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Sekvenovani

Stanoveni sekvence nukleotidi v molekule = Stanoveni primarni struktury DNA / RNA
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Proc¢ sekvenovat?

de novo sekvenace celych genomu — whole genome sequencing
analyza polymorfizmu (SNP, ...) a mutaci - targeted resequencing
identifikace organizmu — genome sequencing + resequencing

identifikace cilovych motivu proteint vazicich se na DNA — sekvenace vysledku
chromatinové imunoprecipitace — ChIP seq

analyza transkriptomu — kvantifikace RNA — RNA seq

identifikace metylace DNA (cytosinl) — Bisulfite sequencing
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Sekvenacni techniky — dle generace
Klasické techniky

* Chemicka sekvenace — dle Maxam a Gilbert

* Enzymaticka sekvenace — Sanger / dideoxy

* Nyni automatizovana — kapilarni sekvenatory

Next-generation sequencing (NGS)

* 454 sekvenovani / pyrosekvenovani — Roche

lon Torrent — now ThermoFisher

SOLiD - Sequencing by Oligonucleotide Ligation and Detection — ABI / Life Technologies / ThermoFisher
Illumina (Solexa)

Sekvenovani tieti generace (3" generation sequencing)

* Helicos
* PacBio — metoda SMRT- Single-Molecule Real-Time sequencing — Pacific Biosciences
* NanoPore — proteinové nanopodry (a-hemolysin, ...) — Oxford Nanopore
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Sekvenacni techniky — dle generace
Klasické techniky

* Vstupem kazdé jednotlivé sekvenace je velké mnozstvi molekul NK pro pripravu jednoretézcového
templatu jenz je sekvenovan

* Kazdy fragment je sekvenovan a detekovan individualné jako samostatna reakce

Next-generation sequencing (NGS)

* Vstupem kazdé jednotlivé sekvenacni reakce je jedina molekula NK, ktera je amplifikovdana na velké
mnozstvi jednofetézcovych templatd, jez jsou nasledné sekvenovany

* Sekvenuje se paralelné velké mnozstvi mensSich fragmenti NK (kratka cteni), jeZz se nasobné
prekryvaji

Sekvenovani tieti generace (3" generation sequencing)

* Vstupem kazdé jednotlivé sekvenacni reakce je jedina molekula NK, jez je pfimo sekvenovana bez
amplifikace

* Sekvenuje se paralelné vice velmi dlouhych fragmentu (dlouha cteni)




Sekvenacni techniky — dle principu

Sekvenace syntézou — detekovana je inkorporace specifickych bazi pfi / po polymeracni reakci
Sangerovo sekvenovani

Pyrosekvenovani
lllumina

Sekvenace stépenim — dlouha NK je specificky stépena v mistech jednotlivych bazi
Maxam a Gilbert

Sekvenace ligaci

Sekvenace elektrochemickou detekci — jednotlivé baze NK pfi prlichodu membranovym pdérem poskytuji
elektrickou odezvu

NanoPore




Nahodné sekvenovani (shotgun sequencing)

* Prinahodném sekvenovani genomu jsou nejdrive pripraveny mechanickym stfihanim genomové DNA fragmenty s
optimalni velikosti (1 300 — 2 000 bp) a po upravé jejich koncl jsou nahodile naklonovdny do vhodného vektoru za

vzniku velkého poctu klonu.
* Ke stépeni DNA se vyuziva sonikace nebo pankreaticka DNaza | za pritomnosti Mn2+

Shotgun Approach Hierarchical Shotgun Approach
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Usporadaneé sekvenovani

Prochazeni primerem - ,,primer walking“
* vyzaduje znalost sekvence, ke které se pripojuje primer, ktery umozni prodlouzeni retézce DNA-
polymerazou.
» ziskana sekvence z prvni reakce je pouzita pro navrh primeru pro dalsi reakci a tento krok se opakuje,
dokud neni dosazeno kompletniho stanoveni sekvence.

1. kolo
)

I e —

2. kolo



Usporadani sekvenacniho experimentu

Single read
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Paired-end read
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Mate-pair library

Problém sekvenovani repetitivnich oblasti pomoci platforem produkujicich kratka cteni
Mate-pair knihovny — delsi oblast je reprezentovana jedinym fragmentem, ktery obsahuje
ligované konce této oblasti.

Informace o vzajemné pozici vzdalenéjsich oblasti, Citelna i pomoci kratkych Cteni.

End Repair
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Next-Generation + 3rd gen. sekvenovani

L_h-_- — - — \ X ’
e - Cteni (read)
POkrytll_ 14X __'_,.-""r \'\,

m F0. 430 B unknrRN SAgUENE b e ntiken
Cteni (read)
* Sekvenace jednoho fyzického fragmentu nukleové kyseliny

Délka cteni (read length)

* Obvykla délka osekvenovaného fragmentu v ramci jedné ,,reakce”

Pokryti / hloubka sekvenovani (coverage / sequencing depth)
* Pocet osekvenovani jednoho nukleotidu/oblasti
* Primérna hloubka = mnoistvi osekvenovanych dat (Gb) / velikost sekvenovaného genomu

Presnost

Délka ¢teni (read length)

* Diky vysSimu pokryti je vysledna presnost vysoka



Gigabses per run (leg scale)

Next-Generation + 3rd gen. sekvenovani
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Next-Generation + 3rd gen. sekvenovani

* Pro rizné typy experimentt vhodné ruzné délky cteni x pokryti, tedy
rizné platformy

* De novo sekvenovani — lepsi delsi ¢teni s dostateCcnym pokrytim pro
stanovenou presnost

e ChIP / RNA seq — pro dostatec¢nou ,statistiku” nutné vysoké pocty ¢teni
jednotlivych oblasti (,,jakoby pokryti“), ale nejsou nutna dlouha cteni
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Sekvenovani dle Maxam a Gilbert

Pfiprava jednoretézcové NK (DNA)

Termindlni znaceni (5 konec - T4 PNK, 3‘ konec — TdT, fluorescencni primer)
Rozdéleni na 4 reakce

Specificka chemicka modifikace bazi

FAST STRAND SLOW STRAND

A>GG>A C C+T

&y x , . . c .y . A>GG>A C C+T
Stépeni NK alkalickou hydrolyzou (1M piperidin; 90°C; 30 min) gt A>GG>A C C#T A>GG>A C C+T
Elektroforéza (denaturacni PAGE, kapilarni pfi fluorescenénim znaceni) :—?___f_ e — g"g (e o o
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FiG. 2. Autoradiograph of a sequencing gel of the complementary strands of a 64-base-pair DNA fragment. Two panels, each with four re-
actions, are shown for each strand; cleavages proximal to the 5’ end are at the bottom on the left. A strong band in the first column with a weaker
band in the second arises from an A; a strong band in the second column with a weaker band in the first is a G; a band appearing in both the third
and fourth columns is a C; and a band only in the fourth column is a T. To derive the sequence of each strand, begin at the bottom of the left
panel and read upward until the bands are not resolved; then, pick up the pattern at the bottom of the right panel and continue upward. One-tenth
of each strand, isolated from the gel of Fig, 1, was used for each of the base-modification reactions. The dimethyl sulfate treatment was 50 mM
for 30 min to react with A and G; hydrazine treatment was 18 M for 30 min to react with C and T and 18 M with 2 M N_aCl for 40 min toc]e:‘we
C. After strand breakage, half of the products from the four reactions were layered on a 1.5 X 330 X 400 mm denaturing 20% polyacrylamide
slab gel, pre-electrophoresed at 1000 V for 2 hr, Electrophoresis at 20 W (constant power), 800 V (average), and 25 mA (average) proceeded until
the xylene evanol dye had migrated halfway down the gel. Then the rest of the samples were layered and electrophoresis was continued until
the new bromphenol blue dye moved halfway down, Autoradiography of the gel for 8 hr produced the pattern shown.

Maxam AM, Gilbert W. A new method for sequencing DNA. Proc Natl Acad Sci U S A. 1977;74(2):560-4.
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Sekvenovani dle Maxam a Gilbert

Jednoretézcova
DNA

*—G
*~GATCG

*-GATCGG
*-GATCGGTG

*-GATCGGTGAACTG

*-GATCGGTGAACTGTCCAG

*~GATCGGTGAACTGTCCAGA

*—GAT

*-GATC
*-GATCGGT
*-GATCGGTGAAC

*-GATCGGTGAACT

*-GATCGGTGAACTGT
*-GATCGGTGAACTGTC
*-~GATCGGTGAACTGTCC

FAST S

A>GG>A C C+T

*-GATC
*-GATCGGTGAAC
*-GATCGGTGAACTGTC
*-GATCGGTGAACTGTCC

*=G

*-GA

*-GATCG
*-GATCGG
*-GATCGGTG
*-GATCGGTGA
*-GATCGGTGAA
*—-GATCGGTGAACTG

*-GATCGGTGAACTGTCCA
*~GATCGGTGAACTGTCCAG

*-GATCGGTGAACTGTCCAGA
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Sangerovo sekvenovani

G AT C

Pfiprava jednoretézcové NK (DNA) jako templatu
Terminalni znaceni primeru (5‘ konec - T4 PNK, 3‘ konec — TdT, fluorescencni primer)
Rozdéleni na 4 reakce, kazda s pridavkem jednoho dideoxyNTP (ddNTP)

Polymeracni reakce — prodluzovani primeru (templat + primer + polymeraza + dNTP mix + i 70C a380
s v L4 v d 4 ré " G‘c f*a-c- 3?0
prislusny ddNTP v malém mnozstvi)  Ba & ANCGACA ::::
7 v ’ . 4 ’ Ve v s v ré T
Elektroforéza (denaturacni PAGE, kapilarni pfi fluorescencnim znaceni) il
. . N - { n i . Rpiel ~ AAAA &R0
Vizualizace (autoradiografie, fluorescence) ®- @@ oox O~ s GEenE s
H :EE,‘C 4320
!

Dideoxynuciootids (ddNTP)

. o
G A T C @-®-@® ase Bt

dNTP dNTP dNTP dNTP N : _F-.‘.:.;
ddGTP ddATP ddTTP ddcTp 1 S 0 e

Deaxynuclestioe {dNTP] '--—-:.'.ﬁ..ﬂg

- T

— Al 4T 4270

.ﬂ.T 4
- i T ag@a0

Fur 2 Awdoradiograph (rom sn ecperiment using fragment
4 as pricaer om the complomentary steand of 23174 DXA. Conda
thans weee s in Fig. | with the following exceplioos: AACTT vens used
as imhibitar instend of arsCTP. After incubation of the sobutions al
oo Lemperature for 15 mim, 1 gl of 0.5 mM dATEF and 1 gl of re-
striction enzeme Hae 110 (4 unitadul) were sdded and the sodutions
weise incighaled @i 177 fowr 10 il The Maoe 1] ruts cdoss to Uhe Hindll
wite and 1t wis vaed because if was more resdily svailable. The slec-
traphoresis was on 8 | 2% scrylamide gel at 40 maA for 14 tir. The top
L crn of the gel i ot abown

Sanger F, Nicklen S, Coulson AR. DNA sequencing with chain-terminating inhibitors. Proc Natl Acad Sci U S A. 1977;74(12):5463-7.
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Sangerovo sekvenovani

Polymeracni reakce  *_primer % _ CTAG
za pritomnosti 4

dNTP a nékterého  templat GATCGGTGAACTGTCCAGA

ddNTP
P p
pouz® o >U28 diarp

*—~CTAGCCA
* _CTAGCCACTTGACAGGTCA Optima’|n|'5més
" dATP + ddATP
*-CTAGCCA Denaturacni
PAGE
*~CTAGCCACTTGA
>

*—CTAGCCACTTGACA
*-~CTAGCCACTTGACAGGTCA




Automatizované Sangerovo sekvenovani

Fluorescencné znacené mohou byt primery nebo terminatory

o8 me

Sample namea: C13
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Next-Generation Sekvenovani

* Vstupem kazdé jednotlivé sekvenacni reakce je jedina molekula NK, ktera je

amplifikovana na velké mnoistvi jednoretézcovych templatd, jez jsou nasledné
sekvenovany

e Sekvenuje se paralelné velké mnozZstvi mensich fragmentl NK, jeZ se ndsobné
prekryvaji

Illumina
lon Torrent
SOLiD

Pyrosekvenovani



Amplifikace NK pro sekvenovani

Pred samotnym sekvenovanim NGS je nutné amplifikovat vstupni fragmenty NK tak,
aby amplikony kazdého fragmentu byly separovany od ostatnich fragmentu.

Emulzni PCR Bridge / Polony PCR



Emulzni PCR

Ideal microreactor
containing one strand of
o library DNA, primers,
,“" one bead and PCR mix
i
'
-~ Emulsion ol _" 4
, Make emulsion — Emulsion
PCR mix I:B.Q. b}' mhcing}
Bﬂﬂd _-______,._,_-._...-,_
Library DMNA
3. Extension : polymerase
amplifies the forward 2. Annealing : ONE fragment
strand starting from the (reverse strand) annaals to
bead towards the primersite adaptersite on the bead 1. Denaturation of _~CACACOCOCO0OO0

: library fragment
@WW\M." ol P

AN
P a Vo Vo Vo WaWala

4. Denaturation ; origigal reverse sirand denalures
fram the bead, the for§ard strand is connected to
the bead by the sug sphate backbone of DNA
— p

w ANAAANSD

b | ¥ o~

La AN \’L"I‘L—"L\ )
AV WAV a VoV al '

~ 5, Annealing : reverse
strand anneals 1o

7. Repaat PCR steps
4 -5 - § for 30- 60 cycles.

6. Extension : polymerase
plers amplifies the forward strand starting
x:d Pﬂ:a‘::::als from the bead towards the primersite, and

to forward strand ll|1‘Wiaxammﬁﬁ,mt‘.‘:l"i"'i'f)ger A Fﬁ%mn#grﬁ?gg Fg?d sequencing DNA. Proe:NatlAca

1 Sci U S A. 1977;74(2):560-4.
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Bridge / ,,Polony“ PCR

|['|1[|
0l
g !

DNA fragments Primers

DNA strands are attached

to cell surface at one end Ends are altached to surface

by complimentary primers

Denaturation forms two Repetition forms clusters
Enzymes create double strands separate DNA fragments of idertical strands

atdbio.com
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lllumina (Solexa)

* Amplifikace pomoci bridge PCR — tvorba clusteru

A Libmary Praparahion B Cluster Ampliticaton
e Sekvenace polymeraci o
* VyuZiti odliSné fluorescenéné znacenych ,reversible — 1 |
terminator” nukleotid( R ( ’
* Detekce fluorescence soubézné pro vsechny clustery po ’ !

kazdém pripojeni nukleotidu — ,,mikroskopicky*
* Kratka cteni (150 bp), paired-end N | o - |
» Velké mnoistvi paralelnich ¢teni (107-1020) o B o e

* Velky objem vystupnich dat (az Tb / béh) C. Sequencng Aigoment arg Data Anayisss
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lllumina (Solexa)
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TEZ: https://www.illumina.com/documents/seminars/presentations/2010 09 sq lakdawalla_compendium of genomic dna sequencing.pdf www.illumina.com
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lllumina (Solexa)
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NovaSeq 6000

NextSeq Series © HiSeq 4000 System HiSeq X Series® System

Popular Applications & Metheds Key Application Key Application Key Application Key Application
!;:;iz l';-"mme-Gennme Sequencing (human, plant, @ ® ®
Small Whole-Genome Sequencing (microbe, virus) @ @ L ]
Exome Sequencing @ @ ®
Targeted Gene Sequencing (amplicon, gene panel) @ [3 L ]
Whole-Transcriptome Sequencing @ [3 &
Gene Expression Profiling with mRNA-Seq @ @ @
miRMNA & Small RNA Analysis [ ] & @
DNA-Protein Interaction Analysis @ & @&
Methylation Sequencing @ @ @
Shotgun Metagenomics @ @ [ ]

Optimized NGS Sample Tracking and Workflows

See how a Laboratory Information Management Sysiem (LIMS) enabled this large genomics lab to standardize lab
procedures and cope with increasing sample volumes from diverse clients.

Read Case Study »
~13—25 hours {dual S1 flow cells)

Run Time 12-30 hours =1-3.5 days = Jdays ~16—-36 hours {dual 52 flow cells)
~44 hours (dual 54 flow cells)

Maximum Cutput 120 Gb 1500 Gb 1800 Gb 6000 Gb
Maximum Reads Per Run 400 million 5 billion @ billion 20 billion
Maximum Read Length 2 = 150 bp 2= 150 bp 2 =150 bp 2 =150 bp

www.illumina.com
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lonTorrent




SOLID

Sequencing by Oligonucleotide Ligation and Detection
Sekvencné specificka ligace oktamernich oligonukleotidovych sond oznacenych fluorescencnimi barvivy

Velmi vysoka presnost na prvnich nukleotidech, velmi kratka Cteni

3, +
+ R

PR S ]

Ligase
+ e -

G-G=n=n=n=z=z-2 3 oo
PR ——— I_'ln‘J-'|-."|-['.-_.‘-l|'-=|

LU,

Primer
o T
Template Sequence

-

[fed=p=]

LIGATE

5 LU

Bead 5
Adapter Sequence

7 Primer
TTTTTTTTT o
Baad <5 SV TR
Adapter Sequence Template Sequence
Cleavage +
I=i=1

Primer

T oA s
St LU LU

Template Sequence

3

CLEAVE

Bead 5
Adapter Sequence




Barcoding

Up to 16 libraries




Pyrosekvenovani (454-sekvenovani)

Sekvenovani se syntézou DNA v redlném Case nevyZzadujici elektroforézu ani separaci fragmentu

Je zalozené na uvolnéni pyrofosfatu (PPi) pfi enzamatické syntéze DNA (Nyren et al., 1987)

Namisto standardniho dATP je pouzivan a—-thiosubstituovany dATP, ktery je pfijiman DNA polymerazou, ale
nikoli luciferazou

Pouzivana pro identifikaci jednonukleotidovych polymorfizm{ (SNPs)

prirmer templatova DMNA

| 2m e PO

i
dTTP = & degradovan

Pelyrrdrs e
3 === ACCTTGAGTACCATCTAGGA

44TP =  j& degradovan

+4
a5t @ cembumisisosnce = TIVTTTTTC  1ossas odedtena nukleotidova sekvence
) = - 5 B . A B8 6 7

i
L dETR 1-.I|-|.-"1|'.||l'-- sEEflE = m’ﬁ:—l_u_m_u

13

dTTF —— j& degradovan

% —
dATP ‘l."l:u IrminBoente = .E'.JJ_Lﬂ.n.LrEL...H.L.
+ L
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Pyrosekvenovani (454-sekvenovani)




3rd generation sekvenovani

* Vstupem kazdé jednotlivé sekvenacni reakce je jedina molekula NK, jez je primo
sekvenovana bez_amplifikace

» Sekvenuje se paralelné vice velmi dlouhych fragmentu (dlouha cteni)

NanoPore
Pacific Biosciences — SMIRT



PacBio - SMRT
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Each of the four nucleotides Is labeled
with a different colored fluocrophore




Nanopore




Naklady na sekvenovani

Moora's Law

Mational Human Genome
Research Institute
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