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Applied Biosystems

Roche / 454
??}SZ?OXL Genome Sequencer FLX
ay 100 Mb / run
sty
[llumina / Solexa Applied Biosystems
Genetic Analyzer SOLID

2000 Mb / run 3000 Mb / run
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lllumina Inc. {ILMN) - Masdac
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Comparison to other sequencing methods

lon Torrent |1 454 Sequencing " Mumina "™ SOLiD '
Sequencing Chemistry| lon semiconductor sequencing| Pyrosequencing Polymerase-based sequence-by-synthesis Ligation-based sequencing
Amplification approach Emulsion PCR Emulsion PCR Bridge amplification Emulsion PCR
Mb per run 100 100 600,000 170,000
Time per run 1.5 hours T hours 9 days 9 days
Read length 200 bp 400 bp 2x150 bp 3575 bp
Cast per run 5350 USD 58,438 USD 520,000 USD 54,000 USD
Cost per Mb 5 5.000EL 5 84.39 USD 50.03USD $0.04 USD

Cost per instrument | 50,000 USD 5 500,000 USD 5 600,000 USD $ 595,000 USD



Genome: 30.000 genes

Transcriptome: 40-100.000 mRNASs

Proteome: 100-400.000 proteins
>1.000.000 mteractions

Protein Interaction

106

Human Proteome

5
Transcripts 10
Human Genome




Sekvenovani genomu

GenBank vznikla v roce 1982 z Los Alamos Sequence Database
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Proc¢ sekvenovat dal?

« Komparativni genomika
* Biomedicinsky vyzkum
* Osobni genom



Frederick Sanger

1958 — Nobelova cena za urceni
struktury inzulinu

1975 - Dideoxy sekvenacni metoda
1977 — osekvenoval ®-X174 (5,368 bp)

1980 — dostal druhou Nobelovu cenu
za chemii

Pozdéji (polovina 80-tych let)
osekvenoval bakteriofaga A pomoci
shotgun metody (48,502 bp)




Sekvenovani genomu
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« 1986 Leroy Hood: prvni automaticky

sekvenator Leroy Hood

e 1986 Human Genome Initiative

e 1990 zapoéat projekt sekvenovani

lidského genomu (predpokladana
doba 15 let)




Sekvenovani genomu

« 1995 John Craig Venter
sekvenoval prvni bakterialni
genom

* 1996 prvni eukaryoticky
genom (kvasinka)
sekvenovan

John Craig Venter



Sekvenovani genomu

e 1997 sekvence E. coli

« 1998 Caenorhabditis elegans genom (prvni
multicelularni genom)

« 1999 lidsky chromozom 22 sekvenovan



Sekvenovani genomu

« 2000 Drosophila
melanogaster genom

« 2001 Human Genome
Seqguencing:
predbezna sekvence
lidského genomu




Sekvenovani genomu

* duben 2003 Lidsky genom.
Sekvence mysiho genomu.

* duben 2004
Sekvence krysiho genomu




2010 Idealni lidsky genom sekvenovan



2010 Idealni lidsky genom sekvenovan




Honba za sekvencemid

Decrease in the Cost of Finished DNA Sequencing

10.00;
o @Human genome (first draft) —
= 1.00
=
= (JRhesus macaque —
2
= 0.10
o
()

0.01 , : |

1990 1995 2000 2005

Free fall. As with computer technology, the plunging cost of DNA
sequencing has opened new applications in science and medicine.

The Race for the $1000 Genome. Science 311: 1544 — 1546, 2006



Redukce kopmlexity

Hi-Cot selection

Highly Repetitive

Middile
Repetitive

% Single-stranded DNA
3




Redukce kopmlexity

Methylation filtration (MF)




Redukce kopmlexity —

ridéni chromosomu

Flow sorted
chromosomes
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Laserova mikrodisekce

Vyhody: vysoka éistota e 5

Nevyhody: maly pocet

chromozomai, pracnost e Y




Metody sekvenovani

this 1s a sequence to sequence

a

this 1s a sequence to sequence

this 1s a sequence to sequence

this 1s a sequence to sequence

a

sequence

S a seq = _to sequ
this 1
a this 1s thi
— equenc | | 4HEDCE
Hellce
S 15 a s ence
- = — e to se
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+ ddGTP: + ddCTP:

_ ddG __GTAddC
—_ GTACTCTddG __GTACTddC
— GTACTCTGTCAdAG __ GTACTCTGTddC
 GTACTCTGTCAGTATCdAG — GTACTCTGTCAGTATddC
— GTACTCTGTCAGTATCGT  GTACTCTGTCAGTATCGT
+ddTTP:
+ ddATP: __GddT
__GTddA __GTACddT
__ GTACTCTGTCddA — GTACTCddT
— GTACTCTGTCAGTddA GTACTCTGddT
__ GTACTCTGTCAGTATCGT  GTACTCTGTCAGddT
 GTACTCTGTCAGTAdAT
_ GTACTCTGTCAGTATCGddT

gel electrophoresis
autoradiography (if radiolabeled)

GTACTCTGTCAGTATCGT

sequence read from gel

is the complementary strand

with respect to the sequence
ddA ddG ddC  ddT to be analyzed

3 5'

larger — T A

- G C

- C G

- T A

- A T

- T A

- G C

- A T

- C G

- T A

- G C

- T A

- C G

- T A

- C G

Y - A T

- T A

smaller - G C
5 3



Genome Sequencer 20 System
454 pyrosequencing (2005)

 http://www.454.com

Neandertal
seqguenced now!

Max Planck Institut
uses 454 Sequencing ™
technology.
Read about it =
Watch the video =p
Hear the broadcast =»
image credit:

Ken Mowbray and Blaine Maley,
Amenican Musaum of Natural Hietory




DNA library preparation

One sample preparation per genome

No Cloning

No Colony Picking




Fragmentace DNA




Ligace adaptoru




Vychytani DNA molekul
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denaturace
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Single-stranded

template DNA
sstDNA




emPCR




Vznik emulze (olej)










Vychytani kulicek




Vychytani kulicek




denaturace
1ha9i NaWH NZOH Tioh

NaH
aLn NAOH

NawH i

Yaw

NalH,
NaGH NaUH BREEE S

A




Sekvenacni primer




Disperze na sklicko
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Disperze na sklicko




mikroreaktoru

Paramet




Parametry mikroreaktoru




sekvenace




sekvenace




sekvenace
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sekvenace

Gﬁﬁrnnfitm
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sekvenace
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sekvenace

Massive parallelization of sequencing reactions

100 bases read length

e

20 Million Bases




SO LI D (Sequencing by Oligonucleotide Ligation and Detection)

2-base encoding sequencing (2007)

"o Applied SOLID™ System
A\B Biosystems Sequencing by Oligonucleotide Ligation and Detection




Properties of the Probes
Spatial separation among dye, ligation & cleavage sites

Cleavage site,

3’ Ligation site > - ] Fluorescent dye

1,024 Octamer Probes (4°)
4 Dyes, 4 dinucleotides, 256 probes per dye
N= degenerate bases Z= Universal bases



SOLID Chemistry System 4-color ligation
Ligation reaction

universal seq primer
3FTTTTTTTTITTITTpS
> nnn G G z 'z:-f
I'I‘I'I‘I |'I'/

nnn nnn

universal seq primer
EEEEEEEEEEEE R

Apm

bead 51 31
P1 Adapter Template Sequence




SOLID Chemistry System 4-color ligation
Ligation reaction

universal seq primer
J s
FTTT1 nnn Gzzz

Tl

O o gy prrRELIIIILIRR lIIIIlIlIIIIIIlIIIIIIIIIIIIIIIIIIIIII

hlad51 3!
P1 Adapter Template Sequence

3 5
rmrrri

3 . 5'
rrrri nnnATzzz

nnn ZZ2Z

universal se




SOLID Chemistry System 4-color ligation

De-Phosphorylation
universal seq primer
MTTTTTTTIT T TP
Wm
bead51 3!
P1 Primer Template Sequence

universal seq primer J
TTTIT1 1 "
L1111 1

IS E NN NN NN NN
bead51 3]
P1 Adapter Template Sequence




SOLID Chemistry System 4-color ligation
Visualization

universal seq primer /

4.5

1pm
bead 5:

P1 Adapter Template Sequence




SOLID Chemistry System 4-color ligation

Cleavage

universal seq primer

MTTTITITTITITI T >
LSRR RN R R RN R R RN AN N NN RN NN NN NN RRNRNRANARENNNRNRNANT|

‘bead
S P1 Adapter

A

45

Template Sequence

3!



SOLID Chemistry System 4-color ligation

Ligation (2"d cycle)
Frrrr1

nnnGGzzz

nnn ZZL

3 5 e
mrrr
LB Sy nnnATzzz
universal seq primer
um

P1 Adapter 4,5 Template Sequence



SOLID Chemistry System 4-color ligation
Visualization (2"d cycle)

universal seq primer

bead o 45 9,10
P1 Adapter Template Sequence



SOLID Chemistry System 4-color ligation
Cleavage (2"d cycle)

universal seq primer v
e T T pS"

1pm ““|”””””“““|||||||||||||||||||||||||“||||||||
ms’ , 9,10 3,
P1 Adapter Template Sequence



SOLID Chemistry System 4-color ligation
interrogates every 5t base

universal oeq primer

1um ““|||||“““”“““|||||||||||||||||||||||“||||||“
bead5s 9,10 3’
P1 Adapter Template Sequence



SOLID Chemistry System 4-color ligation
Reset

P1 Adapter Template Seguence



SOLID Chemistry System 4-color ligation
(15t cycle after reset)

universal seq primer n-1
3’ ) I'I'/>
YA &
universal seq pra /
1um :

43 3’
P1 Adapter Template Sequence

nnnGGzzz

- 5
3 s 5’ rrrr
rmrri nnnATzzz

nnn ZZEZ




SOLID Chemistry System 4-color ligation
(15t cycle after reset)

universal seq primer n-1

1pm

P1 Adapter Template Sequence




SOLID Chemistry System 4-color ligation
(2" Round)

universal seq primer n-1

FTTTTTITITITITTITITIAT
L

bead 5
P1 Adapter

3,
34 89 12,14 18,19 23,24



Sequential rounds of sequencing
Multiple cycles per round

P1 Adapter Template Sequence
universal seq primer
STTTTTTTTITTITTIT 45 910 14,15 19,20 24,25

reset / ' ” -
universal seq primer n-1

R 34 89 13,14 18,29 23,24

(]

reset ( universal seq primer n-2 >y ¥e 1213 17.18 22.23
i ’ 3 ’ * ’

reset [ : 2t
universal seq primer n-3 12 6.7 1213 1817 .22
SFTTTTITTTITIITII ’ , ’ ’ ’

reset [ . )
universal seq primer n-4

P 0.1 56 11,12 1516 20,21



Paired End two sequences generated

Sequential rounds of sequencing
Multiple cycles per round

Internal Adapter

P2 Adapter

P1 Adapter
25 base
Tag #1
universal seq primer
ITTTTTTTT T T 45 9,10 14,15 19,20 2425
reset (
e seaprme™ 34 89 1314 1829 2324

reset / :
: universalsegprimern2 53 78 4213 17,18 22,23
Trrrrrrrrrrrm

reset 4 unnersal seq primer n-3

rrrrrrrrrrrn

3
reset ( >
! -4
; universal seq primer n 01 56

12 67 1213 16,17 21,22

1,12 15,16 20,21

25 base
Tag #2

universal seq primer

ITYTTITITITTI I N 45 910 14,15 19,20 24,25
reset ( 2 3
universal seq primer n-1 34 89 1314 18.29 23.24
ITTTTTITTIITIITIT] $ : d ! *
reset (
- universal seq primer n-2 23 7.8 12,13 17,18 22,23
SFTTrTrrrrrrenl
reset ( universal seq primer n-3 12 67 1213 46.17 21.22
AFTTTTTTT T T T 5 ' v 4 '
reset / universal seq primer n-4
B s A 01 56 11,12 15,16 20,21



Dual Flow

Reagent Cell

handling

lllllllllllllll

10-box Linux Cluster
15 Tb data storage



Solexa (2007)

1. PREPARE GENOMIC DNA SAMPLE

-

\_

2. ATTACH DNA TO SURFACE

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

o >
Bind single-stranded fragments randomly to
the inside surface of the flow cell channels.

3. BRIDGE AMPLIFICATION

2

i

Al
l"l:
i

\

>

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



4. FRAGMENTS BECOME DOUBLE
STRANDED

Attached
terminus

The enzyme incorporates nucleotides to
build double-stranded bridges on the solid-
phase substrate.

S. DENATURE THE DOUBLE-STRANDED
MOLECULES

Denaturation leaves single-stranded
templates anchored to the substrate.

6. COMPLETE AMPLIFICATION

(" )

9990

OO LS PPAAAA PP PPN

VAR

O e R o

Several million dense clusters of double-
stranded DNA are generated in each channel
of the flow cell.



7. DETERMINE FIRST BASE
< )

Laser

- ./

First chemistry cycle: to initiate the first
sequencing cycle, add all four labeled reversible
terminators, primers and DNA polymerase
enzyme to the flow cell.

8. IMAGE FIRST BASE

9. DETERMINE SECOND BASE

-

.

J

[ . )

Laser

A J

After laser excitation, capture the image of
emitted fluorescence from each cluster on the
flow cell. Record the identity of the first base

for each cluster.

Second chemistry cycle: to initiate the
next sequencing cycle, add all four labeled
reversible terminators and enzyme to the
flow cell.



HELICOS (2008) -
f\ Helicos

True Single Molecule Sequencing (tSMS)
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Single Molecule Real-Time (SMRT)

Pacific Biosciences

20 zeptolitrd



lon Torrent

Polymemse

Hydrogen and pyrophosphate are released.



1 NANOPORE

Oxford nanopore




Dalsi technologie

» Mikroelektroforeza
» Sekvenovani na bazi microarray



