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Cancer : Genome abnormalities in transformed cells
» Carcinogens — abnormalities (tobacco, radiation, chemicals, infectious agents)

> Randomly acquired through errors in DNA replication (+ DNA methylation, microRNAS)
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—~_ Roche 454 Pyrosequencing

www.454.com

5-100ng DNA Amplification :
- whole genome or
- specific fragments

Sequencing by
Synthesis
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—\Relation between Read -Length and Sequence Score

Sequence Quality Score of last 18 nucleotides

40

35

30

25

20

15

10

Average quality-score for last 18 nucleotides for each read

50

100

I | I I
150 200 250 300

Sequence Length

Counts
20303
19034
17765
16496
15228
13959
12690
11421
10152

8883
7614
6345
5076
3808
2539
1270
1

© Wolfgang Raffelsberger, IGBMC, 2009



-_—
—_
S~
::K
()

—_Experiment : Selected Genome Regions

Pilot-study : Study selected regions on genome

High fidelity PCR protocol of multiple genes
Single Patient : Population of tumor cells

Amplify &
Sequence i ‘ ‘ ‘ ‘ ‘ H

(genomic DNA )

selected Exons + flanking intronic regions

=) Tumor Clonality

Seguence alterations
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—-\Lung Cancer Deep Sequencing (454)

n = 9883 reads genomic DNA ( Exon 19)
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—-\Lung Cancer Deep Sequencing (454)

Principal components plot (-=- exon 20)
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Combining Transcriptome AND
S Genome Deep Sequencing

Pilot-study : Study selected regions on genome and mRNA
High fidelity PCR protocol of multiple genes :

e genomic DNA
selected Exons + flanking intronic regions

* mMRNA
selected Exons with splice boundaries

=) Transcriptional Infidelity

© Wolfgang Raffelsberger, IGBMC, 2009



TN
HGBMC |

—-\Lung Cancer Deep Sequencing (454)

Alterations in FHEE2:xon 19
based on 9883 reads (preliminary analysis of 200k reads), wr 10nov08
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. : i i ?
—-\Challenge. Avoild Sequencing Artifacts

DNA -Alteration : (Mutation, InDel)

* Frequency on sense & anti-sense strand
Expect same frequency for true alterations

e Site : compare with sequence quality cores
Low Sequence Score : increased likelihood of artifacts

e Typical sequence pattern in vicinity of sites ?
May have biological context ...
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Tools

Biostrings  (pairwise alignments ...)
ShortRead

rareSNPtools (to be released soon)

- (further) interpreting pair-wise alignment results

- reduce In/Del complexity to matrix-like representation
- SNP counting & localization

- plotting

- (in progress:) integration of Phred - Score
monitor impact on protein mutations
likelihood of sequencing artifacts
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Conclusions Deep Sequencing

Ty

New options to study genome and mRNA

Novel challenges due to wealth of information

- Universal platform to combine multiple aspects (?)
- Specialized methods still in development

- Expert interventions

- Large scale biological interpretation (references ?)
- Cost & Iinfrastructure
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—-\Lung Cancer Deep Sequencing (454)

Distribution of length of Roche454 reads
Lung Cancer Project; 546163 reads, wr 160ct08
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Transcriptomics Perspectives with Deep Sequencing

e Unbiased search (unexpected transcripts ...)
e Measure expression and detect polymorphisms

« Clear distinction of signal above background
occurrence of sequences : simple and intuitive count

o Capacity to detect splicing variants:

- requires rather high sequencing coverage
- analysis complex «— Sshort read - length //

™ high needs for expert intervention

 More uniform data for meta-analysis ?
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Cancer

Cancer (=malignant neoplasm)

Group of cells display uncontrolled growth :

Division beyond normal limits
Invasion (intrusion, destruction of adjacent cells) s e
Metastasis (spread to other locations) benign tumors

Malignant characteristics vary in in-homogenous manner
Causes 13% of all deaths

Genome abnormalities in transformed cells

» Carcinogens — abnormalities (tobacco, radiation, chemicals, infectious agents)

» Other cancer-promoting genetic abnormalities :
randomly acquired through errors in DNA replication
heritability : complex interactions between carcinogens and host genome

> New aspects of the genetics of cancer pathogenesis :
DNA methylation, microRNAs are increasingly important
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