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Outline

• My background
• Paradigm shift in toxicology testing
• HT -omics-technologies, computational 

analysis and implications
• Uncertainty and variability
• Conclusion
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Bioinformatics in Berlin

Max-Planck Institute
for Molecular Genetics

HU Berlin
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Algorithm research in a nutshell
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Algorithm research in a nutshell

NP-hard? 
=no efficient algorithm POSSIBLE!
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Toxicity testing

•Test large number of new and existing chemicals, many of 
which lack basic toxicity data

•Evaluate potential adverse effects for all critical end points 
and life stages, assess uncertainty and variability

•minimize animal use, time, and cost

•Acquire mechanistic understanding and quantitative data 
to assist decision making
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Toxicity testing

In vitro systems could 
replace in vivo testing 

Goal:
Obtain quantitative data and 
mechanistic understanding of
effects of perturbations. 
Extrapolate computationally!
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Toxicity testing

targeted research possible 

What are the effects on the 
assessment of uncertainty and
variation?
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Toxicity testing

SYSTEM wide quantitative 
and qualitative analysis 
possible (Metagenomics)

What are the effects on the 
assessment of uncertainty 
and variation?
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Toxicity testing

More in Ivan Rusyn’s talk
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“Computational uncertainty”

Hypothesis:
Computational treatment of High throughput -omics 

techniques can be divided in two groups
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“Computational uncertainty”

+ relatively stable technology
+ uncertainty and variation can be 
assessed
+ additional data processing 
uncertainty negligible

- arrays can only test for what is 
spotted on them.
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“Computational uncertainty”

Differential
pair

Differential
pair ??

Partner with intensity 0       
or not found?
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Signal Processing needed
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Algorithm A => 
quantitative signal bad

?
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Algorithm B => 
quantitative signal good
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Need for 
uncertainty estimates !
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“Computational uncertainty”

The Human genome project
(started in 1990, finished in 2001)
had costs of about 3 billion dollars
and took over 10 years to complete
producing about 21 billion base pairs

This little box can sequence in a month
about 60 billion base pairs costing a couple of thousand dollars 
(Illumina Ltd.) (Roche  and ABI offer similar technologies)
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“Computational uncertainty”

+ relatively stable technology
+ raw data quality can be assessed
+ opens a whole new world of possible 
tests (RNA-seq, ChipSeq, genome 
variability, Metagenomics etc.)
+ not limited in what can be found

- additional data processing uncertainty is 
considerable for many applications
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Example: SNP calling
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SNP or no SNP?
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Alignment program with sequences reversed
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Conclusion



Algorithmische Bioinformatik

Knut Reinert 

AAAS, San Diego

February 2010

Thank you for your attention!

Sources used in presentation:

Transforming toxicology and implications for human health risk assessment
Peter Preuss, PPT Presentation Sept. 2009

Toxicity Testing in the Twenty-first Century: A Vision and a StrategyCommittee on Toxicity and Assessment of Environmental 

Science and Decisions: Advancing Risk AssessmentCommittee on Improving Risk Analysis Approaches Used by the U.S. EPA
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