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Figure 8-30. Model of chromatin packing. Alberts , Molecular
Biology of the Cell"




PORADI NUKLEOTIDU V DNA




SEKVENOVANI DNA
od manualnich metod po plné automatizované

1. generace (od cca 1976):
Maxam-Gilbert (Ctyri Stépici reakce - G, AG, C, TC)

Sangerova metoda (terminace syntezy druhého vlakna)
' Applied
AP Biosystems

2. generace (next-gen; NGS; od cca 2000-2005):
Solexa/Illumina (polymerace fluorescenéné znacenych oligonukleotidi)
454/Roche (pyrosekvenace, PP enzymaticky vazan na emisi svétla)
SOoLiD/LifeTechnologies (ligace fluorescenéné zna¢. oligonukleotidi)
Polonator (ligace fluorescenéné zna¢. oligonukleotidu)

Complete Genomics (nepouziva PCR, ligace na shluky ssDNA)

Com@;nggg P illumina ,&’{@

Sekvenovani jednotlivych molekul:
Helicos (optika)
SMRT/Pacific Biosciences (nanopovrch s ukotvenou polymerazou)
IonTorrent (polovodicové sekvenovani, misto svétla protony)
Sekvenovani na membranach:

Oxford Nanopore ACIFIC
NABSys @ BIOSCIENCES"
NobleGen

/) Helicos

{YNANOPORE NOBLEGEN AVNAZsys lon forrent
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PRINCIPY SEKVENACE DNA

sekvencne-specifické stepeni DNA

polymerace:
ATCAGTGC - (ANCHOR)
TAGTCACG| DNA pol | <-C*

hybridizace:
ATCAGTGCGATGCA - ANCHOR
TAGTCACGCTACGT*

ligace:

ATCAGTGCGATGCA - ANCHOR
TAGTCACG----CTacgt*

[ DNA lig ]

(o) /7
nanopory a pruchod membranou



DUVODY SEKVENACE

- de novo sekvenace
- organismy
- populace (metagenomika)

- resekvenovani )
- detekce polymorfismu

- SNP
- rekombinace

- Zjisteni stavu metylace

| | - mereni exprese
\ / (jako nahrada technik zalozenych
na hybridizaci)




DRUHY SEKVENACE

dle zpusobu pripravy vzorku a pouzitych reaktantu

DNA-seq

ChIP-seq (imunoprecipitace chromatinu)

RNA-seq

SRNA-seq

Bis-seq, BisChIP-seq (metylacni analyza)

CLIP-seq (“cross-linking immunopreciputation”; RNA-prot)

Ig-seq,...(viz *Seq @ http://liorpachter.wordpress.com/seq/



Klicové kroky a parametry sekvenovani DNA

- izolace DNA

- fragmentace DNA

- ligace adaptéru

- namnoZzeni sekvenci

- typ podlozky nebo média
- typ enzymu (pol, lig)

- typ detekce (svétlo, proud)



Illumina




Illumina (“bridge amplification™)

1. PREPARE GENOMIC DNA
SAMPLE

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

2. ATTACH DNA TO SURFACE

" Denss lawn
of primars

Bind single-stranded fragments
randoemly to the inside surface of the
flows cell channels.

2. BRIDGE AMPLIFICATION

Add unlabeled nuclectides and en-
zyme to initiate solid-phase bridge
amplification.



Illumina (“bridge amplification”)

4. FRAGMENTS BECOME 5. DENATURE THE DOUBLE-
DOUELE-STRANDED STRANDED MOLECULES

Attached Attached

tarminus

Frae
terminus

The enzyme incerporates nucleotides
toe build doubkle-stranded bridges on
the solid-phase substrate.

Denaturation leaves single-stranded
templates anchored to the substrate.

& COMPLETE AMPLIFICATION

Several million dense clusters of
deuble-—stranded DMA are generat-
ad in each channal of the flow cell.



7. DETERMINE FIRST BASE

Laser

The first sequencing cycle bagins
by adding four labeled reversible
terminators, primers, and DNA
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. DETERMINE SECOND BASE

Lasar

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




Illumina

10. IMAGE SECOND CHEMISTRY 11. SEQUENCING OVER MUL-
CYCLE TIPLE CHEMISTRY CYCLES
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12. ALIGN DATA

T‘
LGCIGATGTGLOGCCTCACTCOGGTGE

CACTCCTGTGG
CTCACTOCTGTGG
- GLTGATGTGLCACCTCA
GATGTGCCACCTCACTC
GTGCOGCCTCACTCOTG
CTCCTGTEG

Urkricram visikasi Eagam
identified ond callsd SrP collad

After laser excitation, the image is The sequencing cycles are repeatad
captured as before, and the identity te determine the sequence of baszes
of the second bass is recorded. in a fragment, one base at a time.

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




Sekvenovani nanopory

The Envisioned Device:

A SOLID STATE NANOPORE
WITH EMBEDDED

NANOTUBE SENSOR

+




Oxford Nanopore Technologies

Nanopor tvoren proteinem
alpha-hemolysin s
cyclodextrinovym
adapterem (misto detekce
nukleotidii).



