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,paired end sequencing” (Fa.
lllumina

1. PREPARE GENOMIC DNA SAMPLE 2. ATTACH DNA TO SURFACE 3. BRIDGE AMPLIFICATION

nettiots

& %1

Randomily fragment genomic DA Bind single-stranded fagments randomly to Add unlabeled nudeotides and enzyme to
and ligate adapters to both ends of the the inside surface of the flow cell channels. initiste solid-phase bridge amplification.
Fagments.
4. FRAGMENTS BECOME DOUBLE 5. DENATURE THE DOUBLE-STRANDED &. COMPLETE AMPLIFICATION
STRANDED MOLECULES

The enzyme incorporates nudsotides to Densturation lesves single-stranded Several millon dense dusters of double-
bulld double-stranded bridges on the sobd- templates anchored to the substrate. stranded DNA are generated in sach channel
phase subsirate. of the flow cell.



7. DETERMINE FIRST BASE

B. IMAGE FIRST BASE 9. DETERMINE SECOND BASE

Laser

First chemistry cyde: to initiate the first

After Inser exdiation, capture the image of 5 d chemé

3 cycle: #o inftiste the
sequending cyde, add all four labeled bl it bl Fle from each duster on the next sequendng cyde, add all four labeled
terminators, primers and DNA palymersse flow cell. Record the identity of the first base meversible terminators and ensyme to the
enzyme to the flow cell for each duster. flow cell.

10. IMAGE SECOND CHEMISTRY CYCLE

1 )
After laser excitation, collect the image data
s before. Record the identity of the second
base for each duster.

11. SEQUENCE READS OVER MULTIPLE
CHEMISTRY CYCLES

12. ALIGN DATA
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Repeat cycles of sequending to determine
the sequence of bases in a given fragment
& single base at time.

Align data, compare to a reference, and
identify sequence differences.



Die Ara der Genomik

,,Even the smallest functional DNA varieties seen,
those occurring in small phages, must have
something like 5000 nucleotides in a row. We may,
therefore, leave the task of reading the complete
nucleotide sequence of a DNA for the next century,
which will, however, have other worries.

Progress in Nucleic Acid Research and Molecular
Biology, 1968

Phi-X 174 sequenced, Nature 1977



Die Geschwindigkeit von Genomanalysen

ist exponentiell gewachsen

Die Ara der Genomforschung:

Phi X 174

A— Phage

M. genitalium
H. influenzae
M. jannaschii
S. cerevisae
coli

. elegans

. melanog.

. thaliana
H. sapiens
Orvza sativa

> o0

1977
1982
1995
1995
1996
1997
1997
1998
1999
2000
2001
2002

5.386 bp
48.502 bp
580.000 bp
1.830.000 bp
1.660.000 bp
12.500.000 bp
4.654.000 bp
97.000.000 bp
116.000.000 bp
115.000.000 bp
2.693.000.000 bp
420.000.000 bp



Sequences (millions)

Growth of GenBank

(1982 - 2005)
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Base Pairs of DNA (billions)



Stand der Genomik 25. 06. 09

() Stand vor einem Jahr

1035 (815) komplette Genome sequenziert und
publiziert

861 (672) Eubakterien
64 (27) Archebakterien
110 (94) Eukaryoten
o 4932 (2874) aktuelle Genomprojekte
2605 (1848) Bakterien
96 (90) Archebakterien
1029 (936) Eukaryoten
167 (130) Metagenome

http://www.genomesonline.org/gold.cqi



Vollstandig sequenzierte Genome

Completely Sequenced Genomes ©
January 2008
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Vollstandig sequenzierte Genome

[otal species (5594)

Viruses Eukaryota Archaea Flasmids

2197 2007 . 749 L., a8
Eactena Viroids
1233 40
lotal records (10522) Virods Flasmids i
Viruses Eukaryota Bactera Archaea
3361 1145 chromosomes 1915 chromosomes 81 chromosomes
2013 organelles 1827 plasmids B0 plasmids
41 plasmids

Quelle: NCBI; Entrez Genome



Genome Sequencing Projects on GOLD ©
January 2008, 3520 projects
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Genome Projects on GOLD according to Phylegenetic Groups ©
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Funding Relevance of Bacterial Genome Projects ©
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Sweden
Australia

Iorea

Mew fealand
European Consortium
China

Brazil

Canada
(Sermany
International
France

Japan

United Kingdom
USA

Top Countries with Genome Projects
January 2008

S00 1000 1500 2000

2500

3000




Eukaryotic Phyla with Genome Projects

January 2008
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Top Funding Agencies
January 2003
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Major Sequencing Centers ©
May 2007: 2424 projects
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B% 5% i
BMC: Baylor College of Medicine ijor Segta;g.claggnt:em.:er:
Genoscope: Centre National de “sequencage anuary ' HPOJECLS
Sanger: ThéWellcome Trust Sanger Institute
WashU: Washington University Genome WORLD
Sequencing Center 31%
JGI: Joint Genome Institute,
Departmant of Energy, USA
BROAD: Eli & Edythe Broad Institute
(MIT, Whitehead, Harvard Univ.
JCVI: J. Craig Venter Institute GENDSCOPE eV
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Nature vom 2. Dez. 1999:
» 1 he DNA sequence of human

chromosome 22¢

* 33 464 000 Basenpaare

* noch 11 Liicken

* 545 Gene (davon 298 = 55% neu)

e 134 Pseudogene

¢ 39% der DNA von Genen besetzt (Exons + Introns)
e Genlangen: 1 kb min. bis 583 kb max

* 3% der DNA kodiert fur Proteine

* 42% besteht aus repetitiver,,junk*“-DNA




Q__a_t_u__er_ Nature vom 10. Apr. 2000:
& » 1 he DNA sequence of human

chromosome 21¢

Counting down from 21

= . e das kleinste menschliche Chromosom
ST (1% der DNA)

i * 33 546 361 Basenpaare (3 Liicken, <100kb)
l =f e 225 Gene, 127 davon bekannt

.: L Sl * 59 Pseudogene

s —G: 7 Mbp Abschnitt ohne einziges Gen!

N 525 e .

1 Bl e Maximal 40 000 Gene ??

- 2 caver (zum Vergl.: MHC Genkomplex auf Chr. 6 hat 128 Gene in nur 3,6 Mb)




