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IOHK cekBeHnpoBaHue

base pairs
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The era of big data in biology

1,000,000 NGS (Shotgun) Sequencing [ 100,000,000
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Stein, Genome Biology, 2010
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[IpuMmeHeHne NGS

IIpumeHnenue

Pemiaemas 3agaua

[TomHOT€HOMHOE CEKBEHHPOBAHUE de novo

PekoHCTpyKIus paOOThI KJIETKU U OpraHu3Ma Ha

MOJIEKYJIIPHOM YPOBHE, 3BOJIIOLIMOHHAS] TCHOMUKA

ITonmHOreHOMHOE ITOBTOPHOC CCKBCHHUPOBAHNC

ITonCk reHeTHYEeCKUX Baprualnum

MeTtareHoMHOE CCKBCHHUPOBAHUC

Hccnenosanne OMOIEH03a, IIOMCK HOBBIX BUOB
YKUBBIX CUCTEM

CexBEHHPOBAHUE TPAHCKPUIITOMOB

HccnenoBanne reHHOM SKCIPECCUN, AHHOTALIUS

I'€HOMa

CekBenupoBanue majbix PHK

HccnenoBanne reHHOM SKCIPECCUU

TapreTHoe CCKBCHHUPOBAHHUC

ITOMCK reHETUYECKUX BapUallUi

CexBeHnpoBaHre 00paboTaHHOU OuCyIbPuIOM
JIHK

Uccnenoanue npoduns JHK

CexBeHNPOBaHUE UMMYHONPEILUITATHPOBAHHOTO

xpomarusa (ChIP)

[Tonnorenomuoe kaptuposanue JJHK-6enkoBbix

B3aUMOJIENCTBUU

CCKBCHI/IpOBaHI/IC CANMHHNYHbBIX KIJIICTOK

HccnenoBanue reHHOM SKCIIPECCUU,
CEKBEHUPOBAHUE HEKYJBTUBUPYEMbBIX OaKTepUil
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OCHOBHbIEe TEPMUHbI

feHOMHbIe Gubnuotekn - 310 Konnekumst reHomHom [OHK
nofly4yeHHasi OT OAQHOro opraHu3aMa W NOoAroTOBIIEHHas AONd
CEKBEHMPOBAHUS

Sequence Read (CMKBeHCHOe nNpouYTeHue, puva) -
HyKneoTuagHaga nocrnenoBaTeribHOCTb onpenereHHagd
cCekBeHaTopoM

MponsBoauTENbHOCTbL CeKBeHaTopa - Habop CUKBEHCHbIX
MPOYTEHUA, MONYYEHHbIX BO BpPEMsi OJHOro 3anycka
cekBeHatopa. BbipaxaeTcs B KonmM4yecTBe MPOYMTaAHHbIX
HykneoTnagos: 1000, 100 TbIC.,, MWIJIMOHbLI, MUNNMapabI
HYKIeoTna0B

YpoBeHb OWMOOK — [0ns HenpaBUIlbHbIX HYKNEOTUAOB
onpegeneHHas npu ceKBeHNpoBaHUN



[lepBble MeTOoabl
CeKBEHNPOBAHWS

* Maxam-Gilbert (1976-1977)

e Sanger (1977)
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A Maxam-Gilbert sequencing (Chemical sequencing)

1. Double stranded DNA * )
libraries radioactively :
labelled

2.5 End labelled double
strands de-natured to
form single strands

3. DNA cleaved at specific bases by four base-specific reactions
generating fragments ended with each individual base

is ims ic icn

4. Each reaction separated

side by side on a polyacrylamide
gel allowing reading of up to 50bp
per reaction

N el

Hykneotua-cneunduyeckas
aerpagauna OHK npu
00paboTKe pa3nUYHbIMU
BelLllecTBaMu



CekBeHMpoBaHue nNo
CeHrepy (3onotou
cTaHpapT)

OnnHHa cekBeHNpoBaHUA:
300-1000 bp
Owuno6KNn: 0.1-1%

Phi X 174 (®X174) 6akTtepunodar 6bin
nepBbIiM cekBeHnpoBaHHbIM [JHK
reHoMoMm (5386 HykneoTnaoB) B 1977

rogy
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B Sanger Dideoxy Sequencing

1. Four DNA synthesis reactions incorporating chain-terminating di-
deoxy nuclectides lead to ending of the sequence ateach A, T, Cor G
each labelled with a separate nucleotide.

TATG ARG TIGTA

mme T = B

Primer

2. Each reaction thus generated fragments of increasing size, ending at
the base specified by the reaction i.e. each A, T, Cor G.

TIAG GG

3. Fragments resolved on a gel or automated sequencing machine.

G A T C

Polyacrylamide Gel

“nrnNn-dan-Hr

120
G
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:a—\,_!{:_ LS ! J‘Vn‘id.r-«i\ ,Li_ ) j\. -t‘\ ‘,-"f}l Y
Sequencing trace from ABI Prism 3130x/
genetic analyser, which separates the DNA
fragments by size and reads the fluorescence
at the end of each fragment (which comes

from the chain terminating nucleotide).




[TonHOreHoOoMHoe
CeKBeHUupoBaHue C
MCNoSib30BaHUeM
metoaa CeHrepa
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DNA extraction

1

DNA fragmentation

Clone into Vectors

OOO OOOOO O OOO

1

Transform bacteria, grow, isolate vector DNA
)
0o 18—
]

Sequence the library

+-9-3-9-4-9-

Assemble contiguous fragments

VTaw TlewTew N3443
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[TpoeKT reHOM YenoBeKa

o [INnnTenbHOCTb — 10 neT
* 1990 - 2000
* LleHa-3 mnpAa. S

 MeTo[ -
CEKBEHMPOBAHME MO
CeHrepy
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CekBeHunpoBaHue no CeHrepy

Nnnocbl:

e OTHOCUTENbLHO HU3KNI YPOBEHb OLLINOOK

* YNoOHOEe 1 AeLleBoe CEKBEHMPOBAHMNE HEDOMbLLNX
doparmeHToB reHoma (16S PHK, Hsp65, n 1.4.)

MuHycCbI:

* BbliCcOKas CTOMMOCTbL NOSTHOrEHOMHOIO CEKBEHUPOBAHUS
* TpyOooeMKoCTb

* Hunskaa nponsBognUTENbLHOCTb
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New Generation Sequencing

Nnnocbl:

» [IpocTasa nogrotoBka OHK 6ubnuoTek (npobonoaroToska)
* Bbicokas npon3BoaNTENbHOCTb
* Hun3kasi CTOMMOCTb CEKBEHUPOBAHUSA

MuHycCbI:
« KopoTkune puabl
* OTHOCUTENBHO BbICOKNN YPOBEHDL OLLMOOK



OcHoBHbIe npuHuunbl nogroroBkyn AHK
ouonuortek

(A) Fragmentation Adapter addition

&iﬁvf;mvfp —> \/—f/\_/ —_— 1. ®parmeHTauua AHK

T 2. OT60p pa3mepa
3. JlurnpoBaHue
Size selection PCR aganTtopa
R ~f:/J — [ —  — 4. Amnnudumkayms
N ‘ - ] —3 6MBNMoTeKM
(B)  Read1 seq primer Multiplex seq primer

—

Read2 seq primer

TRENDS in Genetics

28.11.2018 15



CTtpaTervsa nosIHOreHOMHOro
ceKBeHUpoBaHuda ucnonb3yeT NGS
nnaTgopmMbl

Genome DNA
DNA Fragmentation

Fragments 200-800 bp Fragments 2-40 kbp
‘@ %

Single end reads Paired-end reads Mate Paired-end reads

e e N

28.11.2018 16



KoHTur (Contig) - rpynna nepekpbiBatoLLMXCS
NpoYTEHNN, MNpeacTaBnalWne  y4yacTokK
reHoma.

Fragments 200-800 bp

' - ' -

: e : | : T

: e : — ’ S

- o— ; o : e

. e : : 'i °
Contig | Contig Il Contig Il

Contig is a group of overlapping clones representing regions of the genome; the contiguous

sequence of DNA created by assembling these overlapping chromosome fragments.
Definition from: NCI Thesaurus via Unified Medical Language System at the National Library of Medicine
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Scaffold (Ckachona) — pekoOHCTpynpoBaHHaAA YaCTb reHOMa,
nosiy4eHHas B pesysristaTe aHanmsa 6mbnnotek 60onbLOoro
pasmepa 1 npaBuIibHOro B3aMMHOIO PacrnofoXeHUS

KOHTUIOB
T —— e R
Contig | Contig Il Contig IlI
L R

Mate Paired-end Libraries (2-40 kb)
s W

Contig | Contig Il Contig IlI
NNNN NNNN

Scaffold

Scaffold is a portion of the genome sequence reconstructed from end-sequenced

whole-genome shotgun clones. Scaffolds are composed of contigs and gaps.
Definition from: http.//genome.jgi-psf.org/help/scaffolds.html

28.11.2018 18
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Scaffolds

Ordered, oriented contigs —

contigs ﬁ é

N~ 7

gap size estimate

19



TapretHoe cekBeHUpoBaHME

c .
Uniplex PCR Multiplex PCR RainStorm Hybrid capture > 100,000 exons
1 reaction = 1 reaction = 1 reaction =
1 amplicon 10 amplicons 4,000 amplicons S -
——— e E—
Adapter-modified
shotgun library
Solution
hybridization

Array capture ?’) [/@%ﬁ \y@

Bead capture

Gap-fill
and ligate

| it

Nature Methods 7, 111 - 118 (2010)
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MHoekcmnpoBaHue (bapkoauvHr)

MoXHO 3a OgWH 3amnyCK CekBeHaTtopa npo4vnTaTth
HEeCKOJ1bKO reHOMOB UM T’EHOMHbIX Y4aCTKOB

MHOeKCbl — KOpPOTKME OnUIroHyKrneotuabl C
pas3nM4YHOM MOCneaoBaTenbHOCTLH, KOTOpble
donaHKnpytoT OHK bubnmnortekun "
cekBeHupyTca BmMmecTe ¢ uenesoun OHK. Ha
OCHOBEe N3BECTHOU MHOEKCHOW
nocrnenoBsaTefibHOCTU MOXHO
andpdepeHUmpoBatb  HECKONbKO  0OpasuoB
CEKBEHMPOBAHHbLIX B OJHO BPEMS.




Index 1 (i7)
N701
N702
N703
N704
N705
N706
N707
N708
N709
N710
N711
N712

28.11.2018

Dual indexing

Mpumepbl MHOEKCOB

[llumina Nextera

Sequence
TAAGGLGA
CGTACTAG

AGGCAGAA
TCCTGAGC

GGACTCCT
TAGGCATG

| CTCTCTAC

CAGAGAGG
GCTACGCT

| CGAGGCTG
| AAGAGGCA
| GTAGAGGA

| | Index 2 (i5)
5501

S502

S503

S504

S505

‘ Sequence

| TAGATCGC
CTCTCTAT
TATCCTCT
AGAGTAGA
GTAAGGAG
ACTGCATA
AAGGAGTA
CTAAGCCT

DNA Fragment

Single indexes

lllumina TruSeq

Index

Adapter Sequence
ADO02 CGATGT(A)
ADOM TGACCA(A)
ADOOS ACAGTG(A)
ADO06 GCCAAT(A)
ADO07 CAGATC(A)
ADO12 CTIGTA(A)
Adapter
N

Adapter
ADO13
ADO14
ADO15
ADO16

ADO018

Primer

—

Sequence
AGTCAA(C)
AGTTCC(G)
ATGTCA(G)
CCGTCC(C)
GICCGC(A)

GIGAAA(C)

22



[MnaTtdopmMbli

Roche 454
— pyrosequencing , introduced in 2005

SOLID
— sequencing by ligation, Introduced in 2006
Hlumina
— sequencing by synthesis, introduced in 2006
lon Torrent, PGM/Proton
— ion semiconductor sequencing, released in February 2010
Pacific Biosiences
single molecule real-time (SMRT) sequencing, commercially released in early 2011
Oxford Nanopore Technologies
— nanopore sequencing, released in 2014

28.11.2018 23



Roche 454

Pyrosequencing

For life science research only.

Not for use in diagnostic procedures. Reads Iength ~ 450 bp
Reads length up to 1000 b.p. Output ™ 35 Mb
Output ~ 700 Mb Run time —-10 h

Runtime—-23h

GS FLX+ System GS Junior System

28.11.2018 24



PparmeHTauuA
OHK

NMoaororoBka OMONUOTEKMN

[MpuywinBaHMe aganTtopoB K MoneKkynam
[OHK ¢ oByx KOHLOB.

28.11.2018 25



OauvH cpparmeHT = ogHa 6ycuHa (bead)
bubnunoteka doparmeHToB OHK npukpennsaercsa k
bycnHam nocne pgeHatypauun [OHK. Kaxpas
bycuHa nveet YHUKanbHbIN doparmeHT
bubnuotekn. Llapnkn amynermpytot ¢ peareHTamm
amMmnnudgukaunm B cMecu Boaa-B-macrie.

emPCR: AmynbcuoHHas NMUP-amnnudukauma

AmMmnnmdgunkaums BedeTc B aMynbCcun
napannenbHo, 4ToObl co3gaTb  MUSTIUOHBGI
KINOHHbIX Konumn Ka)kaoro doparmeHTa
onbnnotekn Ha Kaxgom  wapuke. Ecnum
doparMeHT He NpuUcoeanHSETCA K WapuKy, TO OH
OCTaeTcs rnagknum.

CeKkBeHUpoOBaHMe: OAVH LWapuK = OAUH pyAa
llapuk nomewiaetrca B JyHKY, roe AmsanH
MOBEPXHOCTU [OOMYCKaeT TONMbKO OOWH LUApUK.
OTaenbHble HyKneoTuabl npoTeKkaroT
nocnegoBaTesibHO  4epe3  JYHKW. Kaxgoe
BKINIOYEHNE HYyKNeoTuaa, KOoMMSieMeHTapHoe K
5 . . MaTPUYHOM HUTW, npuBoauT K
T RT —— XEMUIIIOMUHECLIEHTHOMY ~ CBETOBOMY  CUTHanNy,
3anncaHHOMY KamMmepown.




@: Ris gl Signal image
ﬂ(g‘ 2 ." CeKkBeHUpoBaHMe Ha4YMHaeTCcAa C
' i NpucoeanHEHNs npanmMmepa, NoTom

NpucoegnHEHNE KOMMNEMEHTAPHOIO
HyKIrieoTuaa npuBoaunT K
BbICBOOOXOEHMIO NMpodocdaTa,
KOTOpPbI B3aUMOOENCTBYSA C
cyndompunason n nroumdepasou
i NpUBOAUT K 0Opa3oBaHmIo

CBETOBOIO curHana

Luciferase luciferin ’
\/\k_/ AETEKTUPYEeMOro KaMepoW.

Light + oxy luciferin

[0 MHTEHCUBHOCTU cuUrHana
ornpegendeTcd Kakoe KOrnmm4ectBo
HYKNEeoTnao0B NpUcoeanHAETCA.
rlpl/l 9TOM 3HasdA Kakmne HyKrneotmnabl
NnoaarTCA B TEKYLLEE BPEMA
ornpegendrT nocregoBaTesibHOCTb
AHK.

M

B P B R RS B e e e
5 0 o e L A A A B SO B0 LY S 18 1AL
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lon torrent

lon semiconductor sequencing

lon PGM - Personal Genome Machine

Reads length — 200 and 400 bp
Outputup to 2 Gb
Run time—-2-7 h

28.11.2018

\-

lon Proton

Reads length — 200 bp
Output up to 10 Gb
Run time—-2-4 h

28



lon Torrent

[logrotToBka OMbnmMoTekn Nnoxoxa Ha Roche 454
e oparmeHTaumsa AHK
e [lpnkpenneHne apantepa

e OMynbcnoHHasa NUP

TexHonormsi CEKBEHUPOBAHUS OTIINYAETCH




lon Torrent
nonynpoBogHNKOBOE

~rfAavrDauluniannAnaDpAaLiian

Nucleotide incorporates
into DNA

Hydrogen ion
is released

Bo BpeMA CEKBEHNPOBaAHUA, NocreaoBartesibHO NoaarnTCA HYKIeoTnabl,

npun BCTpanBaHUN KOTOPbLIX BblAESTATCA NOHbI BOAOPOAA.
28.11.2018 30



lon Torrent
nonynpoBogHNKOBOE
CeKBeHUpoBaHue

Nucleotide———" !
incorporates : Hydrogen ion
into DNA is released

BbloeneHue noHoB BOAOpPOAOa npmnBoaAnUT K USMEHEHUKO KNCJTOTHOCTU Cpehl,

YTO AETEKTUPYHOTCA BbICOKOYYBCTBUTENbHLIM pH-METPOM

28.11.2018 31



lon Torrent
nonynpoBogHNKOBOE
cCeKBeHupoBaHue

No hydrogen
ion released

28.11.2018 32



lon Torrent
nonynpoBogHNKOBOE
CeKBeHnoBaHue

Two bases
are incorporated

28.11.2018 33
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SOLID

Sequencing by Oligonucleotide Ligation and Detection

Commercially available since 2006

Reads length ~ 50 b.p.
Output ~ 320 Gb

34



SOLID

[logrotToBka OMbnmMoTekn Nnoxoxa Ha Roche 454
e oparmeHTaumsa AHK
e [lpnkpenneHne apantepa
e OMynbcnoHHasa NUP

* TexHonorug CEKBEHNPOBAHUA OTJITNHAETCA -
CeKBEHNPOBaHME nyTem JimrnpoBaHun4A
OJIUTOHYKINEOTNA0B




SOLID

Library Preparation:
i * ~ o o . i -DNA Fragmentation

-Adapters (P1, P2) ligation

S, 1 L Lot 2 o Emulsion PCR/Bead Enrichment
LV e o TN
N § 5 J s
L) 5 S 4 - -
e ){/’, Bead Deposition
N
o/:’(g -]
28.11.2018
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SOLID

Ligase ¥ ARTTTeTE + +
- |
— L]
; 7 Mdspter Sequonce Templste Sequence
o
m
f_; 5t Primer +
% ITTTTT T cotermrmne |
g — J\IMI ANRRIRARRRRRLNRNN N -
= Adzpter Sequence [emplzte ‘:Luurnm‘
-+
£ Cleavane
> u 7 Primer
<L ] ]
9 TTTTTTTT e s o
R ot LLLLLLLLLLLLL UL
2 Mdzpter Sequence Templste Saquence
Ul

[TponcxoguT nocrnenoBaTenbHOE B3aUMOAENCTBUE OfTIUTOHYKNEOoTUAa, COCTOALLENO N3
cneyndmnyHOro aAnHyKneoTnaa, NaTm HecneunduyHbIX HyKnNeoTnaos 1 doryopadopa,
4YTO NPUBOAMT K crneumdmnyeckomy CBA3bIBAHMIO ANHYKNEoTMAA (MMrmpoBaHme) un
oTwenneHuto drnyopadoopa u getekumsa gonyopecLeHTHOro curHana.
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Read Position |0 7|8 91011)12]13)14|15]18(1718]19/20(21 22|23
% i Unwersal seq primer (n) ole ole 0

B i
= u | (n-1
5 - 2 mvar?’sa seq primer (n-1) ole ole ole
g s TETTITETTIITINTIY
L =
- - 2 Unwersal seq primer (n-2) ° ole ole
% B 2 yrrerrerrTITITITT
e = a Unwer;alseq primer (n-3) ele 0 .
g _ """""_ TITIETITY ,
- c Unwegs:a! seq primer (n-4) ™ a8 e
é ® [ndicates positions of interrogation Ligation Cycle [l /21 3 4 B ¢
a

[ns 60pb0ObI ¢ HecneUundUYHbIMN HYKNeoTnaaMm UCNomnb3yT HOBbIE NpanMepbl,
KOTOpble Kopoye Ha 1,2,3,4 HykneoTnaa (Bcero 5 payHaoB CEKBEHMPOBAHUS). DTO
yBENMYNBAET TOYHOCTb CEKBEHMPOBAHUS, T.K. KaXabl HyKNneoTua,
NpoYUTbIBaAETCA ABaXKAbl, HO ANWHA PUAOB HebonbLIas.
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Bce onncaHHble TeXHONMornum
obecne4ynBaloT O4HOCTOPOHHUE
npoyteHmnsa OQHK

Adapter DNA Fragment Adapter

)

28.11.2018 39



Solexa/lllumina

MiSeq
Up to 15 Gb of output with 25 M sequencing reads
and 2x300 bp read lengths

NextSeq500
Up to 120 Gb of output with 400 M sequencing
reads and 2x150 bp read lengths

HiSeq 2500
Up to 1000 Gb of output with 4000 M sequencing
reads and 2x125 bp read lengths

28.11.2018 40



NMoproroBka ononuorekun AHK

Reduced-Cycle
PCR Amplification

P5
\ Read 1 sequencing Primer

Index 2

¢

, , 7 Index 1
Read 2 sequencing Primer =y

\P7

28.11.2018 41



lHlumina

e MTmopuaunsauua QHK-ondnuo

 NeHepauusa knactepos ([MLP)

e CeKkBeHUpOBaHME CUHTE30M

http://www.youtube.com/watch?v=HMyCqWhwBS8E

28.11.2018 42



"/D‘NA g i

\- i
A\

Randomly fragment genomic DNA and ligate adapters to both ends of the
fragments.

A

28.11.2018

Illumina

Dense lawn
of primers

Bind single-stranded fragments randomly to the inside surface of the flow
call channels.

Add unlabsled nucleotides and enzyme to initiate solid-phase bridge
amplification.

43



lHlumina

The first saquencing cycle begirs by scding four labsled reversitie AT:&G? olx;;m'io'::;(;gr?t'(;:c itod flucrosoonoo from cach dustor s espurod
terminators, primers, and DNA polymerase. an Botbane s

;

oS
l.
o L=

“» GCTGA...

B —]| P +—| 9 —
L)
o

THETRAYEYCRS 1€ sl (el corporation etk Ibelec! iEveralbic After laser excitation. the imags is captured as bfcre, anc the identity of The sequencing cycles are repeated to determine the sequence of bases|
fominators, prime’s, and DNA polymaraco tha second base is racorded a [ragmanl, one base ala lime.
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Pacific Biosciences

single molecule real-time (SMRT) sequencing
OOHOMONEKYNAPHOE CEKBEHMPOBaHME B pearnbHOM BPEMEHN

« CekBeHnpoBaHun 6e3 amnnudukaumm
« OyeHb ANNHHbIE pUabl

— [lpounsBoauT YTeHms co cpegHen annHowm ot 10 000 Ao
15 000 nap oCHOBaHUW, NMPUYEM CaMble ONMUHHbIE pUabI
MOryT ObITb Oonee 30 000 nap OCHOBaHUA



Pacific Biosciences — Real-time sequencing

Epifluorescence detection

28.11.2018

INtensity w—-

Phospholinked hexaphosphate nucleotides

Limit of detection zone

Fluorescence pulse

46



Nanopore

Oxford Nanopore Technologies
nanopore sequencing

O MInION

——

PMNnION )

MinlION™ is a portable device for molecular analyses that is
driven by nanopore technology. It is adaptable for the analysis of
DNA, RNA, proteins or small molecules. MinlON's simple workflow is

designed to allow the user to perform a range of end-t0-end experiments
in their own environment.

read more >

28.11.2018 47



CpaBHeHue nnaTtdgopm NGS

Instrument Max Read Output (Gb) Runtime Errorrate  Error type Reagent
length (%)
(nucleotides) COSt/Gb (3)
Roche 454 FLX+ 1000 0.70 20 hours 1 Indel 6200
Roche 454 Junior 450 0.035 10 hours 1 Indel 19540
lonTorrent Proton 200 10 4-6 hours > Indel 82
lonTorent PGM 400 2 2-7 hours e Indel 460
lllumina HiSeq 125 500 10 hours-= ~0.1 substitution 30
2500 v4 6 days
lllumina Miseq v3 300 15 55 hours *D.1 substitution 109
PacBio RS Il 30000 0.187 2 hours ~13 Indel 1111
AB 3730 (capillary) 650 - 2 hours 0.1-1 substitution 2307692
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KOHTpOﬂ b Ka4eCTBad AdHHbIX

28.11.2018 49



Garbage in — Garbage out

* Your analysis is only as good as your data

28.11.2018
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AINropuUTM KOHTPONA KavyecTBa

[lpoBepKa KavyecTBa

L

Onpepgenexnne
r|p06ne|v|l

PemeHmetpo6neMb|

npOBepK‘Ka‘-leCTBa

[Tlocnegyowmm aHanus

28.11.2018
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3ayemM YNCTUTb AaHHble?

e Puabl HN3KOro Ka4yecTBa
e KoHTamunHauua (npumecob JHK apyroro opraHnama)

e CnyxebHble nocriegoBaTenbHOCTU (aganTepsl,
NHOEKCHI)

e ApTedrakTbl co3gaHusa bnbnmoTek (HEKOTopbIE
nocnenoBaTenbHOCTU BCTPEYaloTCs Yalle, a He
PaBHOMEPHO)

e PasnnyHbin dpopmat gaHHbIX

e HenoBeyecknn paktop



FASTA n FASTQ dpopmMaThbl

FASTA

>gi|31563518|ref|NP_852610.1| microtubule-associated proteins 1A/1B light chain 3A isoform b [Homo sapiens]
MKMRFFSSPCGKAAVDPADRCKEVQQIRDOHPSKIPVIIERYKGEKQLPVLDKTKFLVPDHVNMSELVKI
IRRRLOLNPTQAFFLLVNQHSMVSVSTPIADIYEQEKDEDGFLYMVYASQETFGF

@SEQ ID
GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
+
PUIR((((***+))%8%++) ($%%%) . 1***—+% ' ') ) **55CCF>>>>>>CCCCCCCH5

JInHWA HaunMHaLWaaca ¢ @ coaepXXUT naeHTndnKaTop nocnegoBaTenbHOCTH
[NlocnegoBaTenbHOCTb

JTnHnAa HaumHaowascs ¢ + 3anonHseTcs dakynsTaTUBHO

JInHna ¢ BennymnHamMmm KadecTtBa NpoYTeHUs, koanpyemble B ASCII doopmarte

B wN e
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LlIkana ka4yecTtBa Ppef (Phred)

OueHkn kayecTBa HyKneoTuaga Q onpenendrTCcd Kak BennmydmnHa, Kotopas

norapndoMmM4eckn 3aBUCUT OT BEPOSTHOCTEN OLLNOKN P

Phred Quality Score

28.11.2018

10
20
30
40
50
60

PR, . N . . \—.

Probability of incorrect base call

in 10

in 100

in 1000

in 10,000

in 100,000
in 1,000,000

Base call accuracy

90%

99%
99.9%
99.99%
99.999%
99.9999%
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Tao6nuua ASCIl cumBonoB

Start of heading q
Start of text

End of text

End of transmit
Enjuiry
Acknowledge
Audible bell
Backspace
Horizortal tab
Line feed
“ertical tab
Form feed

N @ -J oo N b W KN = O

e e =
[ S |

Carriage return
Shift out

Shift in

Data link escape
Device control 1
Device control 2
Device control 3

[
W

=
n

I T
O wno® -] om

Device control 4

[
(=

MNeg. acknowledge

{gh}
2

Synchronous idle
End tran=. hlock
Cancel

[ S T o
tn &b L

End of medium
Substitution
Escape

File separsatar
Group separstor

L R oI G o ok
[ ¥ o = B O

Record separator

(o)
[

Unit separator

/
1]
1
Z
3
4
2
]
7
g
9

[T

w3

Dec

Char

e - IR e R e B - B = o == O - TS e R BT O =

=1

a7

a3

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
11a
115
1z0
121
122
123
124
1z5
1Za
1z7

bl o B B~ B T o A ¢ o v e e = = I T St =2 S o NI v P o SO R

H

O
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Pas3Hble Phred WwKkanbl

ITTTIIITIITIIIIIIIIIIIIIIIIIIIITIIIIIIIIIIII

......................
----------------------
----------------------
......................

126

................................. JJJJJJJJJdJd4J3Jd4J4JJ4Jd4JdJdJJJ4JJJJJdJJJJJJJdJJdJJJdd
ILL.L.LLLLLLLLLLLL L L L L L L L L L L L L L L L L L L L L L L L L L. 4 st et e e e e aaeaaaaacaanaanaaans
1"#$%&" ()*+,-./0123456789: ;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]"_~abcdefghijklmnopgrstuvwxyz{ |}~
I I I I I
33 59 64 73 104
0 e e ataa atata aala e atava e} a aYala 7 FRPRCl BRI rOA 40
LW s Al manon A BT DO OO O O O O DT O 40
0ol D R e e e R e 40
0 e e S S s a fataar el s e Ya 7N e A BT om0 41
S - Sanger Phred+33, raw reads typically (0, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)
I - Illumina 1.3+ Phred+64, raw reads typically (0, 40)
~ ' ] s typically (3, 40)
=unused, d }
(Note: See discussion above)
L - Illumina 1.8+ Phred+33, raw reads typically (0, 41)

28.11.2018
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Coopka
reHomMma

ACT mmm CTG e TGA sy GAC e ACC

GAA ey AAT ey ATG



28.11.2

Stage

Laboratory work

Next-generation sequencing

Analysis pipeline

Quality assessment

Alignment to reference genome

Variant identification

Annotation

Visualization

Prioritization

Storage

Examples/explanation

File formats

Experimental design
Library preparation
Enrichment (capture)

Platforms include lllumina,
SOLID, Pacific Biosciences, other

Trimming, filtering
Software: FastQC

Software: BWA, Bowtie2

Single nucleotide variants (SNVs),

structural variants (e.g. indels)
Software: GATK, SAMTools
Realignment, recalibration

Comparison to public database
(dbSNP, 1000 Genomes);
functional consequence scores

Variant visualization; read depth;
comparison to other samples
Software: IGV, BEDTools, BigBED

Discovery of relevant variants
Software: PolyPhen-2, VEP, VAAST

Deposit data in ENA, SRA, dbGaP

Output: FASTQ-Sanger,
FASTQ-lllumina

FASTQ

Reference: FASTA
Output: SAM/BAM

Variant Call Format
( VCF/BCF)

VCF

BAM, VCF

58



FastQC — MHCTPYMEHT AJ1A KOHTpPOnA
KavdeCTBad AdHHbIX

« Ha Bxog — ncxogHble gaHHble ¢ cekBeHaTopa
* HTML oTyeT

* [[padpmnyecknn NHTePPENC N BEPCUA C KOMaHOHOW
CTPOKOWU

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



FastQC
@Basic Statistics

Filename

File type

Encoding

Total Sequences

Sequences flagged as poor quality
Sequence length

3GC

28.11.2018

good_ sequence_ short.txt
Conventional base calls
Illumina 1.5

250000

0

40

45

60



34

32

30

28

26

24

22

20

18

16

14

12

o N s O o

FastQC: pacnpeneneHune KayecTsa no
OCTATIKANA

Quality scores across

iy

all bases {lllumina 1.5 encoding} a3

36

IIIIIIIIIIIIIIII

34
32

i i 30

1 28

26

Il | 24
=T~ 22
20
18

16

14
12

AL TR h_ 8

(=S ]

1 2345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Position in read (bp)

'nnoxo
e

Quality sc s (lllumina 1.5 e

fﬁﬁﬁ?ﬁﬁﬁﬁ‘ﬁ%’ﬁﬁ%ﬁ%ﬁ

12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Position in read {bp)

Xopolue
e

Y lllumina Ka4ecTBO PNAOB OObLIYHO YMEHbLLLAETCA K 3' KOHLY



FastQC: pacnpeneneHune KayecTsa no

Quality score distribution over all sequences

3 Quality score distribution over all sequences
60000 Average Quality per read
Average Quality per read
160000
50000
140000
40000 120000
100000
30000
80000
20000 60000
40000
10000
20000
o 2 3 45 6 7 8 91011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 0 2345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Mean Sequence Quality {(Phred Score) Mean Sequence Quality (Phred Score}

Mnoxo Xopolule

e e
Mbl MOXXEM BbIOENUTb rpynnbl pnaoB C HU3KUM N BbICOKUM

Ka4yeCTBOM



FastQC: pacnpeaeneHue KayectBa no cocrtaBy
OCTAaTKOB

Sequence content across all bases Sequence content across all bases
100

s
90
80
70
60
S0

40

30

20

10

© 12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

in read (bp) Position in read {(bp)

Mnoxo Xopouwe

e e
Mbl MOXXeM onpeaenuTb aganTtepbl UNv caBuUr
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400000

350000

300000

250000

200000

150000

100000

50000

FastQC: pacnpeneneHue puaos no GC

GC distribution over all sequences

GC count per read
Theoretical Distribution

0246811 15 19 23 27 31 35 39 43 47 51 55 59 63 67 71 75 79 83 87 91 95 99
Mean GC content (%)

Nnox

“‘;Tﬂh\'

22500

20000

17500

15000

12500

10000

7500

5000

2500

GC distribution over all sequences

GC count per read
Theoretical Distribution

0246811 15 19 23 27 31 35 39 43 47 51 55 59 63 67 71 75 79 83 87 91 95 99
Mean GC content (%)

Xopouu

GC nukn mor§r cBMAeTENBLCTBOBATL O KOHTaMMauum



100

90

80

70

60

50

40

30

20

10

FastQC: ypOBHU AynnunKauuu

MASAFHA rlnna-rnr"_unt\'rnl‘ﬁ

Percent of seqs remaining if deduplicated 69.26%

% Deduplicated sequence
% Total sequences

N\

8 9 =10 =50 =100 =500 =1k =5k =10k

Sequence Duplication Level

Nnnox
o

100

S0

80

70

60

50

40

30

20

10

0

Percent of seqs remaining if deduplicated 95.09%

% Deduplicated sequences
% Total sequences

6

7 8 9 =10 =50 =100 =500 =1k =5k >10k
Sequence Duplication Level

Xopouu
o

Bbicoknn ypoBeHb Aynnukauum cBUOETENLCTBYET 00
oBepamMninduKkaLumm HEKOTOPbIX NOCneaoBaTenbHOCTEN NPU

PCR



FastQC: Overrepresented sequences

@Overrepresented sequences

GATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGATCT 8122 Illumina Paired End PCR Primer (100% over 40bp)
GATCGGAAGAGCGGTTCAGCAGGAATGCCGAGATCGGAAG 5086 5.086 Illumina Paired End PCR Primer 2 (97% over 36bp)
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTAC 1085 1.085 Illumina Single End PCR Primer 1 (100% over 40bp)
GATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGGAAG 508 0.508 Illumina Paired End PCR Primer 2 (97% over 36bp)
AATTATACGGCGACCACCGAGATCTACACTCTTTCCCTAC 242 0.242 Illumina Single End PCR Primer 1 (97% over 40bp)
GATCGGAAGAGCGGTTCAGCAGGAATGCCGAAGATCGGAA 235 0.23500000000000001 Illumina Paired End Adapter 2 (96% over 31lbp)
GATCGGAAGAGCGGTTCAGCAGGAATGCGAGATCGGAAGA 228 0.22799999999999998 Illumina Paired End Adapter 2 (96% over 28bp)
GATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGGACG 205 0.20500000000000002 Illumina Paired End PCR Primer 2 (97% over 36bp)
GATCGGAAGAGCGGTTCAGCAGGAATGCCGAGGATCGGAA 183 0.183 Illumina Paired End Adapter 2 (100% over 32bp)
GATCGGAAGAGCGGTTCAGCAGGAATGCCGAGGTCGGAAG 183 0.183 Illumina Paired End Adapter 2 (100% over 32bp)
GATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGAACT 164 0.164 Illumina Paired End PCR Primer 2 (97% over 40bp)
GATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGGTCT 129 0.129 Illumina Paired End PCR Primer 2 (97% over 40bp)
AATTATACTTCTACCACCTATATCTACACTCTTTCCCTAC 123 0.123 No Hit
GATCGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGGACT 122 0.122 Illumina Paired End PCR Primer 2 (97% over 36bp)
CGGTTCAGCAGGAATGCCGAGATCGGAAGAGCGGTTCAGC 113 0.11299999999999999 Illumina Paired End PCR Primer 2 (96% over 25bp)
Nnox
o
@Overrepresented sequences rlepel'lpe,EI,CTaBﬂeHHble nocrieaoBaTesibHOCTHA
No overrepresented sequences MOTYT NOKa3blBaTb UICTOYHNK KOHTaMUHaL UM
Xopouu
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FastQC: KauyecTBO sivueek

Quality per tile Quality per tile

1234567891213 18-19 24-25 30-31 36-37 42-43 48-49 54-55 60-61 66-67 72-73 78-79 84-85 90-01 6-97
Position in read (bp)

1 2345678910 12 14 16 18 20 22 24 26 28 30 32 34 36
Position in read (bp)

NMnox Xopom
O o)

Y lllumina MOXHO onpeaenuTb NPobNemMbl C A4enKamu

28.11.2018 67
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LLiaru npenpoueccuHra

¢ CDVI.HI:TpaLI,VIFI AdHHbIX MO Ka4eCTBY

— YoaneHue puaoB, KAYeCTBO KOTOPbIX HUKE
onpeaeneHHoro Nopora;

— Obpes3aHne 4YacTu puaoB, rae Ka4ecTBo
nnoxoe
e YaaneHne KOHTaMuHauum

— Buonorunyeckas koHTaMMHaUus: onpeaeneHme
1 yoaneHue pnaos

— KoHTamuHaumsa agantopamu: Bblpe3aHune
aJanTopoB U yaaneHne NoBpeXXaeHHbIX puaoB



Y Hac ecTb OuULLEHHbIe AaHHble. YTo
ganblie?

« Cbopka de novo
» CbOopka no pepepeHCHOMY reHOMY
* BoipaBHMBaHME C pedpepeHCHbIM FrEHOMOM



Cbopka de novo

Genomic
DNA
B o
Bo3bmeM 0ofbLIoe KonmyecTBo
KOPOTKMX CEKBEHUPOBAHHbIX
— —

- . pUOOB 1 MOMECTUM NX BMECTE,

YyTOOBbI BOCCO34aTb NOSHbIN
[ \ _
/_ OpPUrMHarbHbIW FEHOM U3
 —
a— KOTOPOro OHM ObIfn NOSTyYeEHbI
Reconstruct

genome
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CeKkBeHUpOBaHMe reHOMOB C
MCMOJSib30BaHUEM KOPOTKUX puaoB

Genomic
DNA

Random
‘ fragmentation !
250 bp-600bp == oy o S—_ 4-8kb

———— fragments

fragments = = oy

_
‘ molecular biology ‘
) ) T
) ] ) R R
] [ CE S
s \ 4
Paired-End short_* g% "«%" g ®  Mate Pair long

insert library i T el 5 ae 2] insert library
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[MnaH coopku

Reads — S—

Juu ‘ } Join contigs using

evidence from Paired

Contigs End data
[YY‘!/Y} AAJ*. [}/\-M\N_ Join contigs using

I s — evidence from Mate Pair
O —\__/--\——/Eata

Captured gap: a gap within a
Scaffolds scaffold caused by repeats.
W“NNN” in
P assembly. The order and

orientation of the contigs
spanning the gap is known
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Pa3Hopa3mepHblie oubnunotekmn OHK

Sanger era

-3 kb (IS elements)
-8 kb (ribosomal operons)
-25 kb (duplications)

28.11.2018

Read Depth (number of reads)

100k — Size Distribution
10kb
[ Gel 1520 kb
70k - . | Gel PNGS
8 kb

Gell Free

0 25kb 50kb

Mz_NxSeq" Long Span Reads 0 to 50 kb

" PAC Bio Long Reads 0 to 20 kb l

r—
Illumina TruSeq Synthetic Long Reads 0 to 12kb

http://lucigen.com/landingpage/matepair/ir
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Fewer Scaffolds With Larger Mate Pair Libraries

Raw Data &
N ‘_2 Contigs
B | =i-
2| =3
8|2
“ =
G
o | 325
- = - : Closed
£ | ==-s == - Genome
- - . - —
P4 _1r':__—,‘,__1’ _::
N Sats >
Fragment ®% gL, *%  >0kb - 40 kb

Library Mate Pair Mate Pair Mate Pair

Genome Closure Progress

http://lucigen.com/landingpage/matepair/
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Cbopka reHomMma B nagearbHOM

OpHopogHoe NoKpbITUE pyuaamu, HET OLLMOOK K
KOHTaMUHauuu

28.11.2018 75



Cbopka reHoma B peanbHOCTU

Chimeric reads (->mis-joins)

— —am Sequencing errors
-> fragmented assembly)

m

Biased coverage (->gaps)

¥

I I BN

Contamination
(-> fragmented assembly
unwanted contigs)
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Metagenomes Single cell

<+ Typically size of metagenomic sequencing
project is very large

: . : “+*Uneven coverage
“*Different organisms have different coverage. g

Non-uniform sequence coverage results in *»*High level of errors
significant under- and over-representation of P _—
data

“*Low coverage for the majority of organisms in
highly complex communities leads to poor (if
any) assemblies

a ; a 7\ R\ e y
*+*Chimerical contigs produced by co-assembly ( @ | A ﬁl*'*ﬁ‘i‘fr &
of sequencing reads originating from different Y " -
species. 0O Q0 L Mot

Prochoroceceus S Y Y

“*Genome rearrangements and the presence of o S A=
mobile genetic elements (phages, transposons) A,
in closely related organisms further complicate O il

L \/ () g

assembly. e ) |
ottt Y it | .

“*No assemblers developed for metagenomic S oy |
data sets swrce  Nature Biotechnology 24, (2006)
58.11.2018 Kadegpa 6uonHdpopmatnkm MBD .
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Bb160op npaBUnbHOU NpPorpamMmbil -
cbopLimKka reHoMoB (accembrnep)

Ha ckonbko 00nbLUIoOn reHOM?

CyLecTBYIOT N1 U3BECTHbLIE OCOOEHHOCTU 3TOro reHomMa
(Hanpumep, Hann4vne BonbLLIOro Yncna NoBTopoB, GC
CcOCTaB)?

Kakoe KonnmyecTBO AaHHbIX OXXnaaeTcs?
Kakoro Tvna aaHHble y Bac ecTb?

Kakoe kauecTBO AaHHbIX 1 HE0OXoaMM 1nn UX
NpenpoLLecCUHr nepen coopkon reHoma?



COopLLMKM reHOMOB

Sequencing Error Assembly - - . Input
Platform | Co jon | Appreach Genome Size| Libraries Dat Reads Reference
corrects
Sanger reads. trims
i reads : . :
Mlumina 454 : prokaryotic/ | unpaired, microbes,
Caleea IonTorrent, rcmovcsrg:;r e mammalian | paired-end | mammals >
PacBio CCS | T3kt
and
duplicates
corrects ungai microbes
Illununa, reads. de Bruiyjn | prokaryotic/ (regular insti
ARPathe LG PacBio |removespoor| graph mammalian pam:d—cnd 1solates), Kot hs-1g blog
mate pairs
quality reads mammals
Illumina, i Microbes
IonTorrent, 2 ., | unpaired, | (single-cell. =
SPAdes PacBio. rcn;)?e? . Bﬂgjn proﬁlc;rg:lnc paired-end, regular nr;iox:m i
hybrid data |- bl B mate pairs | isolates). g
sets | Uty fungi
microbes
Ilumuna. ’, prokaryotic/ | unpaired. (regular
S IonTorrent, - gready mammalian | paired-end | isolates). s
mammals
28.11.2018 79




OueHka KayecTBa COOPKU reHOMA

 KonnyecTBoO KOHTUIOB
 OOLWasa AnNnMHHa BCEX KOHTUIoB
e [1INMHHA HanBOMNbLUEro KOHTUra

« KonnyecTBo HenpaBuUnbHO COOPaHHbIX
KOHTUIOB

* KonnyecTtBo MAeHTUMULUNPOBAHHbLIX TEHOB
* GC cocTaB %
* N50



N50

Pa3mep KOHTWUra, KOTOpbIn NpeacTtaBnsieT n3 cebs
Hanbonee AONMUHHbIN KOHTWUI, TakOW, HaduHash C
KOTOPOro, BCE OCTalbHble KOHTUMM COCTaBMAT HE
MeHee 50% OnNMHHbI reHoMa.

TOTAL GENOME SIZE - 20kb

28.11.2018 81



QUAST - QUality ASsesment Tool for Genome

g

Assemblies

g

Contig length (kbp)
¥ g g =

o

20 4

o

-~ EULER-SR  — IDBA-UD

— E+V-SC — SOAPdenove = Vefl00

Contigs and Scaffolds

28.11.2018

4000

# complete genes

chr_0 (..ete_genome)

0.0 "1.0 20 30 4.0
Genome, Mb

28ySS pymyuEAyEyEY R | B DV Yy 1IN
EULER-SR o Rty | W) Moty ot gt gy Nl A
E+V-SC ) U IR G 1| O P R S I
IDBAUD ) (L (L Sy

B FULERSR [ IDBA-UD
B E+V'SC @ SOAPGenc Ray gl g | ) (VRS Py W e

soAPdenovo INII| | M1 M | RAWIN W W
SPAdes.3.0 gy TP I 50 A O
Velvet | | yMERNR | ) SRR ) D A

http://quast.bioinf.spbau.ru/
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GENOMICS

Genome Project Standards in a Mot desied equence sanrts i e p

New Era of Sequencing

with revolutionary sequencing technologies will
aid the rasearch community in evaluating data.

P.S.G. Chain,'**18 D. V. Grafham *§ R. S. Fulton, *t M. G. FitzGerald *t J. Hostetler,'T D. the figure, page 236); hence, there is an urzent
Muzny*t J.Ali.? B. Birren® D. C. Bruce,'" C. Buhay,® J. R. Cole? Y. Ding} S. Dugan!D. Field," need to distingush good from poor data sets.

G. M. Garrity,’ R. Gibbs,*T. Graves *C. S. Han,"® S. H. Harrison,™ S. Highlander.? P. Hugenholtz, '

The sequencing institutes and consortia

H.M. Khouri,® C. D. Kodira,” E. Kolker'** N. C. Kyrpides ' D. Lang,2 A. Lapidus.' S. A e e SO U Y g P

J.Schmutz” S. Sozhamannan." P. Sterk."" R. L Strausberg.’
Tiedje,’ G. Weinstock,® A. Wollam,® Genomic Standards Co

Malfatti,?V. Markowitz,® T. Metha,® K. E. Nelson,” J. Parkh:-lﬂ

Jumpstart Consortium® J. C. Detter'* 13

or over a decade, genome sequences

have adhered to only two standards that

are relied on for purposes of sequence
analysis by interested third parties (7, 2).
However, ongoing developments in revolu-
tionary sequencing techno bgies have resulted
in a redefinition of traditional whole-genome
sequencing that requires reevaluation of
such standards. With commerdially available
454 pyrosequencing (followed by Illumina,
SOLiD, and now Helicos), there has been an
explosion of genomes sequenced under the
moniker “draft”; however, these can be very
poor quality genomes (due to inherent errors
inthe sequencing technologies, and the inabil-

Science 9 October 2009: Vol. 326 no. 5950 pp. |

237
28.11.2018

draft genon)
gating thro
ber and tyy]
trace repos|
this availal
contigs or g
database. T}
ity of such
some havod
has contrib|
nential leap
greatlyredy
time- and ¢
versus the

and finishir

% Standard Drafts

% High-Quality draft

s Improved High-Quality draft

% Annotation directed Improved Draft

“* Noncontiguous Finished

+ Finished: refers to the current gold standard and represents
genome sequences with less than 1 error per 100 000 base
pairs and where each replicon is assembled into a single
contiguous sequence. The Finished product is appropriate
for all types of detailed analyses and acts as a
high-quality reference genome for comparative purposes

y
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YnyduweHue cOOpKU reHoOmMa

Fix miss-assembhlies

Assembly: set of contigs

27

Ordered sets of contigs (scaffolds)

S
— —
— — PCR eroduct —
> P .
— — — —_—

“prit ., miz —

Clone walk
(Sanger lib) PCR - sequence

New technologies: no clones to walk off even if you can scaffold contigs
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[MbpngHas cobopka

X CloneView Contig Window
File Edit “iew Layout Colors Help
3522 (52 reads, 40135 bp) Color Scheme: Library

Zoom  + - 11Ix * Center Read Refresh Close

Highlight read pairs: & linking misplaced misoriented stretch/compress

MNODE_126542_length_3323_cov_11.472384 17850-21808 3522 ->




Cbopka Ha 0OCHOBe AaHHbIX
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[Nony4yeHune (pMHULLHOIO reHOMa

Historic timeline of sequencing of bacteria and archaea:

2002-2006 2006-2008 2008-2011 2011 2011-2013 2013-

Sanger Sanger/454 454/lllumina llumina/PacBio

S50k S35k S10k $1.5-3k S5k <S2k
49 contigs 22 contigs 44 contigs 69 contigs 6 contigs 1 contig
T e R R e
Manual Finishing (545-85k/ genome) :

Nat Methods. 2013 Jun;10(6):
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3a4yeM Hy>XHbl PUHULLIHBIE TEHOMbI?

PyHKUMOHArbHbIE rEHOMHbIE UccnegoBaHua TpedyoT
BbICOKOKa4Y€CTBEHHOM, NOMHOW NocregoBaTenbHOCTU reHOMa B Ka4yecTBe
OTNPaBHOMN TOYKMN

CpaBHI/ITeJ'IbHaﬂ reHoOMunuKa MMeeT CMbICJ1 TOJ1IbKO B TEPMNHAX MOJIHbIX
nocregoBaTernbHOCTEN reHOMa

NccnenoBaHus bakTepuarbHbIX reHOMOB TPeOYET Mo KpanHen mepe
OJHOW NONMHON 3TanNnoHHOW NocneaoBaTeNbHOCTU reHoMa

PUHNLLHBIE reHOMbI MOMOratoT B MaeHTUUKaLnum MCTOYHNKA BCMbILLKA
NHPEKUMN N onnoreHeTn4eCcKom aHanmse

[TOSTHBIM rEHOM - 3TO MOCTOSAHHbIN HAaYYHbIN pecypc

[TONHbLIN reHOM YerioBeKka SABNAEeTCA HanuyyLlmnm UCTOYHUKOM AS1S
yryJdLleHns fie4eHns naumeHToB (nepexos K nepcoHanmM3mpoBaHHOM
MeaunLmnHe)



GOLD: Genomes OnlLine Database

G®LD JGIHOME LOGIN

GENOMES ONLINE DATABASE

Home Search Distribution Graphs Biogeographical Metadata Statistics GOLD Usage Policy Team Help News

Studies 32514 Welcome to the Genomes OnLine Database GOLD Release v.6
Biosamples 46 309 GOLD:Genomes Online Database, is a World Wide Web resource for comprehensive access to information regarding genome and metagenome sequencing
projects, and their associated metadata, around the world.

Sequencing Projects 202 644

Analysis Projects 160 807 1 Reglster 2 Annotate 3 Pubhsh
Organisms 305 596

Standard
G@LD E 5 G:r?oranrlcsszz?ences

. .
&, Excel Data file P Publish your genome or metagenome in open
EIGIBStaaeraBd (0D, 2015 Register your project information and Metadata Annotate your microbial genome or access standards-supportive journal.
in the Genomes Online Database metagenome with IMG/ER or IMG/MER
Register Annotate publish |
NCBI Import Tracker
130,000 Studies Biosamples Sequencing Projects Analysis Projects
¥ NeBI p! q g Proj y! |
120,000 GOLD Metagenomic _1 444 &, Classification &4 Complete Projects 14 425 Genome Analysis 104 132
110,000 Wime Non-Metagenomic 31 058 Ecosystems @ Permanent Drafts 116 077 Metagenome Analysis 28 457
100,000 Host-associated 21 743 A N
Engineered 4 364 & Incomplete Projects 69 884 Metagenome - Cell Enrichment 983
0:000 Environmental 20 202 Targeted Projects 1238 Metagenome - Single Particle Sort 3 157
80,000
Metagenome - Assembled Genome (MAG) 7 613
70,000
Metatranscriptome Analysis 3 776
60,000
Combined Assembly 175
50,000
20,000 Single Cell - Screened (SAG) 2 354
30,000 Single Cell - Unscreened (SAG) 1 950
20,000 Transcriptome Analysis 516
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Ctatuctuka GOLD
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Ctatuctuka GOLD

Projects by Domain
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Ctatuctuka GOLD

Project Relevance of Bacterial Projects
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Ctatuctuka GOLD

Projects by Sequencing Center
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NCBIl Genome

& NCBI Resources (¥) How To %)

Genome Genome A |
Limits Advanced

Using Genome
Help
Browse by Organism

Download / FTP

Download FAQ

Submit a genome

Genome Tools

BLAST the Human Genome

Microbial Nucleotide BLAST

28.11.2018

Genome

This resource organizes information on genomes including sequences, maps, chromosomes, assemblies, and

annotations.

Custom resources
Human Genome
Microbes

Organelles

Viruses

Prokaryotic reference genomes

Genome Annotation and Analysis

Eukaryotic Genome Annotation

Prokaryotic Genome Annotation

PASC (Pairwise Sequence Comparison)

Other Resources
Assembly
BioProject
BioSample

Genome Data Viewer m

External Resources

GOLD - Genomes Online Database

Bacteria Genomes at Sanger

Ensembl

Help
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NCBIl Genome

NCBI National Center for Biotechnology Information

m U.S. National Library of Medicine

Genome > Genome Information by Organism

Organism name (common or scientific) or Accession (Assembly, BioProject or replicc O E=E1{o ! Download Reports from FTP site
Overview (36739); Eukaryotes (5672); Prokaryotes (139250); Viruses (15508); Plasmids (12697); Organelles (11722) ¥ Filters &Download
X ~ )
O x~s B Choose Columns Page 1 of735 MW M 50 v View 1 - 50 of 36,739
<
om # “ Organism Name Organism Groups Size(M Chromos: Organelle Plasmids Assembli
8 1 'Candidatus Kapabacteria' thiocyanatum Bacteria;FCB group;Bacteroidetes/Chlorobi group 3.27299 - - - 1
E 2 'Chrysanthemum coronarium' phytoplasma Bacteria;Terrabacteria group;Tenericutes 0.739592 - - - 1
3 Eelihacsa paputes Wilches tioom Bacteria; Terrabacteria group; Tenericutes 0.545427 - - - 1
phytoplasma
4 'Osedax’ symbiont bacterium Bacteria;unclassified Bacteria;unclassified Bacteria 4.02183 ) ) ) 1
Rs2_46_30_T18 (miscellaneous) i
5 ANME-1 cluster archaeon ex4572_4 Archaea;Euryarchaeota;Methanomicrobia 1.01808 - - - 1
6 ANME-2 cluster archaeon HR1 Archaea;Euryarchaeota;Methanomicrobia 2.19546 - - - 1
7 ANMV-1 virus Viruses;unclassified archaeal viruses;unclassified 0.038465 1 - - 1
8 Abaca bunchy top virus Viruses;ssDNA viruses;Nanoviridae 0.006422 6 - - 1
9 Abalone herpesvirus Victoria/AUS/2009  Viruses;dsDNA viruses, no RNA 0.211518 1 ; ; 1

stage;Malacoherpesviridae

Ahalana chrivalina eundrama.acenciated
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NCBIl Genome

) U.S. National Library of Medicine NCBI National Center for Biotechnology Information Login

GDV is a genome browser supporting the exploration and analysis of more than 580 eukaryotic RefSeq

Genome Data Viewer genome assemblies. €

Select organism

Homo sapiens (human) Homo sapiens (human) genome

Search in genome

fruit fly

human Location, gene or phenotype n

Examples: TP53, chr17:7667000-7689000, rs334, DNA repair

Aedes albopictus

chimpanzee

nematode Assembly
GRCh38.p12 v
L zebrafish rat
Browse genome | | BLAST genome

chicken

mouse

Plasmodium falciparum 3D7

Assembly details

Name GRCh38.p12
RefSeq accession  GCF_000001405.38
GenBank accession GCA_000001405.27
Download via FTP  RefSeq, GenBank

sheep

b o ) cattle Submitter Genome Reference Consortium
Level Chromosome
Category Reference genome

Annotation details

Annotation Release 109
Release date 2018-03-26
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NCBIl Genome

Sign in to NCBI

Genome Data Viewer
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NCBI SRA database

& NCBI Resources ¥ How To Sign in to NCBI

SRA SRA v [l | Search |

Advanced Help

0 Filters activated: Controlled, DNA, genome. Clear all

SRA

Sequence Read Archive (SRA) makes biological sequence data available to the research
community to enhance reproducibility and allow for new discoveries by comparing data sets.

The SRA stores raw sequencing data and alignment information from high-throughput
sequencing platforms, including Roche 454 GS System®, lllumina Genome Analyzer®,

Applied Bio e OLiD em®_ Helicos Heliscope® Comblete Genomics® and

Getting Started Tools and Software Related Resources
How to Submit Download SRA Toolkit Submission Portal
Log_in to SRA (for updating_and SRA Toolkit Documentation Trace Archive
troubleshooti bmissi
roubleshooting_submissions) SRA.BLAST dbGaP Home
Log_in to Submission Portal (for submitting SRA Run B BioProi
sequence data) S un Browser ioProject

SRA Run Selector BioSample

SRA Documentation

Download Guide

SRA Fact Sheet (.pdf)




NCBI SRA database

— NCB| Sitemap Alldatabases @

Iln Sequence Read Archive

Overview

The Sequence Read Archive (SRA) stores raw sequence data from
"next-generation" sequencing technologies including lllumina, 454, SRA database growth
lonTorrent, Complete Genomics, PacBio and OxfordNanopores. In 18/388,000,317, 274,295 total bases

s . ,993,756,251,953, 094 open access bases |
addition to raw sequence data, SRA now stores alignment '
information in the form of read placements on a reference sequence.

SRA is NIH's primary archive of high-throughput sequencing data
and is part of the international partnership of archives (INSDC) at the skoi
NCBI, the European Bioinformatics Institute and the DNA Database
of Japan. Data submitted to any of the three organizations are shared
among them.

Please check SRA Overview for more information.
120

terabases

Submitting to SRA

Making data available to the research community enhances
reproducibility and allows for new discovery by comparing data sets.

Submission Quick Start 13
Frequently Asked Questions and Troubleshooting

Log_in to Submission Portal (for submitting sequence data)

Log_in to SRA (for updating and troubleshooting submissions)

Size,

Using SRA Data with SRA Toolkit i

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Use SRA data to validate experimental results, increase sample Totd bose
sizes, determine variance and open up new avenues of research. Open occess basns
e SRA Download Guide Save in CSV format

o SRA Toolkit Usage Guide
o Software Download
» Get sources code on GitHub (for developers using SRA)




