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.S Maxam-Gilbertova sekvenaéni metoda (1977)

Princip metody - specifickd chemickd degradace purinovych a
pyrimidinovych bazi

* puriny jsou modifikovany pomoci dimethylsulfatu

* pyrimidiny pomoci hydrazinu

* ndsledné je pomoci IM piperidinu pri 90°C stépena cukr-fosfatova kostra
v misté prislusné modifikované béze
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A\ Maxam-Gilbertova sekvenaéni metoda
Modifikova P e
nd béze Specificka modifikace
G Methylace guaninu pomoci dimethylsulfatu pri pH 8.0 - guanin se stava nachylny
k odstranéni pri alkalickém pH.
A+G Pridani piperidinu v kyseliné mravenci pri pH 2.0 vede k odtranéni purinovych
bazi
Pridani hydrazinu vede k otevreni pyrimidinového kruhu a jeho odtranéni z

a DNA
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N Maxam-Gilbertova sekvenaéni metoda

Schéma sekvenace:

A 2 DNA

/ Alkalicka fosfatasa/polynukletid kinasa
Oznaceni koncl pomoci radioaktivni znacky

v \ Terminalni transferasa

Stépeni restrikénim enzymem
Yy

.—_— —
.37 Odstranéni

Denaturace (detekovatelny je pouze znac¢eny fragment)

Rozdéleni vzorku do étyr
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Maxam-Gilbertova sekvenaéni metoda

 Fragmenty jsou separovdny na priblizné 6% polyakrylamidovém gelu
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- Touto metodou jsme schopni sekvenonat

priblizne 250-300 bp dlouhé fragmenty

* Musime pracovat s velkym mnozstvim DNA

» Velka pracnost metody (nékolik purifikacnich

krokl), nemoznost piné automatizace, prdce s
mutagennimi chemikdliemi

* Pouziva se stdle pro "footprinting”



'\X Sekvenacni metoda dle Sangera (1980)

- Syntéza DNA in-vitro za pouziti “termindtord" - dideoxynukleotidl zabrariujicich
po svém zaélenéni do DNA jeji dalsi elongaci.
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Deoxyribosa Dideoxyribosa

* VyzZaduje pouziti inicidlniho primeru, DNA polymerasy a smés dNTPs se znalenymi
ddNTPs

* Nasyntetizované retézce jsou poté separovany pomoci polyakrylamidové gelové
elektroforézy-nebo kapildrni elektroforézy

* Moznost pIné automatizované seprace za pouziti fluorescenéné zna¢enych ddNTPs
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Sekvenaéni metoda dle
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Ruéni sekvenace

Sangera (1980)

Automatickd analyza a vyhodnoceni

* kapildrni elektroforéza spojend s
fluorescenéni detekci produkti
(BigDye barevny set)

» Genetic analyzer 3000 series (ABI)
** Megabase (GE Healthcare)

Automatickd sekvenace
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Throughput/Performance by Run Module
XLRseq: 768 samples per day (690 Kbases)
LongSeq: 1152 samples/day (980 Kbases)

StdSeq: 2304 samples/day (1550 Kbases)
FastSeq: 2304 samples/day (1600 Kbases)
RapidSeq: 3840 samples per day (2100 Kbases)


https://products.appliedbiosystems.com/ab/en/US/adirect/ab?cmd=catNavigate2&catID=600527&tab=Literature
https://products.appliedbiosystems.com/ab/en/US/adirect/ab?cmd=catNavigate2&catID=600527&tab=Literature
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Human Genome Project (HGP)
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- zapocat v roce 1990 za ucasti DOE and NIH N ;/ ;-,"?!ii\;\\
o/ \ X
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- sekvenace provadéna pomoci BACs LTl
- prvotni plan pocital s dobou trvani 15 let

- nakonec sekvenace témér dokoncenajiz v.roce 2000

- vysledna sekvencni mapa publikovana 14. dubna 2003, 99.99% presnost

(National Human Genome Research Institute)

- celkové néklady projektu 3 miliardy dolart

- vroce 2000 prezident Bill Clinton ujistil o nepatentovatelnosti lidské DNA

https://https://www.genome.gov/25019885/online-education-kit-how-to-sequence-a-human-genome//



https://unlockinglifescode.org/timeline?tid=4
https://unlockinglifescode.org/timeline?tid=4
https://en.wikipedia.org/wiki/NIH
https://en.wikipedia.org/wiki/National_Human_Genome_Research_Institute
https://www.genome.gov/25019885/online-education-kit-how-to-sequence-a-human-genome/

Celera Genomics Project

- zaloZzena védcem Craig Venterem a v roce 1998 zapocala sekvenacni projekt

- celkové ndklady 300 mil. dolart byly hrazeny plné s privatnich zdroju

poprvé pouzita metoda ,whole genome shotgun sequencing”

k analyze sekvenacnich dat pouzit pristup vyvinuty Gene Myersem

tento pristup vsak vyzadoval extrémni vypoctové pozadavky

finalni vypocet provadén na 7000 procesorech k ziskani 1000 nasobné
rychlosti oproti Pentium-pocitaciim

- tento inovativni pristup dovolil dokon¢it sekvenaci jiz za 9 mésic



N\ Pyrosekvenovani (1990)

- umozhuje rychlou sekvenaci krdtkych dsekld DNA - sekvenace 30 aZ 50 bazi trvd
priblizné 30 az 45 minut.

- Jednd se o bio-luminometrické sekvenovani DNA zaloZené na detekci
anorganického pyrofosfdtu (PPi) uvolnéného béhem inkorporace nukleotidi.
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Pyrosekvenovani

Metoda pyrosekvenovdni je pouzitd v nékterych
sekvendtorech "druhé generace" (Roche)

Prichodnost 1 miliarda bazi za den

Doba analyza 10.0 hodin

Délka ¢teni 400

Pocet ¢teni/analyzu 1 000.000

Spravnost >99.0% spravnost jednoho ¢teni na 400 bazich
Potrebné mnozstvi DNA Mené nez 100 ng DNA

Multiplexovani

454 uces  First to the Finish N s

http://454.com/products-solutions/multimedia-presentations.asp



Pyrosekvenovani



https://www.roche-applied-science.com/sis/sequencing/gs20/index.jsp
https://www.roche-applied-science.com/sis/sequencing/gs20/index.jsp

Prichodnost

Doba analyza
Délka cteni
Presnost

Pocet &tena/béh

Vzorky

6S Junior System

35 .bazi/béh

10-hodin sekvenovadni
2 hodiny zpracovdni dat
400 bazi

99% presnost pri 400 bazi
100,000 shotgun, 70,000 amplikon
gDNA, amplikony, cDNA



Read
Length

1 x 35bp
9 % 35 bp
9 % 50 bp
2 x 75 bp

Wurming

2 x 100 bp

Sekvenator IT generace - Solexa

Run
Time
~2 days
~4 days
~5 days

~7.5 days
~9.5 days

- M‘ -

# of Reads
(per flow cell)

90-100 M
180-200 M
180-200 M
180-200 M
180-200 M

Tvorba klastri Sekvenace

Parovani »
, Analyza dat

High-Quality Output (GB) Base Calls Raw Read
Total Per Day with Q =30 Accuracy
3-3.5 ~1.5-1.75 75-009% = 09%
6.5-7 ~1.61.75 75-00% = 009
910 ~1.8-2.0 75-90% = 009
1315 ~1.7-2.0 T0-85% =08.5%
18-20 ~1.9-21 = 70% = 08%

illumina’

Perfect
Reads

= 90%
= 909
= B5%;
= B0%
= 70%



Sekvendtor II generace - MiniSeq,
MiSeq, NextSeq, HiSeq

HiSeq X Series
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Sekvendtor IT generace - princip
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Ndhodna fragmentace DNA,
na fragmenty jsou poté
ligovany adaptéry
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Dense lawn
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\ Ada\;‘bter //

Fragmenty DNA se
ndhodné navdzi na vnitrni

povrch pratoénych kandlki

Po priddni nukleotidt a
enzymi sjede k tzv.
mastkové PCR

illumina’



illumina’
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Enzym inkorporuje Po ndsledné denaturaci V kazdém kandle jsou tak
nukleotidy a vytvdri dvou- zUstdvaji na povrchu vytvoreny miliony klastri
Fetézcovy mistek prichycené jedno- dvou-retézcové DNA

retézcové templaty.



illumina’

Sekvendtor IT generace - princip

Lasar

Prvni cyklus: pridani ¢tyr
fluorescencné znacenych
reverzibilnich termindtort
a enzymd

Excitace laserem a
zaznamendni fluorescenéniho
sighdlu kazdého klastru

Laser

Druhy cyklus: pridani ¢ tyr
fluorescencné znacenych
reverzibilnich termindtort
a enzyml
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Excitace laserem a
zaznamendni fluorescenéniho  celého procesu
signdlu kazdého klastru

Nékolikandsobné opakovani

Srovnani ziskanych dat s
referenéni sekvenci,
identifikace rozdill



A Sekvendtor IT generace

Priprava DNA knihovny

W Vzorek DNA - fragmentace (Covaris, fragmentadza)
S S Zacisténi koncl (DNA polymerdza)

= 8= Ligace adapterd (ligdza)

- = | Vybér fragmentt dle velkosti (SPRI)

----------- Amplifikace fragmentd

Sekvenace (Illumina, IonTorrent)
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Index2 Readl Index 1

Read 2

illumina:



) illumina’
Sekvenator IT generace

Sekvenace amplikond

ps
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Target
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& ‘ MID p7-01
1* Muhtiplex PCR ‘ 2™ Universal PCR ‘ Hp7
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Sekvendtor IT generace - Single read

OH OH

diol

P7 P5
1. Grafting

Sequencing on
Genome Analyzer

illumina’
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2. Hybridization & 3. Linearization

Amplifieation

g |
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5. Denature and Hyb 4. Blocking with
SBS ddNTP (®)




illumina
Sekvendtor IT generace - Pair end read

IIEAIES]

Denaturation and Sequencing Denaturation,and Resynthesis
Hybridization First Read DesProtection of P5 Strand

|
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1 ?{_r" [ 1 T 1 )

Sequencing Denaturation and Block with P7 Linearization
Second Read Hybridization ddNTPs




Bl usrary pRePARATION o | © Fragment DNA
& hours
3 hours hands-on time o l e Repair ends
. Add A overhang
‘% ) l
= +
=p - - So e
LY
\v L 3 20 l
\\ .Y ° . . © select ligsted DNA
' ®
B} custerceneration | g Attach DNA to
: flow cell

4 hours .‘
() Perform bridge
amplification
!

o Generate clusters

° Annsal saquancing
primer

< 10 minutes hands-on time
1-96 samples

) Extend first base,
read, and deblock

|

@) Repeatstep above

8 lanes, up to 96 a G & ;
per fiow cell frun) — By sy to extend strand
c }
T (D Generate base calls

=
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;“ App!ied Biosystems SOLiD'“ S“ystern 2.0
Sekvenator IT generace - SOLID

applied
b‘i)gsystemS'

See the difference SOLiD™ 4

The SOLiD™ 4 System LR : a SYSTEM SEQUENCING

Library Type Read LeEngth MNumber of Typical Mappable®  Typical Mappable* Total Tags/Run Mumber of
Slides/Run Output/Slide Output/Run (2 slides) Days/Run
Fragrment Library 36 bases 1-2 1.5-2 GB 3-4 GB 2EM - 1141 & daysirun

Mate-Paired Library 2 x 25 bases 1=2 2.53GB 56 GB 200M - 240M 10 days/run
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systems SOLID™ System 2.0

i

Specifications
Throughput/Run**
System Accuracy

COsthonor_'r_lo““
Read Length

Multiplexing

7 Run Time

SOLiD™ 4 System

Up to 100 Gb

. Fragmon—tzsobp
.« Mate-pair: 2x S0 bp

* Paired-end: 50 x 25 bp
# 48 RNA barcodes

* 96 DNA barcodes

* 3 days for 35 bp
* 11 days for 50 x 25 bp
* 12 days for 2 x 50 bp

| 99.99%

* Fragment: 75 bp
* Mate-pair: 2x 75 bp

* Paired-end: 75 x 35 bp

* 96 RNA barcodes

* 96 DNA barcodes

* 3 days for 35 bp
* 12 days for 75 x 35 bp
* 14 days for 2x 75 bp

SOLiD™ Pi System*

Up to 50 Gb

Rrlss
As low as $8,000
* Fragment: 75 bp

* Mate-pair: 2x 75 bp
* Paired-end: 75 x 35 bp

* 96 RNA barcodes
* 956 DNA barcodes

« 1 day for 35 bp




- .. -

'\( Applied Biosystems SOLID™ System 2.0

i 1 L B e

SOLiD - zakladni parametry cteni
Kvalita Presnost

10 I - 4

ercentane]

ant of Total Bases

Empirical Error Rates

Sensitig 1o

— Homazgous SK's

EalE— - N I I — - ]

— I S .
- £=10 e i T=15 bl =3 Jtmill

Base Quality Values

Robustnost

Sequence COvEradE

* Pro detekci polymorfismt nutno
opakovat minimdlné 20x

* Pro detekci somatickych mutaci
30x

 + L percentile
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Applied Biosystems SOLID™ System 2.0

Sekvenator II generace - SOLiD

Vytvoreni tzv. Sekvenaéni knihovny

erasMEnT LiRrary  IGHREATD MATEPAIRED LiBmary | Gpliona’ )
gDNA alDNA
/\/\ /—\/‘\/\/ 270p 27bp
Shisar DNA Snoar DN
\/ _E
— . ' o g EcaP? P P2
i ' Ligate Intermal Adaptars oy N Miapter  Adopter
: P‘ \\ I:T : N M ~\\
Acapler Adapins
Ligsta P1 &PZ
Mate=Parnd Lirary
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Fragreant Linfacy
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Applied Biosystems SOLID™ System 2.0

Sekvenator II generace - SOLiD
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NamnozZeni Sekvenacni knihovny (em-PCR)

Fragment Linrary
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Applied Biosystems SOLID™ System 2.0
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Sekvenator II generace - SOLiD

Sekvenace pomoci ligacni reakce

R \a

2 Base N\, 4
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http://marketing.appliedbiosystems.com/mk/get/SOLID_KNOWLEDGE_LANDING?utm_source=AB-EU-hpg&utm_medium=banner&utm_campaign=SOLiDv2
http://marketing.appliedbiosystems.com/mk/get/SOLID_KNOWLEDGE_LANDING?utm_source=AB-EU-hpg&utm_medium=banner&utm_campaign=SOLiDv2

N Sekvenator II generace - Ion Torrent

Ton 314™ Chip v2:
30-100 Mb sekvencnich dat s dobou ¢teni 2-4 hodiny

Ton 316™ Chip v2:
300 Mb-1.0 Gb sekvencnich dat s dobou ¢teni 3-5-hodin

Ton 318™ Chip v2:
600 Mb-2.0 Gb sekvenénich dat s dobou ¢teni 4-7 hodin




Sekvendtor II generace - Ion Torrent

Postup prace

m ®m =8| T

SELECT CONSTRUCT PREPARE RUN ANALYZE
TARGETS LIBRARY TEMPLATE SEQUENCE

incorporates Hydrogean ion
into DNA . is raleased



http://www.lifetechnologies.com/cz/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-technology.html
http://www.lifetechnologies.com/cz/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-technology.html

Sekvenator ITII generace - PacBio

Sequel System PatBIO'RS ||

@ PACBIO"
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http://www.pacb.com/products-and-services/pacbio-systems/sequel/
http://www.pacb.com/products-and-services/pacbio-systems/rsii/

Sekvenator ITII generace - PacBio

@ PACBIO"

Sekvenace zaloZena na Single Molecule, Real-Time (SMRT®) technologii

VyZziva tzv. Zero-Mode Waveguides (ZMWSs) umoZziujcici osviceni pouze spodni
Casti jamky, ve které je dole imobilizovdna DNA polymerdza

Hlavni vyhoda je moznost dlouhého ¢téni (az 20 kb)

Dalsi vyhoda je moznost primé detekce methylovanych bazi (epigenom)

Read lengths > 20 kb

Data per

SMRT Cell: 750 Mb - 25Gb

Half of data in reads: > 20 kb

Top 5% of reads: > 30 kb

l L R i >
Maximum read length: > 60 kb
r>
|
poe 3 )

M0 MES MG R0 MAED KOO0 WSS

Read Length

Polymerase Dynamics

Directly detect DNA maodifications
using polymerase kinetics

~_ Forward Strand

T
A
I === Reverse Strand



Sekvendtor IIT generace - PacBio

Priprava knihovny

1. Generate amplicon

2. Ligate adaptors

¥

3. Sequence ‘ ; : - { )
Wy
w =

4, Data analysis
1.1 Raw @ng rac

4.2 @00 edlon Nead - —

https://www.youtube.com/watch?v=v8p4ph2 MAVI

@ PACBIO"



