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Kinstliche Gene durch chemische DNA-Synthese
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Kunstlche Gene durch chemlsche DNA Synthese
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Kiunstliche Gene durch chemische DNA-Synthese
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DNA-Sequenzierung

3 schnelle Methoden:

1. Maxam und Gilbert (= chemische
Sequenzierung)

2. Sanger-Sequenzierung (=enzymatische
Sequenzierung)

3. On-line-Sequenzierung (Fluoreszenz-basierte
Sequenzierung)




Maxam und Gilbert, 1978
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Kettenabbruch-Sequenzierung
nach Sanger 1975-77
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,Automatische

DNA-Sequenzierung
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Sequenzdaten- Chromatogramm @G ENrerprise
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Pyrosequenzierung
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Pyrosequencing

AGG A

ACCTTGAGTAC | .
1 teassity DATCCT--mmemmm-
astp PPi
| ATP-Sulfurylase
Apyrase ATP
. l Luciferase
(d)XMP
Time {::::-?
Polyvmerase
DNA, + dNTP + DNA,,,+ PPi
——— Sulfulylase |
Coupled :; ® ATP
Reactions| s 1p + 0, + Luciferin _Luciferase | s mp . ppj 1 co,
+ Oxyluciferase + Light
: Apyrase
Degradation _| ATP + dNTP *  ADP + dNDP + Pi
Reactions .I ADP + dNDP Apyram a AMP +dNMP + Pi



TOAGGTTTTTTAARCAATCARACT TTTTGRAT TARAAGTCTAGATARCTGCATARATTAATAR
CATCACA T TAGT CTGATCAG TGAAT T TATCAAT TTGT TCARTAATAGT TCCARATG

Ttk i

ET H&EC EG

Figure 3 | Flowgram of a 113-bases read from an M. genitalium

run. Nucleotides are flowed in the order T, A, C, . The sequence is shown
above the flowgram. The signal value intervals corresponding to the various
homopolymers are indicated on the right. The first four bases (in red, above

the flowgram) constitute the ‘key’sequence, used to identify wells containing
a NDMA-rarrvine head.



The Pyrosequencing™ technology is a relatively new DNA sequencing method originally developed
here at KTH at the Department of Biotechnology. The technology has been commercialized and is
today marketed by Biotage AB. The technique utilizes the cooperativity between four different
enzymes and the phenomenon of bioluminescence to monitor the incorporation of nucleotides into
the DNA. A short description of the steps in the Pyrosequencing process is given below.

Initial step

The reaction mixture consists of the four enzymes (DNA polymerase, ATP sulfurylase, luciferase
and apyrase), different substrates needed for the reactions and the single stranded DNA to be
sequenced.

Step 1 - Polymerase

One of the four nucleotides dNTP (dATP, dCTP, dGTP, dTTP) is added to the reaction mixture. If the
added nucleotide is complementary to the base in the DNA strand, it is incorporated and inorganic
pyrophosphate (PP,) is released.

Step 2 - ATP sulfurylase

The PP, is converted into ATP by the enzyme ATP sulfurylase.

Step 3 - Luciferase

The luciferase catalyzes a reaction where ATP is used to generate light. The amount of light is
proportional to the amount of ATP, and hence also proportional to the amount of incorporated
nucleotides via the PP,. The light is then detected by a CCD camera.

Step 4 - Apyrase

Remaining dNTP and ATP are degraded by the apyrase before the next nucleotide in the iterative
cycle is added to the reaction mixture.

My research is devoted to developing a good mathematical model of the reaction system. This will
help us to understand the mechanisms governing the system in detail. Once a satisfactory model
has been developed, it can be used to optimize the method with respect to substrate and enzyme
concentrations as well as the choice of enzymes (kinetic parameters). As the demand for even
better DNA sequencing techniques is steadily increasing, as new applications arise, there is a lot to
gain by optimization.




Massensequenzierung
mit Roche 454/FLX Sequencer

DNA Library Preparation 0 [0 o0 emPCR Sequencing
—- : = 1 A
4.5 hours

gDNA = sstDNA library

® Genome fragmented by nebulization m sstDNA library created with adaptors. The adaptors are used as
® No cloning; no colony picking primers, and for binding to beads.
= A/B fragments selected using streptavidin-biotin purification



DNA Library Preparation and Titration emPCR Sequencing

’ > - .

4.5 hours 10.5 hours 8 hours

Anneal sstDMNA Emulsify beads and Clonal amplification Break microreactors,
to an excess of PCR reagents in occurs inside enrich for DNA-
DMNA Capture water-in-oil microreactors positive beads
Beads microreactors

sstDNA library = Clonally-amplified sstDNA attached to bead

(millions of copies per bead)



DNA Library Preparation and Titration emPCR Sequencing

8 hours

Anneal sstDMNA Emulsify beads and Clonal amplification Break microreactors,
to an excess of PCR reagents in occurs inside enrich for DNA-
DMNA Capture water-in-oil microreactors positive beads
Beads microreactors

sstDNA library = Clonally-amplified sstDNA attached to bead

(millions of copies per bead)



DNA Library Preparation and Titration emPCR Sequencing

45 hotrs 0.5 holr's B hours 5.5 hours

® Well diameter: average of 44 pm

= A zingle clonally amplified sstDNA
bead is deposited per well

B 200,000 reacs obtained in parallel
on large-format PicoTiterPlate device

Amplified sstDNA library beads - Quality reads



UNA Library Preparation and litration emPCR Sequencing
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Signal image

m Bases (TACG) are
sequentially flowed
(42 times)

Palymerase = Chemiluminescent
signal generation

® Signal processing

HBEEERB
to determine base
sequence and
Annealed quality score
['I-FI['I'I'F.‘F
: sulfurylase
lﬂ" ATP
Luciferin

DNA Capture Bead SHcihrase

containing millions

of copies of a single

clonally amplified Li gh‘[ + Oxy Luciferin
fracment

Amplified sstDNA library beads = (Quality reads



20 Millionen Basenpaare
In 4,5 Std,

Ein Bakteriengenom

In einer Woche

)N/
) o5 s

DNA Library Preparation and Titration

= Fragmentation = amPCR {without

m Prapare sstDMA enrchment step)
library with adaptors and one saquencing

= One llbrary provides mun (4 small reglons]
enough DMA far ® Datermine amount
thousands of of sstDMA for the
sequance nns emPCR

m Only one titration
per llbrary 1= needad



SEQUENCING TECHNILOGY CVERWVIEW

1. PREPARE GENOMIC DMNA
SAMPLE

"‘f. aﬁg
f’”

Al

Randomly fragment genomic DHA
and ligate adapbers to both ends of
the fragments.

4. FRAGMENTS BEECOME
OUBLE-5TRAMDED

L o
Tha L r rata
o bulld double-siranded bridges on

TECHMOLOGY SPOTLIGHT: ILLUMINA® SECLE

2. ATTACH DMA TO SURFACE

3. BRICGE AMPLIFICATION

4. COMPLETE AMFLIFICATION

&l In sach channal of the Thow all.



T. DETERMIME FIRST BAGSE

The firet sequercing cpck begin
by adding Tour labsled revarsible

terminators, primen, and DA
prymarze.

0. IMAGE SECOND CHEMISTRY
EYELE

Aftar laser srdtation, the mags &
caphaed s befors, and the identtty
of the seoond base I recarded.

After leer sacitation, the emit-
ted lucrssencs fram sach duster
Is captured and the Aret e
ldentifad

11, SEQUENCING OVER MUL-
TIPLE EHEMISTRY EYCLES
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The sequenting opcles 31% rapoated
to determing the sequence of bases
Ir @ fragment, one base ot a tima.

Thee reat syl repsats e inoor-
poration of four isbaled reversible
terminatars, primers, and DA
Py me s,
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7. DETERMIME FIRST RBASE

The firt ssquencing oyclke begine
by adding four labsled mvsrsiblke
terminaton, primars, and DA

palymarasa.

10, IMAGE SECOND CHEMISTRY
CYCLE

After laser sudtation, the Imags k&
captured @8 before, and the identiy
of the eecond Dase (8 recordad.

Aftor ke excitation, the amit-
tad fluoressancs from sach duster
s captured and the firet bees 1o
Idsntfac

11, SEQUENCTING OVER MUL-
TIFLE CHEMISTRY CYCLES

L

éu
g|e

Tha sequencing opclss ars repeated
1o determing the ssquence of bases

In @ Tregment, ons baso Jt 3 time.

The neat opche repsats the Incor-
poratian of four labsled reversibls
termingtar, primas, and DA
proby meras,
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Next generation sequencing

Visualisation in
Genome Browser

Whole genome

alignments Favplizlog

repeat handling
SNP.report

Proprietary
Coverage visualisation Fas indel analysis

FASTA files

Transcriptome " CHIP- lysi
tag analysis ) il

De nove assembly
Sequencing run guality
analysis & statistics report

Whole genome
mapping




