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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
Biosystems

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

Complete Genomics (nepouziva PCR, ligace na shluky ssDNA)

Come!neortng ’* illumina’ /&:{@

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

Oxford Nanopore ACIF
NABSys @ BIOSCIENCES"
NobleGen
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KRITICKA FAZE ANALYZ
1. a 2. GENERACE
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PRINCIPY SEKVENACE DNA

sekvencneé-specificke stépeni 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

- Zjisténi stavu metylace

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




DRUHY SEKVENACE

dle zpusobu pripravy vzorku a pouzitych reaktantu

DNA-se(q

ChIP-seq (imunoprecipitace chromatinu)

RNA-se(q

sRNA-seq

Bis-seq, BisChIP-seq (metylacni analyza)

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

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



Klicove kroky a parametry sekvenovani DNA

- izolace DNA

- fragmentace DNA

- ligace adaptéru

- namnozeni sekvenci

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

- typ detekce (svétlo, proud)



Shotgun genome sequencing

Hierarchical shotgun sequencing
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Shotgun s 0 SACCGTAAATGEECTGATCATGCTTARR

sequence TGATCATGCTTARACCCTGTGCATCCTACTS . . .

Assembly . ..ACCGTAAATGGECTGATCATGCTTAAACCCTETCGCATCCTACTS. |« .



Figure 4A.4 Sequencing an oligonucleotide by the
Maxam-Gilbert method

Sample DNA

o Preparation of homogeneous
single-strand DNA

SATTGAC[TTAGCCY
@ Addition of P as 5 phosphate
"ATTGAC|TTAGCC

o Cleavage at specific nucleotides
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From Mathews and van Holde: Biochemistry 2/e. © The Benjamin/Cummings Publishing Co., Inc.
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Maxam-Gilbert
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Sangerova metoda (terminace dideoxynukleotidy)

H
0
(HZ .0 Base
Normal
nuclkeotides:
0 H
H
H
0]
(HZ .0
Dideoxy Chain Base
Terminators:
H H

Gel:
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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



Sangerova metoda
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Sangerova metoda

Base G252
LGECECCCTG AGATTTCECTECTTGGTG AARCAGTT I'GT:LTGETBE AAGGTGEACAAGAGTGTGATAAGCCTGACCECERCEC T
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454 (pyrosekvenovani)

Lighi + omy luciferin



454 (pyrosekvenovani

GS FLX Data
fanmeﬁiﬂg{wa _ 2 Eachwell's data
e iz

normalized

3. Read data converted it “llowgrams”



Roche 454 GS FLLX




Genomic DMNA

(1) Sheering to small fragments

and linker attachment

7_ f—' (2b) Circularization

v
(3b) Amplification
= on ePCH beads
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(5b) Ligation with oligo pools added in cycles
and four-color imaging

POLONATOR




SOLID (sekvenace ligaci, “polony” = polymerase colony

EMULSION PCR / EAD ENRICHMENT




SOLID
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SOLID 3 Plus




Illumina




Illumina (“bridge amplification)

1. PREPARE GENOMIC DNA
SAMPLE

DMNA . !i “

&7 % 4

Randemly fragment genemic DNA
and ligate adapters to both ends of
the fragments.

2. ATTACH DNA TO SURFACE

Adapter

LA

fragment

! Dense lawn
of primars

Bind single-stranded fragments
randemly to the inside surface of the
flewr cell channels.

3. BRIDGE AMPLIFICATION

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



Illumina (“bridge amplification)

4. FRAGMENTS BECOME
DOUBLE-STRANDED

Attached

Attached FE tarminus
tsrminus  terminus
A
| THIAN
Rt | B i
Qe
0 il 1
! L B

The enzyme incerporates nuclectides
te build double-stranded bridges on
the solid-phase substrate.

5. DENATURE THE DOUBLE-
STRANDED MOLECULES

Attached

Denaturation leaves single-strandec

templates anchored to the substrate.

& COMPLETE AMPLIFICATION

L3 ﬁﬁ' Clusters

Several million dense clusters of
deouble-stranded DMA are generat-
ad in each channel of the flow call.



Illumina

7. DETERMINE FIRST BASE 8. IMAGE FIRST BASE 9. DETERMIMNE SECOND BASE

Lassr
The first sequencing cycle bagins After laser excitation. the emit- The next cycle repeats the incer-
by adding four labeled reversible e L s e e e e e I poration of four labeled reversible
terminators, primers, and DNA is captured and the first base is terminators, primers, and DNA

pelymerase. identified. pelymerase.



10. IMAGE SECOND CHEMISTRY
CYCLE

A

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 time.

12. ALIGN DATA

T
GECTGATGTGCOGCCTCACTCOGGTGE

CACTCCTIGTGG
CTCACTOLTGTGS
— GLTGATGTGLCACLTLA
GATGTGCCACCTCALCTC
GTGCOGCCTCACTCOTG
CTOOTGTGEG

Urbkricram vorbasl Emdrem
idertified ond caled SraF colled

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



WT Sanger Institute Sequencing Centre - Hinxton




Complete Genomics - zhluky DNA “nanoballs”
(nepouziva PCR, ale rolling circle replication)

DMNA Nano-ball (DNB)

Ad-inserted
55 DMNA circle




Complete Genomics

300 nm pozic, 2.8 mld na jednom sekvenovacim sklicCku

| W
\o @/ \ 1"x3" slide

Patterned
substrates

Each spot contains
e 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 bazi / zhluk

Matchin
probe binds to
DNA Il?ase binds genomic DNA
matching probe
to anchnr

Anchor

J'I'H'""'E‘i L.

Genomic DNA



Ion Torrent (polovodiCové sekvenovani)
dnes soucast LifeTechnologies

detekuje protony uvolnéné pri polymerizaci DNA

>




tSMS - “single molecule sequencing”

Helicos (existuje jenom nékolik stroji)

- 10A9 bp / day
- >35bp readlength




SMRT - “single molecule real time”

Pacific Biosciences




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
\ BN nukleotidi).




Typicky postup zpracovani NGS dat

Sequencing

Quality Control

Data Cleaning

Parameter Read Mapping

Adjustment

Mapping 1 I Mapping 2 I Mapping n

Variant Calling Methylation Analysis Expression Analysis

Method 1...n l Method 1...n I Method 1...n

Validations & Biological
Interpretation




N ©

Kontrola kvality a cisténi dat

Zastoupeni nukleotidii

Kvalita nukleotidl na pozicich (log skore “phred”; 10 = 90%)
Kontaminace adaptéry a jinymi cizimi sekvencemi

Stupen duplikca sekvenci

Zkraceni sekvenci na spolecnou délku

Napr.:
http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/

http://hannonlab.cshl.edu/fastx_toolkit/


http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/

Mapovani sekvenci

° Index

_ Tabulky slov, heSovaci tabulky

_ Suffixové stromy a pole

_ Burrows-Wheelerova-Transformace (BWT) sufixového pole
_ FM-Index

o Filtrovani
_ Sjednou nebo vice shodami

o Verifikace

_ prodlouzeni
— Dynamické programovani

BWA, Bowtie2, Soap2 mrFAST, SHRIMP2, RazerS3, Masai
GSNAP, Stampy, BWA mem (toleruji mezery)

« RNA-Seq, Bis-Seq, specialni obsluha repetitivnich sekvenci
TopHat, STAR, Bismark, lobSTR, ...



Analyza DNA pomoci STM (scanning tunelling microscope)

Tunnel
Junction 2
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Data growth in DNA sequencing

Disk storage (Mbyvites's)
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Ding et al., 2010. Analysis of next-generation genomic data in cancer: accomplishments and challenges. Hum Mol Gen 19
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http://www.thegeneticgenealogist.com/2008/09/24/ancestral-gps-
pinpointing-the-geographic-origin-of-autosomal-dna-sequences/



http://en.wikipedia.org/wiki/Genealogical_DNA_ test



Human Longevity

http://www.fiercebiotechit.com/story/illumina-backs-venters-plan-
create-worlds-largest-human-genome-sequencing-c/2014-03-05



