DNA-Analytik I

Technologien der
DNA-Sequenzierung




Platten-Sequenzierautomat 1990-2000

ABI 377




ABI 377

Aufbau




Platten-Sequenzierautomat ABI377

Scanning/Detektionssystem

Diffraction
Grating

Spectrograph

Spectrograph separates light
across CCD camera

Lenses collect and focus
emitted light onto spectrograph

Laser excites fluorescent dye
—— labels
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Platten-Sequenzierautomat ABI377

PA-Gel

Insert he flat edge of the
~ shark’s-tooth comb into the
~ gel as the casting comb

Use the stop bar to gauge the
depth of insertion




Platten-Sequenzierautomat ABI377

PA-Gel
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Kapillar-Sequenzierer

ABI 3700 1999-2002




ABI 3700

Aufbau

3700 DNA Analyzer

3700 DNA Analyzer
Worksurface

Autoloader tip
housing
Autoloader
tips

Autoloader
calibration
pads

Open
i electrophoresis
Plate deck chamber with
with 2 plates capillary array

Polymer bottle

Pump syringes

Waste
container

Water carboy

Buffer carboy



ABI 3700

Elektrophorese & Detektion

Electrode
Capillary containing array-fill polymer Cuvette (anode) (+)
| |

DNA fragments ?

Sheath-flow polymer

HIGH VOLTAGE

Loading bar  Injection well containing buffer
(cathode) (-)

- -Laser beam
Movement of sheath-flow polymer

Plume containing
< dye-labeled DNA fragments

Capillary

Front cuvette assembly plate

GR1363



Kapillar-Sequenzierer

ABI 3730 2002-...




ABI 3730

Aufbau

Polymer
Spritze

Ofen & Array

Oberer
Polymerblock |

Plate Stacker

Polymer <
Reservoir §*

U'hterer | | Autosampler
Polymerblock



ABI 3730

Kapillar-Array

* Unbeschichtete Kapillaren
* 50um Innendurchmesser

» Prazises Kapillar-Alignment

« Simultane Injektion (elektrokineti:
« 36cm und 50cm Trennstrecke
* 48 oder 96 Kapillaren

« 300 Runs/Array

« POP-7™ Polymer fur alle
Applikationen



ABI 3730

Elektrokinetische Injektion

 Kapillare und Elektrode
tauchen in die Probe ein

« Spannung wird angelegt
* Negativ geladene (DNA -)
Moleklle wandern in die

Kapillare

 Elektrophorese zur Anode




ABI 3730

Detektion

« Laser Beam Splitter

« gleichmalige Anregung Uber die gesamte
Detektionszelle

 Eliminierung von Signalvariationen

 Maximale Sensitivitat

« Mit Flussigkeit geflilite Detektionszelle

* Vermeidung optischer Verzerrungen

« Gleiche optische Dichte wie POP-7™ Polymer

« Kapillar-'Position' auf CCD-Kamera ermittelt durch
Chemie-freie Spatial-Kalibrierung



ABI 3730

Beschickung

* In-put und Out-put Stacker

* bis zu 16 Platten
* 96 und/oder 384 well

 Automatische Plattenzufuhr
« Manual Mode
* Auto Mode

* Interner Barcode Reader

ouT IN



ABI 3730
96 Kapillaren — 384 Proben
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ABI 3730

Array

Modul

Laufzeit

Laufe/Tag

Trennung

Probendurchsatz

50 cm l—i 36 cm l
Long Standard Rapid GeneMapper
2 Stunden 1 Stunde 35 Minuten 35 Minuten
l y l A
12 24 40 40
' } I I
>800 650 550 500 bp
1.0 Mb/d 1.5 Mb/d 2.1 Mb/d




ABI 3730

Demo




Pyro-Sequenzierung

PSQ™ 96




Pyrosequencing

* Real time sequencing (Sequence by
synthesis)

* Four-enzyme mixture

%

PYROSEQUENCING



Pyrosequencing

light

ifurylase
\ Apyraset, Luciferase )

time



Pyrosequencing

Step 1
* Sequencing primer hybridized to ssDNA ,
PCR amplified template

* Primer and template incubated with

DNA polymerase
ATP sulphurylase > enzymes
Luciferase
Apyrase

Adenosine 5 phosphosulphate } substrates

Luciferin
L

PYROSEQUENCING

~/



Pyrosequencing

Step 2
* Addition of deoxynucleotide

* Incorporation by DNA polymerase
mmm) Release of pyrophosphate (PPi)
mmm) Equimolar quantity to incorporated

nucleotide

%

PYROSEQUENCING



Pyrosequencing

Step 3 47p sulphuryiase
+ PPi+APS mmmp ATP

Luciferase

e |uciferin + ATP + O, =)

oxyluciferin + AMP + PPi + C

* Detection of light with CCD-camera
— Peak in pyrogram (9

PYROSEQUENCING




Pyrosequencing

Step 4
* Degradation of unincorporated
nucleotides and ATP by apyrase

mmmp | ight is switched off
mmmd) Solution conditioned for a new
nucleotide addition

©

PYROSEQUENCING



Pyrosequencing

* Pyrogram

the height of the peak is proportional to the
amount of incorporated nucleotides

%

PYROSEQUENCING



Pyrosequencing

—T F Polymerase

>

(
dNTP OH H PPi

ATP-sulfurylase

j / > ﬂh@

T OH OH

O— o ¥ @ Lumferase 2
o g =
APS OH OH




Pyrosequencing

*dATPaS is used 1n the pyrosequencing
reaction

‘ Luciferase does not use dATPaS as

substrate
O O S
I I I
oo o
o o o dATPaS

OH H

©

PYROSEQUENCING



Pyro-Sequenzierung

Demo



file:///snail/httpd-1.3.39/htdocs/lectures/src/D:\mplatzer\Vorlesung\_Video\PyroDemo.exe

Sequenzierung durch Hybridisierung

- i

3!

5 .

3'

DNA-Chip

. TGAACTGTATCCGACAT. .

tgacatggctgtag
tgacatCggctgtag
tgacatGggctgtag C Probe entspricht Array-Design

tgacatTggctgtag 5 TGAACTGTATCCGACAT
gacataAgctgtaga
gacataCgctgtaga
gacataCgctgtaga
gacataTgctgtaga

Probe weicht in einer Position ab

. TGAACTGTACCCGACAT. . 5 TGAACTGTACCCGACAT

tgacatAggctgtag
tgacatCggctgtag
tgacatiggctgtag
tgacatTggctgtag
gacataAgctgtaga 1 5.1193
gacataCgctgtaga
gacatagctgtaga
gacataTgctgtaga

HRn M

match missmatch variation

M. Chee et al. Science 274:610 (1996)



Sequenzierung durch Hybridisierung

Chip fur das menschliche Mitochondrium

G 3460 g »a

A F"O

X-13708

34604
1 cht 4215._ | 16,569 bp |«
//~11778

M. Chee et al. Science 274:610 (1996)

3 1 mm

= B



454

Genome Sequencer GS20/FLX



file:///snail/httpd-1.3.39/htdocs/lectures/src/C:\Dokumente und Einstellungen\cerone\Desktop\genome_sequencer_v2-2.exe

454
Workflow

© DNAlsolation

A Fragmentation

Adapter Ligated ssDNA Library

' DNA Amplification

|_ DNA Sequencing |

|

| Bioinformatics |

©  Contigs are constructed Beads enzymes in PicoTiter Plate ™

Clonal Amplification




454

emPCR

Emulsion-based clonal amplification

Anneal sstDNA Emulsify beads and Clonal amplification

to an excess of PCR reagents in occurs inside
DNA Capture water-in-oil

Beads microreactors

microreactors

sstDNA library =—> Clonally-amplified sstDNA attached to bead

> Vi = ; _ _:‘,'. 1

e

Break
microreactors,
enrich for DNA-
positive beads




454

Sample loading

Depositing DNA beads into the PicoTiterPlate device

Well diameter: average of 44 pm
200,000 reads obtained in parallel
A single clonally amplified sstDNA
bead is deposited per well

> Quality filtered bases




454

Parameters
25 Mb
100 Nt read length
4h
100 Mb 500 Mb
250 nt read length 400 nt
h 10 h

100/400/2.000x currant Sanger technology



Solexa

Advanced genetic analysis
one billion bases at a time



Solexa
Solid-phase clonal single molecule PCR

Attach BN A to surface
Firsl €rgs eranded [rgrients randsmihse
e (nwale cartic s o the B ool s

“Bridge amplification”



Solexa

Solid-phase clonal single molecule PCR

Single well of 454
Life Sciences
PicoTiterPlate™ (to
same scale)

F 3
v

100pm

colony of =1000 single-
stranded DNA templates



Solexa

Sequencing by synthesis (SBS)

7 First chemistry cycle: detenmine 8 1 Ioaage of first chemistey cycke 9 Second chemistry cycle: determine 10| loage of second chemistry cycle
: first hase _ - second base & is caplurad by the instrument
ek ute ihe Bt arguencing <ycbe, 2 o war To tato dan oo sempen g cvele, sd2 dl four
Lasall e mevorsibd e e mvmlnsst o prireereand DA cabsbied revy el terea et PR el sramane

P Lt RN, CONRT e (Feade 200
Bekore Beoord Bre loerairy of The sovonsd buse
for e chaster

..G

removal of fluorescent labels & 3'OH blocking



Solexa

___‘—____::_:::-_ m 3 errors
L || T _—:__ 77777777777777777777777777 O 2 errors
U HEW O 1 error

(| U L o Perfect

25 30 35 40 45 50



ABI Agencourt
SOLID

The Next Generation
is SOLID"

Eequeucing by mligunucluutide gatiun and Eetectiun




SOLID

Hardware

Dual Flow

Reagent Cell

handling

10-box Linux Cluster
15 Th data storage



AB Blosylflsegms

specific

SOLiID™ system 4-color ligation
Ligation reaction

universal seq primer
SITTITTTTITITITIIITpS
P 3, G- pro -
A- prob
n nnn
n nnn
3 C-probe 5 3‘ T pro 5
rmrrr

ANtz nnnnTzzz

universal seq primer
MTTTTTTTTT T
bead 5: 3:
Adapter Oligo Sequence Template Sequence

1pm

‘
4 lHIN:Il



A% BIDS)I;SE'Ing

Application
specific
Data analysis

SOLiID™ system 4-color ligation
Ligation reaction

preparation

‘ l . , G-probe /,
A-probe - 3 J

universal seq primer
SITTTTTITTTITTITIN1pS

rrrl]“ n nnn
nnnn 222
, T-pro -
3 C-pr?be - 3

nInInInICIzzz nnnnTzzz

universal seq prifger

)/

bead > 3!
Adapter Oligo Sequence Template Sequence

1um

/ ARTANCiRS
17 July 2006 © 2006 Applied Biosystems



S Applied
A‘B Biggystems

SOLiD™ system 4-color ligation
Visualization =, =

preparation Stibid x
-

universal seq primer /
Al

bead 5: 3:
Adapter Oligo Sequence Template Sequence

1pum

@
- i
18 July 2006 © 2006 Applied Biosystems




&2 Applied
A‘B Bigfs}ystems

Application
gpecific

SOLiID™ system 4-color ligation == oS
Cleavage =

preparation

universal seq primer \
MTTTTTTTTITTITTITITT T
1pm =
bead 3!
Adapter Oligo Sequence Template Sequence
A
5

@
] i
19 July 2006 © 2006 Applied Biosystems



(&2 Applied
A‘B Biggystems

SOLiD™ system 4-color ligation

interrogates every 5 base

universal seq primer rf
FTTTTTTTITTITTITIT NI TRITTI Il I IT [ ITIcITITG
i A T T c G
bead 5: 3:
Adapter Oligo Sequence Template Sequence

A T T Cc G
5 10 15 20 25

@
- gl
23 July 2006 © 2006 Applied Biosystems



&2 Applied
A‘B Biggystems

Ap"h-,:"" Application
i specific

SOLID™ system 4-color ligation =
(2" Round)

universal seq primer n-1
1
N |

ITTrrTrrrrorrrni Tl T I T T lcITTTGTTI
S oy g rprRpRRIRIRRNL (IENEEEEEEENN AN EEEEEEEEEEEER N
haad5: 3!
Adapter Oligo Sequence Template Sequence

T T T Cc G
4 9 14 19 24

@
/ alyasiis
27 July 2006 © 2006 Applied Biosystems



(&2 Applied
A‘B Biggystems

Sequential rounds of sequencing |
Multiple cycles per round

bead 5’ 3’
Adapter Oligo Sequence Template Sequence

universal seq primer
STTTTTITTTITTITIITI 5 10 15 20 25

reset ( universal seq primer n-1
SITTTTITTTITITIT 4 9 14 19 24

reset '/ : .
universal seq primer n-2
SFTTTITITTITITITI 3 8 13 18 23

reset { universal seq primer n-3
SITTITTTITITITTITITITN 2 4 12 17 22

reset '/ . .
universal seq primer n-4
SFTTTITTITTTITITIITI 1 6 11 16 21

@
- gl
28 July 2006 © 2006 Applied Biosystems



SOLID

2-base encoding

Cleavage site,

’ / Fluorescent dye
1T

Z Z Z

3’ Ligation site - :i

n

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



SOLID

2-base encoding

universal seq primer
SITTTTITTITITITTITTIT1pS
3! n 5!
5!

rmrri1 nnnGGzzz
nnn 222

Yrrrr® T
- nnnATzzz

nnn 222

universal se(

aa N4

bead 5: 3:
P1 Adapter Template Sequence




SOLID

2-base encoding

bead ! ’
$ P1 Adapter Template Sequence 3
universal seq primer
SMTTTTITTITTTITT 45 9,10 14,15 19,20 24,25
reset ( universal seq primer n-1
N EERREERAREER 3,4 89 13,14 18,29 23,24
reset [ | .
universal seq primer n-2 23 78 1213 17.18 22.23
SITTTTITTITITTITITI ’ ’ ’ ’ ’
reset ( . :
universal seq primer n-3

, 1,2 6,7 12,13 16,17 21,22
TTTTTITTITTTIIITI

reset ( . .
universal seq primer n-4

S eEEEEEBRERRRE 0,1 5,6 11,12 15,16 20,21



SOLID
2-base encoding




Futuristische Technologie
Einzel-Molekul-Sequenzierung (tSMS)

Position

(1] [2] [3]
Cycle 1 - - G
Cycle 2 c Cc -
Cycle 3 A A A
Cycle 4 . T
Cycle 3 c -
Cycle X G G

/\ HE['COS www. helicosbio.com



Futuristische Technologie

Immobilisierte Polymerase

Intensity

lange Sequenzen

www.pacificbiosciences.com




Futuristische Technologie

Fluoreszens-Resonanz-Energie-Transfer (FRET)

F-Donor : Polymerase
F-Akzeptor: v-Phosphat des dNTP

1Mb/s
>1 humanes Genom/Tag

visigenbio.com



Futuristische Technologie
Nanopore

-120 mV +DNA

Membrane
e +)

4—,-——b| &
Ghanngi
Messwert

Strom von K*-lonen,
die der DNA beim
Porendurchtritt
entgegen flielRen

-elc:.
L
o

www.mcb.harvard.edu/branton/nanopore.html



IBM

Waver pore




genome.fli-leibniz.de
Teaching

AEGT
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