Urcovani sekvence DNA _
0d manualnich po plné automatické metody sekvenovani

1st generation:

Maxam-Gilbert (Ctyri Stépici reakce - G, AG, C, TC)

Sangerova metoda (terminace syntézy druhého vlakna)

Applied

Next-generation: plosystems
454/Roche (pyrosekvenace, PP se chemicky vaze na emisi svetla
SoLiD/LifeTechnologies (ligace fluorescenc¢nich oligonukleotidu)
Solexa/Illumina (polymerace fluorescenénich nukleotidi)

Complete Genomics (ligace k nanoshlukiin DNA)

COTTIQ!?@%E * illumina’
3rd generation:

Single-molecule sequencing:
Helicos (sekvenuje jednotlivé molekuly diky lepSi optice)
SMRT/Pacific Biosciences (jamky pro jednu polymerazu)
IonTorrent (semiconductor sequencing)

Nanopore sequencing:

Oxford Nanopore ACIE]
NABSys @ BIOSCIENCES"
NobleGen

iy Helicos
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SEKVENACE DNA - PREHLED
METOD

polymerizace:

ATCAGTG c[ DNA pol }A - (KOTVA)
TAGTCACG <-C*

hybridizace:

ATCAGTGCGATGCA - KOTVA
TAGTCACGCTACGT*

ligace:

ATCAGT[:CGATEG CA - KOTVA
TAGTCA| PNALg |cgt*




- de novo sekvenovani
- organizmy
- populace

- resekvenovani

- detekce polymorfizmu
- SNP
- preskupeni

- zjiStovani metylace

- mérenl exprese (nahrada microarray)




Tradicni zpuisoby sekvenace

Hierarchical shotgun sequencing
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BAC library

Organized
mapped large

clone contigs

BAC to be
sequenced

Shotgun
clones

Shotgun s« SACCGTAAATGEECTGATCATGCTTARR

sequence TGATCATGCTTAAACCCTGTEGCATCCTACTS. . -

Assembly .. .ACCGTAAATGGCCTGATCATGCTTAAACCCTETCCATCCTACTS. |« .
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GCGAATGCGTCCACHACGCTACAGG TG
GCGAATGCGTCCACHACGCTACAGGT
GCGAATGCGTCCACARCGCTACAGG
GCGAATGCGTCCACHACGCTACHG
GCGAATGCGTCCACHACGCTACA
GCGAATGCGTCCACARCGCTAC
GCGAATGCGTCCACHACGCTA
GCGAATGCGTCCACHACGCT
GCGAATGCGTCCACHACGE
GCGAARTGCGTCCACHACG
GCGAATGCGTCCACHAC
GCGAATGCGTCCACHA
GCGARTGCGTCCACA
GCGAATGCGTCCAC
GCGAATGCGTCCA
GCGAATGEGTCE

GCGAATGCEGTE

GCGAATGLCGT

GCGAATGLEG

GCGARATGLC

GCGARTG

GCGART



Sanger
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454 sequencing (pyrosequencing)




454 sequencing (pyrosequencing)

Light + oy luciférin



454 sequencing (pyrosequencing)

GS FLX Data
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e iz

normalized

3. Read data converted it “llowgrams”



LIBRARY PREPARATION

A.

SOLID (seq by ligation)
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SOLID (seq by ligation)




SOLID (seq by ligation)
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SOLID (seq by ligation)
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Illumina




1. PREPARE GENOMIC DNA
SAMPLE

¥

Randemly fragment genemic DNA
and ligate adapters to both ends of

the fragments.

N

74\

Illumina

2. ATTACH DNA TO SURFACE

Adapter
DA
fragment
ol
! Dense lawn
of primars

Adapter

Bind single-stranded fragments
randoemly to the inside surface of the

flowr cell channels.

3. BRIDGE AMPLIFICATION

Add unlabeled nucleotides and an-
zyme to initiate solid-phase bridge
amplification.




Illumina

4. FRAGMENTS BECOME 5. DENATURE THE DOUBLE- & COMPLETE AMPLIFICATION
DOUBLE-STRANDED STRANDED MOLECULES

Ao R R
B S S S

Attached Attached

. beitond
Atiched. Foag rminus

tsrminus  terminus

The enzyme incorporates nucleotides Denaturation leaves single-stranded Several million dense clusters of
to build deuble-stranded bridges on templates anchored to the substrate. deuble-stranded DMNA are generat-

the selid-phase substrate. ed in each channel of the flow call.



7. DETERMINE FIRST BASE

Laser

The first sequencing cycle bagins
by adding four labeled reversible
terminators, primers, and DMNA
pelymerase.

Illumina

8. IMAGE FIRST BASE

After laser excitation, the emit-
ted fluorescence from each cluster
is captured and the first base is
identified.

9. DETERMIMNE SECOND BASE

Lasar

The next cycle repeats the incor-
poration of four labeled reversible
terminators, primers, and DMNA
polymerase.



10. IMAGE SECOND CHEMISTRY
CYCLE

After laser excitation, the image is
captured as before, and the identity
of the second base is recorded.

Illumina

11. SEQUENCING OVER MUL-
TIPLE CHEMISTRY CYCLES
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The sequencing cycles are repeated
te determine the sequence of bases

in a fragment, one base at a timea.

12. ALIGN DATA

T
LECTGATGTGCCGCCTCAC TCOGGTGE

CACTCCIGTGG
CTCALTOCIGTGS
— GLTGATGTGLCACLTLA
GATGTGCCACCTCALCTC
GTGCCGCCTCACTCOTG
CTOOTGTERSG

The data are aligned and com-
pared te a reference, and sequenc-
ing differences are identified.



Complete Genomics - DNA nanoballs
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Complete Genomics

300 nm spots, 2.8 billion per slide

1"x3" slide

Patterned
substrates

Each spot contains
s asingle DNB



Complete Genomics

Silicon substrate consisting of 12 slides

Magnification of a
section: Each spot
will accommodate
only a single DNB



Complete Genomics

cPAL - Probe-Anchor Ligation sequencing, 70 bases per nanoball
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Ion Torrent vyrabi pristroj pro polovodicové sekvenovani.
V srpnu byla firma prevzata firmou LifeTechnologies.

Zachytava se elektricky signal z protona (vodikovych
Iontu) uvolnénych po navazani dalsiho nukleotidu)
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tSMS - single molecule sequencing

- 109 bp / day
- >35bp readlength




Sekvenovani elektroporem

The Envisioned Device:

A SoLID STATE NANOPORE
WITH EMBEDDED

NANOTUBE SENSOR

+




Oxford Nanopore Technologies

Alpha haemolysin
nanopore showing
cyclodextrin adapter
molecule (the DNA
binding site).



Sanger Sequencing Centre




Dilezité otazky

1. Jaky je pocet nukleotidid v genomu:
bakterie E.coli
kvasinky
musky Drosophila
Clovéka
psSenice

2. Jaka je prumérna délka zjisténych sekvenci u metod
prvni
druhé
treti
generace?

3. Kolik trva a stoji osekvenovani jednoho lidského genomu?

4. Jaka cast lidského genomu v procentech zistava nesekvenovana?



Dilezité otazky

1. Jaky je pocet nukleotidd v genomu:
bakterie E.coli 4.6 Mbp
kvasinky 12 Mbp
musky Drosophila 123 MBp
Cclovéka 3200 Mbp
pSenice 16000 Mbp

2. Jaka je prumérna délka zjisténych sekvenci u metod
prvni
druhé
treti
generace?

3. Kolik trva a stoji osekvenovani jednoho lidského genomu?

4. Jaka cast lidského genomu v procentech zistava nesekvenovana?



Dilezité otazky

1. Jaky je pocet nukleotidd v genomu:
bakterie E.coli 4.6 Mbp
kvasinky 12 Mbp
musky Drosophila 123 MBp
Cclovéka 3200 Mbp
pSenice 16000 Mbp

2. Jaka je prumérna délka zjisténych sekvenci u metod
prvni 800 bp
druhé 100 bp
treti 50-1500 bp
generace?

3. Kolik trva a stoji osekvenovani jednoho lidského genomu?

4. Jaka cast lidského genomu v procentech zistava nesekvenovana?



Dilezité otazky

1. Jaky je pocet nukleotidd v genomu:
bakterie E.coli 4.6 Mbp
kvasinky 12 Mbp
musky Drosophila 123 MBp
Cclovéka 3200 Mbp
pSenice 16000 Mbp

2. Jaka je prumérna délka zjisténych sekvenci u metod
prvni 800 bp
druhé 100 bp
treti 50-1500 bp
generace?

3. Kolik trva a stoji osekvenovani jednoho lidského genomu?
nékolik dni - $10000

4. Jaka cast lidského genomu v procentech zistava nesekvenovana?
3-10%
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