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|Assess hardness of formal g;gmgmﬂ

NP-hard?
=no efficient algorithm POSSIBLE!

Algorithmics for
Hard Problems

Approximation Algorithms

for
N P— HARD PROBLEMS
Introduction to Combinatarial Optimization,
Randomization, Approximation, and Heuristics

directs research effO[tS
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Solve hard problems,

Devise exact algorithms
‘ necessarily exponential run time and/or space consumption

Devise approximation algorithms
‘ yields bounds (e.g. guaranteed within 1.5x of optimum)

Devise heuristics
‘ expert knowledge guides computation, NO guarantees

In computational biology many
hard problems have heuristic solution
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[ Demands on modérn_t_oxicity testing]

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

eEvaluate 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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Paradigm change imminent

In vitro systems could om—

replace in vivo testing Tissue Dose
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'Paradigm change imminent,

targeted research possible
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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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Computational treatment of high-throughput -omics
techniques will be the work horse
of Mode of action based risk assessment

Genomics b

Proteomics

Metabolomics o
Networks il -

oy By ai’ wuw
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-omics techniques and
“Computational uncertainty”

Hypothesis:
Computational treatment of High throughput -omics
techniques can be divided in two groups

-Prncessing of data -Prncessing of data NOT
yielding error models yielding error models
(e.g. DNA sequencing reads) (examples to come)

Py
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| Microarrays

+ 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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] Mass spec
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| Next generation sequencing

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

- L

- ]

This little box can sequence in a month

about 60 billion base palirs costing a couple of thousand dollars
(Illumina Ltd.) (Roche and ABI offer similar technologies)
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| Next generation sequencing

+ 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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‘Mapping: relatively well _ _ Read apping
‘ understood = .
Reads
-Alignment: NP-hard, can Multi-read alignment
‘intruduce artificial SNPs [aglecaglealtangart]
lacagl— [tacgattlcagel
lcaltacgattlcagcl £al
ltacgett leagel tal ocl
_Calling SNPs: relatively well SNPs and indels
‘understund Ref agacagocqta
agac ta t
ta
ac ta
te
i i i
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assemblers on the AN E |
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Toxicity testing has to be aware of potentially MASSIV
additional uncertainty and variability introduced by
computational processing

Computational biology has to address tﬁé problem of
computing error estimates to incorporate them into the
traditional treatment of uncertainty and variability

' hard problems have heuristic solution

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

Camera project
http://camera.calit2.net/
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