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Yro Takoe cekBeHupoBaHHue?
Yro Takoe NGS?

Y1o MOXHO ceKkBeHMpoBaTb?




[ing yero HYXHO CeKBeHUpoBaHH1e?

- JBoaoumd

- ®dunoreHus

- KnnHurka

- MeTareHomMuKa

- AHanM3 TPaHCKPUNTOMOB

- Single cell (paznnyuHble NpUNOXeEHUS)




JBONIOLMUA

HOMCCTI/IKaI_II/UI pHuCa

1 MSGSSADPSP SASTAGAAVS PLALLRAH TATPP SGATGPAPPP

51 PSPASGSAPR DYRKGNWTLH ETLILITANRE LDDDRRAGVG GAAAGGGGAG

101 SPPTPRSAEQ RWKWVENYCW KNGCLRSQNQ CNDKWDNLLR DYKKVRDYES

151 RVAAAAATGG AAAANSAPLP SYWTMERHER KDCNLPTNLA PEVYDALSEV Sh4
201 LSRRAARRGG ATIAPTPPPP PLALPLPPPP PPSPPKPLVA QQQHHHHGHH

251 HHPPPPQPPP SSLQLPPAVV APPPASVSAE EEMSGSSESG EEEEGSGGEP

301 EAKRRRLSRL GSSVVRSATV VARTLVACEE KRERRHRELL QLEERRLRL:

351 EERTEVRRQG FAGLIAAVNS LSSAIHALVS DHRSGDSSGR

Li et al., Science, 2006
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Mdunoreuus

CrielicepHble Noc/ieg0BaTeNbHOCTU Hanbosiee BapmabenbHbl C TOUKY 3peHUS
3BO/IFOLIMIOHHOM KOHCEPBATNBHOCTMW.

CekBeHMpOBaHMe N aHaN3 TPaHCKPUBKUpYyeMbIX CnericepoB 1CNOJb3YyeTcs
ONS N3YYeHUst BUAOBOTO pa3Hoobpasmna 1 knaccndrkaumm
61M3KOPOACTBEHHbIX OPraH3MOB.

Mpe-pPHK CneiicepHbie y4acTku
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"0I1y1'IiII.IMOHHbIE U KTIMHU4YECKue ucciegosaHus

- 1000 genomes, gnomAD: 4aCcTOTbl BapMaHTOB B NOMyNALUNAX

- GWAS: nonck noanmMoporamMoB, aCCOLUUNPOBAHHBIX C 60NE3HAMMN:

- MOHOreHHble (MykoBucumaos, red CFTR)
- MNOJINTeHHble (nwemmyeckasa 60s1e3Hb cepAlua, LWWn3odppeHns, ...)

- CDapMaKOI'EHeTI/IKa N NMHANBWAYAJIbHbIE 0CObEeHHOCTU

- BapdapuH
- UCCnefoBaHVe TeHOB U3 CUCTEMbI CBEPTbIBAHWA KPOBU




Yro ObiBaeT

enseglopedia

- DNA-seq

- RNA-seq

- HiC

- Chip-seq

- ATAC-seq

- DNase-seq
- GRO-seq

- Ribo-seq



http://enseqlopedia.com/enseqlopedia/

Yro ObiBaeT

enseglopedia

- DNA-seq

- RNA-seq

- HiC

- Chip-seq

- ATAC-seq

- DNase-seq
- GRO-seq

- Ribo-seq



http://enseqlopedia.com/enseqlopedia/

Y yenoseka 23 napbl xpomocom. MHoro unu mano?
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https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BE%D0%BC_%D1%87%D0%B5%D0%BB%D0%BE%D0%B2%D0%B5%D0%BA%D0%B0

Yucno xpomMocom y pasHbIX BUAOB

Maxkaka - 42

Key:
Telomere O
Centromere W

—

| W Hamynus - 54 H

Mocne cnuaxus AByX XPOMOCOM OCTalOTCS
XapaKTepHble Creabl: OCTaTKv Tenomep u
pyAMMEHTapHas LueHTpomepa
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https://ru.wikipedia.org/wiki/2-%D1%8F_%D1%85%D1%80%D0%BE%D0%BC%D0%BE%D1%81%D0%BE%D0%BC%D0%B0_%D1%87%D0%B5%D0%BB%D0%BE%D0%B2%D0%B5%D0%BA%D0%B0

Yucno XxpoMOCOM y pasHbIX BUAOB  ,x

148

169
Mypageit (Myrmecia pilosula) — 2 ;_g:r 4
[1nogoBas myLika - 8 & ¢
Apabugoncuc — 10 gg:;{ggk‘@ A
[ony6b — 16 A
Kowuka — 38 BEGEWR
JNlnca - 34 40%W &
Mbiwwb - 40 42 % i &
Cobaka — 78 jg o822y
YT1ka — 80 =
CasaH - 104 18@®
Koposa — 120 gg:'
Pak (Cambarus clarkii) — 200 60h
XBou, — 216 748
Kpab - 254 78 +

Babouka — 380 80'® 2~



https://pikabu.ru/story/chislo_khromosom_u_raznyikh_vidov_5141209

Pa3mep reHoma y pa3HbIX BUA,0B



https://ria.ru/20170704/1497743424.html

Konuyectso 6enok-koaupylowWwmx reHoB y pasHbiX BUO0B

Kaptodens — 39 000
Yenosek ~ 20 000

Yepsu — 14 000

Myxn — 12 000

[pndbl — 6 000

baktepun — 2 000 — 4 000
Mwukonnasmel - 500

Bupyc rpunna — 12

Kakue eule reHbl 6biBaoT?
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KHuxKa

http://book.bionumbers.org/
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CekBenupoBaHue [HK bbiBaeTt




Bo3MoXXHOCTH peceKBeHUPOBAHMUS

MOXHO pecekBeHVpOBaTh:

- MOJIHbI TeHOM
- 3K30M (KOAMPYHIOLLYO YacTb reHoMa)
- OTAe/IbHble TapreTHble reHbl Nan obnacTu

Il Bei60Op 3aBUCUT OT BrogKeTa U uenein nccnegosaHusa!!!
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JK30MHOe peceKBeHMpoBaHue

“Tnrocek!”

- Heb6onbLuol 06beM KOANPYHOLLMX AaHHbIX - HUXE LieHa

- Koavpytowme nocnegoBaTenbHOCTM JyYlle N3YYeHbl

- Bbonbloe yncno 601e3HEeTBOPHbLIX MyTaLMM HAXOANTCS B KOAVPYHOLLIE
nocneAoBaTeNbHOCTU

“MuHycbl”

- HeT nHpopmaumm o HeEKOAVPYHLLMX yYacTKax
- HepaBHOMEpPHOCTb NOKPbLITUS 3K30HOB

17




Kakue 6biBatoT MyTaLmm

- SNV: ogHOHYyKNeoTAHble BapraHThbl, T.e. USMeHeHne OZHOro HykeoTnaa
- KopoTtkure BctaBku v geneuuu (~ 50 n.H.)

- CTpyKTypHble BapuaHTbl: UHBepCUK 1 TpaHcnokaunm; CNV

- AHeynnonann: HyIbCOMMKY, MOHOCOMUUN, TPUCOMUN, MOINCOMUM

- [Monnnnonamnsauus
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CexsenupoBanue [HK - meTop “TepMuHaTOpOB”
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19







CexsenupoBanue [HK - meTop “TepMuHaTOpOB”

~ 1000 r.H.

“3onoton ctaHgapT”

PHPPIPIPIPIOAOPOIIPOCOOAAOOAD
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Next-generation sequencing (NGS)

“+" - O;HOBPEMEHHO MJeT CUKBEHC 60/1bLLOro KoM4ecTBa pasHbix
PparmMeHTOB

“ - npoyuTteHus ANMHOW 75 - 150 HyKJ
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Next-generation sequencing (NGS) - Illumina

EcTb n gpyrvie npmnoéopsbl!

First chemistry cycle:

- W=

T
® 0

82 == er
] 1 DNA polymerase enzyme
o = . | f L " tothe flowcel
Adapters I (RSN R AN LYAL |¥l
AHIAT I VORI Before initiating the
Prepare genomic DNA sample '| L ,I'h { Il || " Attach DNA to surface “'l | : ‘1” Image of first chemistry cycle next chemistry cycle
Randomly frag 9 ic DNA ! l‘l Vg Bind single-stranded fragmen I“"l!li lyll 1 After laser excitation, capture the image  The blocked 3' terminus
and ligate adapters to both ends of R randomly to the inside surface |.1'| | ‘A“ P of emitted fluorescence from each and the fluorophore
the fragments. | of the flow cell channels. L B cluster on the flow cell. Record the from each incorporated
1! identity of the fist base for each cluster,  base are removed.
Laser
% Nudleotides
| iy g I L A A g N
/ G’ -b. *. »G. o. — G
s - 00 %0 ¢ %0000/ %: ¢
i | 1 Sequence read over multiple chemistry cycles
ooy e it Cotiil Repeat cycles of sequencing to determine the sequence
; lI“]ll.:" | ,'s { ,I'”' of bases in a given fragment a single base at 3 time.
].I','u_,:.n Bridge amplification ""“I'l”!u o«.".;ugmm:.
‘ n RUNT R stranded molecul z
DN o i e e Mardis ER. 2008.
1! phase bridge amplification, ' .
i_l Annu. Rev. Genomics Hum. Genet. 9:387-402
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https://www.youtube.com/watch?v=fCd6B5HRaZ8&t=2s

"apHO'KOHI.I,EBbIE U 04HO-KOHLIeBblé UTeHUA

— S E ] E— e e -
- B B§Bjf| | 2 == - @ @ | || o= ——  SE——
T— S— E— Dm— f— 4
L——] = e Amm— S -— 4
ATGCAGA??222222222222CACTTTA

Ans lllumina xapakTepHas A41nHa uTeHus 75-150 HykneoTna0B
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Yto MoXKeT NnouTH He TaK?

AviMepbl afanTepoB: ajanTepbl COeANHAOTCA APYr C 4pyrom 6e3 ¢pparmeHTa
AHK mexay HUMIK

[ I
ey I

Hopma

®parmeHT JHK cnvwKOM KOPOTKUW, YTEHKE 3aXBaTbIBaeT
nocnefoBaTeIbHOCTb aZanTepa

25




OpHomoneKkyngapHoe ceKBeHMPOBaHHE
Pacific Biosciences

Pacific Biosciences — Real-time sequencing

Phospholinked hexaphosphate nucleotides

Limit of detection zone

Fluorescence pulse

INtensity g

Epifluorescence detection

Pacific Biosciences
26



https://ru.wikipedia.org/wiki/%D0%9E%D0%B4%D0%BD%D0%BE%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D0%B5_%D1%81%D0%B5%D0%BA%D0%B2%D0%B5%D0%BD%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%B2_%D1%80%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%BC_%D0%B2%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%B8

Pacific Biosciences

“mnrocel”

- ANnvHa npoyTteHuin 20000-60000
- 6e3 amnavpukaumm
- BbICTPO

“MUHYCbI"

- 60NbLUON MPOLEHT OLINOOK
- LeHa
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Oxford Nanopore

MYJBTNK
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https://www.youtube.com/watch?v=RcP85JHLmnI

Oxford Nanopore

“mnrocel”

ANMHaA npoyTteHnin 20000-60000
6e3 amnindukaymy

ObICTPO

KOMMAKTHOCTb 1 MOBUNBHOCTb

“MUHYCbI"

- 60OV NPOLEHT OLLMBOK
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Yro e BblOpaTh?

Bce 3aBUCUT OT 3a/1a4l
KoMbUHMpoBaTh NNatGpopmMbl

YBenmnumnBaTb MNOKPbITNE

30




UTo nouutatb

skygen

HaHonopoBoe cekBeHMPOBaHME

O630p TEXHONOININ CEKBEHNPOBAHUA
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https://www.skygen.com/katalog/oborudovanie/oxford_nanopore_technologies/nanoporovyy_sekvenator_mini
https://biomolecula.ru/articles/nanoporovoe-sekvenirovanie-na-poroge-tretei-genomnoi-revoliutsii
https://biomolecula.ru/articles/metody-v-kartinkakh-sekvenirovanie-nukleinovykh-kislot

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

NCTOYHUK



https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D1%81%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%B3%D0%B5%D0%BD%D0%BE%D0%BC%D0%B8%D0%BA%D0%B0

OTKypa B3ATb UTEHUA?

https://www.ncbi.nlm.nih.gov/sra

SRX8794662: Whole exome seq of primary culture established from PDX tumor: Sample E9
1 ILLUMINA (lllumina HiSeq 4000) run: 31.4M spots, 6.3G bases, 2.3Gb downloads

Design: "Exom enrichment with Agilent SureSelect Human All Exon V8, based on UCSC hg19, GRCh37, February 2009"
Submitted by: NIH-phs002051
Study: DNA methylation in rhabdomyosarcoma PDX and PDX-derived primary cells

show Abstract

Sample: Tumor DNA sample from N/A of a human participant in the dbGaP study "DNA Methylation in Rhabdomyosarcoma PDX and PDX-Derived Primary
Cells"
SAMN15468651 - SRS7062698 « All experiments « All runs
Organism: Homo sapiens
Library:
Name: ON-2018/8626: E9
Instrument: lllumina HiSeq 4000
Strategy: WXS
Source: GENOMIC
Selection: PCR
Layout: PAIRED
The SRA run(s) below contain human sequence (more...)

Runs: 1 run, 31.4M spots, 6.3G bases, 2.3Gb

Run # of Spots # of Bases Size Published
SRR12291396 31,383,123 6.3G 2.3Gb 2020-08-27
ID: 11430914

33



Kak poctatb uteHusa us SRA?

Sra toolkit - https://www.ncbi.nlm.nih.gov/sra/docs/sradownload/

Ob6paTtnTe BHMMaHKe, 4To npu 3anycke sra toolkit BaxxHO cpa3y ykasbiBaTb
OAHOKOHLIeBble UTeHUA Uiy napHokoHueBblel!!

34



https://www.ncbi.nlm.nih.gov/sra/docs/sradownload/

BaxkHaa uudopmauus

SRX8794662: Whole exome seq of primary culture established from PDX tumor: Sample E9
1 ILLUMINA (lllumina HiSeq 4000) run: 31.4M spots, 6.3G bases, 2.3Gb downloads

Design: "Exom enrichment with Agilent SureSelect Human All Exon V6, based on UCSC hg19, GRCh37, February 2009"
Submitted by: NIH-phs002051
Study: DNA methylation in rhabdomyosarcoma PDX and PDX-derived primary cells

show Abstract

Sample: Tumor DNA sample from N/A of a human participant in the dbGaP study "DNA Methylation in Rhabdomyosarcoma PDX and PDX-Derived Primary
Cells"
SAMN15468651 « SRS7062698 « All experiments « All runs

[Oryam’sm: HMMl
Library:
Name: ON-2018/8626: E9
Instrument: lllumina HiSeq 4000
Strategy: WXS
Source: GENOMIC
Selection: PCR

- ED

The SRA run(s) below contain human sequence (more...)

Runs: 1 run, 31.4M spots, 6.3G bases, 2.3Gb

Run #of Spots  # of Bases Size Published
SRR12291306| 31,383,123 6.3G 2.3GY 2020-08-27
1D 11430014
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O06paboTka AaHHbIX

Co3jaeM nNporpamMmMHbIN KOHBeep

Data Pre-processing >> Variant Discovery >> Preliminary Analyses

Var. Calli Analysis-Read
Crowrosi ) By | (o - iy By | o™ [ 2 |
: | Genotype Likelihoods |
Mark Duplicates o R
+
[ Indel Realignment | Raw Variants [ SNPs |{ indels |
(waH .:.: ) ! ! ( variant Evaluation |
ase ibration
1 Variant Recalibration look good?
[ Anal%ols-Ready ] coad ‘A‘
eads
— ® ©
Variants | SNPs indels e troubleshoot use in project
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Fastq ¢dopmar

@HWI-ST992:147:D22HDACXX:3:1112:14175:15297 2:N:0:GGCTAC

NocneposarensHocte TAATGGCTTTTCCAAAACGCTCCACTCTTAAAGATGTGTATAAGAGACAGCAACAACAATTA
+

Ka4ectso §822DDDBEDHHFHJJJJIJAFGIIIIIGIGEEGIIIIHBFGGEEGCGIJIFFIDIIJJIIIII

1"#$%8" () %+, -./0123456789: ; <=> 2@ABCDEFGHIJKLMNOPQRSTUVNXYZ[\ ]*_" abcdefghi jklmnopgrstuvsxyz{| }~
I I I I I

33 59 64 73 104 126
Dinassiunenneosnesssnessn e o sBhvosvess 40

e o ol d e e N Ty S e S L0

Beeoserun Bi s vinanasivecsesveksreves 40

P o RS SR S i L R e ws Theviveaens 41
S - Sanger Phred+33, raw reads typically (o, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)
I

- Illumina 1.3+ Phred+64, raw reads typically (0, 49)
1liluming 1 ¢ Phred+o4, raw read typically .

With B=unu

ot
Read Segment Quality
above

L - Illumina 1.8+ Phred+33, raw reads typically (@, 41)

2
2y
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https://en.wikipedia.org/wiki/FASTQ_format

KauecTBo YTeHuM

P - BEPOATHOCTb OLLMNOKU
Q - napameTp Kayecrtsa (Phred Quality Score)
3HaveHnsa Q: 1-40

Q > 20 cumTaeTCca XopoLUMM KayecTBOM

BepoaTHOCTb OWMOKM Q
0.001 (mo4Hocme 99,9%) 30
0.01 (moyHocme 99%) 20
0.1 (moyHocme 90%) 10
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[lepecyet KauecTBa B BEpOATHOCTb OLUMOKM

Phre::r:ality Cumson BepoAaTHOCTL OWKMOKK TouHoCTL
10 - 1/10 90%
20 5 1/100 99%
30 ? 1/1000 99,9%
40 | 1/10 000 99,99%
50 S 1/100 000 99,999%

60 ] 1/1 000,000 99,9999%
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fastOC

‘P«humm

Quaity scores acroes s Bases (Bumena | S encodng)




“Awmk c ycamu” / auarpamMma pasmaxos / boxplot

— \

o

BEPXHWUI KBApTUNb ——
(0.75 KBaHTUAD) \ |
meauaHa o | . WHTEpKBAPTUNbHDIA
pa3max

HUXHUIA usapmnb/

(0.25 kBaHTUND)

———————— -
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fastQC

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/

Mporpamma fastQC yctaHoBneHa Ha kodomo

Bepcuto ¢ rpadpuyecknm nHTeppemncoMm MOXHO NoCTaBUTb Ha CBOW
KOMMbOTEP

Ha caliTe oTAn4HOE pyKOBOACTBO C NMPUMepPaMmM AaHHbBIX XOPOLLEro U N10X0oro
KayecTBa

https://www.bioinformatics.babraham.ac.uk/training.html - nonesHocTn
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https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://www.bioinformatics.babraham.ac.uk/training.html

