or complex queries

ref ref



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 Category 2]
HGMNC approved

Disease genes

415,866
43617
19,871
Hot genes 500

Praotein-coding
ncRNA genes
IncRMAs
pPiIRNAs
miRMAs
rRMNAs
tRMAs
snoRMAs
SRP_RNAs
circRNAs
COther ncRNAs
Functional elements
Pseudogenes
Genetic loci
Gene clusters

Uncategorized

# of Genes
21,667
292,110
130,578
111,81
6,904
1,272
1,160
1,905
9,022
120
29,338
76,604
22,201
1,387
10
1,797



https://www.genecards.org/
https://www.genecards.org/

TEHOMHBIU BPAY3EP

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

POPULAR SPECIES

Human Mouse Rat Zebrafish Fruitfly

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 ASSEMELY HUBS

Human
Chimp 5

Banaba ||

Gorilla

Orangutan

Gibbon

Green monksy

Crab-eating macaque -

Rhesus |

Baboon (anubis) =

Baboon (hamadryas) S

Proboscis monkey
Galden snub-nosed mankey

Marmoset
Squirrel monkey

Tarsier

Mouse lemur
Bushbaby

Mouse -
Rat ~

Chinese hamster
Kangaroorat

Maked mole-rat

F

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

GO
Position/Search Term ->

|Enter position, gene symbol or search terms |
Current position: chr2:25,160,915-25.168,203 R

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 1D: 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 o

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

m Data use conditions and restrictions
B Acknowledgments

Assembly Details

The GRCh38 assembly is the first major revision of the human gent
source for human genome assembly data submitted to GenBank. B
version confusion. Hence. the GR(Th38 aszemblv iz referred toas "



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

HUMAN PROTEIN ATLAS

= https://www.proteinatlas.org/

= He ToJIbKO protein

TISSUE ' BRAIN  SINGLE CELL TYPE

. ‘
A&
h Y
-
BLOOD PROTEIN SUBCELLULAR

CELL LINE STRUCTURE


https://www.proteinatlas.org/
https://www.proteinatlas.org/

HUMAN PROTEIN ATLAS

e At d) 3y
A PO B ‘. i 4 RNA || RNA || RNA |EEFEST
N o g B '
TISSUE BRAIN SINGLE CELL| |TISSUE CELL] | PATHOLOGY DISEASE IMMUNE BLOOD SUBCELL CELL LINE STRUCTURE METABOLIC

SUMMARY

PROTEIN SUMMARY

RNA DATA
ANTIBODY DATA b 'd

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

1
Adipocytes (Subcutaneous) @ Adipocytes (Visceral)

‘
- ﬁ Adipocytes (Breast) 0 Hepatocytes
4
| |

SRRl Hepatocytes - Metabolism (mainly) SUBCELLULAR'
expression cluster'
Cell type specificity’ Group enriched (Hepatocytes, Proximal enterocytes) )

Main location’ Localized to the Vesicles, Cytosol




STRING

= https://string-db.org/

%7 STRING

Multiple proteins

Proteins by sequences

Proteins with Values/Ranks
Protein families ("COGs")
Pathway / Process / Disease e
Annotate your proteome Ne
Organisms

Examples

Random entry

Search Download Help My Data

Single Protein by Name / Identifier

Protein Name:

Organisms:
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STRING

Node Color
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colored nodes:

query proteins and first shell of interactors

white nodes:
second shell of interactors

Known Interactions

At from curated databases

At experimentally determined

Predicted Interactions

Node Content

empty nodes:
proteins of unknown 3D structure

filled nodes:
some 3D structure is known or predicted
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® Legend >  &* Settings > X Analysis > BB Table > @ More @ Less

e—=o Network === Cooccurrence
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.:.'T f:____. Summary view: shows current interactions. Nodes can be 'é : ® ® Gene families whose occurrence patterns across
= i H H " ] mgw
moved; popups provide information on nodes & edges. ® = m genomes show similarities.

- E : Experiments E Coexpression

Co-purification, co-crystallization, Yeast2Hybrid, Genetic ﬁ Proteins whose genes are observed to be correlated

Interactions, etc ... as imported from primary sources. in expression, across a large number of experiments.

Databases = mo>— Neighborhood
a % Known metabolic pathways, protein complexes, signal e ascoas Oroups of genes that are frequently observed in each
transduction pathways, etc ... from curated databases. Lo — other's genomic neighborhood.
Pu ed Textmining currently showing —— Fusion
Automated, unsupervised textmining - searching for -_— Genes that are sometimes fused into single open
m proteins that are frequently mentioned together. - 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 glycan 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
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GENE ONTOLOGY

THE GENE ONJFOleOGYERESGRNRC E

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.

G -

O Any @ Ontology ® Gene Product
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GENE ONTOLOGY

Gene
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Hu P et al, Nature Reviews Cancer 2007
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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
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JOMAIIHEE 3AZIAHHUE

= Bapuant 1

= B34aTb jit060u nnpoTokos NGS skcrieprMeHTa (CMOTPUTE
, CTAThH, ...) HE U3 JIEKI|UU

= Onucarep:

= 061yt0 3a7a4y (M3y4YeHHE CAMTOB CBSI3bIBAHUS TPAHCKPUIIIIMOHHBIX
baKTOpOB, IPOCTPAHCTBEHHOW CTPYKTYPbl XPOMATHHa, ...)

= B o6uux yepTax (6e3 noapoobHocTen!!!) npobonoaroToBka 1 06paboTka

= Kak ucnosib30Basin MeTO/, YTO MOKa3aJiu B paMKax 1-2 ctaTel (MILIUTE B
PubMed)


http://enseqlopedia.com/

£

TE

JTOMAILHEE 3A/IAHUE

= BapuaHT 2

= Bo3pMuTe s1106y10 Hekoavpywinyo PHK 13 Tex, 4To He paccMaTpuBasiy Ha
3aHATUHA

= MoHO B35Tb (4151 1II060r0 OpraHyM3Ma)

= KOHKpEeTHYI0 AJMHHYI0 Hekoaupywoiyo PHK (kpome XIST v npo4yux u3
JIEKIIVH )

= KOHKpeTHY10, HanpuMep, MUKpoPHK (MukpoPHK kak kJsiacc Mbl 06CyKaa/11)
= JII00OYI0 IPYTYI0 KOHKpPETHYI0 Hekoaupytoiyto PHK sro60ro kiaacca

= KpaTtko onumute pyHkuuw PHK, opuenTupysce Ha ctaTbu (1-2
NyOJIMKALMX JOCTATOYHO)

= Tak>xe KpaTKO MOSICHUTE, YTO UMEHHO aBTOPHI JieJIaJld B CTaThe, YTOOBI
vccaenoBathb 3Ty PHK

©



JOMAIIHEE 3AZIAHHUE

HpI/I BBIIIOJIHEHHUH JOMAIUIHEI'o 3a4dHHUA HeE CTECHAUTECH ,Z[O63BJIHTb
HJIJIIOCTPpAlMH U PACCYyKAEHHUA

Bcsa PIHCl)OpMaL[I/IH, KOTOPVIO BbI B351J1M 13 BHEILLIHUX NCTOYHHUKOB,
AOJI2KHA COoAEP»KATb COOTBETCTBYOLIHUE CCBIJIKH

OdopmMuTe JoMalllHEEe 3a/laHKe B BU/Je oKyMeHTa (.pdf)

JloMalliHee 3a/laHue OyAeT IPOBEPEHO, €CAU MOHSATHO, YTO C/IeJIaHO

OnucaHa 3aiadad: B 4€M 3adKJIIO4YaJIOCh 3aildHHUE
IlonareH X004 pacCyKAEeHUA: 4HTO BbI CAeJ1aJIN AJIAd BbIIIOJIHEHHUA 3dJldaHUA

[IpucyTCTBYeT JIOTUKA U3JIOXKEHUS: KaXK/A0€ TTOC/eIyIolee 1eUCTBUE
BbITE€KAeT U3 NpeAbIAYIIEro

YKa3aHbI BCe CChLJIKW Ha BHEIITHUE UCTOYHUKH
EcTh MMHMMaJIbHBIW aHa/IN3 (Ball COOCTBEHHbIN!) pe3y/ibTaTOB

Ecau y Bac He MOJIy4UJIOCh BBINIOJIHUTh KAKOM-TO MMYHKT, TO HE CTECHAUTECH
ClpaliuBaTh!

HO! 3To He kypcoBasi! be3 panaTtusma! PaccuutbhiBanTe Ha 2-4 CTpaHULLbI

©



JTOMAILHEE 3A/IAHUE

= HazoBute nokymenT FBB_MFK 2026_ZharikovaA(3ameHuThb).pdf

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

= OTnpaBbTe HA MOYTY: 4

= EcJIM eCcTh BOITPOCHI — HAITMIIHUTE HaM!
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